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WD 2004/ 081619 PCT/ US2004/ 005672 LAM NA COVPRI SI NG
CUBE CORNER ELEMENTS AND RETROREFLECTI VE SHEETI NG 5

wo-e@aswio t he | nventi on The present invention PGT/US2004/005672

directed to a | am na conprising cube corner el enents,
a tool conprising an assenbly of |am nae and
replications thereof including in particular
r et r or eLAMIN A € GMRRIS (U BERAC ORNIGR d 1ok
I nvention Retror ect | Lrial ) racterized
by the ability t;ﬂ“,.r REFLH o ﬁé‘lﬁiﬁi&aon t he
mat eri al back toward the originating |light source.
This property has led to the w despread use of
retroreflective sheeting for a variety of traffic and
sppal. safety uses. Retroreflective sheeting is

Fic)egc!r?fﬁ e)lng%tf(ﬂi//ed in a variety of articles, fo?
exanpheprek&@adnvkhtisn Bnfirecleats h taias combadang eutd @ies elements, a
pavenent markers and markin as well  as

| g. tape, . . .. .
tqobeqraprasingan pssemblynidaminae %@lﬂeeﬁ@%loaﬁ theggod inplying inggrticular
. retroreflective sheeting are
%ﬂ%@ﬁ%ﬁ%&gg@;@%ed sheeting and cube corner sheeting.
M crospher e- based sheeting, sonetinmes referred to as

"beaded" sheeti ng, enpl oys a nmultitude of
Bﬁ?@"@&ﬁﬂ@fé‘é“'ﬂ)’ﬁp @ly at least partially enbedded in
a 20RRi BREEct A RLtedd 2R AN LACASSOSY Bk Qi IFPReHREC Bight incident
diffuse reflecting materials (e.g., pignent
op thretihategal, bank taward Hekaeigimating digbt soocet sLhispropyrtyt las led to the

retroreflect jncident light.. Due to the .. trical
wiEshges yooit hamaEPeckitirieg Tridd M Bt PeSuiT ey vses.
RehERIEAH cakBtiHgliS céifonBasmh1bRiddh alviagibly dfektivles, for example, road
regardl ess of orientation, i.e. when rotated about an
signs, barrisades, lieense platesspavenent warkersend maaking daperpyell as
1: re- [hg has a relatively | ow

SR PR BT ERE S M o3 " ch < ne

s heeTiwtknosynitypesasd retroraflédtivé slieeting aregaivessphere-bassdesheeting and
such sheeting has a |ower retroreflectjve effici enq;é \
crbeaorRessheetmen Micrsphare-Rased shegliwecapmprtpmes referred to as "beaded'

SO | KoL A ML R D EPREL SRS s ins

baudef ager anddhasingeasocitedpeadadrsiiffimoefledimg maérimds @.g., pigment
luralit f geonetric structures, .saone.or  al

ofilne mit) St Bhr et paabsia odeFainaet i Rehy disdo

sPmfeRR aF SSMRliryed FHREIHI refdBRe GO Nl croPhERREd Bk bt exhibits the

sheeting is comonly produced by first manufacturing

samertotal dightatwinregardlpssofarisntatien, ieewhenotaiedaboyf amaxis normal to

tI?et srulr'lf%geugfe tﬂe% eretti%(gf.e Tﬁﬁ)sr, LEHRRL ésBﬁerglbtaQeedr sh%&ing]has arelatively low

sensitivity to the orientation at which the sheeting is placed on a surface. In general,

however, such sheeting has a lower retroreflective efficiency than cube corner sheeting.
-Cube comer retroreflective sheeting typically comprises a thin transparent layer
having a substantially planar front surface and a rear structured surface comprising a
plurality of geometric structures, some or all of which include three reflective faces
configured as a cube comer element.
Cube corner retroreflective sheeting is commonly produced by first manufacturing

a master mold that has a structured surface, such structured surface corresponding either to
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WD 2004/ 081619 PCT/ US2004/ 005672 the desired cube

corner elenent geonetry in the finished sheeting or to
w@2megsicive (inverted) copy thereof, dependi NnBCT/PS2004/005672

whet her the finished sheeting is to have cube corner

pyram ds or cube corner cavities (or both). The nold

is then replicated using any suitable technique such
thadesiied ¢ebe caner elerhek geomktey iy the dnishedshestipg odiegenegative

.tooli f 5 i 0. b t flecti
(isrged gy eroturaiedin vEEh e S HES Sisefrt i f gevapbe
cogxfi’e? yERdds BF &d?)%-co%ﬁelgca\}:i’ﬁés- (oMNBothp, Tbm8f3s (HBhirgsItatedtusing any

.) provides an illustrative overview of a process
sufitable fephmigng sedods cogventiedali mckeh elepiseiafraing e progice ipglng for

corner,retroreflective .sheeting, far
TRt By SR e St e SR8 e QR cxtrading,or
cdse&iindles U 81 PRCK MBLHY, 863 @ricesd tial)y povides dn illustrative overview

techni ques that enploy |amnae. 10 In pin bundling )
oftacprhersg fformaing toplimgivsgd Brthe m@gyfaéwofrpre\\bp fgrgr retroreflective

(4 .

SR LA ARG 5 g 0o L g
tebhriques Riiteeninabldaing ted@iquss, 2nd Bichnigjoey thanemB o9 Ranido2

(Heenan)  provide illustratiye exanples.. Pin bundlin
of f elnepip heodie tpehpiquss.feRrRHE! ﬁfpénng e i Gt shape such
a0 e CORE Eleﬂl‘gggﬁ bhefshdl Bre aSsefiblll BgfMEdo B AURSteLABIN. U.S.

pin is indivi y machi ned. Howeveér, such techni ques
Paterd N. 1,591,472 (Stahsond andBR26402 (Fdeham)uyevide tlhsirative examples.

EENCRE TP T Y
a BinPR nidld, BedusdicAtipinht Bdividwgly ridtbieal Howawer, eebhitecHifques are

_precisely machined and then arranged in a bundle to
infraeticahier making sorelliube cerngaelpnants e- & dhee gying a qibe height less

VS S BERBOR L of TR Ghabl A8 s

theRdolree@iied tshdsretiseln eaichiled ulbthen aftttigedan aduadiend Sorml the mold.
one well known technigque, three sets of parall el
gr oolnedirqohmashiping tedhilust Harerisy ofamosy rERiorted hfbg surface ofa

p%g% sﬁgst%?]e {e% dﬁ}xeﬁ’% tpga[rtgqx £9im & HAStef oma%orﬁ;g caFeﬁ“c{dbe corner

base triangle (see U'S. Paten
eldlments, Fi@nero6ll kSientachniqhe) theetdieof paralhaligmoerss intavesct each other

e B AR 8 PSR oot Sl s
eélﬂhfa?eﬁ'zﬁ%%estri%ﬁgllé (&e W RepabhaNo, BWA 23R ISAMY). B8Hdehdr @Schnique,

3
an 60 degrees to forman 25 array of canted cube .
twosater! gbeves mtcrsattehddotar atsn @agle greatr than @hdegrges and a third set

588, 258 0 . ln direct hi.ni
oAt Ha-CHRRTERR e i B8 TR SALPID g A8 o
afrfiPo SANRAGHBOVEEOS SR eht BiYat€iAtpaltt (468 UTRI Raéht Oo. 4,588,258
CUttlaggx tool. Thus, such individual faces nmaintain

(Honmnpand). i Ig diresitmedkiningfdatsemnmbgopigndiyihat ficpsope typically formed

BoE B U sledo o ERARARouHhO GGl RNl B8 T, such
indévigtus el mAthtsiv hikeic dignarenethesophb st thé\ndidfdbaicktidngprocedure. For

di rect nmchining.techni ques, howeyer, has been .
this reason, direct machgnng techmc?ues offer ‘816 a%ﬁlty to accurateﬁy machine very small

cube corner elements. A drawback to direct machining techniques, however, has been
reduced design flexibility in the types of cube corner geometries that can be produced,

which in turn affects the total light return.
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reduced design flexibility in the types of cube corner
geonetries that can be produced, which in turn

w@bdoeos14 he total |ight return. 2 WO 2004/ 081BABUS2004/005672

PCT/ US2004/ 005672 I n techni ques that enploy | am nae, a
plurality of thin sheets (i.e. plates) referred to as

| am nae havi ng geonetric shapes formed on one

| ongirt tedhmquibes oy empw}dammphchlﬁy) of thor sheats niiastpdﬂtes) referred to

Bl ine ool aves L haL, STl o, Lom e, e, penet &l cvvicat

f&ﬁﬁ?ﬁﬁ%ﬁeﬁ sty Gl "ﬂ%@ﬁﬁl u&srtﬁat%%ﬂﬂ&afaﬁﬁﬂae@c? Eéﬂ%ﬁed}y lgﬁrlabor intensive

exanple, 5 one na can typically have about
tha0 @i Beelling devchmdlued becaire fewermrts @teasvemaﬁly inachined. For example,

S g R S R R

c E&s’oﬁf‘e@ eﬂ:ﬁ%ﬁﬂﬁaﬁﬁ%éﬁﬁl?'a' sirigle tlfbe(b@ﬁﬁiiéleﬁ@ﬁt tIQO\ifékﬂir techniques
achi evabl e %m [ lustrative exanples of

emploiyiigaminae rbave bﬁqﬂle@;gm flemibiliy in gpmperigondp that actpvaple by pin

b\ﬁ_ﬁgm%a%m aglive %:Qim‘%l q(ug?\glat g@%l%gtlag@@a%gaélq}éfoaﬁé in EP 0

45056 h)l (Maﬂﬂrau:tSl) I?as e]PtztteﬂtlQ»Io ©,015 218 §Hednattet sl 1U).S. Phtsht No.
acent cube corner el enents of

base ed
SOBLNBAL 1'@;!?&“1 cﬁ AerenaNPg0-2> 7,800 (et Bal | y copl anar.

Q he

Ui 1ToE B BB Rl R e BRGNS o LRl BRA08 Sormer amays
amltypmailﬁéqplamtpl @Eliet yu@ammars:knwm stemsures, Wesamibad as "full cubes” or
Eﬁr@ral ed u; are nat co nar Such str l%
"R R EPgmERY °(PYRES Creea) WigHly Cpatre i feagt o non-
dﬁféﬂﬁ%dlg%@ Pt Qretrfd# IeGIEN SHQ?stﬁiéﬁﬁ*és §pRABPEibIER higheNtotal light
G cube corner elenments may be fabricated via direct

rammhn ebmgaifondo senersebaibsicomebsiemaniss Cersind¥s evlieragngnglements

difficu n
Mg Rt PR it PRy T el S oS B b By P i in WO
00/608 85 SHowedr GfiscRfffehlt 3 RlasntiB \EedhsiBic QEC@Mdyd\eﬂlh thiindulte step
resulting PG cube corner elenents and/ar arr anfqement
1

fapricatianpmeess. Bpsignaensigints iy alsebaeyidgnidn thexgsuling PG cube

%ﬁx@&&%@ﬁi ahm ﬁ@e&w & aﬁ@e%tsa'%yxn%g@gt, g{ﬁ aggggﬁ@n

a vari et arran
1®hﬁﬁue£ﬂheﬂ'@m16y lah:!nhad@ﬂom for thenfdtmminn dfaveviety, of shapes and
t echni ques that enploy | am aI so, adyant ageous
appRgFEmFaTs ¢ Gapbsi copuer slepmsh Slensn %F.p%b %Xl e‘f%léychmques that

eﬁlgﬁﬁr 19iRE aﬁo%ﬁ%ﬂt%eoim mé ¥bil ® Bfm ?el&t&’sha@y smaller PG

Is a vector that rlsects t he structure,
clilor eurney eléferdn equal angl e wth aII t hree cube faces.

In g lerenenioned, L uisaled ko oS80 IR, omin

aﬁ %!11@&1 the 3ith dINAreWIBS FREE TARS hf%@érﬁéi'ltﬁaﬁed REareaQubaNéS Stamm,
or tilt. The nomenclature "forward cantin or

thqﬁymmq:tmeamgmnongal tp dhe qspiilpteral base triangle and the cubes are considered to

have no cant or tilt. The nomenclature "forward canting" or "positive canting" has been
used in the cube corner arts to describe truncated cube corner elements canted in a manner
that increases only one base triangle included angle relative to 60°. Conversely, the
nomenclature "backward canting" or "negative canting” has been used in the cube corner
arts to describe cube corner elements canted in a manner that increases two of the included

angles of the base triangle relative to 60°. See U.S. Patent Nos. 5,565,151 (Nilsen) and
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used in the cube corner arts to describe truncated
cube corner elements canted in a manner that
w0 presses only one base triangle included angP@I/US2004/005672
relative to 60. Conversely, the 30 nonmencl ature
"backward canting" or "negative canting" has been used
in the cube corner arts to describe cube corner
(eS crmpanit Noc 4)588a58 ﬁHaopimr) e Cattiveg ofi @ celss@sndrwienodnts ik described

i ncl uded ngl of he b triangle relative to 60.
1%@94 %a@m]ﬁﬁtgﬂg QS’nE‘B%Sa&l I(Ni Igsen) andl\é WO
2004/, %gubp%%%g%g%ﬁg&ackbv§d drabRdrd Behances entrance
4,588, 25 Hoopnan). Canting of PG cube corner

aegléamﬂyt § ullstuueesmmerbaédnentmhaves hi glaetr dotel Iight réu@itbapttuncated cube

CHHERRAPE O AT PRI CHY LTS ORGER G fht Tetum more

ripidlly af HRReCRBE: &BRE U HRAYR oF filll Bl ottt 3lentdn Tk higher total

return than truncated cube 5 corner elenents for a

light mstvra aiolomt entfanessangleshwitheui subbstantiat lpgein pestoemennest higher
eI i%rét relFurn nore rapidly at higher entrance angl es.

& ENeFTt of full cube corner elements is hi gher

t ot alA cdr@bh mietiodr for Ahprboitg €Y wrafoemite g kasl,light tdhauti(TLR) with
substantial | oss_in performance at .higher entrance

resRestde onwtefwm iiliggt ifoBlaEBIE 3 W%W%@Of{ el faplieg Srﬁcil‘gﬂs in more
2 otn%t dentali@in %@ﬁﬂﬁgxga—&c@m"\% stddscrtfd" s é ) U S. Pz%tent No.

orlentalonls acing a nulti ICI
45248141 8t(Wah iArgars)p E1.5 druserit Non$,262,600rcand dh 8. Berteretﬂricaﬁ;%ﬁ 770

in the final production, as descri dfo le in
%egapg?teaﬁs Ing 4N pg ¥isgq PRISFHORARE M %( ?%{n&:ﬁases the

n%beﬂoﬁgglllﬁﬁ)&mn?gqgeﬂé 1§ ma@ﬁ{gecﬁé td¥fing ém%:ﬁ@iea ?& manufacture of the

(Nestegard et al- 't ng can be visually
sbmtlagtl onabl e. Furt her tiling increases the nunber

o RAAGbY 897 FRE Dy RLCEL K e PRy

sia@anﬁg afs8R618fed esltheiobBert tton a 1ahﬁeornﬁvérgéﬂasa PEST1Obf the sheeting.
retroreflective sheeting also relates to the

Tobspertatnsito ﬂieas@gwl@ff thepeprefipeied hehfcelagyoto the sgree, e typically,
v%ﬁlfe,r gﬂreg gfﬁq s%?%atd%rf E%T(%rgﬂéclgﬁ% l%g?% Zl%gloﬁfbe cgﬁlers is dominated by
ek itk (iir&ilﬁdimg di\fﬁhmmhgepdlaa‘xﬁhlbg,m nohhethepoiedity. oFor thls purpose it is

retroreflected Iight fromcube corners is doninat
commepte (HiE0duke AR REOTdisPel arcdeperPed |T3Pﬂezla<tf. nhl ﬁ af B%s. patent

N‘kp@ 1@?43@;@@{&[3&{)}/ For this purpose, it is comon to

I nt foduce "angle”errors such as described in Table 1 of
col uniintlaclfy, Ekz&nplé’atoef HP 0 8ot 055, ABEV88ra) Sescribedd fly cutting

S 00, BT el oF5, St B b b Bl i
tgdl}?ifel@ﬁ sidhtly-vaied afredhiRPYRISr, REEBHe¥bE fmdnsttidaONehaped grooves
having depths of 70.6 um, 70.7 um and 70.9 pm were successively and repeatedly cut at a
repeating pitch of 141.4 pm in a direction perpendicular to the major surfaces of the
sheets. Thus, a series of successive roof-shaped projections having three different vertical
angles of 89.9°, 90.0°, and 91.0° in a repeating pattern were formed on one edge of the
sheets.

Although the art describes a variety of retroreflective designs and their measured

or calculated retroreflective performance; industry would find advantage in retroreflective
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25 tool were slightly varied in regular order, three
types of symmetrical V-shaped grooves havi ng depths of

wQ@ 2008/08p819 70. 7 m and 70.9 m were successi vel y BOTUS2004/005672

repeatedly cut at a repeating pitch of 141.4 min a
direction perpendicular to the major surfaces of the
sheets. Thus, a series of successive roof-shaped
sipgeting baviogsew avbagprhdrrapéicali defignemtd methodoe mamfadtesngy f

89.9, 90.0, .and 91.0 in.a repeatin tern were .
RSP He oo e Bobrotiie Bt PRkttt Rs iproved
nPeffthbag effid@lcigty of retroreflective designs and

their measured or calculated retroreflective

performance; industry would find advantage in
gl etror e(gtﬁc%li? ve . 4 WO 2004/ 081619 PCT/ US2004/ 005672

SHEREYY "REAEGUBwW cube corner optical designs and

et hoglsndmbRIMMERC thelihiahition ARLIos&W lafling idaiby ceer

that contribute to inproved performance and/or i
clemsnishadingrfages fermmadrirory sedavies whersineasl acsntgiyaprasyrange ffopa being

[ i t i ' ' e
b A o R R B T ! 1 R T RS h R R
a?glemgt diffent g sitdease lsT.vmﬁefneial@;lmldthadmmdegramgm of tieggeoves are

rombeing nomnally parallel to nonparallel by |ess
aprppged 10 2 TeReating BRlERR Branothes amatle therases gé i clergpig intersect ata
. y .
cbBaddd gk 120l S8l g0 B EoRNR S SR Bk o
fipat bangmutually momieslygmpeict to nduparfaeldry leds thirel®l enent s

I ntersect, at commo eak.height. | et anot.her

2o pelt S egbodFae e B P LUt Sosst AdudTpRamP Agarctorred
cbéRBaPaIREG oM ERMYtsRPREr &R at WaRaridH ofttRe BEBHRArleRIments are

by less than 1 . In another enbodinment, the invention

canted hoges amali gmians anglerpeledehfopradigemericnglys beetacy 46 Uul 1359,

or ner, el.e ts o€l o Least a porti.on h e
<HEAEH: Bp EREA Sl Sl T8 ARGk et B 05 e
cad en&el@sdng th danmhalingRRRNEnABE B cHRIVERANG04 and@NRD° and a
135, alignnent angl es between 225 and 3150,

d

secont iaARET F8bS s epzied havipg pr phgent gngles @the@ﬁg@" @B Aa9°.
i ' ] .angl o

PSR Y SISO SR AR el 474 S0

con ] acent can havi ng
sabvstaltiain hentmangloast aheebmnzed aagid oBOR.secdndrdube differdie

al i gnnen ngle of the first cube preferably differs .
fr omrfle)é%fﬁi of é@ssymgeé@%gse ey Py elg%m%l%ﬁ%aw cg@pris faces
forRfadtdn D& AL 1§ 0P bidk hPoci8s Ok HRAcHidd18bBeach Pair of side

each of these enbodi nents, the cube corner_elenents
gprovkep@bdrgbly bapa sime of sihstntifldy 0. Fndherathe éncledddraggle of a first

DA, ey L RRUER 00T BS oh DS oFRL G000k £ AR 107 o

about 20°) and the included angle of a second adjacent groove is less than 90° by about the

same amount.

In another em‘bodiment, the invention discloses a lamina having a microstructured
surface comprising cube corner elements having faces formed from a side groove set
wherein at least two grooves within the set are nonparallel by amounts ranging from
greater than nominally parallel to about 1°. The elements preferably comprise dihedral

angle errors having magnitudes between 1 arc minute and 60 arc minutes. The dihedral
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grooves preferably has a sum of substantially 180.
Further, the included angle of a first groove is
wee@hesaid y greater than 90 by an anount of atPCEEHS1004/005672
about 5 (e.g. about 10 to 25 about 20) and the
i ncl uded angl e of a second adj acent groove is |ess
than 90 by about the sane anount. |n another
areiadbmard prefet’abljr avareid ana dipsetingsedten. | Hre greoveaeomgrise skew
surface_ conprisi g cube corner

mg*crostructa}
Iriarlinetng fheh gy 4p signepd REMegRBCa side groove set
wher g 41 @Eclb&ﬁ%&nﬂo\ﬂﬁn&ft@ WERj MehUrBotel %reﬁ?ﬁefe@i‘tﬁ%r side grooves.

nonpar al anmount s ranglng from 30 greater
Furthrer rthe bl)enmatsadrefetabt}oeaab bave 4 facT krea edremen piang theft écﬁlhﬂS)a

co ri se di al,...ang ro s havi.ng Jma
o P hraditEn e oBteRicarh Pttt Eo 9 e pogper
elgmmSZOOM 081619 PCT/ US2004/ 005672 angle errors are
preferably arranged in a repeating pattern. The
gr oolnegth ercmhngeergkéh@ mm@tl@rqul‘@sess amasientaoheempasipe f plurality
f non%%é gom lnélr %% 9/% cgescérrl‘%e% lgllnl %llaoxﬁ gee %Hag%i}e%w Zysembled

sﬁhrthziteube thgecdl@nans sf zﬂi’:&feﬁf 1abﬂ1meeae:in dppwsing ofiaaeations. dhe
ommon pl ane t hat deflnes a.b rlnarﬁ groove face In
ela@anﬁs .p&ferabhfélagp evhanedn alae vigw pelpriedirgRdrAReEQids Gertangles,
I enbodi nents, the invention
%?@%?%é%@ a ?%Phghg%gbonpr|5|ng a plurallty of any
one hrothendmbualiments,dhe thesatidnbdstldsaaiaplicasTéfehé mastaaieol including

mg}ﬁ &‘?Eéﬂgfgg%ﬂ? b(lﬁg%“gs ?éoqloe%ﬁleﬁggg g}et tq{?f; i begﬁ%&fgc’twe sheeting may be
d&f\}e@'ﬁcﬁﬁ HRNEminkB @r A eahe SR SptRiafleghdd désditie witlSReRence to a

in plan view selected fromtrapezoids, rectangles,
lapsinal Reragfientie shatinggoydaveneberoxey slementsn cwietorner cavities, or

n@P 2% 5 he invention discloses replicas of the
CRUPAONS BTN, ¢ udi ng  mul ti generational tooling and

r et r plefiéd, @rbth¥CershtRiRhéms thd R ehittdn AE@ddee EdtiovEflestioetlicrting

may be derived fromthe | aninae or have the sane
cqpplitiag 2 fewelipeiorrd sepmpy cwha sprpefememmichavingfages defined by

t & [

e R
by et dnh. 1° |alﬁdi] aeve includddarclahadiffarttysat 1dabie2®l fiv ethict embodiments,

di scl oses. retrorefl ect.ive sheetl omprising. a r
thefretpprstlertive dhediomePmprisera oW Rtfape e@réﬁgfﬁ%e%wﬂlﬁ@m a first cube

cbECS e e i DSt vﬂ%%vﬁwﬁ{ zﬁigl'fb @é%/@éi?ﬁ a1 985° and a second

grooves range from bel ng nom nal paral l'el to
adjecepacatid ie carRéd Wlmgeasaltgmmenllangescbdmam 2248 hutl21h°. In yet other

e@ﬁxg% h ; rgtrc];rfeﬁecti?fg sl?eetmg %g’rtnp%ses Ial}ow ol} preferred geometry cube

corner elements having faces defined by a side groove set wherein at least two grooves
within the set are nonparallel by amounts ranging from greater than nominally parallel to
about 1°. In each of these embodiments, the sheeting preferably further comprises the
features described with reference to the lamina or laminae.

In another aspect, the invention discloses retroreflective sheeting comprising a pair
of adjacent rows of preferred geometry cube corner elements wherein adjacent elements in

arow have at least one dihedral edge that ranges from being nominally parallel to
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the retroreflective sheeting conprises a row of cube
corner elenents wherein a first cube corner elenent
w0 googasiteed havi ng an al i gnment angl e bet ween 4BCHOS2008805672
and a second adjacent cube is canted having an
al i gnment angl es between 225 and 315. In yet other
enbodi nents, the retroreflective sheeting conprises a
nas@arrablfel Tpy Efethee d° gedwhtrein the bair 3brayeraverprisk etleadt swo types of
$g faces defined by a side groove set wherein at
€4P¥H grooves within the set are nonparallel by
amD UTH Srefefied 'eﬁ@)oﬁrn&)éﬂtg rreqfe&srenearve@ﬁaetﬁ@l dlééld%@ﬂ ahd @ilproved
to about 1 . In each of these enbodi nents,
pipertics.nfp @resigrodihentf the tﬁmreﬂwﬁm sleeting h?éllblftseaumfceml‘fy index of

'g‘ﬁ@? ﬁmg %&b‘g%‘?ﬂnrﬂg{?glrl ﬁ\9 W{q%ghﬂg}ogﬁ%ré% Qrore LGS orfeBtation.

Thethigdrifityasddxvie Tpﬁéfe@tﬂynﬁ 1 PAdSThOR pRefefibly at36asds. In other
adj acent ‘rows o referred geonetry cube corner

p@rfmm@oﬂm@rér,rﬁhwrrateé}wn@ BEetEComprisgs podrayRidreferred

ok 85 o988 ol APGER AL 29 o

oRErkAtiSD2AL04IARPNO S TVIAMBI6alal oflat feyist|3FS Satdedds/ ldx/nérfor an entrance

wherein the pair of rows conprise af |east two t
apgle obdf GRd an ehrqr‘éatwpﬁnsre@rf @r?eareﬁvsbm Weﬁiieetmrgrréﬁ%ﬂs improved

bliShthQs &f l)tﬁgﬁ?ﬁls@rvﬁﬁ&?%%%% 4liwgl osed has inproved
properties n one e ment, the retroreflective

s h eefThe inventivrbfurtherndiseiodes mny bgmbmaiteon aff featBreatde$oedpsd hdrein.
Such uniformty can be obtained without tiling in nore
than one orientation. The uniformty index is
mfeﬁfega@lg%ﬂﬁhgm nd nore preferably at |east 5.

I'n other” preferred enmbodinents, the retroreflective
sheeti ng conprlses an array of preferred geonetry

ner .el enen t hat xh hi an_ave

ry; EissbpeaV e ahaT ab S mia e SrRn ot o inafpube
cb¥eB8erhantof at | east 375 candel as/lux/n2 for an
entrance 10 angle of -4 and an observati on angl e of
0.5. Preferably, the sheeting exhibits inproved

I gnt e
PR 2R RS iy PG RBREL LRI B R il o fir
gfwatwstes descri bed herein. Brief Description of the
Drawings 15 FIG 1 is a perspective view of an
exenpl ary single | am na prior to formation of cube

r I
Fge.nzgﬁe s?da ATBR? an E&&%&y 8 %)ar%ﬂng% IYdé%Wéﬁ’g thR o A15R o irst
ggroveve. set .

FIG. 4 is a top view of an exemplary single lamina following the formation of a first

groove set and a second groove set.

FIG. 5 is a top view of an exemplary single lamina following the formation of a first

groove set and primary groove face.
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FIG 3 is a side view of an exenplary single | am na
followng the formation of a first groove set. 25

WO-R@B4/08161% a top view of an exenplary singl e |BEI/N82004/005672

following the formation of a first groove set and a
second groove set. FIG 5 is a top view of an

exenplary single lamna following the formation of a
FIGr6is a tgp pbwmevise bf amekqmﬂwraysegrbdmvfefoﬁalamin&)co?npﬂ@ing a first

2004/ 081 /.US2004/ 005672. FIG, 6 is
108, T LRPAR, SRR 5 nghe FUreof e e bebn Shhted
Sfd@%{ﬁ sing a first groove set-and a third primary

groove wherein the cube corners have been canted
sideways. 5 FIG 7 is a side view depicting the

TRoEE O iRl v m Ol BEE L Bt VR e oys canted

chisddron ABnae wher ei n the cube corners have been canted
sideways. 10 FIG 9 is a perspective view of four
| am nae wherein the cube corners have been canted
4 .
TSR e BT T BN ORIl By e panted
shlevagkwar d canted cube corner element. 15 FIG 10b is
a representation of a sideways canted cube corner
element. FIG 10c is a representation of a forward
HEON R R Nk S HEIinal A5l ] PO oS it [ camted
si;iawags andrthe Bmibascmve imad:reaissémblmé ndopposagmir@n@tions. mal t o
the edge of the lamna. FIG 12 depicts a top plan
vi ew of an assenbly of |am nae wherein the cube
FIQ! 1Y 18 ahéptesenRB6R of A BhASvRACHNET shieRomeP ERARNAON MBI
to the edge of the lamna. 25 FIG 13 depicts an
i sointensity plot show ng the predl cted light return

FIGT 3 b8 BiaTR of AP AN seedi b o HRE  HhmBb T ®

forward 9. 74.

FIG. 10c is a representation of a forward canted cube corner element.

FIG. 11 depicts a top plan view of an assembly of laminae wherein the cube corners have

been canted forward in a plane normal to the edge of the lamina.

FIG. 12 depicts a top plan view of an assembly of laminae wherein the cube corners have

been canted backward in a plane normal to the edge of the lamina.

FIG. 13 depicts an isointensity plot showing the predicted light return contours for a
matched pair of cube corner elements comprised of polycarbonate that have been canted

forward 9.74°.

FIG. 14 depicts an isointensity plot showing the predicted light return contours for a
matched pair of cube corner elements comprised of polycarbonate that have been canted

backward 7.74°.
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30 FIG 14 depicts an isointensity plot show ng the
predicted |light return contours for a matched pair of
weaive/ogwiner el enents conprised of pol ycar bonap@r/ukmmn4/005672

have been canted backward 7.74. 8 WD 2004/ 081619

PCT/ US2004/ 005672 FIG 15 depicts an isointensity

pl ot showi ng the predicted |ight return contours for
opposi ng | am nae that conprise pol ycarbonate

t wo
hes. t hat have been canted sjdeways .4.41. 5 FlI 1

Pl Rctepichy n SnSROP, I aRe L hiied Reltpiugh canpes for two
opp e 1:RiddE Bk e&hgﬂgespcﬁyaarﬂdfﬁte RABROBhI¥hvE BB @RitddMeways
conpri se polycarbonat'e cubes that have been canted
44iltieways 5.23. 10 FIG 17 depicts an isointensity

pl ot show ng the predicted light return contours for

two opposing | am nae that conprises pol ycarbonate
FRYD&Sdehitdd arliavigtdRsiBnpbtiioddnsSihdpveticied BeMt3etufr Santdils for two
depicts an isointensity plot show ng the predicted,
oppaging lpminge that epmprisspdlygarhopste cubesibpioAva feermeantrgesideways
Sbgat conpri se pol ycarbonate cubes that have been

Carited sideways 7.33. FIG 19 depicts an isointensity
pl ot showi ng the predicted light return contours for

an assenbly of |am nae that conprLseggpolycarbonate

Fadddepiesy athisoiatenaisnpiebshosang thaaedicted bightgetum conteyrs £y two
. Li » Lty
oiebe)ppe i L BTEcBRShnHiS (HRDL Bl St
69Rewed side grooves. 25 FIG 22 depicts each of the

di hedral angles of a representative cube corner

element. FIG 23 depicts a side view of a cube corner

FRG ergedthicd arﬁisbﬁf@n@@‘r RPN iRGHRPEEdibKE 1i§m%mﬁe 85Htb W€ for two
inclination. 30 FI 24 depiCts a spot diagramfor
oppaseg laiintac dhas compkisepaywamnett depesrthatzhaye feeeaniid sideways
7%89I e errors of the primary groove ranging from2 to
‘are mnutes. 9

FIG. 19 depicts an isointensity plot showing the predicted light return contours for an
assembly of laminae that comprises polycarbonate cubes that have been canted sideways
9.74°.

FIG. 20 is a plot of alignment angle versus uniformity index.

FIG. 21 depicts a top plan view of a lamina having skewed side grooves.

FIG. 22 depicts each of the dihedral angles of a representative cube corner element.

FIG. 23 depicts a side view of a cube corner element of a lamina depicting positive and

negative inclination.

FIG. 24 depicts a spot diagram for cubes that are backward canted by 7.47 degrees with

angle errors of the primary groove ranging from 2 to 10 arc minutes.
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WD 2004/ 081619 PCT/ US2004/ 005672 FIG 25 depicts a

spot diagram for cubes that are backward canted by
wQq2007/088gr ees with angle errors of the side gpODUER04/005672

ranging fromO to -20 arc mnutes. 5 FIG 26 depicts a

spot diagramfor cubes that are backward canted by

7.47 degrees with a conbination of primary groove and

side groove angle errors. FIG 27 depicts a spot

F BRSPS e s win
agglﬁ\é‘rr@fs of I 841UV &Sran@ing 9t FiP20@rEMees, 10 error

+1.5 arc mnites and inhclination varied in a
repeating pattern over every four grooves. FIG 28

6P A Go? B PR AT e BANE RO tE FRTp AT ATR s witho
combhftiod beftimary gab&indWi®Srod dnpleer®s.depi cts a spot
di agram for the conbination of FIG 27 and FIG 28.

FIG 30 conprises the sane angle errors, skews, and

noli nat | ) 9
IS AR (8 BB W PR 27 g
vdieadin dicaiieattodv@s comprise 4 baistant skesi afcinary sninates, exkidy/groove angle
6. 02_degr ees. havi ngéﬁﬂ\{_ar I, ous s?ev\rs and_inclinations.

efREOhT b qainules Ap IHRYGR Wriet faa Ry RAferypyer every four
lddwstrative and thus not necessary 25 representative

of actual size. For exanple the drawi ng(s) may be an

enl arged am na or enlarged portion of a | am na.

FB LS B 0 b o T R T8 T e
sROVRY 17k \BhifidaGather thah +30ar8heifi®@BE.S, a tool conprising

an assenbly of |am nae and replicas. There invention

further relates to retroreflective sheeting. 10 WO

0} 4 4 2. e [
FIRCA R4S LT APRNR SR BR Pearef A SHA PR
manufactured wth a techni que that enpl oys | am nae.
iccor dingly, .at least a portion and preferabl

3 epmprees hegpme pRglecHve, Spierndinglinaiions ay fﬁqﬁ 29 except that
tﬁéﬁb@?&@%ﬁ&é&’d&ﬁﬁé gz.h‘?%gr\ég&sheetung are full cubes

are not trunca I'n“one aspect, the base of
full cube elenents in plan view

FIG. 31 depicts a spot diagram for cubes that are sideways canted by 6.02 degrees having

various skews and inclinations.

The drawings, particularly of the lamina(e), are illustrative and thus not necessary
representative of actual size. For example the drawing(s) may be an enlarged lamina or

enlarged portion of a lamina.

Detailed Description of the Preferred Embodiments
The present invention relates to a lamina and laminae comprising cube corner
elements, a tool comprising an assembly of laminae and replicas. There invention further

relates to retroreflective sheeting.

10
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5 are not triangular. In another aspect, the
non-di hedral edges of full cube elenents are

webanagteey i stically not all in the same pl ane PCT/ES20040005672
copl anar). Such cube corner elenents are preferably
"preferred geonetry (PG cube corner elenents". A PG
cube corner elenent may be defined in the context of a
st rliot netrentﬂscti\fessheetmfg is prefferalgy preparedl feore atnsasten atold manufactured

ext ends rence | an or, th f
withadectiidis A el cifEiogonat e a PR TR Reetarably
sUbdRBHEIBS APhe %hﬁé]@d?ﬁertéﬂé}ﬁeﬂ?%f Bk 1dngiasde) Qtﬁ?retroreﬂectwe sheeting are

non- di hedral edge that: (1) is nonparallel to the

fllefubeethetarp nghiayncated. @lzpnfr aspseibhiednsd eff fnl} culpea‘?lamb@ls in plan view

n on-di hedral .ed f a n
R PR R Tire s uE P MBS O ents are
cH@{dt@ekic My ARGEIn RBfeRankqLE DO & ardr)) udh icMBe @fmer elements
squar eSZﬁa trapezoi ds or pentagons are exanples of PG
ar@@b@fe@b rpr@fméﬁdamognetrw@ cubR eorperghements’. wi t h r espect
p‘l&ane e o%egﬂgn%{q ag B;e ?ﬁﬁfedqg [Pfr?e{) cxo% fg‘?ggé at[‘lﬁlftlﬁgc‘f sﬁr?ace of
cﬁH&Q:ome@ lefinteyitsGhataexgnas plong aaeﬂememplaﬁm onrCthmpt[rposes of thls

el enents or _other geonetric structures, the
appdicAen. @E&nehesoger 5@8}?@% PEgnss w?&tcamé& els@r%ﬂfgtﬁaﬁlas at least one

ﬁ | gRR3ee. %eQHQ {112?5 Iﬁﬂnggﬁllell 10 tﬁ@ eﬁenreaaﬁi @9 I1sesubs’tant1ally

am na, e gro acent cu e co n el enment's
pareliclite tis adjicent somgﬂedxabedgmrofpmeughbbnngv@ae domer lsbenteas eA cube

CAIAH B EES TFHODBES SR G o E BB AENEL Vb b goares)

tripd28l® or baithgs ARexahD ] AU PCRAIbe CBMHeABIchiRfts| aRERASICE bRine”
the case of sheeting, the group of adjacent cube

withrrespectdp élnﬁedﬂfmltg@rﬁraaﬂcﬁ puleospener elgment esders g plage or other surface

scernlbet t he nan..e
L BEFORE el SRR OFn ubiof ARGty gl gfoments or
othbegsoneatic fiehcturks) thicadibe caﬂﬁf élemreﬁlfs%[* gedrBettib etradiglee being
between the reference axis (i.e. the nornal 25 vector

disposer @langitheplans. clrthe eass afp |SJé1)glea1ﬁ@Htah thegrpup offadjaggnt cube corner
ﬁl%%%%ﬁ}’s\,{#tk gﬁ& E;lﬁélgrb\%rﬁtrgﬁr%@r%v&seflﬁrtﬁe 5&3 BE%SQIQQ eg laminae, the

ot at out
groapeif amyaeemxulm cfdmaﬂeldm&nltmmﬁudés the cobcd@gnarelements of a single

or.i ent t|o of a datum mark. efers to at
RS B0 i AR ZoMaENR sk s cots of e ngﬁhstgéoup of adjacent

cmvdo?lger ek&%&%&%@ﬁll? %b@éﬁ aﬁﬁrehmﬁs ARULbIEQy Eﬂerfﬁﬁldnteé/e (e.g.
t hi ckness erab [ east 100, 200, 300

p&ﬁﬁablwmelﬁasttlsmnﬁ) andrms@abl}?r the enhmehmlemmomswfrﬁm sliepimg ed

of TERIFREE Meftnaler b o Bt erb MG Rkt 8t TeiRBal

vé&&xrt@rtﬁé 1eRGidéELveSRARPId) REd I the itReat Ba8. may be
constrai ned by the optical requirenents of the final

11 Veriegion) safersdo e pngstbomeb oducivthe ganplgmaydegotatadpabout the
reff%reﬁg rax§§ iy tt { &S’tle%l ﬁé@ C%E'%E ro?llen{aﬁgn B?Qh%nq‘ﬁi‘rk

Ness o
Lamina(e) refers to at least two lamina. "Lamina" refers to a thin plate having

length and height at least about 10 times its thickness (preferably at least 100, 200, 300,

400, 500 times its thickness). The invention is not limited to any particular dimensions of
lamina(e). In the case of lamina intended for use in the manufacture of retroreflective

sheeting, optimal dimensions may be constrained by the optical requirements of the final

11
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inches (6.35 M) and preferably |less than 0.125 inches
(3.175 mm. The thickness of the lamna is preferably

wo e@g/ostean about 0. 020 inches (0.508 nmm) and nRCEUS2004/005672
preferably |l ess than about 0.010 inches (0.254 mj.
Typically, the thickness of the amna is at |least 5
about 0.001 inches (0.0254 mm and nore preferably at
desigs te. @lsube cmmulchEMSh(@n@%me lamyna hiphe tlhlalmeﬁaof less than 0.25

I h f
e A S EABTIER Wl AT g T R or e
larfiah @sspléﬂeéabiﬁle@mhan hbsutloeizehhctes (0.56s hﬁx’ﬂj‘ and thot 'tpiiﬁérlaMy less
ﬂpan%es f r om about 5 i nches nun) to abou

est Q.91 Cbmchw)(oélﬁd nnrg) rFBYPéCBSIYp‘!‘hé ackness eEthe davaina is at least
40040 hRE5 0081 QSR et PRl BRSS! B ey 0 070

n@Ap OBhdigméacangksia ﬂ@fgﬂﬁﬂd&ﬁ abeut114mc}h. em Hind)Qo bbst?erinches (50.8
i ncludes a working surface 16 and _an op 05|n3 bott om

o) apd isdynigalbiiesniiam § mrbenelor qm)stThﬁd}%%htgﬁﬂxe ainpgypically
Qr%gf ﬁ‘gﬁl%gu \5 Hiches glr ’ﬁ‘frhﬁqgjtél al%dtﬁ@ 1@&1% 97 kY Hnr)] Ghd is more éyplcally

es a rst en an "opposrng seco
lﬁsmansabmﬁta:mc}iés (5108 can)pr ef erred enbodi nent, | am na 10

sur Pt Sterpsedo BRGSEh gl 0Enemis ARS PR3 B n
opSosHiPdBEAPHERr fsﬁ@éce IQP RARRO G HEARERR1IMAES 4 38R d@face 16 and

need not be parallel. Lam na 10 can be characterized
an@PPWI@deiOHEﬁEfHGQ B exisnding lbyt\@gp &t mpryet svgface 12 and second major

stitbei™ dPap BRI RAR YT TRl kS ghia h Spagip seoond ena

sBtfidea@2e In &%rﬁ’éﬂedémb&dlﬁféht 1204 €0 & RhtRRectAfbuldr§oBheddn
to as the x- zgglane 20 has the axis as its normal

Whetaip PPPosingsEiaersrass abstaatalpi w@YeQBHOW@V@rs tteilltbg appreciated that

t t I 'y coplanar with
BB Y M D G BB BB AR ¥ SOPhe B g as

it SLﬁmrmiElIO Oaﬁ(bb@haraé‘tehfad id tllixeé-dfrﬁmmrﬂl §paee BY supenmposmg a
; ferred to as the y-z pl ane, centered betwe

HEn ey lgaﬁefsa%t@nmt%ﬂst%%ﬁdﬁxéﬁat refprence laps 2&%@%@&*
bE:: eXf nffdrSuficdst anB QUM Hirst el Qlce 'l:éflre 2t4hiee ok the x-z plane,

arlty, various geonetric attribotes e present
hasthie yvaeug asate mirinkl veetate s%sac&mﬂref@rﬁtcenﬂim%w oderral tohas the x-y

t esi f I t ei.n.
P AT S S8 S B e Ol s s e
aRfstak ith b @%al G8ktoR A dESE Fdrhieste ﬁl‘:%ie% %f&%d ©08 "d‘i’e! jﬂ-@tpﬁane, is
systerrB or wiwth reference to the structure of

cpripted etwrge firgd end ap@ycedi0 angd éecmnéﬂad suifaapeitandmas the x-axis as its
n?fn%tl%r ?Jr yForQHggdz{l& Sf %Pa%? gllesrgée% t’éﬁbgges o Q%tpres%ﬁfc'

orne hus c ri se

iRhiionwill Bedaotdbgr WQM ecferdfceStBlthe @ﬂldemﬁfe&l%aﬁbﬁlﬁaeﬁ l‘ﬂs! de€lforth
primry groagve i primary groove face). FIGS. 2-
iy P Ner.lt Wilt bt Bpreciaied Hrasiehesapeits Jgbatep can 'acr ﬁiftsynbed

Fﬁlﬁi@tﬂ%? i%&ﬁl?ﬁfe Sgglleﬁlg%P (}V?thfrgfefelﬁge VoK SR Jr A1 afGn O
am na . I'n general, a rst groove set conprising

The lamina(e) of the present invention preferably comprise cube corner elements
having faces formed from, and thus comprise ,a first groove set, an optional second groove
set, and preferably a third primary groove (e.g. primary groove face).

FIGS. 2-9 illustrate a structured surface comprising a plurality of cube corner

elements in the working surface 16 of lamina 10. In general, a first groove set comprising

12
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12 WO 2004/ 081619 PCT/ US2004/ 005672 at |east two and
preferably a plurality of grooves 30a, 30b, 30c, etc.

w@ cotlogiestd vely referred to as 30) are forned PEI/US2004/005672
wor ki ng surface 16 of lam na 10. The grooves 30 are
formed such that the respective groove vertices 33
and the respective first reference edges 36 extend

atlleant g andiprieeratipt plurtléy o6 gtaveh 304, 30bi 3Qepgtor (cellectiacly referred

12 and the working.surface 16..0f .5 .na 10. th h
D e S gt e 16 Riol Gobt e S0 %Red such
1RO fHel 1O btpRL grob R es BB 3kl BdsiicktiRe fitdDRifErdRdeld@es 36 extend

it 1s preferred that working surface 16 is

abopsh arisitldt interséatethedirstungor wefage &2 andithearukipgspifagesl 6 of

The dir lon of .a particula QOVe .} ef i;ned
tepige 30 SRR B Tt Bl HOEHE 4b it rBn et
r&hiiﬁ§ﬁﬁa@t@re\d§§é.%sﬂﬁ&xm’@@), ek predrdathittviork IFRAITRcY 16 isBubstantially
the x, y and z 10 directions, the x-axis being
fige ppurrdiueired surfece pdrépehice pl ane 28 and the y-axis
bei ' [ e :
ey SRR iBleuby? B LR PbP R A gffftod with he groove
veiedd. MBI dyowr diection vedtbrgnedbeanddithed bgdgeompohas d3be x) ¥ and z

is Inmportant to note that groove vertices appear .
dpastamb dhe FoviseinedeRendioyiar BprITaRF AR 27t thebiags Peine
p%l?)gnﬁﬁﬁgf’t%sreﬁf&ce Eﬁhe ?ﬁ" i;gnl %\ng{% éghehﬁb&tee&i%&ion for groove 30b is

I rection conponent erein, the term
défmeidvien setdr alighet with grogve gerex 33, nfe i impovientkp mgte that groove

surface 16 of t | am 10 t hat f bei

vidierey Jousar ke v BRnGRdidn Labiied PaRGiveh Aipudf dferooves are
nbarAtH] G QHFIER VB Eecion ERBpdicagve set. As used herein
"adj acent groove" refers to the closest groove that

i s Asmperblidrginghe tdrinelgranve el refarsdp Isedoves fogined imwerking surface 16

SRR S e By B SRR MRS o -1

thePadfitefOstopads ah 1Rl gré®vewet. NA luskdtherdgdarddjehiagros e ecienae the
%anes as w |l subsequently be described. ) i

clasess eeravg et istpsmnalhapaielled or sen-pargjlelio mathdn 4 gligmatively or in

o}

oGVl 5 ORXF.POY L BLOPUER, iy By BRI G

nba-phalel bhiithis e siedods referenpeplnts ad widleanbagquently be described.
Nom nal |y parallel K groqyes are groaove erein

AP eeOy dratarishe RO BEaH it T POHGRIA et h FROIDR e grooves of

a#&gv%esep(fe. g@b&?%ﬂi@tﬂa@ﬁnél@ﬁe’c&f RAVEs il 8had8 el ffne degree of
e grooves of the groove set nmay al so conprise snall

pptenfialgieiiation.aNomtinadypafailel groheegnre groweswheminmeouispesgiul

mul tipl e . non-orthogonal.i MNO) .such.as J.ncl ud .
vEHefheuT el pPET BROBRER SHAh kg dobRE o PR o BF HHOTE fomyipe
nS¢RERJIUBS ?%v@@oﬂﬁé 6FdoRe detihayddl e hipriketstrall pulfefseful vagations for

to FIGS. 3-9, the first groove set conprises grooves ‘

tisopurpawlef immeduciag enultiple sopsetpganality YN sech 2 ipgludgteangle
egr?;s? élgdg §Ies§g§{r§r{c%r iﬁ&lna&igﬁ‘tas g/?ﬁ E&%eidehﬁ& b8'18R¥iBed in greater detail.

Referring to FIGS. 3-9, the first groove set comprises grooves 30a, 30b, 30¢, etc.

=0

(collectively referred to by the reference numeral 30) that define first groove surfaces 32a,
32b, 32c, etc. (collectively referred to as 32) and second groove surfaces 34b, 34c, 34d,
etc. (collectively referred to as 34) that intersect at groove vertices 33b, 33¢, 33d, etc.

13
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30 32b, 32c, etc. (collectively referred to as 32) and
second groove surfaces 34b, 34c, 34d, etc.

W@ cokbgestd vely referred to as 34) that interseRCT/HS2004/005672

groove vertices 33b, 33c, 33d, etc. 13 WD 2004/081619
PCT/ US2004/ 005672 (collectively referred to as 33).
At the edge of the |lam na, the groove formng
(ooﬂeafthfblymeferrcdyo hoB3 Atstheelge of tlwolamisa, tHeagreoBfarming operation
ther e odlnent gicted in FIG 4, lamna 10 may

%%FW P reria ise a second groove set
C ONR dnSthag eﬁBodlﬁf@ﬁf dépme@lﬂq:mr gf1ematd 0 Rayp bgﬁcﬁiany Yurftfer
adj acent grooves, “col Iectlvel referred as” 38)

cqhgtmsefaﬁen@di gmovhset mnkmm@ etdﬁa‘sat\eo asl pefarahly A alu:milty lof adjacent

sio &y EONE CAPgP BT ROty oL AR Py TP RS 1f affgmina

1841 @isf PEBdan&it! the st @Ad Setohdefoove sbtd hita@edd ap;bx‘dkﬂﬂldtély along a
of alternatlng4 peaks and v-shaped vall eys.

fipgt referened plang 24 tonforp @ sleyctured syt Q‘Fﬁalﬁé]@dmél 3 réyrehbfaqf ajjgrnating
PRl R Ay s VL an SR AR £ B0t o

wl‘itﬁfr&rpbetdo teactasthéi0 )Grabeksf38udeline grinbgreosasuracess404240b, etc
coIIectlver referred to

(qOHf?@}@k@{efq{eddp 3540 and fouth.grogye, surﬁafgg i%l;r gl)Zc,t <a|:c](§Jl t(collectively
e‘f@%d %k '4%?{}13& TRt %B&e%méghlE%I%hgmcolféct&a? referred to as

ge of am na, tHe groove form ng operation iy
41)mrshawm Ag lthee edge o:ﬁﬂe lsminbaihe gadre fBwiihg bhergeorf inay form a single
and se %Qgroove sets may al so be referred to herein
gLpove i, grooves". As used herein side grooves

r ef BothlRes® FHEQRY RecoRl HHRE LN midiald RONeL SN t6 BASR as "side
fron1be|ng nomnally parallel to non-parallel to

gmowm n AsQiseg bereinnaidle groevgsaefer toea giopee sat serajipthegreove{s range
erl%??cn%%tﬁlly Bgr%,llglrtgg\‘r? ar% lelt %wﬁh?? %%10 %ﬁé? rec'sgéctwe direction

here

Vééicfn@ [% thO@adja@ho e gidosts dfan@ﬁdé BOVBEeEtN g\lmlnallyloy in addition
paral el to reference plane 28 to nonparallel_ to

theagtersidregropynalepgopgrogvertha rangedrora bgmg ppminallypagadlel to
ré‘f&%h&%&lwe f&efoqf‘og h%ﬁ%l% réf&eﬁ&{ @Bﬁyf@tooxk/ 124 d% &tr&iv%s are

viation In n vi ew. pen
twmm@m}ieh&lcalade) I@f@ﬁwe plaar @4 no thin sdohe/dgpacead{] (bk/latmn in plan view.

non- par al I hi i ndi vi dual el e o
T pTi i B DO o ShRaEb ey BB BT HIED £° paEP e avithin 1%,
ifRfividhdl %[é%ﬂtsdlﬁ thé fpliena fseemﬂea ﬁusek w@m 1@A¢the shape of

pent agons, hexagons when vi ewed pl a view W th

trapemou}somtapgles;rpam}lelmm andgpentagos, he@h@{agamﬂfh@ vewed in plan
elismof th

i de 25
PR Bk Erbtine ST Bt FE ARER I I S epgcton ofthe sde
gﬁiébé@ﬂﬁﬁ@h'lﬁkeﬂ@roﬂﬂ%f S’@@:ﬂ)le inf¥rfdheuetrstwigl dubsdqderdtBare ddbcribed.

the el ements rrggf rise working surface 12 or 14,
suchlthenghetbe fhipsklarqofthe glepgntsgms wmprive fiarking supce)l2 or 14,

sﬁgl!leasla%ggrﬁ)% iR 'E%f(f" §@4b(5§6 AP mﬁh&%%t Ql.), the lamina preferably comprises a

primary groove face 50 that extends substantially the full length of the lamina. Regardless
of whether the third face is a working surface (i.e. 12 or 14) of the lamina or a primary
groove face, the third face of each element within a row preferably share a common plane.
With reference to FIG. 5-6 and 8-9, primary groove face 50 ranges from being nominally.
perpendicular to faces 32, 34, 40 and 42 to non-perpendicular to within 1°. Formation of
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primary groove face 50 that extends substantially the
full length of the | am na. Regardl ess of whether the
wao biosaisfeare i s a working surface (i.e. 12 or 1BJT/0820041€05672
| am na or a primary 30 groove face, the third face of
each elenment within a row preferably share a comon
plane. Wth reference to FIG 5-6 and 8-9, primary
pgnmowgob‘a@@cs 80 rrfasnljsstn 4 stowtiyed sigfase thah aicludes a plurality of cube
rp ndi cul ar. t Q0 and to .. :
B PemsEn drvie e SetRpri it o <P RAR N pfbendiguiggpptica faces
oﬁ%l’a@ﬁi&l@sﬁgglhiﬁﬁﬁ%é Zl?smgl)é Eu\y 66 Rcd, aGRIrI? groove
results in a structured surface t includes a
fasies papppaping sidesiaad/ot e prigrare LroaEs @1911& thei intgreepiiereol working surface

RSB e 24 R0 AR B PRI R 0L faces (e

F3G)|. erhp iy gffo9 VepreRely parpldélito ﬁeffexgmqnale 1Gwesitidn 1°.
opposi ng sides and/or a prinary groove along the
| nt ér@@&fusml%lﬁmwwmomma@@esta%nwr? fabiewuliple laminae

glflgbﬁé‘ﬁt%t‘f&ﬁ%ﬁ‘é é@&'ﬁ 1y f&r %ﬁ)le‘a%toaa Raliér 1851 sl%lh HEE their

i 'mary groove
r«ﬁnpecftszre@bilmrp gfo@lvb Elcet formed mmmy@r@dn&n @02 6xdropley ashiep;lcﬁed in

FIaS Gt Biony hkines Greamamera 20F S0 SEpEl A perdbly
alch®MaAkbR RSt @x‘eﬁg btk &k bylaaseRHRe SekitidHea iR oﬁ?&ﬂr%r orientations

tool such that eir “respective primary groove faces
(f e:a ithn <a1bp comer glegpenis wé lankioa 1 Q&ampn eppwmgmp:\ntﬂt@d with the cube

chtr drrenn gt arun o0 ind B IESecbsrom, S S 508 72Y fp opposing

oﬁ%ﬂﬁﬁorpﬁith tief cdb@ RbARE clefmenid @&5 Idnhias ﬂdO)l TFuPiRer ﬂid’tgurs of laminae
orientations. .e. the cube corner elenents of |am na

h2vi0g apposing 10ﬁgtr%msetmnat1 s thptthelr Fspeditys pnmmgﬁoove faces

|
PRS0 b8 58 OB e R AT S ERGn
confinesticl (elgealls alddneld anitind2 by @ brdeftor iligmizetthe fopmiation of vertical

| am nae 15 havi ng opposing orientation are positioned
h that their respective prinmary groove faces 50

for NS fcﬁ‘ﬁlﬁﬁmgf)ﬂﬂg B.Sgtg,%@l{( s\(lrftag@l@fg fd%&uct ed. Asused
ne InNa CO n %r

| am nae are positl Iguratio
hateirg feucrasttuett@d)refons orad dast anenha) omuzﬁce hethe (shwmnng eomprising

of vertical .wal After fo t he groove
<o ote gf ol Fimeaoing o & THTansdEpThemaFony ¢ YReisragfhe cube
céfheP S Riites) oTl&sE GRinOLES HERD (6 Bsfnﬁﬁﬁ pr&e@blyl 18&StharP01€25 inches
maj or surface of the sheeting rrgrl sing ‘structures

(Bdv$ mgn)and anese aref@nahiezrissscthan((éozgl essﬁlm brénemt@nl dimension of

oove vert i es of t er .S
oS T8 feraly B8 on B Thesp [ b Dlamorg pefersbly
1&;3, 12 0.007hashes ((G 11’725nm1)) AoRerdiiyl ¢, the ﬁfspdso@bb grdoas seﬁfaang and
04 inches (1 . The lateral dinmension of cub

4&@%@6 fegahdyyopasated by Hissrredistynqediroughi thy groovg thﬁéban the
sh311398 a0 }es‘aﬁﬂlg@&ﬁ nBh %EleaﬁlgpérXoves. The microstructures have an average

height ranging from about 0.001 inches (0.0254 mm) to 0.010 inches (0.254 mm), with a
height of less than 0.004 inches (0.1016 mm) being most typical. Further, the lateral
dimension of a cube corner microstructure is typically at least 0.0005 inches (0.0127 mm).
Cube corner microstructures may comprise either cube corner cavities or, preferably, cube

corner elements having peaks.

15



10

15

20

25

30

25 less than 0.007 inches (0.1778 mm. Accordingly,
the respective groove vertices 33 and 41 are

wee@iesmid y separated by this sanme di stance thpoUykmo1/005672
the groove other than the small variations resulting
from non-parall el grooves. The mcrostructures have an
average height ranging from about 0.001 inches
(0. 1284 em’opdtm)erm, a@ﬁepmwdmeﬁl(@(ﬁ 25116 prepentinvtention relgegyiera lamina

| ess than. 0.004.inches
o SR CopPEA SO R et AU o RERCH BRSO P diffrent

ifeRIdeg Em%[w f'QﬁélﬁMdﬁgfé" rSfefsite Itliéadﬂglle RimEEB&veéh ME@Ro faces of a
i nches 0127 . Cube corner mcrostructures my

Veshaped greoes thnbmt%%teatém HOPVE BErteX; éféleoncluéﬂd@mékabwwaﬂy a

e e R e R
dirédGiondf Qut. tHcp)£difbitent div@obhd vl isslypicaidy érﬁplayédafdr Bach different

and | am nae conprising a side groove set wherein
inghjdgd apglegAdls brbf?? M9 HIFCORBHHNG diprgridnclydes) angles may be

Ty

goloee . gouke greoted diffefhfromran aalgkedntagrgé\e (eg. seepnd sidé gramv) by at

I (58 ok 01 G el ot e g R oo DR okl s 140, an

n‘fd%‘ﬁl%ferﬁ)l?b heteafiti sd{agmpe 1t7®q|8°|1®° 1208}, C&szo?{dlﬁ@l?l ﬂ%ﬁ%ﬁ"ference in
for each different 1included’angle.” Alternativ

yet
inebrded angle icsowbstantially, lagef then differéteeh ud:@dludﬂbmesﬁégt veuld arise

th h
o ResR i AR et Bbisy Eigd Fotlfe ypi s g GATEp R Fusther, the
dFe@aée in Bichided andletaicA8)] 1@@&1@511 w’qegeé5(°e6(ﬁ, 508%, @@éTerably less
side groove) by at 10 least 2 (e.g. 3, 4, 5, 6, 7, 8,
thop 557, anese apiforably lpssdlan 505, qud gyen @pre preferatly leps fhanQd

LT E N L N )

ashpgtant Iré}dehtyng PA@aT totrhimimite licemanise o diffeueml: khaﬂ&ﬂld cuttlng tools
angl es that would arise from purpaseful gil e erro .
neadied o fuwsh embodinprat,She pu of #tiatrohside ereye Argley i about 180>, na

P elf%rl' Ca{nilbod]lqgglgtd%%gagﬁ§88§mbﬁsés%? Et%glg gg?tj s?cfe oves tIﬂavmg an

inchgisd hbglk reeatdy Shanor eltgnatte mathl s)ﬁcdlﬁls@btsbmf s’&[b. gramies havmg an
even nore preferably | ess than 40. pect ,
ingiyded apglg 1958 A RS, éhegmclafiefla%}}gi Fa@ove R typically

Jood a
g o LD A Rl Y o o ranging
froseabedt 10%tosholt 20fbelkreasrihe incheled angloof thaj agljaemt soaie is less than
9 oo%qug les is about 180. In a preferred

riBotho SaPEAMOUNG na conmprises a first sub-set of

si dR1tEGRDY 8% 108 RehyMrtBE: doifiridd atbrfah ewe k@REAS atdIGiside

90 alternated with sSecond sub-set of side grooves

SteRyEhlpvats landﬁdJ@t@ﬂeSaﬂf@pélllﬂ?éb’s9Q°ﬁhﬁ laggina isrprefgrably gdstantially
freQ 5t s18 lg%%ggs lff‘ar\]/%geanol];lclﬁd d angle & r?o%i%al'lf oY Ry g%&éfgrred

embodiment, the lamina comprises an alternating pair of side grooves (e.g. 75.226° and

104.774°) and thus, only necessitates the use of two different diamonds to form the totality
of side grooves. Accordingly, with reference to FIGS. 6-9, every other side grooves, i.e.
30a, 30c, 30e, etc. has an included angle of 75.226° alternated with the remaining side
grooves, i.e. 30b, 30d, etc. having an included angle of 104.774°. As will subsequently be
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greater than 90 by an anount of at |east about 5, and
preferably by an anount ranging from about 10 to

wW@bounsd®y whereas the included angl e of the aPfEHUS2W4/005672

groove is less than 90 by about the sane anount. 25

Al t hough, the lamna may further conprise nore than

two sub-sets and/or side grooves having included
desegbakindhrtherrdetrdl, EmpRYingtdigeringinakided apglesf iorthib Inyanner improves
tsubsttan#iall free of side grooves having an included

nally 90. In a preferred enbodinent, the

| aninnmogeFRdpeste §1téﬁatﬁ‘e1fc§rﬂﬁbb1ﬁﬁuﬂﬂbﬁ wath tBé Sigfefih® Ai¢ARled angles
(e.g. 75.226 and 104.774) and thus, only necessitates

(& %‘l@faé]@CQiﬂ sidagrefives)dregng armma@damopsrep@atmmﬂt@meﬂw aesgltingycube

30 of, si o) Accor nc
el oA dFeGrd a0 Bl plak BB RSBt cube
p&dke (e.2136) aftﬁﬁnﬂﬂﬂ thé§ntedleltheX0 G¥ichi® B- 4715102&68 at iseumiselihat a

with the remaining side grooves, | 30d, etc.

coraion eaknhai gl con uéﬁfgu@p@rved durabitity W)&@n \mdlmg the tooling or
/081619 PCT/ US2004/ 005672
S%g ggggﬂéﬂl%dgﬁ}b%ﬁ %/R(?gl?%l‘ll enpl oying differing

I ncl udtechatinglly @8 in cnrﬁhnmdmahefreasf e amvresscontphBes s1deways canted
uni form |nd . In anot h r as al t rnatl
ciihe @mﬁs.efm Korerd ftwénfa. fglaﬁ e polgly aaw&f%%M or

- bhdvird Uhe ARACEN xS atec AR ERbd RSk ean gwn@ naefel Witk reference

repeating pattern, the resulting cube corner
pbhea& niTbe bant @ldna dersa ¢ubatcoinat element is she planwiimiols bpéaiormal to

o b g A 1y ae LU ) Bl norma

védiet definifzaRT BNt e HASh ¢ebmpeRdnt b siRtanbally i ¥&itube corner
durability when handling the tooling or sheeting by

clswentsyhatiasq mlﬁmwmtgd faneardsadaclavardy Aathovapsofoubp gorner elements
ﬂ%:agn 'esn%wl%ﬁll gﬁesxga & edr’lg é{l‘l’ﬂ%w Q}(ecs%{ﬁﬁé élgaes gfggﬁ}é\ﬁa fha plane that

issdubsraitiglytpagdllebiorefepdiel ylapant add tialsyshe Gofhal vieaokdelirdng the cant
the symmetry axes are canted or tilted in a cant plane
Pk@ﬁ?hﬁﬁ@xwmwf#e@f%@sé‘ﬁ%ténﬁ%b’&ﬁ@ 28. The cant plane for

U5 S 2 D8 e o, B B

chxﬁ adtérizedthb dircodma@f dantg The syhmenyarglis dvfectas tlbefactur Itiglt trisects
a as. a

b B 2nE, s, 8, SoTopent of Subt ALl 261 Orics,

16&&9@&&)1&&111%(&%&& cub@cérﬁ@r éé@ﬁl%trﬁifs ik phe v‘f@ﬁ ﬂﬁf are solely
el ement's that are solely canted sideways,

bagknraed eanted selehf siddvenys gmégd ané selalytferivard cantpd an@et:ﬂwly In
i B B Pt it Sttt Rl e R PR R e B Sygmeny
aRil (xtENROMeNthe @fagéﬂbﬁ‘a&ﬁ@&ub%'ﬂeﬁk)ziﬁftﬁa x-y plane is shown by the arrow.
The alignment angle is measured counterclockwise in this view from the dihedral edge 11
(e.g. dihedral 2-3) that is approximately normal to a side of the cube in plan view. In the
case of backward canting in the absence of sideways canting, the alignment angle is 0
degrees, whereas in the case of forward canting in the absence of sideways canting the
alignment angle is 180 degrees. For a cube that has been canted sideways in the absence

of forward or backward canting, the alignment angle is either 90° (as shown in FIG. 10b)
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The projection of the symmetry axis in the x-y plane

may alternatively be used to 20 characterize the
waleooeogicon of cant. The symetry axis is defi nedI/as20041@5672

vector that trisects the three cube corner faces

form ng an equal angle wth each of these three faces.

FIGS. 10a-10c depict three different cube corner
ogEmeAmgemehimqgleam 907 eiven Hetprajeeticodfdhy symamokimapxis points to the

rgiie xS a1 e porheaiof FRGuPRLTo TR SR e ot
ext eﬁ@t%nﬁﬁléelﬁ?fth& Eﬁoeqﬁgfb@%téd’s%cﬁ £k BfeldaRipihe ﬁcﬁrﬁml vector

symretry 25 axis (extending into the page fromthe
cauprEsep bath)anlmcctmls)mnyamil eoEnpeEncshdfnx-H9mpeeens prbivcompenent are

nme e asured countercl ack iy t hi 0
el PTG e 4ictn B mE: D et O s st g and 315
ﬂk%&kﬁd%@ﬁ%ﬁﬁ@ﬁéﬁhym@mﬁiw Rith tlf thekwhrdtdat @dmlgﬁmbﬂ and
plan view. In th case of backward canti ng in the

s@bwwmnmonm@enmmwl #gn ailE@namtuaga}wffﬁ apig}1e° Burgher at an
alg%glré%@ %I\MB e%& 11_%51’ g‘aﬁ?et %iwérgr ﬂﬁtr {aﬁtqg ﬁleﬁofnnﬁnt with

emays ca ilg

theS0rvite g cae Tormpofierd atdl bﬁe\t/hﬂtcah’a&)mnﬁmiﬂga@ual atd\3aYand at 225°.
in the absence of forward or backward cantj n t he

AGFoTgHEbA Cartidanes PRmBYITARA PHRYOpHRANS HgRHaIS Pap egti PRI have an

altdontlls &gg%ﬂe@&%&’&{ﬁ/ 1%%29%4&9%22?5 aRd 3250 el 9B tormer
angle i's when the projection of the symmetry axis

eleaient & pralottisantlyisgletvagy§baBting Gvijen dinciatBgitanredwe oftbe y-component of

roj ection ofthesrmet ts .t left.
tl%ctag Marg %WI Vo 1 g{?@teﬁég?nﬁfés%l%ﬂ ugedéaéﬁ%# tﬂg gfc%{r}pgnent of the
cg&ﬁlibljan@r@ﬁﬁal%ﬁt@ﬁl vector conprises both an

x-conponent and y-conponent (i.e. Xx-conponent and
y- cofpoerebadiments veicesie hersideves aéltnt@d)cub@s @t)e foppedyiom an

ﬁ rrent :%{?Oe‘;e\éﬁggﬁé ﬁl%afrt‘ererff gc(l) AL gnet crﬁb% ﬁﬂ?re?tﬂ'écam plane

iDReKa E&re@éa{cem%qn& adjBcknt sme\o@m £ 8fven ¢OMRG (EBta—p or
bei ng equal at an alignnment angle of 45 or 315

o~ dre carried imrthe admegon’;mnallehp}gihas kiéwm@n, it ZEnexald 1f212@e isanx
the forward can rq ent ant

CORPORAY IR Ca BARG HeRPa Vﬁﬂtog’l "B S %CCB FHbey gﬁtﬁ}gh%mﬁcular lamina
aREAN YRV R] thakantSplaRO IR &her? R cubl cAKELMAICAE FairsCABEanted in the

pl anes conprising a predoni nant si deways can
sanapnpmmlﬂel Ipmnes (m oiadil vt Pawfgtablyb dtomuiba cafienelgmeds of any

g?vr§n B{i?ltg]\é\lg gfi%gq%\v Hﬁglgtﬁ?riltr?&g ?iﬁlgsédogg%f}giacent side
Vi€ c&hp ﬂ:Ji‘I?g &'1ﬂ"é%?ﬁﬁﬁf@l%d aholed. hﬁlecélfghnﬁhﬁﬁ%lé‘%m sideways

vector 1's greater than the absolute value of the
cxatogrgxemple indiGt heb isOahtcopbspoadingrtotie Rrfi cdres i1 BIG6r Similarly,

A RBEr GEDY 0 et TS PRI SPOLTICh bt Ak (not shown)
Bfw' MG T £ G0 tanlilS WHGEMAROL EbeS YRESNIAGH S drllw KR4S FIG. 12

depicts laminae wherein the cubes are canted backward. Cube designs canted in this

manner result in a single type of matched opposing cube pairs. The cube 54a of FIG. 11
with faces 64a and 62b is the same as the cube 54b with faces 64b and 62c that is the
same as cube 54¢ with faces 64¢ and 62d, etc. Accordingly, all the cubes within the same
row are the same, the row being parallel to reference plane 24. The cube 54a is a matched

opposing pair with cube 56a having faces 66e and 68d. Further, the cube 54b is a
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is parallel to reference plane 24 the adjacent cubes
wthin a given lamna (e.g. a-(3 or a'-(3") 'are

w@2amwteglicin t he same or parallel planes. HowevePCT/U2004/005672

general, if there is an x conponent to the cant plane

normal vector, then adjacent cubes within a particul ar

| am na 20 are not canted in the sane plane. Rather,
ntakrded opposty wear with tutiesibbp alikswaseecuberide ds 4 matched olslmsmg pair

il B Sor chieh LN Gty Brfiatz Ram e Fpobhe pr st dibe 58

Mutéﬁea D@l redlil SRR fIEO‘%ﬂJn@ﬁ of & figlst c68 AB6Rlark a;ggrh&%ﬁ ¢&tHe plane of
de “grooves conprising different included angles.

thﬂf@uaﬂumgiwefa@e wilhtesulf ora cu’o@ thatdesuppsimpesable wgtoemmpmbcube
G .10b is.90 S to the P
et Bt pacy poces o B BRI At Sonicy Fatpdiine g g Soup of
chelRnmet 2 lchdt £ dViateRaBpdin t 16&11y%rb$1d3 F&rdroMdctis O p¥drmance that is
FIG 11 depicts |am nae erein the cubes are canted

syramgiicaVitinrspech §o pasgive oy negpdiyiechangea i riengheneds fropposing
of ofal € cant ed backward. Cube designs canted in this
manner result in a single type of matched opposing

c ubeipesntst, idewaysrantmaresiltsih@ cubd desigd boripisiisy fvbadifferent
me as the cube 54b with faces. 64b and

d 62b
: rtq%atI'O?l% %etﬁ@l tge S%ffr@“a%ndctﬁ% cusated Ry the emesidesgreovsyet. Fora
sﬁgg Jaffhf: coﬁﬁ:?i@ir’;rlg'br&% e figdt! ag& B&ohd Q@csof\é’lcfe@tr(gb\kp ?r HFOf adjacent

w are the sa e row being parall o referéence
lgphinaeasgemblet en opriveingdaicntstiansytitedmmihac cpmpssafpupdistinctly different

o g BRSO 5 9056 S Y b g sy

diTe & @b RRRE RleRGHiRPAs cubbd Apied e hﬁﬁﬁﬁ fdekk 820 §@1 34¢B&a (B) having
54c is a matched opposing pair cube 5

fogpsddeamid34de alpba Brime (0 Fhaing facpsdle amt@ﬂemddmmmg (8) having

fﬁ@ li%/\%l%({]% ktﬁ*b%? gc%z, 05%% 12% ?31 égir ; )1(1%%% sai;(vwr%}cggheo%ng%yty en rotated

1sd)°asneh that tHelt@bs Faceciry F)@ﬁuslu &S acubéd (B, B B SEilrthet, Th@cubeben
e onto a_second cube. 5 Matched

that is super-inpos
ajagent laveier (fet lﬁgé‘g&%rﬁucwﬁwe@m mplyg@aje@é@ms d@¥lthough the
s ?ﬂ]lte R dbBs fé & QH&Vﬁf thE Pco ﬂh@gﬁf@tg‘?ooves (ie.
arry g i pfth

pairs typic provi‘de retrore
t}mqﬂdmrthammdeme gr(mve mtmmds» Edeal padtd) mﬁsnbt;tra,ﬁ@s from being

ive ve changes i entra ce angle for
gra llmara lslrﬁoéﬂ?a%ts%wlaneﬁéa jageit s1ag; QRRs k- eﬂawlhgparaﬂel)
td B3M hchpathiR] GHBR ldthﬂﬁbrC@iEH‘bhs%bﬁg pfa.‘ﬁ@réiil'gfag ﬁBlﬁﬁ)telri]ngmmally
cube orlentatlons within the sane row and thus created

piplieitte refarencspldae 28 tﬂhﬁ@l&l@lﬁpaﬁﬂﬁl ta refstangt plaha@$ mathin 1°.

conpLi S th.t rst and secpnd set.o

o 0TS IR iR idobF by ol ERGRT MuBFisBingp fiiag tota ight
rePRBAEH HEEtRFRILIRE SR Toreh Bleh@ MARhEDHIH fos@ed B a material

distinctly different cubes and two different matched

hgyang an inglsx @épfcactieon oinl 1% ggargng gntragice Fagles gighorientation angles. In
F f&?.slt3' tHE Ma¥ched pair is forward canted 9.74° (e.g. cube corner elements 54, 56 of FIG.

11). In FIG. 14, the matched pair is backward canted 7.47° (e.g. cube corner elements 57,
58 of FIG. 12). FIGS. 15-19 are isobrightness contour graph illustrating the predicted total

light return for laminae comprising retroreflective cube comer elements formed from a
material having an index of refraction of 1.59 at varying entrance angles and orientation

angles where the cube corner elements are canted sideways 4.41°, 5.23°, 6.03°, 7.33°, and
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di fferent cubes are identified as cubes al pha (a)

havi ng faces 32b and 34c, beta (B) having 15 faces 32c
w@eah488d19 al pha prime (a) having faces 40c andrPdRusS208410h5672

beta prinme (13) having faces 40b and 42c. Cubes (0 a)

are a matched pair with the sane geonetry when rotated

180 such that the cube faces are parallel, as are

9 4B aespedidyelBior akgnmbmrapngleh of 8flrad 230°. Adjatiemating paii ofside

b ik Tt g T ik B B D A3 Blttucs ubesomes
e, B, Gy v
natdhed tpaios, el Bd-B' pad bsh' @y dditabin1Ga6g Faedermarciied pagrs have

ot At iel GESUS 9980 emeecue i AP OARAG R el 19, s isobrighiness

(19950 ﬁ%la%ahﬁﬁaevﬂakm gnthé' sa.nllzéjqr i EPGnic aa?%ber{i’étgngfats Aepicted in

p ane” ranges from bei ng nom na
Fﬁ@SeﬁdﬂcaadﬂBane 28 to being nonparal lel to reference

pl an i thin 1. FI 13-14 are isobri htness

Cont et e 1B Rer 44 oe et WP LY BT mey G caloulated
£ & Eﬁ&Wl@dée%f pRréet saﬁféfakeﬂa%a\fsy ﬁ&{%?ﬁltﬁ 011‘&%[ hg{t@&ﬁﬁi is defined as
mat ched pair fornmed froma materi al avi ng an i ndex

ﬂ@f preéyat aﬁp¢rg¢nt @ftivie Fea and may mgtemsgtYe riotad tight latugn & daredtly

R S R SR LR R P
of FIFeran ihlﬂal uhﬂar'ﬂl@ht fed infehgtyTRisSRetbydaklt frsmdekesy d

canted 7.47 (e.g. cube corner elenents 57, 58 of FI G

teppgmissipusghropsh 1167 G sHefatsraighe HiesEng wit e rgepsin losses at cach
F lcﬂel{ﬁlteé @ﬁﬁeﬂsﬁrfa@gs Ffrrgﬁic' %}ﬁg?(ﬁ‘ ?JISS%QI lo S%El E‘OI' H%Md}m P{HCIanCG

am nae conprising retror i've Cu e cor
and e siseting fefractde fndexvAaboual SPiasd roghliyrigl (H@omgiﬂiﬁ @.90firansmission).
raction at varyi ng, ent rance

1. 59 | es. and
R&ﬁ?@%ﬂ“éP?SS%%f&HB?SéQaW%? CQHE %q!aws 3@@?%5%@&%% the

}gﬁrbtf%gatﬁi WY S o rf%sé'&f incidérbe 1Elafive to7ﬂ1§§ub@§ﬁgfacé-§?ﬁ49fl. Typical
04/ 081619 PCT/ US2004/ 005672 9. 74, respective or

reflactjomerrfficiogh éo abim@Omartle@iAely o@ate&il dube matfices axmaouglﬂ)y 0.85 to

03t SasrE 1188 Eis'syrGisd RTRRISIGshe for clbs bRt 6 gL p T fgornal

réfledBVRNE SRSty Bifo GosOhtiallh QO%Q@M@(&n&@&@%érﬁﬂi@mgIe of
have two types of nmatched pairs, d a-a'

ingsdegenpia b%hturafy rlativedo therrabe sirfcemetmpds fess thanéheritical angle,
f 27
OB AT B o o B g B G s s

tirotigh ﬂiﬁbtﬂl@@sulﬂﬁ\tt nGrltlheﬂ afiglets ﬁ funetloﬁ/ ef ﬂhle @ﬁkéctlve index of the cube
orientation as pi.cted in

e anckef the trﬁilex of ﬁmm%té&l%lh%hmé rthEacuhﬁ KE’PE@}IM @rr) nilpedasd optics
S s DO UL SN OB ot s
tramsnuission Pssksfand eéatalasterddd retﬂeethm oEfferttlve farqacfor @ pinglak invBvidual
gl%escg)g?qqd errriJl t Imrr!tty nS Ie%e}fmlnegii)y, and 1 equarl % trento]jz)olro gical intersection of
the projection of the three cube corner surfaces on a plane normal to the refracted incident
ray with the projection of the image surfaces of the third reflection on the same plane.
One procedure for determining effective aperture is discussed for example by Eckhardt,
Applied Optics, v. 10, n. 7, July 1971, pg. 1559-1566. Straubel U.S. Patent No. 835,648

also discusses the concept of effective area or aperture. Percent active area for a single
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machi ned cube corner arrays is described by Stanm U. S.
Patent No. 3,712,706. For an initial unitary |ight
WO 2004i08t6ensi ty, | osses may result fromtwo pasBCT/US2004/005672
transm ssions through the front surface of the
sheeting and fromreflection | osses at each of the
three cube surfaces. Front surface transm ssion | osses
cthprconmea el enombrsl thémdsdfohed aethb&f&mdveaarsm&istded byried todad tareaef the

PRV UFGTp® cOrhgh o SAIELRLIVP Groe o CHEHfalnying optical
nl@aaﬁhg REMBGids kBbWn ¢P RS0 tGREAL, k9N iPha Iptial Afts th%ay be

type of coating and the angle of incidence relative
detpenipedbumenidadly aising rcnn‘}'entﬂﬁy@iu@}atracmgfelcbnjquqsn Percent actlve area for

efficient or . al um nu coat cube
 §8 e T o G oD Gl eq Uy e ST B pRtRE aptive area of
tietivbasdsiduliedube cbinenelbiasse $n fheimaeHeapairh Altet@hiyeRittated, percent
total internal 20 reflection are essentially zero

aqtve SppRtITS e Yyaly Bogy eactfiacubp pmner apacthals retforefinsting gkt divided by
f |

ipl 06 SEBRSH L bbb B B AR ERS ggomes,

rdfiaktive indexrangle dfafdu&mtd: amd chdeting @sikntdtiowm and a

significant anmou ght may ass rqugh the cube
sur f {etermpg ﬁOt]fn%a ﬁ(épreVl @péesplgfﬁ 'ﬁie&gattlﬁ gormal to reference

Dl 26 Sh4 HENIABOAS cPinaloly oot %‘*%Ekﬁﬂf‘gé“f@?%.s &4 jRanG 1. Tor
esmaplda¥ diespi 2 pkng Subistantislly notma o tHe phimary Giove sértex2Fildformed by

edition n Vsl e 987 e ain front surfa
(PSRRI Oihs BUDEY B BE% S0 AR ARAFCrH SRt FHifEss curves
rdpkdsft thy Bre@icBal theal lightShiuel 8f QE afr bffwﬂ;%bmeﬁ ERMCARITASH6 at

el ement may be determ ned by, and is equal to, the
Vm@m@bmtlonmfeangéma apglegfand pﬁ@ntpfrl@} @@1@80 Radial pipyement from
tl}el'l:r fifer §f1121% foqr eisifé rnflcq‘gas%l} fﬁi{% {lﬁ? cir u%gi{gb ential

efrac nC| oh 0
rﬂoﬁalgent&uprem&scmﬁgmg ﬁletdﬁdhﬁhtlToﬁfoE&FetduBB c@ﬁelt ¢lemS@®ith respect to
pl. ane. 30 One procedure for determ_ ning effective
thedigh squacs. sThﬁ IBpRsidsesighineshpirge gomustpnthgset of entrance angles
1
1)
oGP BBl s of st sl 34,38 Sl 07 20 1Rl o,
Summmﬁwﬂyoﬁ&ﬁhgembﬁ@Mna&ean@sdapamMBmQUmEemnébhemanmw&ndeswﬁh
rea. fgf a S|ng 20 WO 2004/ 081619 PCT/ US2004/ 005672
mgﬁﬁﬁ“@ lo%ier BFIESRIAASS) s t hen defined as the effective
ar ea AddiNd16 &fhtdh¥d e of RirRhrd@dr@RAcBlariREnteR RS Q%leﬂlﬂ{ave two
t he cube corner surfaces. Percent active area myb
plaaea:(m IeaVe:mdu‘éz) rofj bryatl ieptabncemangdelpiityghaterd mbqtatesalﬂonpﬁmextdmcular to
t hos ordi nar the. o al arts or may .be '
oY eI E G it 4F s RER O R e PiafHoe AREpAGy being
h&:@£0n0d1 GHE SertiParas ShdwR i FIE 13! e houht c&"lﬁ;ﬂbﬁ:ﬂﬁ*ﬁé@@ﬂhlgher
mat ched pair_ array may be cal cul ated by avera

cEnee ARglaryarige C%S&a@r@rly witheorioptatipn andnsmlcu&,aag'elowdﬁﬁwen the
pﬁhmeﬁ én@raﬁ&e B? dSlH'ﬁ ahé/ c%ﬁ%%ah%{g%%/esﬁlttﬁhqﬂe principle
per u 1s e area a cube

per cent active re equ
pkaﬁésrkefrenaﬁﬁ@yantghlahty Gel'el armrvi)loei@hdeﬂ @t toughlly 43P vé eheddby of the

lamina as shown in FIG. 14. Similarly, the amount of light returned at higher entrance

angles varies considerably with orientation and is particularly low between the planes of
best entrance angularity. More or less than two planes of broad entrance angularity can

result depending on the degree of cant.

21



10

15

20

25

the total area of the array. Percent active area is
af fected for exanple by cube geonetry, refractive

wo pabensi6angl e of i ncidence, and sheeti ng ori enPEL/USIV04/005672
10 Referring to FIG 13 vector VI represents the plane
that is normal to reference plane 26 and includes the
symmetry axes of cube corner elenents 54, 56 in FIG
11. FHoS. EAMW&Q’E thé pledissedi tﬂtahliﬁitaﬂmnsﬁﬁét)aimihiahd;iw contours for a

PR DEPs AR RS Ry o Ers B Tt et i mbfe uniorm

a§ QHAERdH fhé Sl‘ﬂiﬁié'o@‘ Iﬂié}ﬂ&sapﬁéwa\iﬁﬁg cfr@ﬂﬁle %‘Eéﬁm}%d}%on to the isointensity
t ot al return of the arra cube

redi cte
pgttss ﬁ%ﬁonéarém@ﬂtbgcl@ward smted cubss oﬁFICiﬁJéwadﬂﬂn FIGESES-1 depict

s%{t/aél?rie n? h%rﬂgll £ t ge}r%[lttlg oz%t ?llﬁ] of ﬂﬁ\bﬁgsl}t ég?l&evﬁ??t in FIGS. 13 and

14N Qceadiaty, @oba w&ﬁmmﬁlm at\l\ﬁ%ieﬁ eftkdrfel FhEEL ! t8 at least 45°
nmovenent represents chan |ng orientation of the

egliangelis predicted. o fhis anOWh o@@ﬁ@mn nesformpgcelis geﬂlrabbdpwgmng

RIS R Y -
t&fh’é ésefil IBVEM0R, »Gom@Bn MY for RNV REIhe duli fHMnith R WSthY light

ucceSS|ver outl yi ng isobrightness curves
r@w@at‘eépmﬁtcr emykatimchap beavtiling oo Manhgs multiicity of small tooling

SSHRRERRLYS Mol GUELIARLEET 205 o REPBL & IRLEREE ©Falone o,

5pi3a 798, Side@zay%arﬂétﬁcu‘%&):oﬁlfer i DR¢ae pRVE ﬂle&ﬁﬁﬁbhﬂftz bYtotal light
that are substantially perpendicular to one anot
rﬁwﬂaméféh@ peryl fortiling and thus the apay fcsupstantnlyfeee qfftﬂmg in more
larity being 25 horizontal and vertica
as sgg&%m?ﬁ&ﬁlG. 13. The anount of l|ight returned at
hi ghéu ordentor congrathe Iueffomty @ﬁotab hghtdemab(i@LR@i dﬂVanous optical
orientation and is particularly Ioow bet wee
qu%ghe&pfe@gg LBt pgﬁ@t@tl@ﬁgqf IOa:r45t ym §pnmag|b|eydw1ded by the range of
c War t r|nC| nes. of
TR AR 0, 45 o i MR A R G BB R ol ana

mifingih TT Rt tlest Begled g a0% ﬁkaeentfa@m: ARl STEO Wt Hafdi&s
14. Sunlarlg{;i1 the amount of light returned at hi gher

pesherpRly @ least 39 gr excatenrand anere prdferebystOy opigtegter. Preferred designs
e) 113& ?ﬁeai%xhﬁﬁ} i a%(t:l'g%g %‘géu %%eoﬂtﬁ%l\é}b regl\g(;lﬁiq% }é@gg Eﬁl% TF[Iloangs

"mi1ﬁ1mmtymﬁddxr(®ﬁ)j \m‘stdahmtwecbﬁog alar értsancaumgle &6 thd forward and
dependi n n_the ant 21 WO 2004/ 081619
oot Gss poFICE- &8 ang 9 HGSRASHY LY 2t Well gp &yithe wdeways canted
chifds %Iavﬂng Q’Qﬁoﬁse(iéé‘f&s of kRRbrt Fﬁg’S NS fof TeBN pﬂl‘é%}&é %@f the side

pai r of "opposi ng | am nae having si deways cante
giiewed isghualrte therthicksesyof thedaminar(ine. aspect rafiocat e dlitwcaidukated
ot |rcular I n conparison

u?%algﬁgq%g%?hﬁtse"é' tag&)ﬁoga:i’g E? JOWEr d and backwar d

canted cubes of FIGS. 13 and 14. FIGS. 15-19 depict

Table 1
Forward | Backward Sideways (alignment angle = 90°)
Amount of cant 9.74 7.47 441 | 523 | 6.03 | 733 | 9.74
(arc minutes)
Avg. TLR 0.210 0.133 0.16 | 0.184 | 0.209 | 0.180 | 0.166
(0/45/90) 0

22



10

15

20

25

30

5 substantially higher light return at the |ocations

of lowlight return evident in FIGS. 13 and 14.
wa\ecwanglionyl y, good retention of TLR at hi gher PBCI/D8200€005672
angles (up to at least 45 entrance) is predicted.
This inproved orientation performance is desirable for
signing products since the signs are commonly
TOR Ramgeed at |or D@9dat | on8.164 0, 04® aMd230| 0PBHQro.16| 0.190
(os/gm)esent i nvention, | a common|na hod for| inprqving
e unitormty ofpjptal Tigght 10 et urgioM [ 5 3PSPeeR | 0.88
to orrentation ttas beem titTng, . € ptaci ng a
multiplicity of small tooling sections in nore than
one orientation, such as described for exanmple in U S.
Ubgbenity Mdex (B1) 338vetd& TER@E ORS8Nt ed cube corner

arrays can i npr oysgtReounss gagoey of total 1ight
return, without the need for tiling and thus the array

IS substantlally free of tiling in nore than one
ori ehnlabivexhoriél:ﬁatiom i feEmity nesuhmwhcrethb i fomiityoindex is gréater than

t f i cagl desi
1, BTl athe vy BAFE R Grattibuot tof DTS a T fesrester
tHéhW (@! %dé by, 8h.henfremds Bliex WHRvaAY a9k if@tish o® 0 MesSuck Bs cube

e. the dlfference bet ween t he maxi mum and
gmnmtmﬁmgmmomt and éyne %fr@‘gmeg',pe alf ulgy, cebefshrpeiingnen wigwe location of

oY o SULGATERARSbS, SHE B o ke Hen

Pf E‘f BIG.€T0 ﬂﬁSﬂrzg%thEQm@ﬁéhhby ﬁndeh@lml Werdls ra&ighﬁheﬁ)tf angle for canted
average TLR relative to TLR ran e. Thi s rat| o,
cuhgrorRft TeYs WHAERymEramounipnel eaf arfl varsas randy anponents for their

BRI eol Tkl R AR ARHIR SR S o e p-p

aﬁch 66 SCWEHSed MFRG. 6,CaIRRE MbsO GuVR! dndlby PA8EHEBSn& be mutually
tilt of FIGS. 15-19. For Table 1 the spacing of the

adjnetart. Jhoowbes inseaghwadtched namehaw gikbsteritallyf the isampe akighment angle.

Atlgfiont A ol fle By trids ol Sittsifi: #8n 6 APIST0Y the same
amefva rfbr BaelsprR] tbrIAntaivayfent a&gle BIEO0° (@ifererededn: 180° by 80°) for a

Amount of cant 9.74 7.47 4.41 23 6.03 7.33 9.74
firsh cuberion g gnatpleyl pap fhepsepond ée g3gligeny qube@y sgeapbmatched pair

RS i N SR SR

0. 038I®. 26 showd ABat {Ha/ 4bdr®) TOR for polycarbonate (having an index of

refraction of 1.59) as well as the uniformity index are maximized for cube geometries

having a predominant sideways canting component, i.e. the range roughly centered about
alignment angles of 90° and 270°. Note that alignment angles between 0° and 180° are
presented on the X or horizontal axis of FIG. 20 from left to right. Alignment angles
increasing from 180° to 360° degrees are plotted from right to left.

Preferably, the alignment angle is greater than 50° (e.g. 51°, 52°, 53°, 54°), more
preferably greater than 55° (e.g. 56°, 57°, 58°, 59°), and even more preferably greater than
60°. Further the alignment angle is preferably less than 130° (e.g. 129°, 128°, 127°, 126°)
and more preferably less than 125° (e.g. 124°, 123°, 122°, 121°), and even more preferably
less than 120°. Likewise the alignment angle is preferably greater than 230° (e.g. 231°,
232°,233°, 234°), and more preferably greater than 235° (e.g. 236°, 237°, 238°, 239°),
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U 0.71 0.87 1.79 8.02 6.23 1.08 0.88 Uniformty
Index (U) = Average TLR of 0, 45, 90 Range at 0, 45

w@nw408161% | nproved orientation uniformty reseCT/ES2M0E005672

the uniformty index is greater than 1. Preferably,

the uniformty index is greater than 3 (e.g. 4), and

nore preferably greater than 5 (e.g. 6, 7, 8).
anghefeprmeneyréfaably gueater than §4Q8s Farthentbe abgnnoént wagle abpreferably less

oRYoR .08 SRR 4065 IR Bl £ 0

303 80Pe 361 Wiahdl eferARBlel i Rrabbiess WhABOP, Ons), entrance
angle, and refractive index. FIG 20 illustrates the

uni f dpepmpuRtddilt ofithe euhe syeimaliy axks tplativetto avgster pespendicular to
rner. afl ays \ var yi a ts of
Rt et R sl P et e e gt e amount of
tipliapeforablytdss Heatoor dccortiiighy, tayod pyderrdarhMBR Sf Gft ranges from
mat ched pairs, simlar to the 2}3_'(3' and a-a' as o o
bRy Bex’ dabayt By5Ginchiding anyduterval hegas enbpeintsselestied s 3.6°, 3.7,
b alyl ' . [ o
R ped o Tt d L b A AE Rt Wi Bl 8EHed from 7.5,
THAGL.E, 7.8A17.PnBON 8. 1nYHLL 8.3F and 8HE Cule goppesriafthaahaHedemployed
airs differ fromO or 180 by the same anpunt. For
oot e AT RS OO BB AR RePlF Porkbe
all&nddY aB88) nd9be®0o bk b3d° BHBRNUmdubt 5 cafBt ched pair the
second (e.g. "adjacent) cube or second natched pair
woul d have an alignnent angle of 260 (also differing
from 180 by 80). 20 FIG 20 sl?r]ggs that the average TLR
for pol ycarbonate (having a,ﬁa ex of refraction of
1.59) as well as the uniformty index are maxi m zed

for cube—gaeo triac havina-a nredom-nant <i dewavse
A3 H\‘UI'L T T o J TTICAVT ||3 A r.ll o A~ ARN] TICATTUC ~7 T uvvvu]u

cant i MQBRbH ént, i.e. |the range |[roughly centered

about | gnmeng. . A t

al i gnne?gél%ngl ;géldgg?(lv\?e%gr %dgglﬁgcggeég%sen?é one
the X or (Apri Zordwl-s@Xi § dulFbép2 20 Suipsetlief|t Sib-set 2
ri ght ___Aj_j_g_n_r_mnt anales ! 25 increasing froml!180 to 360

degrees are pl/Balfangle 12 ghgle(d |Fellangkr@F|Euliingle (°)
t he abHgmenttangtegsgreaer—than—5S0— o592
53, 54),4145re p%g?se()rlabl y ;:De‘té)tger thm‘]@g (§. gij%glfS
57, 5B, B9, dnd ®VEA Ndr e spregher aol y7gzeat ar Fb@glg
60. Further the alignment angle i9 preferablly [ess

than [1306.08. g.| 139,61328,| 122,38126)| &msd26org 104.774
pr ef erabl-y—+tegsthan-128 (e—g—12 123122 121

> F—E&—g—+<55 5 121
and elven’Adr e pr 0108bI | 363199ds thaf2048. L kW28

the al7g Mt angie 4.5 Areferghty jgreat tHam, 238
(e.g | 2307F 2do. 23946 o4,y SBRE T7e 0 BPer ol J13-508
greater than 235 (e.g. 236, 237, 238, 239), 23

Although differing included angles alone or in combination with the previously
described sideways canting provide improved brightness uniformity in TLR with respect
to changes in orientation angle over a range of entrance angles, it is also preferred to
improve the observation angularity or divergence profile of the sheeting. This involves
improving the spread of the retroreflected light relative to the source (typically, vehicle
headlights). As previously described retroreflected light from cube corners spreads due to
effects such as diffraction (controlled by cube size), polarization (important in cubes

which have not been coated with a specular reflector), and non-orthogonality (deviation of
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WD 2004/ 081619 PCT/ US2004/ 005672 and even nore
preferably greater than 240. Further the alignnent
w@nphesicsd preferably | ess than 310 (e.g. 309, PGDBS2004/005672
307, 306) and nore preferably less than 305 (e.g. 304,
303, 302, 301 ) and even nore preferably |less than
300. The anpbunt of tilt of the cube symetry axes
theadubt icomet dihedrakeatgbes fom pe‘hbljf embmts tess thantlRe Syreadeofdight due to
the cubes_.is at |east 2 and &@S greater than 3.
nppopthagonalifyds aﬁ%lﬁmaﬂaflmpmrtt lre é‘f%‘a 1 RFofussd uping jaminae
s?lgera] ﬁgé;tWeglot?nﬁi X%-uﬁd%%(?{gég)% Pé;\ ‘ﬁgrgc{i fogﬁb | anM gfw}feké Ilhe spreading of
tlneme‘elrlv Hhthveasi dognieated ppidiffrsctzel Sutk thih ﬂammm@e ﬁ‘r,e p’artﬁ',ularly difficult
8,,,3.9 4.2, 4.3, 4.4 and 4.5 conbi ned
t%%‘ﬁlee%in&gfﬁl?ﬂ@“%l ected from7.5, 7 .60, 7 .70, 7
- 80, Aq‘eeﬁlatlv&y or ift a&dm%ngo - (Bat@Rd p%vfous@tté@c%@”ﬁt dabBRr
that may be énployed 10 to produce theseé differing
embodimest G pSfPSQletvmy@tl@arwla‘@S ¢0 suimdevidued thniina, 'Bana@elztool comprising

{
iy St ORRR 37 9af ot et e B haingre§0EReg obicas
@ﬂhgﬂéﬁﬁg §idé erddveowBersiiBe gide %\/&)veﬁ éorﬁlbkli)ses'@keva' : ﬁiélklbrs'ﬁichﬁatlon"
set 1 Sub-set 2 Half an 1/ 2 an Ful |
Skeiyjlaad/oy inelinationpgpedes cupes wit 89 vagmtyesrf caufno al angle errors

AP AN Moot

f'?lﬂsh@d.ﬁroﬂﬂc?c. PBAise@herdin3 3k Oxt6rebsrs Bbthe A6via@eh frdid (20dlel With
t hou ifferj ? incl uded angl es alone or in
IgeHrh rp FEOGF PROERE: previously described si deways

cant ipRg. A Q¥hden RERY.A6H Q}fahgﬁé ﬂlﬁp‘ﬁn %@{Nfcﬁfa@lﬁgie h&uﬂr@uh one

with respect to changes In orientation angl e over
rove o) eubsfconrsr ekneatsaogiesing skewsd glosvesp rﬁhd@glroedest &0a and 80b are

o BRP P R Eiattes 1 50e Mitnoth Fowt S HAGRC it negative
sk TRE @ﬁﬁi oPthelshR dr86¥Q80MheBéRdbxtdnabd i BIRRH \f8r d1&ith N Provided

source (typically, vehicle headlights). As previously

S@éﬁqus% %, 80¢,we $Gedragel thei sgme ifigl EI@ (e@r A&, first groove sub-

bl oo forBEhong b hef LLCHBRM s enpqyes Fother. it

tlmdl&ﬁlatm@ gﬁd@vh@‘ﬂemem sihesd maiaeﬁ ﬂw shﬂleand@&%dtdngte (e.g. 105°,

refl ector), non-orthogonal ity (deviation of
second groove sub-set) 80b and 80d can be cut with a second diamond. The primary

groove face 50 may also be cut with one of these diamonds if the primary groove half
angle is sufficiently close to the side groove half angle for the first or second sub-sets.
Optionally, one of the cutting tools may be rotated during cutting of the primary groove
face in order to achieve the correct primary groove half angle. The primary groove face is
preferably aligned with the side of the lamina. Thus, the entire lamina can be cut
incorporating MNO with the use of only two diamonds. Within each groove set skew can
be easily varied during machining to produce a range of dihedral angles. Cube corners in
general have three dihedral angles attributed to the intersections of the three cube faces.
The deviation of these angles from 90° is commonly termed the dihedral angle error and
may be designated by dihedral 1-2, dihedral 1-3, and dihedral 2-3. In one naming

convention, as depicted in FIG. 22, cube dihedral angle 1-3 is formed by the intersection
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24 WD 2004/ 081619 PCT/ US2004/ 005672 the cube corner
di hedral angles from 90 by anpbunts less than 1 ).
w®progasiiced |i ght due to non-orthogonality i s PCT/US2004/005672
particularly inportant in (e.g. PG cubes produced
using lamnae since relatively thin |am nae would be
required to fabricate cubes where the spreadi ng of
of gmoovesurfage B gtith mmwmw&tfw My cubef dihahtdj loRis Suwkd by the

e particularly diffi c 0 .ha
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enbodi ment the present invention relates to an

sarn@lnmm@atpnvmﬁpn alaydoermml@yedtwreln dhephirdifaeg is weeking surface 12 or

ninae as re cas t hereaqf
FRARER AL pAPRGpr B o 20T B oS RE shlfTERey @omon) resus
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ingresvmaatihediplds3 ond dececasimeidgiegrabil-Zont rol | ed di hedr al
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sycees 390 &b, e Bird s S GO e ARARA 138, ot cube

864 AH SobAThRAc¥d 820 aﬁ{a%elErhé OeRbctionRE of B §ﬁrf§ie§ @Qtsszb and
conprising skewed grooves. Side groovesS 80a and

84d withcgroowei fate Pharetésy thaglOd, ngerrcas\thfsmwmcamd oegeove surfaces 84b

' t sk 8 ' . Th
BB e AR SR e B0 e LA 8 o s 2,
824, ah@'84€ Wvathidryove M8 0086 90Sdife: gb@ﬂ% 89c &Qﬂso&ﬁ@ mth@dt skew.

80e have the sane included angle (e.g. 75, fir
The pespedigg Piscussion, asma;esstbﬁéh%mhmﬁ@nt(@fowﬂbsub@ﬁ@ﬁmﬂwb@:@ﬁﬁned) is
PRghRO P AP A cBln O AOUR i THERL s, b e comer

elRARRALSI A€ irh;dﬁdlda ogp&rall€logramd %plm&@@ﬂfﬁp BoaYSuR WP usief Fkewed
80b and_.80d can be cut with a second di anbnd. The
S0y padyringgreiiEng. ace 50 may al so be cut with one of

thes%lféh‘?a—wag ﬂlii alififoRtd R t&reQ NGioaly des@ bR Sihk Side grooves
qu angle tor

sufficientl ose to the si ove
mtayeofprist pmtiwmgatwbmﬂﬁmﬁon "(ﬁmlmema "Irgfersonehodevidtmn in slope

cuttin 00 y ted durj cuttln of the

i et G TRt sl e groh S QifioByBTbogt glope Gic.

ﬂiérs'l(gﬁrdf I %V& nb#hal 8 FimaSrétive @ﬁff%cegr PRY BirE AR of 8 side
rably aligned with the Side of the’lam na. Thus,

gtOl@@e esrriqfined bx mvn@tor:dtgﬂ@é witlhtthe wmfzxrqfcsalaitgrﬂ@vewmtlwgphal slope is

of onl ro
0 T bt o PR B e O R AR b PG B grma
va:tdilﬂff%@o&fe iﬁcteiﬁﬁ(fnaimﬂrtg |gﬁﬁ)ve GRS 0y &rRREW cljfial tYLAB! & one
have three di hedral angles attributed to the

Possitle BUBINE SABVEHIORHOSHVE declingtien 92kesults in decreasing both dihedral 1-3
and dihedral 1-2 for a given side groove while negative inclination 94 results in increasing

both dihedral 1-3 and dihedral 1-2.

Combining skew and/or inclination during machining provides significant
flexibility in varying the dihedral angle errors of the cube corner elements on a given
lamina. Such ﬂexibility is independent of cant. Accordingly skew and/or inclination may

be employed with uncanted cubes, forward canted cubes, backward canted cubes, as well
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30 The deviation of these angles from90 is conmonly
ternmed the di hedral angle error and may be designated

whyoodiosdy al 1-2, di hedral 1-3, and di hedral 2PGI/U$1004/005672

one nam ng convention, as depicted in FIG 22, cube
di hedral angle 1-3 is forned by the intersection 25 WO
2004/ 081619 PCT/ US2004/ 005672 of groove surface 82
appidpw s q‘mtegl Cgbmv"ﬁleﬂmc ef §@w andhe mmuompmyms lashstlnct

ag?z{nnpﬁ%cfj bét 088 11f1t5 r%ggtl v Of g ooveo&fl%cﬁw%ﬁgl lialguna w1t out

chafgidhbYodl (&gl Mh@b8®GaIsEOH &1& tW%V%oMsf anes G s¥niftantly
groove surface 82. Al'ternativel e sane nam ng

redys¢ BWChigngtage beit drptadlyedn Wkénhems te herredilyrsgt dngples affsr a tool
12 1 h
013@{%‘/6 ﬁéﬁrfo? orhegr% 1 VZIs ﬁncfl' c} LQ&IQFf 3 LK a vea%gﬁ g%glon using

ace oove, pOSI

sB& hnd/esintlifationn "HedéEisd m%lﬁibrh'&ﬁfu@bd ﬁer@m&@ defined as intentionally
i ngreasi.ng di hedral 1-2 ile negative skew results in

pff%ﬁhewl%l YBHER Fube corBer R a@enfaecb%qdﬁ@l 147 pedi & ermorg(differences

%%@ gtgggh mgagﬁﬁjﬁrﬁ% ! eg‘ggge:l’%ﬁc% Y ngalg%%g eis %yplcally at

lsast f/a @.ﬂSm{riut@, mbaCHsJerHln atéleﬂst 82karc hhigutse @ﬁ@ thostiefeBMy at least
groove 10 surfaces 82b and 84c, the third cube 86¢c

I r BN e Shepreovas arempariial e @rwt%@m negggally
r

PaARR LA, A RESRARE AR a1 BSE6030 o8 gy than
ahow 1P €iss 60 Iaanmﬁﬁl,tGS\)\hEmelm ﬂlhee & rside) gﬁﬁive@mapf:ompnmlﬁvanety of

surfaces 84b 00 face 50 are greater
R Sotwonts o s et ireafe Ao SopekdseraIc

84c, mandird48gle é]%rgﬁlgp\éﬁofbe%épbge@ng&gﬁh@ﬁﬁf HAQHShe

80c and 80e are w thout skew. cedi ng
pdieEwesiidnerag vesring maachinig. | Hidf angie fqmlqeag;owels lis defined as the

og S et etnd roaf g ald e lAe 501 o alin o

cEAaIME the £bSFBFHRx ARt ERIBPh MBS gr@@sfe@'ok ngdb% FBRs isMefined as
pl an vi ew shape as a result of using skewed Cgrooves

thpacitegngledimedy thal af@cr\«@afwfvaélkiyefemnce nlaagdt hnglng thigdnalf
aﬁnégtf&r e quﬁ’lgl%) p%rgg{rey egl?l’?s 15'21%?19 e 1n %lo %? ﬁ%t gx ce 50 v1a rotation

I 'vVe or nega |

abdam ahe l}aatls onl’hamﬁﬁgtl& Half dnble fdeyi i«ndé gﬂja)vb S HeRRcorhplished via
reference pl an articular side groove from
cithis g REIhe GRel ale @p pgropye @he angle fosmed by gppesirs groove
r r Cc
e LG SRS & s o U BRI Ty chiiple, changine
thad dngleenf the primatyegroeve ﬁme 50 wilheitheg iwosese of¢dnenge athlof the dihedral
whi ch the vertex

134 SRS d%t 5 S seiuth BRTes, TG Coirasiario SBpn ingpetination

V\Qlferegh@ @ihedfaR €2 2@ diE4Tal3 51‘1?019 CRO¥EVIREIi B enf1P in S468Wroove
equal to zero. In one OSS| | e nam g convention,

alopgiatgives lamulai Samilery, 9126 halEyigleTor th g@nggntwvaxy, resulting in
a%oggs%oﬁléhn% cﬁ;ange in dihedral 2-3. Note that for side grooves that are orthogonal or

nearly orthogonal (within about 1°) to the primary groove face, dihedral 1-2 and dihedral
1-3 are very insensitive to changes in side groove half angle. As a result, varying the half
angles of the primary or side grooves during machining will not allow dihedral 1-2 and
dihedral 1-3 to vary in opposition within a given cube comer. Varying the half angles of

the primary or side grooves during machining may be used in combination with skew
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and di hedral 1-2 for a given side groove while
negative inclination 94 results in increasing both

walrdvenismho 1- 3 and di hedral 1-2. Conbi ni ng skew@ntsmwn4/005672

i nclination during machi ning provides significant 30

flexibility in varying the di hedral angle errors of

the cube corner elenents on a given |amna. Such

afd/exinplindtion t gravivitche baberest pbsstdmtontrad overdiuhg btymskmhﬁdral angle
and/ o.

| t th
offi5atin § BRAPE biRhdiY i) SoSieBsc Kiile i netuiaE o by onporhale
aMElk lorrédfs, Wow? BPHCR8A LS AR %g\s@aﬁ) QA YD 67 %um@&tﬁélgﬁ‘@@édﬁf given

cant ed cubes. The use of skew and/or inclination
cpheotlap sesyltmgdliladral engle &mammgeoméhm aboahl®be i ntroduced

duri . hi ni ng, of .i ndi,vi du

chang Py EHERY Bisthe o flenot pb Rlpr TR Rt Mt baplydntroducea
s@itoeie difibial &flle Sir@tB afd m{gb&m pafetie e PrateiabR 18 pattem

as it typically can take hours to correctly set angles
CampmeSéiy 1hedeal ansle gEAEd -2 pod { idhpipire yaiidie @paesitiorpwithin a given
i 1-3 may be varied in opposition using skew

and/ or | nclination. "Varied in opposition" as used

her eiSpot diagterhi arctnesiséfinl siethodbasddyon guometriti digicwof Hiustrating the

iven cube corner, on a | amna di hedral 1- 2 nd 1-3

%F'flfg}nstﬁ% EtFaesteddight respiing 35011% Pefroghqeeaplity ?r%@ Apls epaner
aRBf!/ ClibSddhers 2R&nBIWhtE 5HNGRe I oM S 88 ih® lhnyl s?xahlsﬁfnct return

at” least 1/4 arc mnutes, nore preferably at
spote asspeiateil mathabe smmsmbbtse@reat@rfaba yayab réftemt fromlﬁhe Ilhree cube

arc nut.e r oov e non raI | el

B8 T BED sarb R e RwilroRPE iR Badin o avell s the
cﬁ&ﬁﬁ\feﬁdi\ﬁépﬁositﬁﬁ' abBaf the Bourse Eé!@rhmta{] 8k cAlb@lafBIRES tHéQhﬂe§ cube
no nore than about 1 60 arc n1nute(£ﬂyFurt er,

dihedraf erreys arg drdincd fseves Siﬁlalgélé foripinipseMaedelafi (@ibg Gstmer Reflection”,
Ag)b 1&? bﬁﬁ&ﬁ gﬁ]ﬁﬂg‘? e%lﬁ)al ﬁ 138 k"ji&\fa ééa(ragoglrtﬂ Ile'tLﬂlall ts‘)c%] 1s§JePaPe% to

obﬁurvﬁtdn hyigle aiilgicirguin feeertt il ﬁoﬁﬂ@i €Bthe fetﬁﬂﬁ%pdﬁ mfélarfed b()
or side grooves durj ng.mach e for

DA The RS TRET dRBoHiNg In BURegerah et Melporbatangart A0 (March 1,
19 ?O\!@n&f"sﬁhc%gﬂalacuﬂé gy de'ﬁﬂec?_'g{r ﬁfegﬁgﬁ ee%og'fr}ﬁl ¢&tors of its

cont al the groove vertex
thw@ foaesy lgfrtmmwpst Esitgne amaldmmmdlbgf sﬂqmdnneﬂy asckihheray as it

S 5 SR R Y e 9100 L30G £ LEL el 218 e cute

nifRRY B g’r&ﬁéﬂ thih 1,Mhéh ©RABUH innd bAPSE RE ABACRAYSRCE & 1§|9st also be
via rotation 20 about the ail-axis. Changing the hal

takag indo penount. éﬂld@ergu@mﬁborﬁétymdﬁmbﬁdﬁhc stedions related torfecmt

o RSP B8 50085 ) tion

VDas1gyaitosy). NYote tﬁaﬁb?ﬁﬁdla}gi@ﬂis akd Bas¥@bh g%m&ﬁ& oftiéMkdeence neglect
changing, the angle of the ﬁrl mary groove face 50 will

ditarin. | Aesomtisalyosuhediscamdahana s 5ot EORBderc dupaat diagrams.
The return spot diagram for five different cubes that are backward canted by 7.47

degrees (e.g. FIG. 12) with errors in the primary groove half angle of five consecutive
grooves of +2, +4, +6, +8, and +10 arc minutes is depicted in FIG. 24. The half angle
errors for the side grooves are zero (dihedral 2-3 = 0) in this example, as are skew and
inclination. All the side groove included angles are 90°. The vertical and horizontal axes

in FIG. 24 correspond to reference planes 28 and 24, respectively. Note that changes in
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wa@ldvemdswho 1- 2 and di hedr al

1-2 and di hedral 1-3 errors along a given |lamna. This
contrasts to changes in inclination 25 where the
1-3 errors can be VRECT/E82004/005672
differently in each groove along a given |am na.
Simlarly, the half angle for the side grooves may
vary, resulting in a correspondi ng.change in dihedral
the gopagiithe phimaryf groowd fee mpswlbwersturh apota tesaied phiogeilpilong the

r rthogopal (within about 1 ) to the primry
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15 Talle gripothe samea efrat usad to mpdepelilGh 240t Netelthay dificdesd d &2 and
- j 1-3. SN ositiogn within a.
BT Rl 68 e Ml ST Yigh AP PREX AE Vgt o hpgocfion.
primary or side grooves during machining nmay be used

in conbination with skew 27 WD 2004/ 081619

PCT/ US2004/ 005672 and/or i A@bledation to provide the

br oadest possible control over cube corner dihedral

angle errors with a mninumnunber of tool changes.

Wiile the rrjgﬂhtauryle off any one pf half 4dngle errots,
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skew, or GrégVel ON CPihedfMICS | DiBed ] 20 Bihekiral 1-3
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.r T
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angl e error g—are—arranged=ihpa terQrQ. Paeferably Ithe

pattern corpri s&s di hedr Alz angl e eP-Par 9' 1-243hd 113
that are varlied ®n opposi filon_w t hi ®0a gilven 5. Zube
corner. Spot| di atff ans |ar e7dne usef ub.0net hod lased pn

geonetric optics of illustrating the 10 spread 1n the
retrorefl ected |ight resulting from non-orthogonality

f r omTAe E¢ie spet Hagramgfor the samgherecefrhagkward cantkd vhestrgth dihedral
soli e NEON] i ght ™ by etinct
R U R T T e
egrargUfonthe prifrary grovay atezerefditedtal fl raditedrdl hr2ee 0§ bfis example, as
f aces. ghe radi al spread of the return_ spots fromthe

h
AP P AnALOR e Staed PRRyiously, vemations it thehalfgagles & the side
cRRGH! mbBe SQUI6 ‘f)r«?(ﬁ@@tﬂé&ﬁh&ﬁaé%i gH’!&]%E 8 ‘agfegratl b LIEEesult in

cube 15 di hedral” errors are defi ne see
rgtatinrspoidtlocatedi prph@ilyebhek tef h@idostaCariner Ref |l ection”,

pl i ics, V10, N7, July 1971). _ Radi al .spread of
the ﬁ‘?-ﬁée&bﬁi %rfi@ﬁ@?%‘i%%%&““i%‘iﬁ’eﬁ%@%”&ﬁ%P’émafy groove
hatf bhEle BirbRUAHEVAit0AS inRAS hilk Ab16Y fob BR Sl HbHE RS the Efine type of
related to presentation angle as further described in
ubvpsdieanied orbes andasaialpdsyishtideran@to FIGAr 2023, In thi9oFayple, the

- | ) e rner.- can_he, defin t he
oA 8o CRAERR. 0, SO RRHirER] Wil a0 Y, 2. 4, and 6
apoinuee séspéc:th&bat?oe fale tdeffarenied; doynteabesdit thalldnyink I Aeh&ent

.a.r acyi as it ) : .
included angle error of +3 arc minutes could be used to produce these side grooves, with

the opposing half angle errors as shown in Table 4. The return spots are again located
primarily along the vertical and horizontal axes, with some spreading in the horizontal
plane due to the nonzero values for dihedral 2-3. Overall the return spot diagram is

localized and non-uniform.
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strikes and reflects fromeach of the three cubes
faces. If the refractive index of the cube naterial
w0 g00giogmter than 1, then refraction in and outP@Of/U$1964/005672
front surface cube nust also be taken into account.
Nuner ous aut hors have descri bed the equations rel ated
to front surface reflection and refraction (e.g. Hecht
and Zjealthedtabetrorssls a Mhétioadifipriomyy swdve balf 28clvesbmyare presented

in Sk 4 S penbesiRR bt Rg 2 RoB TR 8RRy dfearal 1
hevdRe %M@Hﬁgﬁtﬁé%ﬁ sigh MM@thef Q& SRKAE) IndppOREion (i.e. are
di agranms. The return spot diagramfor five different
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interggetion of Hiedippgitnst lewenside gwoyssipran dibediab 2130 aPide groove
AR BB ARSI o8 R0 08 ooy gt oms
adpter edlss (pfanils rad@reacwtioZZbhblea £epactal melded h@leist%adhrc minutes

changes_in 28 2004/ 081619 PCT/ US2004/ 005672 ¢
a§$ Beﬁﬂl%ﬁomﬁéglas?tﬁﬁwgpeg P@g%g f aéglrsé Sl with thedpiyephall angle of the
28R chiggated primarily along the vertical and

RHorizontal axes. The dihedral errors as a function of

primary groove half angle errors are presented in

Table 3 for the sane errors,.used to produce FIG 24.

Note that dihedral 1-2 and ga@eﬁedral 1-3 have the

same magni tude and sign and thus, do not vary in

opposition Table 3 Prinmary G oove Dihedral 1-2

Di hedral 2-3 Dijhedral 1-3 rror (ar|c nmilmwess) (lar Upper Half

m nut|eshibadalm|nubisilrglar|c Bibedrds)| HalfAhgde O {1. 4 Adgle

Zube(d. 0 218 6 (4.2 B30 4.12 818.7 (.0 SErrorl0 7.1 OEBror

NG, 1tarEhginufids)| (dic Hipilted) |ticaninds) |t (e SaiMtdsy 1€ (&fc minutes)

backward ganted cubgg W tjh dihedral] 2Z-3serrorg of 1

=20, 1577710, 75, @Ud OJarc »ﬂilnm STS (iepi ctgd TN 4

Fi3G 25 4qe hatf azlai e 71 1 3
4 7.1 0.0 7.1 0 0

The preceding examples (i.e. FIGS. 24-26) were for backward canted cubes with
varying half angle errors. In an analogous manner, forward canted cubes can be shown to
have qualitatively similar return spot diagramss, i.e. substantially non-uniform with spots
localized especially along the horizontal and vertical axes. Dihedral 1-2 and dihedral 1-3
of forward canted cubes also will have the same magnitude and sign and thus are
substantially free of varying in opposition. In consideration of the uses of cube corner
retroreflective sheeting, it is apparent that localized, non-uniform spot diagramss (e.g.
FIGS. 24-26) are generally undesirable. Sheeting may be placed on signs in a wide variety
of orientations, both as the background color as well as in some cases as cut out letters.
Furthermore, signs may typically be positioned on the right, on the left, or above the road.
In the case of vehicles marked with retroreflective sheeting for conspicuity, the position of

the vehicle relative to the viewer is constantly changing. Both the left and right headlights
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errors for the primary groove are zero (dihedral 1-3 =
di hedral 1-2 = 0) in this exanple, as are skew and

w0 p@iiosatd on. As stated previously, variati onsSPCTUS1964/005672

hal f angles for the side grooves may be used to
produce the dihedral 2-3 errors. The di hedral 2-3
errors result in 15 return spots located primarily
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precedi ng exanples (i.e. FIGS. 24-26) were for
backward canted cubes wth varying half angle errors.
I n an anal ogous manner, forward canted cubes can be
shown to have qualitatively simlar return spot
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2004/'081619 PCT/ US2004/ 005672 of a vehicle illUum nate
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driver i ffer resp
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driver is directly above the head|ight, are commnlgﬁ3 b
change

anfbdifedra Ind vesy, ingppogtion, ifgrgdpiinin laﬁ@%@e aed/prsigy T

.V
Y e REAPT Y RS syt b PG Bt detfordihodal 1.2 and
143aingeinparfdon tofTableelse factors nake it clear that a
relatively uniformspread of return spots is highly
desirable in retroreflective sheeting. Because of the
flexibility to easily introﬂ%ﬁg ¢a W de range of

di hedral angle errors, including dihedral 1-2 and

di hedral 1-3 that vary in opp05|t|on skew and/or

i ncl i ngH—er—ray Htzed—+o OV

uni f or m s%m?%%r B TRt ﬁlE%@rﬁ!ﬁ :
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cant ed |cubeS$, fised | n FFE®. 24-26.3.Bal f jangl 0.8
5,-1 -7.9 3.0 5.1
-1,-1 -3.7 3.0 5.1

The positive and negative skews of the two preceding examples may be combined,
providing the spot diagram of FIG. 29. This combination might be achieved by
machining half of the lamina with +7 arc minutes of skew and the other half with —7 arc
minutes of skew. Alternatively, the positive and negative skew could be combined within
each lamina, resulting in both skew and inclination being varied concurrently within a

given lamina. In the latter case, a small number of other return spots would result from the
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errors for the side grooves are +1.5 arc m nutes on
each side (dihedral 2-3 and side groove angle error
wW@bBoo+88@mIL ni nutes) and prinmary groove error i BCRESN4/005672
Skew i s constant in this exanple at +7 arc mnutes.
Inclination is varied in a repeating pattern over
every four 15 grooves (i.e. two grooves +5 arc
cyhes posisipnadwd the weindaryof e pobitveandinagetia skéfh eecsipns. The spot

d %ﬁ{s@hﬁ’c&%@?ﬁ%ﬁﬁ&%ﬁ latgé ?III} (gchﬁéa%isgﬁ %NI? |l{i§v%h24-26 as it results
froR 186 @BiBinaBtY of e SHUTRIBIdr BREIVE 8. ?‘7 @Rl 284-A28omibSion of the

di hedral errors for this exanpl f varyin . _
dibgéral praens ¢f skaven inrkeblastSeundi orarg agsoeiated wilthibisopdediagifam, with

hi niyn f. the ipelinations (arc mnutes) is.-1, +
B o 17 ieteR S PR RIGE o P bing 1 PoppStion
r ef eFBERC3D fireseftsie Sine Half drpee érrdrSlsksve Qg iRIMEBRasFIG. 29
inclination of -1 and the second side groove has an

exqept fon gubaesrihadfareiorwardtcented by 7 7Re dhakpot-dPagsam is also uniformly

ofShnbs BBt DGR BBt P Blgem of 1. 20
Taé Qike8radEord AGILAte vAktHthsd OS5 diagrhn/¥Pe 208 AH8dDHTable 7, where

PCT/ US2004/ 005672 Table 5 Cube No. Inclination
dityefiabi -1 ang dphedyal d ot agairpvary i perpsiions ingluding-at lesirnecyipe where

' k- j 1-1,55.1
e e e e R L e
-1, -15.13.0-3.75 FIG 28 depicts the return spot
diagramresulting fromthe sane geonetry as FIG 27,
except skewis -7 arc mnutes instead of +7 are
m nutes for all side grooves. The spot diagramis
again uniformy distributed in conmparison with FIGS.
24-26 as well as conplenentary to the spot diagram
shown in FIG 27. The dihedral errors for this
exanpl e of varying inclination are presented in Table
6. Note once again that dihedral 1-2 10 and di hedra
1-3 vary in opposition, differing both in nmagnitude
and/or sign. The change in sign of the skew has
resulted in a swtch in the nagnitude and sign of
di hedral 1-2 and 1-3 in conparison to Table 5. Table
6 15
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(arc mnutes) (arc mnutes) (arc mnutes) (arc

worowpes)9 -1, 5 -3.7 3.0 0.8 5, 5 -7.9 3.0 0.BCT/BS2004/005672

-7.93.05.1 -1,-1-3.7 3.0 5.1 The positive and
negati ve skews of the two precedi ng exanpl es may be
conbi ned, providing the spot diagramof FIG . 29. This
conmbi nati on m ght be achi eved by nachining half of

the lamina with +7 arc m nute skew and t he ot her
hal f with -7 arc 20 mi nutesi8Pdkew. Alternatively,

the positive and negative skew coul d be conbi ned

within each lamina, resulting in both skew and

i Inclination gn b&key vari ®dhedoakli2r enDihedwalt3B2 N a Dibedrah1-3
(avinmiantes)| (aiemimitts) Gas minates)al (araiinees)df  Gird@iinutes)
returg spgts wopld result £3omthe 323W0 2004/ 081639
PCT74152004/ 005672 Cybes Rppi Ui oned ag g hgl poundary ,of
et por Lo Sty e} ot 1ot S8 b daTor 28
eo"%]aa' SOl \Fﬂjﬂfh EILGS. 5271 h\: - s flromt &2
contitAatign of Yhe spot didfranslin FBES 27 and 2Bl A
conti-hatidn of ¥he dihedrd? errors ad.Gshowl in Tables
5 aldl6 arle ass@ci at ed wi th2t hi s [spot 3dl agram wi t435
di hegrial -2 and di hedral -293 dififfering i n magni t ue
and sign, varying In opposition. FIG 30 presents thne
same half angle errors, skews, and inclinations as

FI G The sarag slepyt afdbimclingtion combinatipes may ake He otihtadcdhdpgntageously
.7.47.. The spot.. diagrami.s also uniforni di.stri but e
i RS Py B Ars EEe StaiPn 8 idha il fabuted spot
dsugeim dSdgwaye eintddl dabes? 8s previvaslidiRdssal, @nipRiss two different cube
associated with this spot diagramare sunmarized in

ongpidons WiglHa fle spgeapwe draferably, carrsheniddiertakentto 3pplydha

RGPy T 0 S I o e
alphd(@randibgta (3P3An \dEl 2 DY 1RIB LnIB R GEHLIDR4HE A0 AR entrance and

Table 7 Inclination Skew D hedrall-2 D hedral 3-2
oBfHamnelecombipaiionsn d he sfurpspet dipgramdey cybes thatarqpideayays

cAREFLTE Y B, 62ifenHAH Lt 90° dr270%) dhilint few ind inclination is

shown in FIG. 31. The same combinations of +7 and —7 arc minutes of skew with —1 and

D O
(7]

H

—¢ —o oot

5 arc minutes of inclination were applied equally to both the alpha (c) and beta (B) cubes.
Half angle errors for the side grooves are +1.5 arc minutes on each side (dihedral 2-3 and
side groove angle error of +3 arc minutes) and primary groove error is zero. The spot
diagram is very uniformly distributed in observation and presentation angle. The dihedral
errors associated with this spot diagram are summarized in Table 8, where dihedral 1-2
and dihedral 1-3 again vary in opposition, including at least one cube where dihedral 1-2

and dihedral 1-3 differ in magnitude and/or sign.
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A characteristic of the exemplary cube corner elements of Tables 5-8 is the

formation of at least one and typically a plurality of PG cube corner elements in a row

having three dihedral angle errors wherein the dihedral angle errors are different from each

other. Another characteristic is that the dihedral angle errors, and thus the skew and/or

inclination, is arranged in a repeating pattern throughout a lamina or row of adjacent cube

corner elements. Further the adjacent lamina or row is preferably optically identical

except rotated 180° about the z-axis forming pairs of laminae or pairs of rows.

Methods of machining laminae and forming a master tool comprising a plurality of

laminae is known, such as described in U.S. Patent Nos. 6,257,860 (Lutrell et al.). For

embodiments wherein the side grooves are substantially free of skew and/or inclination,

side grooves may be formed in a plurality of stacked laminae, such as described in U.S.
Patent Nos. 6,257,860 (Lutrell et al.) and U.S. Patent No. 6,159,407 (Krinke et al.).

Accordingly, further described herein are methods of machining laminae by

providing a lamina or laminae and forming V-shaped grooves on working surface 16 of
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7-155.130-7.437.613 52.387 755 -0.53.0-7.6
52.387 37.613 75 -11.53.0-2.7 37.613 52.387 7 -1

WG2004881819 -7.6 52.387 37.613 7 5 5 1.5 3.0 -HCHUS2004/005672

37.613 52.387 7 5 -1 -0.5 3.0 -3.9 52,387 37.613 7
21 -15.13.0-2.737.613 52.387 -7 -1 -1 -3.9 3.0

4.3 37.613 52.387 -7 -1 5 -2.7 3.0 1.5 52.387 37.613
thedamirg wireréin3hgrodyes 43¢ fodrh8d $2th3BY one Br Bombinationd of il features
5 1 56’ 387.37.613 -7 -15-3.9 3.0 -0.5 37.613 52. 387
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\? %;He hlgescr | g%alﬁ gq}g&} seco ﬁg%%alg?ﬁ}m %E%SyamOnd has a

flhigportiGerangingrin ¢izd ifiden @oohaorooeomch@rm 10967 62 nd) @ Abd@ 0.00005
V- shaped grooves on working surface 16 of 35 WO

mshem (081 81O mpe)T /Hgggg@ geofinish of suitable diamond tools preferably

have a roughness average of less than about 3 nm and a peak to valley roughness of less
than about 10 nm. The surface finish can be evaluated by forming a test cut in a
machinable substrate and evaluating the test cut with a micro-interferometer, such as can
be purchased from Wyko (Tucson, AZ), a division of Veeco.

The V-shaped grooves are formed with a diamond-tooling machine that is capable
of forming each groove with fine precision. Moore Special Tool Company, Bridgeport,
CT; Precitech, Keene, NH; and Aerotech Inc., Pittsburg, PA, manufacture suitable
machines for such purpose. Such machines typically include a laser interferometer-
positioning device. A suitable precision rotary table is commercially available from AA
Gage (Sterling Heights, MI); whereas a suitable micro-interferometer is commercially
available from Zygo Corporation (Middlefield, CT) and Wyko (Tucson, AZ) a division of
Veeco. The precision (i.e. point to point positioning) of the groove spacing and groove
depth is preferably at least as precise as +/- 500 nm, more preferably at least as precise as

+/- 250 nm and most preferably at least as precise as +/- 100 nm. The precision of the
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preferably at least as precise as
Serial No. 10/383039 was concurrently filed with Provisional Patent Application Serial

No. 60/452464, to which the present application claims priority.
To form a master tool of suitable size for forming retroreflective sheeting, a
plurality of toolings (also referred to as tiles) are formed by electroplating the surface of

the master tool to form negative copies, subsequently electroplating the negative copies to
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+/- 250 nm and nost preferably at |east as precise as

+/- 100 nm The precision of the 36 WO 2004/ 081619
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etvbadinshisyiht whets prafetabay &Tﬁbsﬁ@lﬁtﬁﬁlaﬁm%nsuﬁﬂs| 16 thMdiskedGarticle. For
U.S. Patent Application Serjal No. 10/ 383039

200
e’waﬁeah%{ﬁfrp FyvastPainswe Pev o ieslipeons of eandard U.S. sign
(/RRDIifHes B 36%dhdd (76 cm by 76 cm) and thus the microstructured tool employed

to prepare the sheeting may have about the same dimensions. Smaller articles such as
license plates or reflective buttons may employ sheeting having correspondingly smaller
dimensions.

The retroreflective sheet is preferably manufactured as an integral material, i.e.

wherein the cube-corner elements are interconnected in a continuous layer throughout the
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No. 60/452464, to which the present application clains
priority. 30 To forma master tool of suitable size
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dmegyaion\od tleopo ks tedndiSidudie1&064s a8llGihAections there between comprising

PCT/ US2 04/0 672 _ form positive capies, . ) . )
thesae Pa?g%ﬁ% Ee i G e ecH g APROsinG drepisroprismag gurtace i
t}%?(%ﬁ?@fﬂoeﬂ‘l anfd§Aak Vi U S ferRb Go ad 118 "Pa?ﬁ'lﬁ}}e}"e T‘B@ ¥ickness of the

he sane cube ‘corner el ement structure "as
lame dayer (iteotlie, thicknese ascltidiog teg acitive rewfiing o s mpb@ted

oSl e A AR oSS B b OBl 00 4 e
02l ek, MeRFAGe of WRAIBadingds BPsdally ‘é&l@ﬁ@byt @9lind $fluid resin
enpl oyed to nmake a negative copy (i.e. cube corner

cerapesiton e dia tagl and pllowang the é@mm%m¢re®thavften§hé@m mgheet A
p@%‘é %%H&Bbé for c%f{%m)g%md reréuo(gntg ti‘g ol gn ehi nﬁg %atent

corner cavl mcrostruc res

Atppﬁdfuﬂoﬁ, \SeEalsN6.N 0/382 308 ,scmkitl o d\dbmowoﬁMa?ﬁige&étrd}Bﬂectwe Sheeting
478, 769 and 5 156 863 (Pricone)

allr%@@h ie Neparetu&é dile¥laycird, ARQ. TaIrSePRﬁ%%ppquarlplh ée%zdé%
16/?%%6 s 4ot g%ﬁ’é?{ﬂffﬁ&} LEPARSieHR st ggﬂ@a%ﬁrsehgl%o

the present 1 nvention
60/(46246493) whieh tygpresent mvbntlicenblmms prioeitysanme ori entation.

As u e eti refers t athln i ece of
ol v RBhpRAllvehiows Ihe tal ign beeriy RsPRE foq) fsform
réHRI SR V8 ShieRb TSk HE ESchBMEnES nPaftéi{t'F?dj 4, 601 63 @ﬁ&dﬂ%}l

be of any width and I ength, such di mension only

may
Albt@magV¢1Vnﬂlt: eqdraygflechize elmp@tlpmem be( wagfactiugtias 28aysted treduct by

C'ﬁ?}gg g}?e él?) —ﬁg%gﬁwg}}% aga],lﬁ %t a Rrﬁf f ng g gLe te)ugﬂtrl?llpdw applillcatlon

NoeW(D osfil ge4 inteUSheefehigo tEHACHIS] Yr E}aﬁﬁﬁﬁatfrfg%r@m%d film to
004 inches (0.1016 nm -to about 0.10 inches (2.54

pwﬁsrme cEbeeamryclements hitdeieg so Ge individopleubeepingeclements are

b Q 5
SAESHLR145 ERR A URMEC Tl BRLASRERA Ay B By
ceémﬁ;‘i@ﬁ df'ﬂ)fferéﬁt&nzttﬁﬁafmr efl ective sheetl ng rmy furt her
i ncl ud@ésurf ce Ia ers such as seal

over T e5 TefoTFleigr éleqeaaga w rgﬁf@@?qi Hy! theghannels
ohd tt(gbl lape 1%%1‘119%‘11%%6@&71&1 ﬂﬁre@@on bf‘tﬁg géveﬁ’%: mas %11‘{11161' descrlbed

pr ef er abl st 48 i eetln
it Y. Eaﬂeh‘yApp:lmatlolm Seaud Nan 60)t4é26Q§r; gnﬂlﬂefddﬁ\/leibod@faﬂaiung 50

Réﬁé%ﬁ?é?gvgi 3316%3 ‘%&‘i‘ggﬁc iﬁ%@émﬁ%?ﬁ@g Qﬁhgti’&ff?f Application

SERAIIND G0 52603 @amtea\éshmrrehwmmmhbﬁnalm AR i8N Serial

be manufactured as individual sheets rather than as a
Neof0/48246d. tol whish die rrescamipuetitivarelaims phierish edgosrdingly, prior to any

fLR’{ht%I 1%| ﬁl?tlagtuﬁgé s%ﬁ? %edpﬁrﬂar | groovsé ot ifte §h%ettu|ﬂgewgulﬁ bséhsﬁgstantially

parallel to the edge of the roll of the sheeting. The present inventors have found that

orienting the channels in this downweb manner allows for faster replication than when the
primary groove is oriented cross web. It is surmised that the primary groove and other

cube structures combine to form channels for improved resin flow.

39



10

15

20

25

30

exanpl e, the retroreflective sheeting, may have the
di mnensi ons of a standard U. S. sign (e.g. 30 inches by

w@o4mgtees (76 cm by 76 cn) and thus the PCT/US2004/005672

m crostructured tool enployed to prepare the sheeting
may have about the sanme dinensions. Snaller articles

such as license plates or reflective buttons may

enpl Spitgbleaesimeprhpositings dorthe sypomefiacyyystenting ef this3@vention are

LR P A G LS RLFAFEF b RS Bt o

rédiklyquhgattoniethe Ae SRR M@ bR BX £RA518E6H BHablB nditerials include
conti nuaus_ | ayer throughout the 38 2004/ 081619

aprylicyspoomhon3e indexdifireliadtion ofabauhd. Sreucd, asthexiglas brand resin
onn ct
nlé%lg%a\réhﬂ%@lby Rt ﬁmqllh%{a%?rg:to(g‘l c Sboa&?sa é?\g‘ll%f ﬁ\%%ean index of
refiietion g alegp ¢ SoOngeat e rﬁht@ﬁ@l@ Eumtthﬁnﬁ)@étfa@@&atk:Q;and epoxy
i call m)oth and planar, also being referred to as
aﬂy%iateﬁa ke éd?@?‘ bascqenamPATGicHels 3 Bpsamer eled ﬁadwéb@brand name of

R T o e 85 N B s B SRR eI e

polyasidrsOpdl§Greinoes an@mihﬂmsefaeetatblb)atybﬁbme]ﬁﬂy&r&ﬁ&t@% particularly

sltlgl;ag{[% ‘g?qaf}sh eeqi’('ﬁ]ile'é(/@ @V:tsg éltgq ll%rl?éf el Hp 5 heg ?etr%ggﬁe mdex, which generally
cORMBAEE td RRproviddcirbR AR} RER AR WBth Fitfer Eﬁg@%? bhth@e angles.

to harden to forma sheet.” A preferred net
Thgssnpigrials may alsesheludmdyest érdoanis) pigmente Vi stebilizens, or Sther
a %@Es‘ Application Serial No. 10/382375, entitled

od of Making Retroreflective Sheeting 10 and Sl ot

Di e Apgrcatatiflectivel coatidBaeh a6 a nZilBe cdhting cBAbLE Eilaced on the
Application Serial No. 10/382375 was concurrent dyNky
bﬁ"r‘lisw afithecubesornsy sleanenisatldnmetghe P@@émg@ﬁn e epplicdNyy, known

t&%gl}rlgsﬂ’&%h &Oaﬁw 'd?}ltbsgtpr% ARt lk BXI? 11’1%% r%l t%i dRh as aluminum,

wever, can

sévmj wnmeasAqmneam:g&s hiag He@pbhécttofth)e’ packside bothefduBebier

cfisie Bgionp AHER eGSO WD BIFHNS Garipe. Fpadditon to or in liew ofa

n’fe@atlﬁ@ﬁ@afting cf iMEARNER! bdshptied t(ﬁgl ?ﬁﬂ%fd%cotflfﬁee&béscoﬁletr elements;

| ayered product by casting t corner ele
sery drresemplep el FratemtiNDs.1 4002051 19aang 15t 1 17,8 0RC T ha pedlifiiat hsintains an
No. 3,684, 348

9/1464 nd.lU.S.. P or b
o NS PP O HaR CHb i rat Pt Hig bl Ele Sl ine
iR AhE inHibitsdBé BRrPOf ddh@anhinahty blgz%aals &1 Qﬁd/@PﬁlB%Eure Further a
el ements are interconnected by the prefornmed

SENFFALH @Yerlatyrfémen@mwshz&d @nftM mewng smyfpcft@ﬁ thy slmtmg for improved

ter] f.ac
(ézg %}Ede()%r gl%u?%brlgM ec ve 19 dn {age isece;t)tlve suffacs: 2[?1 EY%%& such
otﬂkieomd'lﬁﬁiﬁhty&s niinthibgtsadiciet @ngﬂﬂﬁ%' spedficgidvad siht 43 & out in

A%TE\/‘]?%) 9960 ?a a}tehreextae%\c/lgc{] c%llrg 1015500%"we%tshe;?1é t(ehg r1 }(/je(?ai (:3r gfeba(reg Further
the CAP Y whiteness is preferably greater than 30 before and after weathering.

An adhesive layer also can be disposed behind the cube-corner elements or the seal
film to enable the cube-corner retroreflective sheeting to be secured to a substrate.
Suitable substrates include wood, aluminum sheeting, galvanized steel, polymeric

materials such as polymethyl methacrylates, polyesters, polyamids, polyvinyl fluorides,
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in US Patent Application Serial No. 60/452605,

entitled "Methods of Making Retroreflective Sheeting
wapa4H8teic| es”, filed March 6, 2003. U. S. Pat ePtT/US2004/005672

Application 25 Serial No. 60/452605 was filed

concurrently with Provisional Patent Application

Serial No. 60/452464, to which the present invention

pelygarpengies, pelyvinyl pllotide, pelyyrethanenand o vadyvarfety ofleminates made

dxan fact st.e the primary groove of the
éﬁ% P %&%5%7 IQ‘%ﬁbstantially parallel to the edge
of t heith edfbrefée tb'IEIGS baft lngnacldie ﬁ%f&%@l@tall'gﬁé/@%rﬁ&ﬁly In doing

have found that orienting the channel
seoienaerlivation s raw PHolsments i destved fiogpedchdaming. Witematikiels,

1S L orhen Q
oA O0B Ao REATH S 2 S8 OBl Bl e e
Tk coginongsareahit fcd of daoh Blealtatwithin o oty Jhaky 10WEthil gisdud 3-4
flow. 39 WD 2004/081619 PCT/OUSZOO4/ 005672 Sui t abl e
THERONA MY gt tehBl ée- g dessithan Fa fardiosizpaielly isnsdamingg Bfis evident
r {
ol DR, £ RSB SO IR B Gt o
harigontaleadali gnnicntsvalviae be nbsmrtdalezvxdie Sorr excnpds) stauirgt dlaicon
Exaqﬁles of suitable materials include acrylics,
P¥ave an index of refraction of about 1.5, such

as PRexhAIAS oPihd Eﬁ%tﬁ&ﬁéﬂnaﬁqﬁ@ﬂl‘é fr&%ﬁﬂ%v@ ¥he%ﬁhg‘o ?ther the

Haas Conpany; pol ycarbonates, which have an in
npaster (ol wos defiveddivem alaBdp tedbaigui ve othet Echlge, shecdheeting of the

I at es 0X ol yeth
o e L R L
“ﬁaﬂwmﬂfroscﬁb&?br\ﬁﬂté?ﬁércﬁnetér asiHBARIsHE@osHEPR Furdefl thdretroreflective

Inc.; (poly)ethylene-co-acrylic acid; pol esters;
shestipa cempEFEany aRe ot eqmbingion offeataies PIsiaps described with respect
tdjﬁJeX&ﬁrnQ ates are particularly 10 suitable because of
eir 1 hness and rel atively higher refractive
I ndeXn ondaspbctgthettedrlectivo Shdetiby b@&pﬁ@slal'fﬁwcdfedbe corner elements
per f or mance over range o

trore tive
Oéi%% f'&lg%%% %\izs cger elmé%fewlaﬁa@larthf‘amgluﬁﬁ@ a%glg Betpigen a@@t and second
N ESrenCALBERNR %To@'dgﬂﬁ"ggﬁ Y Jﬁlﬁﬁﬂlahél%rb%twé%ﬁ a}tse&g{d and a third

additives. A specul ar ective coatfng suc
comptuaiehi demestin iy roan Weh péspesdo tre shhﬁinglﬁlebawksdefmedﬂay the

| |
e R R SRR i ey O
pAMmaBN b e tcy, Vd&&ﬁl%l sulfage B2 sl ThEGhgAsuRl d{*ﬁl@&i@erence in

si | ver, or nickel A prinmer |ayer may be applied

inchded apglsibgtvesh adineens @bbesasrvgaé as @H@ weafesed ?;pac@amtles (e-g
1h |
AR R n ool PR e G Bt oG i iogsdom

beipp hvgahllyomdnhigalbasdesilel ¢o ﬂcﬁn-p:hﬁlléllﬂgﬂesé@ﬁaﬁﬁf %@dlﬁl‘f@ﬂ kdW or array is
20 see, for exanple, U.S. Patent Nos. 4,025,159 and

the spp ag GHGVIOI’CHéleéfé’ﬁ’Ied mithfesascHio dhelanana.

Alternatively or in combination thereof, the retroreflective sheeting comprises a

row or an array of cube comner elements (e.g. PG cube corner elements) wherein at least a
portion of the elements in a row or array are predominantly sideways canted, the elements
having an alignment angles between 45° and 135° and/or having an alignment angle
between 225° and 315° relative to the dihedral edge that is substantially perpendicular to a

row of elements in plan view. In preferred embodiments, the retroreflective sheeting
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air interface at the backside of the cubes that

enables total internal reflection at the interface
wa@ea4iosilsibi t s the entry of contam nants such aBCBHUS1004/005672

and/ or noisture. Further a separate overlay film may

be utilized on the view ng surface of the sheeting for

i nproved (e.g. outdoor) durability or to provide an
compyecsragowpificube scnmérafdementm dr amarrayehavingsubh c@fmepelentents having

d Lty i f.f

el bl etyfia e led Sudaras sl TRHal 9 B dupinesty forward
cahtt® br ﬁ"éﬂﬁﬂﬂﬁﬁiﬂﬁyiﬁdaﬁ[‘ Sarfdd BB CHRE! A1BmERts I Thd ré/[ﬁfi‘éﬂecave
éears Further the CAP Y whiteness is preferabl

Peling éﬁmpnsng Brdbnfinangly sigwaps @aﬂtqﬁb'-albh eomngelemnnts may further
an be. di.s

BRESLS PR B o R RRR TP b Ol reopine

c ube-AlRimngivelyel (E@hbiaafion/BebE Ehd RitoicPleBeySestiontrises
a substrate 30 Suitabl e substrates include wood,

r dncdiaed BEPOVen| Hentier g rew eethe aguy yrhsrgin at least two adjacent

g{@c{\/@ Paﬁ,'ci:y h

po yest preft @z%%oégg%tg:@f her@tg Qﬁ{?yc%fg%‘ges set arg poggparallel by

aRidady ahd ﬁg’ ﬂoﬁf@ﬁébﬁﬁ&@ﬂhﬁﬁﬁﬁm@ pmbm&bbﬁﬂ’ﬂa’taﬁﬁ may further include
and .a wide variety

| yvi hl ori des th
vty N o ibes vHih 10 SHonb eNBPriTaE s fegic.
Wt hpg %&ﬁ&@%ﬁe& %l(ﬂe%r 11@ cothPRati W R Qi & gﬁﬁﬁfl@é'daaglnges and/or

aligned vertically. In doing so, upon replication
sidgwayy cantingyeig Emosef&ehvwémeiﬁmgjmaﬁ e@hpiisrd 1oa or elements or an array

el T Bk o PR i e R A BABLR IELIn G oiher gt rane

fioathang RdraMally Patallal th deR-pafallRPeltefel@EE plankbRhi N a row
share to within about 3- m crons may vary sli ght[ﬁé
( e. g The sdfeorefiastiva sheeting isnsefut Smtaaiarigtyaifivgeresiich asirafls signs,

#a\t}enﬁe?lt &é&ﬂﬁ%&a V?I‘L g‘l%tlna"ilkf %%v%ﬁ)(f Lp eryq%%f’%aﬁy ggt{crl v ed\gf?w it high

am na e prese

‘ rétmrefzmnstdaingmmed mmmfﬁmaﬁ of &ﬁlrobﬁle@ﬁ&@ IRV, Ehatl Helmeds@ed
scanni on 10 m croscopy. Regard| ess

T PR B BREIar %%M%OQ Bangasd  4h a1 etiranssaheicniagon, a
V{%g% é}%’a(}n% reEtﬁHﬂﬂ&%@%@e&h&? gn%ﬂtﬁ@%sasphﬁﬂb:ﬂl%ns called

ni que or ot er techn| eet
oI TN D4946- lacfTha ISmndar(tﬁ{Ecﬁ’mammafor R@&bwfhstﬁd'&ieeﬁ@for

R U RN
sffghﬁﬁcaﬁﬁy Qiceldeaghi Ve ohhanhaest Mgaga%@fgﬁ h§@§ evlﬁiﬁn%o

mbi nati on of features preV| ou escri
preesnamn anflvatibes dtaivatioe ynglén Tired)r@tmss is plréfGrably at least 625

ORI AT A TR -

pﬂé’fﬁ‘ﬁlﬂbﬂﬁt feh& d78 Crad@fd At SreRBANP ENeddt 706 BPT AR YN 8652 Mion angle
0f 0.2°. Alternatively, and preferably in addition thereto, the brightness at an observation
angle of 0.33° is preferably at least 575 CPL, more preferably at least 600 CPL, even more
preferably at least 625 CPL, and most preferably at least 650 CPL. In addition or in the
alternative, the brightness at an observation angle of 0.5° is preferably at least 375 CPL,
more preferably at least 400 CPL, even more preferably at least 425 CPL, and most
preferably at least 450 CPL. Further, the brightness at an observation angle of 1.0° is
preferably at least 80 CPL, more preferably at least 100 CPL, and most preferably at least
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concurrent elenent in a rowdiffers fromthe included
angl e between a second and a third 20 concurrent

we@b@aositc19 n the row. Wth respect to the sheetPempUS100€005672
row is defined by the elenments wherein a face of each
element within the row shares a common pl ane (e.qg.
primary groove face, working surface 12 or 14). The
138 §milt lebe\wfse,tth@bmiglft]ﬁ@s ehaeolisarvatior ingle df hAYiseprifetavbeat least 20

RGP e LB 1! 25 P, B o ChiE shoetipe ey comprise any

ch@bln@tibn of s@@ﬁ%énb]?ls@ﬁhtedbl sector planes that
range form 25 bein ually nomnally parallel to

non- papeIvee Ibrlalytnb@ss thetragion ayomdtOrﬁ pbsarviaion anglafirea.4its 0.6) is

Vi QUS. | bed e t to.t
ol BT3B U LSRER BB 0 B SRR 80 B passenser
velgitles bedibtaadds OE r@fgBBL 10000 A00 Bt SRS for thd AéivHy Fradfid S¥ns (e.g.
of cube corner elenents ge.g. PG cube corner el enents

righeshelst mpuntedydrom dripess of irgeiruckn et distanesstof 2bont 450 @wgo feet.
ol et Pl X AR IRty AR e PNl he ligpine

eﬂﬁﬁplamdmoﬂlelpamcnglﬁ mtaiaﬂsymﬂlamiowfsghﬁebﬁfemnn%e@nﬂ)les, as well
tive t ra e that . : .
o3 et Sanirtians g B gheits Bt herosirycgp ynduly dihibs inyention.

plan view. In preferred enbodi nents, the
retroreflective sheeting 41 WO 2004/ 081619

ExamplisA00and 0B672 conpri ses a row of cube corner

eyt oS eRD ot o il R 16 8 G FERF apombted, and

ﬂﬁeuhﬁ:hﬁtﬁlbt@&éd)/suﬁh@@reﬁﬁcd@é@ﬁcﬂﬁséﬁ’d@ﬁ'lﬂ{ pFRToMBTLite8 ANE Eht&H
pr edom nant I]KT backward canted cube corner "el ements.
e

PREcationrSsriak Nech/383 038 Heled Magcle@radoBd s Ung P@i@@ drpheationyBerial
t t h .
I\?o gg/?’?%@ﬁg& il (#2: lgtg}pa\gz t}éﬁrchggﬁgé:ﬁp ae¥1t Aﬁé]ﬂc %ongenal No.

60/ds246eavhich the me@amt@ppﬁcdti@ﬁ cll et @ﬁontyNAIEﬂﬁaﬁac‘hﬁie}zl 1&hinae had
in corrblnatlogther the retroref] ective sheetin

thegzppmcky depigied i A1GH &y a0y 7, meth slight yrgorsdueia yagying the half
t
o8l 40 BHGE SR il 805 e g g s 0
m@hem()o Y06 owe) sret thakide igorovp apadihgetvad§.00365inthes wg&mnm) ex;cept

B ST Y R Bt et B s i auentiany
faifed bhkach Whiilh. M'BEafgehithd Iﬁ%ﬂf’of(‘cﬂl}&rd\f% fRemtdb$ va ng the half
feature. In another aspect, alone or in conbinati

angle prreniss skewi, Argl 1Hﬁh11am@d>féhﬁgﬂ1@%granwsms setsﬁoahmgkmhcommg Tables

D T e

iridivetded] diRle @ aaaiée Tﬁebul%@rﬁ@rﬂllﬁb'ﬂkﬂ)énﬁﬁ ad d&finell on PRS2, are formed
ot her, yet range from being nom nal fy parallel to
by, Bi¢-tyRradiacent sids greqyes &g interseqs heagimarny grppyve surface to form each

ot rReh ltﬁ&fd&’sede?lgﬁ%tdlﬁ]&irélsangﬁeefrwrs 120 R Rt M 9 clarify their

uses such
adjacent side grooves.

Eight laminae that differed with regard to the angle error and/or skew and/or
inclination of the side grooves were formed such that the dihedral angle errors reported in
each of the following Tables 10-14 were obtained with the exception of Table 13 wherein

the skew of a portion of the side grooves was modified.
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pavenent mar ki ngs, vehicle markings and persona
safety articles, in viewof its high retroreflected

whedoglhgwess. The coefficient of retroreflecti oPCT/BE004/005672

may be neasured according to US Federal Test Mt hod
Standard 370 at -4 entrance, 0 orientation, at

vari ous observation angles. The resulting sheeting
neets brightness specifications called 20 .out in ASTM

D4956-1§ "The itandard Speci fication for

! Sheeting for Traffic Control" for
Type Th&siaB gRiovE Darafiftiirt bemaldrst 1arﬁfﬂ§%b fvs}eﬁqis Bk QRERERMina, the
m nimuns are significantly exceeded for -4 entrance,

smndtmlag belug a0 oppebiigDlaorineiotthe firshlantna, prespoted ingFables 10 and
vay. bservation The brightness i s
1E Pty 16 poins 90t e SR T S Bttt the
pHBLaEY @Pés) Si oW ediehabihyluaéd Ag%@@t(t&'ﬂgfé@keqma o produce

nore 25 preferably at |east 675 nost
ophedosnbdybys)avert 42267001 TAL774. dhe UEQEied anglosranfyirell side

ErouFL 0 O e Brpaierrt i 3Gl EEs thor Sinciide paflgg of 75.073°
agd %ﬁ? 6ﬁ°pg}gl§)§efc@9 L¥crded! & Eten%ﬁva%ﬁ’&nst ?& R ﬁﬁ@gﬁa@%s the half

east even re rab eas
afilk errarsdvero siriqal S f aldly edbrs If@ahe fiesh (lhrﬁilﬁb. tyﬂenalagtﬂlﬂdnonl4 8 arc
ar in th alternat|ve fhe_ bri ess
TIBYET (Pax§ BTG TYics a3 shayvmsinic 115%? e% iﬁhﬂ? 1§t it aggls errors are
t I;
picRinteth FBE AFORIAMIE 05 ckERRnAY olriRponfifgR, HRfto half angles
forezach sid& gro@w; Theidihdna] 2-3reerob résghs fremsthatombination of half angle

oSBT L o B R, 155025 o
ver&f R6R01 % a8d miRAast to4 26 NG AR L8308 first lamina.

PCT/ US2004/ 005672 120 CPL. Likew se, the bri %ht ness

at afkemgad mlmai:rpnaarg set forth in @iumes fyesnst sippf Tahle [@ast
rengctl(;?P fé’f | ecetwnpan%ecg 8%)bzir¥ ma}ltnutese I%SItS (? grc%'lpkiute%:go% th? ﬁrst lamina.

ror Ive

Ledlinbtiorgveriea Sone k4.1 efd rﬁlnjutéstto $(D ataﬁdmlﬂuma:sr dl?l@edl -2 and 1- 3 dlhedral
brightness in the region around Q.5 observatlon an
eprpsdesufing fromekey and inslipation ofihesifs siogyes aa showpin t e fnal two
n i

b e B s L e D 4§t e cube
i thetlaraind cbmpntlhg ditiedyal agorsfl-2 pad I430N1$h differdne nggnitwdeg hd/or
shoul d mounted) fromdrivers of |large trucks at
S8t ances of about 450 to 950 feet. (bjects and

advantagrs offovkist ﬂh@‘é&f&lﬁ%hﬁﬁﬁ &s Sthidafibed ol Tibid A @rﬂi iB¥losely
the followng exanples, but the particular materials

relatdd &mtba tansing héTable 10e Jihe didst |and sé¢rond xalmnEsthaTaﬂ@t {ath| the nominal
ot h condi ti s and .det shoul d

) r
ST o2 Bl " BRSO R Bl SRl Apotie
cahehnd Em@iw%mvewranét@fsrm@lf hﬁgle BAb] skl addantifatioh) s well as
i.ndi vi du am na assenbl ed,
dihedral angle errors are inverted in relation to Table 10. This reflects the fact that an
opposing lamina is optically identical to its counterpart except rotated 180° about the z-

axis.
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the mcrostructured surface replicated as described in
previously cited U S. Patent 15 Application Serial No.

wa o388, filed March 6, 2003. U S. Patent PCT/US2004/005672
Application Serial No. 10/383039 was filed
concurrently with Provisional Patent Application
Serial No. 60/452464 to which the present application
claims priority. Al the machined | am nae had the

lgeone{&y deﬁ%thg in FIGS. 6 and 7, with slight
i 4 ng the half angle error, skew
and ipge bihipBkip 'ihé)&dé BRoTE HaraflcRAVSiSthe fdi8th ﬁﬁlhﬂ Qnd elght lamina
t hi ckness was 0. 0075 20 inches (0.1905 man)
ﬂzat des rgmgtreel:s pmsmg tiva ghigl, 665624 s¢veothdsmiip. amaa@t*mmrated since
for the sl vari ations escr.i bed. A
R eoRypattis s 57 by e S B e ba TR A fsperbed.
f or nmed on each lam na. This repeating pattern of cubes
was formed by varying the half angle errors, skew,
cIination of the side grooves as set forth in
fort
defi ﬁglggftdﬁgr par %atmegf% ol}ji]%e dtﬁ%ﬁ'?arﬁ%\ﬁvlé dL %CH'% 15%%312 2gnmary
groude halfuagle sirdewgs o®we.mihbs ctﬁbeb@sixr g@l’medﬂyl”(dﬁﬁ@iswns and nominal
errors, é flneghln FIG 22, are fornmed by
sulgieseaviindyded gelse)as thagums Ay bedietlanma tys ﬁlawctual meluded
I f Yhem Cc
S Ll A Ao RS 8280 . 2 UPmiIRAC M IRIL s for e
seavnd laming yypetsalergroats aametl fiwnud 4¢f @mowesutesioghé atcanminntes.

. iffered w r d to the angle errtor angd/or
ot PSS Stk BP T SR BRSSP Gar GBS SeRaenged fiom
-{D0 BRANIBUES td DBY atd ikt R! in@BBY6n 4 Sorh €PRY bfmidhtes to

each of the follow ng Tabl es 10-14 were obtained with

lpRarewdapes fonthas lamaty &pa.3Thi &2aingd 1-3 ibediabovrars (hown in the final
by rooves was nodified. 43 WO
ﬁ%@&%&%@i%%ﬁlgﬁ%%@%gﬁ 27005672 Lamina 1 and Lam na 2
The side groove paraneters of the first |amna as well
as .the second | anmina, the second |am na being an
ng lamna to the first lamna, are reported in
Tabl t [ roove.
nal t 15 Bbg?EParathelcds of G2 M okilats sl PPl FRIL S PR imary
gprolvehnlf aggle emeswasSiidec grinoee Tierbasil gebme’[ry @@ﬁheaslgheald nominal

t he an s, re red to produc ort hogon cubes)
st 078 TdRled e ae e St e PUEAna iR G Hot nelpfed angle
eftbt fo? 'aﬂ 8ide FEAREEVa¥RE6 art Bindles, IQELﬁHﬁf?eﬁl acﬁﬁ@ ki'dE §ﬂﬂ>vb fheluded

actual sidé groove included angles o
afiglds G275.199Nand €04.A€7°L &ﬁlﬂd@ﬂe emgls dorghe ﬁnrdv],amnraaypd anged from

r the r ooves, 0 angl e.errors_wer
-3 e 6 3 S75F B Bkeor DIl 2o s sied iy a Sypeminutes to
4r09d?9 BEn{tEL @ke&ﬂraﬁg&ir 1?omm7 BUkERrithResio O 5%6 nﬂhﬁ% #hil&hclination

shown in colum 3 of Table 10. The half angle errors
varesl from -8.2 arc minutes to 1.4 arc minutes. The 1-2 and 1-3 dihedral errors (shown in

the final two columns) varied in opposition.

Lamina 7
The side groove parameter for the seventh lamina is set forth in Table 14. The
primary groove half angle error was -4.0 arc minutes. The basic geometry (dimensions

and nominal side groove included angles) was the same as the first lamina type. The
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presented in groups of two (totaling -9.2 arc m nutes)
corresponding to the two half angles for each side

w@e@angl619The di hedral 2-3 error results from tPEI/US2004/005672

conbi nation of half angle errors on adjacent side
grooves and is summari zed in colum 4. Dihedral 2-3
errors 15 varied from-1.6 arc mnutes to -16.8 arc
actuglihasdddoangteherdri fmszﬂl SidergroayesSkavagaind-lithat miatteo n Hatfengle

set fort in Iunns five_and six of Table , )
%@5@%&6@3@ -5 B P IRiRS dop3 P PIes. e ke gosgyaried from

AP R rﬁfnﬁte@t@ utOea?’c hfphuttd &silels rﬁﬁgédaﬁ%rﬁaS 3 ak Wl B&ltb 81 arc minutes
varied from-6.1 arc mnutes to 10.8 arc 'm nutes. The

whilg inohdatiorgvatieddimal2.1 ercrmomstes &ﬂiﬁtarmgnriutcmﬁos Heslapmmah type. The

i cIintio th sde opVv are, sho in.the final
108 Bt RGN Sy RleSpraY Teriddsh Bhposiddp.
var i adotdl oP@@@ﬁhﬁhMer@"aHénﬁled' 8818 thaf R rfodREhedrdl eﬁg& of the
| am na conprising dihedral errors 1-2 and 1-3 wt

elgnfenisrod @ppmlanuwoamved rachsothersto ameclsw@l euc@rtbwhesassembly

v&%f g4 SeFanﬁgl%ZFrg? xr/%rﬂga%l Waﬁfg ngr{gzll g%%g% %b&lrﬁl la 9aq d%mensmns).

Tﬁe mﬁ@@wére@@édﬁmed suchaliat $ied lamos d’rdéﬂ‘IBS Wsétﬁientlaﬂfy repeated
side groove angle as well as side q%r oove incl uded
thipgsheUkthe gpsenibl e andida straciired Aprfacstidhe essephysvasdhensieplicated by
r
SRR TRAE o 1Ll A0, Sy SHE Ui proces
fiirthee des&dbcd]mrmbabusi}n cital Tah PetediQA pfliation SédiddNs 104383039, filed

M 6200, s HER Anpleayor oial Sa it ot s R oty with

P?é%s‘iona@ Patbth XED12AHGA 8814 DD, BWSM%IQQ@@%%ms’eﬁ‘t’HpBﬁcaﬁon

4, Lamina 6 and Lamna 8 For sinplicity, the sid
C@Im&)}morpiﬁrarreters of the fourth, sixth, and ei ght

I h h
am Bg, e 8l 3AC L SSASELI EL Y, BROSLOGL! B Lok wigh e

pdd§ing p6i@or{cAQy §$erﬁ1%r{ikﬁﬁt@ap@ﬁ%ﬁn&t@ly%?%%%"@ﬁb@%gﬂ? (196°C), 2

rel ati onship as just descri Lam na 3 The
presewe ef m@:mlamly b60Q Pee, anHiardwvellldtime af 2 sesendst ditiehmalded

P Rubede vis bR cbereduo ity 200 i FRRLT fe Shr o vt

10 siFgEEgReE e Al BltdA galyambmé @ 8ast BEoIREB®oBSurfabe as descnbed
first lamna t The actual included angle error fo
irgpreviopgly cgﬁbb’v%é’amwagb@aﬁon genal¥e 19{3%38 % fileghMprch 6 2003,

(03 %La? él‘? fﬁﬁjgfléatffﬁr%hgmo ‘%7& Wys g?e(glt é’o?lgurf‘én V&é@%@ﬁmnal

range arc mnutés to
Patent Appllcatlon Serial No. 60/452464 to which the present apphcatlon claims priority.

For both Example 1A and 1B, a dual layer seal film comprising 0.7 mils polyester
and 0.85 mils amorphous copolyester was applied to the backside of the cube-corner
elements by contacting the amorphous copolyester containing surface to the
microstructured polycarbonate film surface in a continuous sealing process. The
construction was passed continuously through a rubber nip roll having a Teflon sleeve and
a heated steel roll. The surface of the rubber nip roll was about 165°F and the surface of
the heated steel roll was about 405°F. The nip pressure was about 70 pounds/per linear

inch and speed was 20 feet per minute. Brightness retention after sealing was about 70%.
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D hedral 2-3 errors varied from-1.6 arc mnutes to
-16.8 arc mnutes. Skew ranged from -14.0 arc m nutes
W 200208B1ar c mnutes while inclination varied PEDOS2004/005672
-12.7 arc mnutes to 15 16.8 arc mnutes for this
| am na type. The 1-2 and 1-3 di hedral errors (shown in
the final two colums) varied in opposition. Lamna 5
Th e Q“lhe mltimgmhﬂﬁhgrmeabsf bifi ghends peeificatipmsacailled set infABTM D4956-

e Rafigard Sor hefiomRg g B gRE Rur e B Refas bhgkal dor Tove

m%ﬁbéiﬁﬂg Add8oNRONMR IR IERM BB hmba R8s e%éeeded for
the preceding | am nae. The included angle error

-4 ¢ntwineks ay powegssoiRisind POB osietatinm Of peesentais a:ndngtnloms observation
glt ual de groove included angles of 75.199 and

ap. 2S%S4f? Y‘—'ﬁlf angle errors for the third lanina type

ranged from -5.2 arc mnutes to 3.6 arc m nutes.

D hedral 2-3 errors varied from-7.2 arc mnutes to 25

4.0 arc mnutes. Skew range®ablked®m -7.0 arc nminutes to

9.5 arc mnutes while inclination varied from-8.2

arc mnutes to 1.4 arc mnutes. The 1-2 and 1-3

di hedral err @npaee 1Compdiative NEkafpfe £ UBTahple 1B
varied in ophas ﬂeﬂ&tlﬁﬁtﬁeﬁe e&ﬁl forP rﬁﬂ\‘ﬁ

parameter folg ven a i ort ]E)I e
14. The pri mry gov @{Eélg] ﬁ/Iorﬁror was %%Bg

m nutes. The| basic ometr n§ % d nom n
side grogve @%ﬁangl é’g g(&gémt he ,ﬂéﬂgs th‘g]g{?}?gt
&é&ﬁ‘_’ﬂﬁgﬂ_&g&e The 004881610 pc1¢Pk2004/ 008
actudl2inclufed #R8le efror 49 alll sid®d grodves Mds
agai A-331. 6 ate niGfltes. | Hal #33ngl el er74%s ranged0Prom
-5.2(®fe minltes 276 3. 6] are3dBnut es. Dbhedral| 2- 302
errorg varied frogy -7.R argogl nutles t4. 0 arc 162
mnutes. SKeWw Tanged TTpm -5,8 areg M Nupes 10 5. 33a1C
mnutes Wi e rnchHimatTom varied from=21=arc
mnutes to 4.6 arc mnutes for this lamna type. The 5
10 1- 2 duableD-shodk ttedirl regoredesiveshestngiof thdyefdnhBlvelitysh has a higher
urma%;grled in opposition. A total of 208 |am nae
brightgess |of dhesipdicated obserraiionsneles feenrapartsar o Compagtive
R D A RO B A SRR "2 fhoved
bfigkteessfin thentgionkrowall|0ss ¢teseyatimmbdge g;rpmanwﬂaﬂyhmpo&@ﬁﬂfor viewing

gl 46 2, e S B trdh Do AR ECRRRAES B Iances of roughly
15 20€ REASEdet R d Lo @Y gm%g bh@affe 3RAP|(&/ g afitht Ellik?ul@ hfoﬂﬁtteﬂj’ £6m

surface of the assenbly was then repl i cat ed
devess of largsrimioky at distenesstod about 4 te @ fopt.t ool . Th e

asse 'ﬂ% Xhe%ﬁgg 8{” ﬁ)%mﬁf qAn\];vg,]sgfané) o Rive 2 neasured uniformity index of

2.04 for total light return within 2.0° observation.

Various modifications and alterations of this invention will become apparent to

20 those skilled in the art without departing from the scope and spirit of this invention.
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further described in previously cited U S. Patent
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"The Standard Specification for
Sheeting for Traffic Control"” for Type

Addi tionally,

significantly exceeded for

0O and 90 orientation,

observati

on

in ASTM D4956 |

a

Retrorefl ective

| X sheeti ng.

speci fied brightness m ninuns are
-4 entrance,
O presentation and vari ous

5 angles as follows: Table 9 Conparative

an average of

Conparative Exanple 1A Exanple 1B Retroreflective
Retrorefl ective Conpression Extrusion
Sheeting 3 Mol ded Sheeting
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Sheeting Avg 0/90 Avg 0/90 Avg 0/90 Avg 0/90
Observation Angle CPL CPL CPL CPL 0.2 726 489 788 740

141 162 1.5 13 24 32 35 10 Table 9 shows that the
retroreflective sheeting of the present
bri ghtness at each of the indicated
observation angles in conparison to Conparative

a hi gher

Retrorefl ective Sheeting
Retrorefl ective Sheeting

o]

i nventi on has

Conpar ati ve
e inproved Dbrightness
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75.226 -9.2 -2.0 -7.0 10.8 -9.2 -7.0 -12.8 104.774
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49 WD 2004/ 081619 PCT/ US2004/ 005672 Tabl e 13 Nom nal
Side Side Goove Side Goove D hedral Skew Inclination

wordvensmho Di hedral G oove Incl. Angle Half AnpCEUR2084/005672

Error 1-3 Error 1-2 Error Angle Included (Deg) Error
(mn) Errors (mn) (mn) (mn) (mn) (mn) (mn)
75.226 -1.6 Q 0 2.1-4.01.6 -1.4 3.3 0.4 104.774
Whatis@ladmedi?2 -1.6 3.3 -1.3 0.4 75.226 -1.6 .0 -4.7
-6.8 1.6 4.7 -1.7 104.774 -1.6 0.4 - 05.1 1.4 7.2
-6.8 -7.6 75.226 -1.6 3 E-7.01.04.0 15 -1.5

11 ¥ 1afifta c&nﬁiﬁn@o&e‘&oﬁgﬂ gleﬂxeﬁts‘h&vﬁg‘fa&s fdrtedidforn %-sﬁie?groove set
9.5 -1.8 -7.2 -7.5 -6.8 3.6 104.774 -1.6 -5.4 1.2

wherdgin atleast twal gropSeP@BhinthGsea. onpdralielDHys@nadts ranging from
2084/ 81619 P /Ué%%QMbOO%?SJZ Tabl e 14 Nom nal Side
S5 RAR S Y ove Di hedral Skew

I nclination D hedral D hedral

2. The lamina of claim 1 wherein the elements are preferred geometry cube corner

elements.
3. The lamina of claim 1 wherein the side grooves are nonparallel to a reference plane 28.

4. The lamina comprising of claim 1 wherein at least a portion of the elements comprise

dihedral angle errors having magnitudes between 1 arc minute and 60 arc minutes.

5. The lamina of claim 4 wherein the dihedral angle errors are arranged in a repeating

pattern.
6. The lamina of claim 1 wherein the grooves comprise skew.

7. The lamina of claim 6 wherein a first groove comprises positive and a second groove

comprises negative skew.

8. The lamina of claim 6 wherein the skew of a first groove varies in magnitude from the

skew of a second groove.
9. The lamina of claim 1 wherein the grooves comprise inclination.

10. The lamina of claim 9 wherein a first groove comprises a positive inclination and a

second groove comprises a negative inclination.

11. The lamina of claim 9 wherein the inclination of a first groove varies in magnitude

from the inclination of a second groove.
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Incl. Angle Half Angle 2-3 Error 1-3 Error 1-2 Error
Angl e Included (Deg) Error (mn) Errors (mn) (mn)

W@ pdoapsiemd n) (mn) (mn) 75.226 -1.6 ~' 4.7 3.BCIWUS2004/005672
-7.7 -1.5 104.774 -1.6 0.4 0.0 -2.1 -1.6 -1.5 -7.7
75.226 -1.6 0" -4.7 3.6 -1.6 -1.6 -6.8 104.774 -1.6 2
Q0.04.6 -7.2 -6.8 -7.6 75.226 -1.6 3 6 -4.7 3.5 4.0
-1.6 -1.6 104.774 -1.6 0.4 - .05.31.31.6 -6.8 -1.6

1 b ains Resin e i e o s i cfmption
3.6 -2.0 5 51 WD 2004/081619 PCT/ US2004/ 005672 What

is claimed is: 1. A lanmna conprising cube corner
13| Ehelnsnheldlam t sbesitf e ebthdntorach havedefigt fhov end i first faces
ein at |east.two grooves within the set are

er
A AP 88V edfunt s ranging from 5 greater than

nomnally parallel to about 1 . 2. The lamna of claim

1 wherein the elenments are preferred geonetry cube
14 oA maesterdp@dpentpsising a plurality of laminae in accordance with claim 1.

15. The master tool of claim 14 wherein the laminae are assembled such that cube comer

elements of adjacent lamina are in opposing orientations.
16. Positive and negative replicas of the master tool of claim 14.

17. The replica of claim 16 wherein the replication is retroreflective sheeting comprising

an array of cube corner elements.

18. The replica of claim 16 wherein the replication is retroreflective sheeting comprising

an array of cube corner cavities.

19. A lamina comprising a row of cube comer elements having faces formed from a side
groove set wherein the grooves are nominally parallel to each other and are non-parallel to

within 1° to reference plane 28.

20. The lamina of claim 19 wherein the cube corner elements are preferred geometry cube

corner elements.
21. An article comprising preferred geometry cube corner elements wherein at least one
cube comprises a 1-2 dihedral angle error and a 1-3 dihedral angle error; wherein the

dihedral angle errors vary in opposition.

22. The article of claim 21 wherein the cube comprises dihedral angle errors having

magnitudes between 1 arc minute and 60 arc minutes.

53



10

15

20

25

30

10 3. The lamna of claim1l wherein the side grooves
are nonparallel to a reference plane 28. 4. The
wo avisisueeonpri sing of claim 1l wherein at | eastP@EI/US2004/005672
portion of the elenents conprise dihedral angle
errors having magni tudes between 1 arc m nute and 60
are mnutes. 15 5. The lam na of claim4 wherein the
di hedral angle errors are arranged in a repeating

2B omE Pllisl ot FhEi3inhe Sleiils e L0 o B piges that
riideStond beiAY ﬁoﬁlms,lpa@memsno gﬁﬁnam@ 18ssSR&PI groove

conpri ses negative skew. lam na of claim®6
wherein the skew of a flrst groove varies in nagnltude

f,r the, s secq r e. .25 9. The |l am na
221 A iRl S B RGOBE AR Frel ot iriogn  Tepvating
pihenl am na of claim9 wherein a first groove conprises
a positive inclination and a second groove conprises
a negative inclination. 30 11. The lamna of claim9
e r ve varie
B b BRI Rl oSO YOGS g
tME: 2ihedraDalbdsQrfoes WhiG200dHE Gﬂféﬁrﬁz angl@ errdiR@rd diflefdt @bm each other.
claim1 wherein the side grooves conprise skew and
inclination. 13. The lamna of claim1l wherein the
2@' Q‘Hgﬁftﬁ:lee&fdl'alﬁ?yﬁwﬂerfei t?& dfh@&ﬁl %}ﬂe LG hhbSha gﬁﬁﬁ%s between 1
define a primary groove face. . A naster toof

apompuiesandgOzarp inatks.t y  of Ian1nae i n accordance with
claim1. 15. The master tool of claim 14 wherein the
| am nae are assenbl ed such that cube corner 10
26| aRe B0 MlhPPEMmprmg\Bplafity f 0P @Ié%ieﬁg; in a row wherein at least
orientations. 16. Positive and negative replicas of
onpdihedrst edserd dhe dements rangg fron treing heminePy iperallef togloaparallel by

lﬂg Lein the replication is retroreflective sheeting
conpr|5|ng 15 an array of cube corner elenents. 18.
The replica of claim 16 wherein the replication is
retroreflective sheeting conprisin an array of cube
28 ol e prticla qftcladm 2Hwhergin the ﬁlélﬁﬁhﬁbangg%?ﬂ‘m ohtheglenpgutogre varied in
agagﬁnﬁgﬁﬁﬁﬁaelenents having faces forned froma side

29. The article of claim 27 wherein the article comprises a lamina.

30. The article of claim 27 wherein the elements each have a first face and the first faces

define a primary groove face.

31. The article of claim 27 wherein the article comprises a tool.

32. The article of claim 27 wherein the article comprises retroreflective sheeting.

33. The article of claim 32 wherein the retroreflective sheeting comprises cube corner

elements.
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groove set wherein the grooves are nom nally parallel
to each other and are non-parallel to within 1l to

wo edogogrece pl ane 28. 20. The | am na of cl ai m 1BCTHAIS2064/005672

the cube corner elenents are preferred geonetry cube

25 corner elenents. 21. An article conprising

preferred geonetry cube corner el enents wherein at

3hedbe avivte ofcldms Romixreindabe setrbrddlediivresheeatingeughmrises cudre corner

and a 1-3 di hedral angle error; wherein the dihedra

C%\Y}S?Se errors vary in opposition. 30 22. The article of
claim 21 wherein the cube conprises dihedral angle

errors having magnitudes between 1 arc mnute and 60

3ar Rewrprelieeitye sBeting cROPLisDZ G LY FHETELISADYIMBISGTDRe caBer elements

The articl claim21 wherein.t el enents are. .i.n a
e Rt it S B R et TSt PO fome gt ot sotare
n6esEraad by apadtak k&lgidoraanpetal thal ndiinkiBssarkiiéifo 6ok 1°.
Z%ErThe Zrti cle ofg cglogi m@.;l wherein thg}sgi hedral angle
errors are varied in a repeating pattern. 25. An

It -1 S| . ef er e tr
o DL LR IR} SR of AR s PRACRL G LR TR Y o atra
danemsion offiess ¢hian abbet WOdekckds. angl e errors are different
fromeach other. 10 26. The article of claim?25
wherein the di hedral angle errors have nagnitudes

3heTHe Bhrolefledfife SHeBtih Lo sinPss %&elﬂ tH¥ E{%ﬁlent')gc]pm}ﬁﬁe a lateral

article of claim25 Tonprising a plurality o e

dghensmmtof 1¢ss thenrabontth@ieinchest | east 15 one di hedral

edge of the elenents range from being nomnally

parallel to nonparallel by Iless than 10 28. The

38r Rbﬁb&ﬂ@étiv‘é'sﬁééﬁn%%o%ﬁéﬁg R b rPrdPeEPlechitlyuBE CONSr elements

of the elenents are varied in a repeating pattern. 20

hagng fage dgfingddyen sifle gloghersgt Whekmn diergrodess ara nashigally parallel to
.S |l amina.. 30. The. article of clajm27... .,

oA e O Roind B ARy Dt B Bl e fieipg o

rdferepde plagess. define a prinary groove face. 25

39. The retroreflective sheeting of claim 38 wherein the elements comprise a lateral

dimension of less than about 0.020 inches.

40. The retroreflective sheeting of claim 38 wherein the elements comprise a lateral

dimension of less than about 0.010 inches.

41. Retroreflective sheeting comprising an array of preferred geometry cube corner
elements that exhibits an average brightness at 0° and 90° orientation according to ASTM
D4596-1a of at least 375 candelas/lux/m? for an entrance angle of -4° and an observation

angle of 0.5°.

42. The retroreflective sheeting of claim 41 wherein the average brightness is at least 400

candelas/lux/m?>.
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31. The article of claim27 wherein the article
conprises a tool. 32. The article of claim27 wherein
W bh@4mstelc| e conprises retrorefl ective sheeti nRCT/BS2088005672
The article of claim32 wherein the retroreflective
sheeting conprises cube corner elenments. 54 WD
2004/ 081619 PCT/ US2004/ 005672 34. The article of
43| ﬁﬁlﬁr@@rmﬂwﬁeb shaehing pEtlnior 4T Whetelnvhe sherepd tigghtness is at least 450
%%gg% 2cube corner cavities. 35. Retroreflective
Monmprising a row of preferred geonetry cube

corner elenents 5 having faces defined by a side

roove set wherein at |east two grooves within the set
gr dhe n@imaﬂ%cltlwe Bhdgynmfnlmmﬂr whgieiythe average agleness ha®f and 90°

about 1

90 r BB Gat Grme B 76 Bkt a8 Fivmeap poesstion ancle of
ogdcenent s conprise a lateral dinmension of |ess than
about 0.020 inches. 10 37. The retroreflective
sheeti ng of clain135 wherein the el enents conprise a

a 0 he o °
4§8t[?1&?%t1;05€% li%\%telﬁé ﬂ% cﬁ?ﬁn M@’@ﬁ%ﬁ} ‘%1% %Qergéeobr\}éhct?esg at 0° and 90
ipatdéat mﬁc@aaaytw(ym%ﬂban enliaRe aﬁglerdSEM°SandJa5 dbgeti/tgbn angle of
face defined by a side groove set wherein the grooves

e nomnally parallel to each other and range from
being nom nally parallel to non-parallel to within 1
to reference plane 28. 39. The retroreflective
46hdbe retpreflectivashmeBg ohdaiei 41 whereal threntragclonghtiase at0® and 90°

n of ] ess than _about, 0.020 inches o
ingd 15880 pelib BT D R B cokBiRianglogr -5 AT SHNERG fhele of 1.0°.
the elenments conprise a lateral dinension of |ess
t han about 0.010 inches. 25 41. Retroreflective
4¢hdbe reipreltavre Sheﬁgn&ﬁf deinagl whersinethe v erdgglemghtnesy at 0° and 90°

. C s t hat exhi o
it AL E8lag S IRG g oh AR A st B R B rsatiearpte of 157
D4596-1a of at | east 375 candel as/ | ux/ n2 for an
entrance angl.e of -4 and an observation le of 0.5.
480 Thoretrprgflactys ehestingel qleign Shwbereiythesh Qﬂtlag r comprises a seal
erein the average brightness is at |east 400
candel as/ | ux/ n2. 55

49. The retroreflective sheeting of claim 41 wherein the sheeting further comprises a

specular reflective coating.

50. A lamina comprising cube corner elements having faces formed from grooves
wherein adjacent grooves range from being nominally parallel to nonparallel by less than
1°, have included angles that differ by at least 2°, and the included angles of the grooves
are arranged in a repeating pattern.

51. The lamina of claim 50 wherein the adjacent grooves are side grooves.

52. The lamina of claim 50 wherein the cube corner elements comprise faces formed from

alternating pairs of side grooves.
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WO 2004/ 081619 PCT/ US2004/ 005672 43. The
retroreflective sheeting of claim41l wherein the

war@rage1dri ghtness is at | east 450 candel as/PCRUSRN4/005672

44. The retroreflective sheeting of claim4l wherein
t he average brightness at 0 and 90 5 is at |east 625
candel as/lux/n2 for an entrance angle of -4 and an
observation angle of 0.2. 45. The retroreflective

heeti,ng. of .cl ai 41 wherei n.the average bri ght ness at
5 kg 1A pESlatin PR adereay e HhpEPES) fﬁ?}% hip Opesiot gh faces formed
Rt ﬁ@@l@&nﬁﬁ@';ﬁiﬂﬁfsid‘éﬁ@&ve@ﬁn@ggﬁﬁq\éﬂ? ggev@%F.e of 10

0.33. 46. The retroretlective sheetiihg of claim4l
wherein the average brightness at 0 and 90 is at

S P O3 S e D LSS Pl o
sﬁﬁitdf(gﬁ‘@_{télﬁﬁnk\lgoi’sheeti ng of claim4l wherein the

average brightness at 0 and 90 is at |east 20
candel as/lux/n2 for an entrance angle of -4 and an

bser q D, .48 The retrorefl ective o
33 ae Y Bhin2Pr 3% R0 Fpefsit i gl Belsiir S P freater than 00
byanpmoaatofat k@8 abohit $rand4ke #8ludddengdlebrf #Eabhe aljavént groove is

sheeting of claim4l wherein the sheeting further

less i We By gbowt taesamerammt.ect i ve coating. 50. A | amina
conpri sing cube corner elenments having faces forned

from grooves 25 wherein adjacent grooves range from

Sbeilihg langimh nftlaim pamdleteih theanciodgdemald eflthdfirst es®ve agreater than

on. N I ncl uded I t differ b t t. 2,
OBy S FHERL B 8 TR EbR 1PhS BPBEASnd ReaniAthigiste of the
skdbnd aRBER ke Rfebeihin 98by ot iR RhA8 afousd @l m 50

wherei'n the adjacent grooves are side grooves. 30 52.
The I am na of claim50 wherein the cube corner

I ts. copprise faces faormed from .alternatin ajr.s
53 S g TS A e b §Poc T SE8h 35t ch
tiedcubERerneasleMantohatd @i Midkheph e PetivBen 45MACICKN QN alignment
el enents consist of faces forned froman alternating

apgle betyfees 242 apdidv e gnd gembingtiensdhsregf: oove face. 5 54.
The | am na of claimb52 wherein the included angl es of
each pair of side grooves has a
58. The lamina of claim 50 wherein the elements each have a face in a common plane that

defines a primary groove face.

59. The lamina of claim 50 wherein the elements are preferred geometry cube corner

elements.

60. A lamina comprising cube corner elements having faces formed from grooves

wherein the faces intersect at a common peak height, adjacent grooves range from being
nominally parallel to nonparallel by less than 1° and the included angles of adjacent

grooves differ by at least 2°.

61. The lamina of claim 60 wherein the adjacent grooves are side grooves.
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sum of substantially 180. 55. The |am na of claim50
wherein the included angle of a first groove is

w@e@angrwside han 90 by an anount of at | east aboRCT/BSEN€005672

the included angle of a second adjacent groove is 10
| ess than 90 by about the sanme anmount. 56. The | am na
of claim55 wherein the included angle of the first
6@r dolaminscammssiny cubb anmed fletmygnia thaving daves firmied HEHind grooves
f.rom about 10 to abouj 2Q and the jincluded angl e of
WheEe™ a0ACTR: Se) Siense é? Snomigaly Farmliel doneRpagalislpy less than
10 "eve dBRuRARHBles thhPdiFfr by BElehaBP Bl Rfve Ltk gﬁn@g‘ﬁxﬁ@ﬂaﬂge from
at least a portion of the elenents are canted suc
bemgmutndlly amisalioparelicl¢d sompatralehby tesathanllP.gnnent angl e
between 45 and 135, an alignnent angle between 225
and 315, and conbinations thereof. 20 58. The | am na
69f Thk drRinBOf VAR 62 Whfteh BleRARIBLS BRfRs NRRIAbeRR. i N a
common plane that defines a primary groove tace. 59.
The | am na of claimb50 wherein the elenents are

raf gr.r arner .elenpents. 2 0. A
oft B BEESE ARt EHAR (RO e cBHEL SRR iesgllat easta

pbrioned the @itte oY Esmeil aredantddtvingtaslichieit@ete selectd from
eak height, adjacent grooves range from bein

A SRR g op Y Y S a8 I > AU TN agle aibophads g AdSe, and

bhsidnsidedoanal es of adjacent grooves differ by at
“Veast 2. 30 6i. The lamina of claim60 wherein the

adj acent grooves are side grooves. 57 WO 2004/081619
/ US2004/005672. 62. | am.na. conpri Si cub or ner
631 RS tﬂ%]\ﬁofﬂfr’fsﬁ’(g@splfug}‘% ISP ERSOEEHCS LR 61m 50.

adj acent grooves range from being nom nally parall el
to nonparallel by less than 1 , have included angles
66 hdhe giaptertoobyf daim exwherRinthd eleaneststiave e shapeph alemsview selected

ge from, bejng .nutual |y, non nal arallel to
A DR o e B R o ok AP iR 1 i
62 wherein the adjacent grooves are side grooves. 64.

A | am na conprising preferred geonetry cube corner
64 dhe magtey\]q)gf ef ¢laigt 6? whepeingthe laminae are assembled such that cube corner

elements of adjacent laminae are in opposing orientations.
68. A replication of the master tool of claim 65.
69. A master tool comprising a plurality of laminae in accordance with claim 60.

70. The master tool of claim 69 wherein the laminae are assembled such that cube corner

elements of adjacent laminae are in opposing orientations.
71. A master tool comprising a plurality of laminae in accordance with claim 62.
72. The master tool of claim 71 wherein the laminae are assembled such that cube corner

elements of adjacent laminae are in opposing orientations.
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portion of the cube corner elenents are canted having
an alignnent angle selected from 10 alignnent angles

wheimegr195 and 135, alignnment angl es bet ween PRBUS2U04/005672

315, and conbinations thereof. 65. A naster too
conprising a plurality of |lamnae in accordance with
claim50. 15 66. The master tool of claim®65 wherein
Bhé\ mbbertionof Hemasiershalpef claimpllan vi ew sel ected from
trapezoi ds, rectangles, parallelograns, pentagons, and
hexagons. 67. The master tool of claim65 wherein the
7MAN AAQetb6] RRHRIEI L RHER dMahifldRe . 6RrDEke with&E toﬁ
of adjacent |aninae are in opposing orientations.

68. A replication of the master tool of cl ai m 65. 69.

7§C gg? tg%lrﬁteg?o\&a ?:ﬁanfné Z?niwgzgre?%@ll ! aill%ér ?{&T c{' tlgqt cube corner
eldn@in®® FAdjab&it ¢hrhinkBard id BhpeenPérfentiR@gbl ed such that

cube coner elenents of adjacent |amnae are in
opposing orientations. 71. A master tool conprising a

7@'2%{ hhéa){loﬁfof I‘Perﬂ]&%?& t#,& qq:%f:a%%nce with claim62. 30

nmaster to wherein the | anm nae
are assenbl ed such that cube corner elenments of
72 ggcen%elan1nae are in opposing orientations. 58 WO
0

[ CsRIF IS LITRIISEAOW Of Prefarred Brqresty ee gprmer
i stReires hi \Qﬁ’% fa% &éfﬁfe }%roo?%s wherTRS4 506%9 ogves. 1{1 the row

conprising a p uralty [Fam nae 1n ac
rggigaifronbdein S nibinally @arabist temohpayhlled by desaitin7iF, hh@rlﬁd:lﬂded angles

el it BT AN Puied edenolThe S By e amanged ina

ngkmﬁﬂ;@kkﬁps 76 A replication of the master tool of
claim74. 10 77. Retroreflective sheeting conprising a

row of preferred geonetry cube corner m cr ostructur es
a efi.n b roqyve
79 gg@gego?e%%k‘ge %ﬂge&ng %%cd%n* %Wg%rg b efr>;mcrostructu1es

c@ﬁ@ﬁﬁd@ﬁmb@n@ﬂﬂﬁ@&ﬂ%Jel by |l ess than 1 have i ncl uded
angles that differ by at |least 2, and the incl uded

angl es of the side grooves are arranged in a

e f eet |
7 REPL DRk 0o PO EHBEbI L A e
adbiip firs daces definos pemast @oerd fKce.

80. The retroreflective sheeting of claim 77 comprising a plurality of rows, each row in

opposing orientation to an adjacent row.

81. Retroreflective sheeting comprising a row of cube corner elements having faces
defined by grooves wherein the faces intersect at a common peak height, adjacent grooves
in the row range from being nominally parallel to nonparallel by less than 1° and the

included angles of adjacent side grooves differ by at least 2°.

82. The retroreflective sheeting of claim 81 wherein the elements each have a first face

and the first faces define a primary groove face.
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79. The retroreflective sheeting of claim77 wherein
the el enents each have a first face 20 and the first

wo amemsded i ne a primary groove face. 80. The PCT/US2004/005672

retrorefl ective sheeting of claim?77 conprising a
plurality of rows, each row in opposing orientation

to an adjacent row. 25 81. Retroreflective sheeting

83 o e rettaneflestive shesfing ubelaino B heomptisnga pbirdlity ofipwWsaessh row in
defi.ned.b gﬁgovesdmherein the faces intersect at a
OPBATRROSERRORA? SR EVASH F%nt grooves in the row range
frombeing nomnally parallel to nonparallel by |ess

than 1 and the included angles of adjacent side

84r Hsirercllgptivvesshediingaonipaigiang axrow3df c8B¢ carher elements having faces

AR PEL SRR ST AP P 6.8 T FEE R b epaminay
pdelleine nenpdarhita by 16 aavel °f B inéifdddnd RO MM AXEL Dy at least 2° and

PCT/ US2004/ 005672 83. Tﬁe retroreflective sheefing of
hayebigsosor misep thas range aropt being munady nesvwallysardlet tandnparallel by
I%Qmillag orientation to an adjacent row. 84.
etrorefl ective sheeting conprising a row of cube
corner elenents having faces 5 defined by grooves
row range from being

o B ISR Tealing of Aghps HPrS g clegestsaghbave  fist fce
ah@UR firfichidednangbamabh@botl fiter by at least 2 and

have bi sector planes t'"hat range from being nutually
nomnally parallel to nonparallel by less than 1 . 10

5.The retrorefl ective . sheeting of claim84 erein )
g sk Rl et S R Ao yding s Rt of T each row in
oppssae dtntdtiondo M hdjRéant AfwpOve face. 86. The
retroreflective sheeting of claim84 conprising a

plurality of rows, each row in opposing orientation

0 ' OW. 87 Retrorefd ective sheetin
SRR R ARE thed RBicoPuil: s R ate ! Ltk Pomr
ntitrostasturecivhieredh avist @ibe cdridr eRncatR@ated R8¥ing e BRMmérs angle
havi ng an alignnent angl e between 45 and 135

cante
b%m’&e%ggoe"é]éﬂég%\%l}da%iﬁ%’n‘%%éceimscuhﬁﬁ? eahiecblaving amplignment angles
baleanoept,gRgkes between 225 and 315. 20 88. The
retroreflective sheeting of claim87 wherein the cube
corner mcrostructures conprise cube corner el enents.

88. The retroreflective sheeting of claim 87 wherein the cube corner microstructures

comprise cube corner elements.

89. The retroreflective sheeting of claim 87 wherein the first cube corner element is
canted having an alignment angle between 60° and 120° and a second adjacent cube is

canted having an alignment angles between 240° and 300°.
90. The retroreflective sheeting of claim 87 wherein the alignment angle of the first cube

differs from 0° by substantially the same amount as the alignment angle of the second
cube differs from 0°.

60



10

15

20

25

30

89. The retroreflective sheeting of claim87 wherein

the first cube corner elenment is 25 canted having an
w@biogismene angl e between 60 and 120 and a secoPdI/US2004/005672

adj acent cube is canted having an alignment angles

bet ween 240 and 300. 90. The retroreflective sheeting

of claim87 wherein the alignnent angle of the first

9¢ udde retidréfective sloaetiOg by clsinb 87 svheicad thy alipems@trangkraf i first cube

t he j gnment angl.e of the second 30 .cube differs
e L R AT Y S B AR B e SHE Dt GaEle e second
clisd dipferf hratgye sheeting of claim87 wherein the

alignnent angle of the first cube differs from 180 by
substantially the sane ampbunt as the alignment angle

f the secon be differs_trom 180. 92. Th
P8 PR ey ShRBat phyEhT s L MBPiets He srarts cethbave a first face
afdl efeebisfaeacdeilay §ritaky bobvé e and the first faces
define a primary groove face. 93. Retroreflective

sheeting conprising an array of preferred geonetry

u 3 t IL.bit a.-.uniform I ndex
o5t REpSREBGHve BefIR Lbudad e o thel ek pfirtied FRIdY 5B &g
eRnenisthatrexhibit eddifeinity endeR @€ hi 1BEstAfat @h ahtiarR3 awkle b€ hileast 30°.
the uniformty index is for an entrance angle of 40.
95. The retroreflective sheeting of claim93 wherein

h C o . _ L e
O hanC SN ATy ARLANE b 0L Sficlln f phlimi Yol [ Fan
eptranck anghe @8 40herein the uniformty index is at |east

3. 97. The retroreflective sheeting of claim93
wherein the uniformty index is at least 5. 20 98.
93hehe edFREMICLiOS bheéns PGS FhelPihBlaldy MRbRERidNSree of tiling
.cubes are canted having an alignnment angle sel ecteéd
iff meFa then gamementaiingl es bet ween 45 and 135, al i gnnent
angl es between 225 and 315, and conbi nati ons thereof.

25 99. The retroreflective sheeting of claim93
98haheteiroréfiechud Stfeetih € o LAMNEIB WaMieROthd niféinhiG HBE] is at least 3.
angl e selected fromalignnent angles between 60 and

120, alignment angles between 240 and 300, and

oI i : f ' sh in
OFome Pk A B he ofpli SEMLGH! AFShlARBIREN Mo rcasts.
geonetry 30 cube corner el enents wherein adjacent

I nts in a row have_at. | east ope_di hedral edge
95 %ngetrore ective sheeting of ﬁalm 93w erelq1 the cubes are canted having an

alignment angle selected from alignment angles between 45° and 135°, alignment angles

between 225° and 315°, and combinations thereof.

99. The retroreflective sheeting of claim 93 wherein the cubes are canted having an
alignment angle selected from alignment angles between 60° and 120°, alignment angles

between 240° and 300°, and combinations thereof.

100. Retroreflective sheeting comprising a pair of adjacent rows of preferred geometry
cube comner elements wherein adjacent elements in a row have at least one dihedral edge
that ranges from being nominally parallel to nonparallel by less than 1° and wherein the

pair of rows comprise at least two types of matched pairs.
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that ranges from being nomnally parallel to
nonparal lel by less than 1 and wherein the pair of

WO oMg/0geNPri se at | east two types of matched pRCT/ES2064005672

WD 2004/ 081619 PCT/ US2004/ 005672 101. Retroreflective
sheeting conprising an array of cube corner elenents

that exhibits an average brightness at 0 and 90

101 i Retrateilestivarsticetihgaohipaisime anraplag of cuter dinmg clenod&Tilvht exhibits an

SSHaeT PRGBS Ah S0" risnioen piek caescs angle according to ASTM
D508 8laFal 1 685 bRl 10DBE 1Y MR Pabilc B B2 %Pf%ﬁst 375
or an 5 ser

at | east §O candel as/ | ux/ n2 ation’an
cefidelasux/wh derdnotshiy a oreenglagf 0.5°,dod ablleastBOrcamdﬁlabdux/m for an

102, t f heet i
i e s L ehRLR abRge & fdsg Ly B and”
a backside, wherein the sheeting exhibits an average

bri %gt ness at 0 and 90 orientation and -4 entrance
193¢ tra@ﬂ@?tweﬁgeqtmgmsmnmgaanay of culte doses eledRHIsl@ving a

easg Llg%g%can g% S C}eg rrr% 16 S%\ee%n%sqg!;)ﬁsa?f %‘%f%ﬁ‘?d%“&hglress at 0°

afd 50° adightAionlagd s4° &Qraﬁé@ﬁ%l@@dcbt&mgﬁ% ASTMAD4596-1a of at least 625
yatlgn angle of 1.0, = and the backsi de conprises
APy T e 9o Gl A2 B5IeaF S SR AR Toran

oﬁﬁe‘?{/a[ﬁoﬁ%%]‘lé/‘b?b@° lé’d]_s{{sgb %d?lﬁg/fu@&ﬁz f2 2R Ib§6q’§at§)rlll angle of 1.0°,

overl ay etroreflective sheet

apdtherhasksndg mnmrseaysﬁcutaubsélecﬂvmmatmg.errent S haV| ng a
viewi ng surface and a backsi de, wherein the sheeting
exhi bits an average brightness at 0 and 90

1081 hé ek 8¢laint GIWHALERLEVE
D4596- 1 a@ﬂ% at a1| east 625 candlg?%\g:é/iﬁﬁggﬁﬁ ?ﬁé%sl%ﬁ-g%ﬂayﬁlm

observation angle of 0.2, at |east 375 candel as/| ux/ nR

i 1 f 0.5 d at | t 80 .
108 R &Poree R ShoBhle Pk o8 Py Pl fier sy Taging o
thif&n@aﬁﬁﬁé ged § BaaksideewharchaBé sﬁd'eh{i% EAdabitd® Ne?d&g b?f%htness at 0°

alr interface at the backsi de of cubes

ah 3Rt rirgtation and 4 croAngeEE: secondins odvh Y R4A%akseof at least 625
cRRITRE SO Ak AV Jer@thctﬂ er[Ele 01205.2°§?1t least 375 candelas/lux/m? for an

observation angle of 0.5°, and at least 80 candelas/lux/m? for an observation angle of 1.0°
and the backside comprises a seal film that maintain an air interface at the backside of the

cubes.

105. The sheeting of claim 104 wherein the viewing surface comprises an overlay film.
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