6 FEBRUARY 2006 1 DESCRI PTI ON RETROREFLECTI VE DEVICE 5 Technical field to
whi ch the invention belongs This invention relates to a conpl - r
retroreflective sheeting and retroreflective articles of nov ?Egkﬁ(é&%&@g
More particularly, the invention relates to a retroreflective device in
whi ch a | arge nunber of conplex cube-corner retroreflective elenents are
arranged i n cl osest-packed state, ea i o0 conpl ex cube-corner
retroreflective elenments having a fi ﬁgisoé%ﬁwnd triangul ar-pyram dal
retroreflective units and at | east one quadrilateral retroreflective unit.
A quadrilateral retroreflective unit is defined as a retroreflective unit
having a quadrilateral base an®&FIR@RESUECHIVRE DOBYEKRI faces (fIl1, ell,
gll, di1l1). 15 Specifically, the invention relates to a retroreflective
device in which a |arge nunber of conplex cube-corner retroreflective

el ements ar e Recharigadield toovbichsheinvédiombelongseach of sai d conpl ex
cube-coner retroreflective el enents havi a first and secon .

Cr 1 angul ar - pyr an dal s RO B BRI 4 FTE s ROge TR dPHO G e PP ier a
retroreflectiyd tidrefl¥dtivelnrelelek ©F noselugictire§ OrMstOpsrtiskilydthed@vérdtaddd i C
signs (commonly used traffic signs. and delineators), road surface signs
(pavenent narke#ey tomeetiospidegtiverdeyiredn griuch a large nupibst ek complaymbstegneiuch
as autonobi l LES: ol 5 f tiv&id apes to be
adhered To bofor R EHEh S, SRR AU EIRCk ARR] A EIA TERS.

mar ki ng o si gyhplaxdsbe-canderrrefrbeaficctige plemtags bivingsi fitse ahd gédondl aser - beans

or infrared |jght-reflecti 5 sensors. .That, i the invention,relates to a
retroreflecti {;@ngg 'ﬁ’é’r’i‘rﬁlq\){@ﬁf%ﬁorgﬁ[e‘étr“ée_eummﬁﬂﬂie?ﬁg?“(98&51“ gn&ﬁ%@l cor ner _
retrorefl ectingrop@dBivesundt. © AaghaditekriltetrétedRetile Raftkedefihéd 8s aeach of said
conpl ex cube-corner retroreflective elements having a first and _second

. g ;
tri angul ar - pyFeiiorefigctivetundt having aiavediilateral hase and fongpzeflentivedaterl dasesl at er al
retroreflecticﬁ\l it 1y\/rmﬁgi n the three reflective lateral faces (al, bl,
cl and a2, b2 c’%l of each’of the first and second tri angul ar - pyr am dal
retrorefl ective uni$gecifocaliyntiteualbytigerghatasiica karoreflbetivoderdce mevhedta ve
surfaces, r ectivel the first reflectivedateral face (fl 1 f. said at
enst ome quelied BEPe oLl ST bpIeRE sk e Cliv Sleoudi afe arzetling
lateral face {ledest-pasked tatel Badiof &fid e6inplex CuteEEIRHARY OB Rivel cléients face

| 1) thereof form pmutuall rpendi cul ar cybe-corner reflective
(gh 1) having a first anci se%ogg trqangular-pyramlgal retroretlective units and at least

one quadrilateral retroreflective unit, which device is useful for signs such as

20  traffic signs (commonly used traffic signs and delineators), road surface signs
(pavement markers) and construction signs; number plates for vehicles such as
automobiles and motorcycles; safety goods such as reflective tapes to be adhered
to bodies of tracks or trailers, clothing and life preservers; marking on signboards;
and reflective plates of visible light, laser-beams or infrared light-reflective

25  sensors.

That is, the invention relates to a retroreflective device in which a large
number of complex cube-corner retroreflective elements are arranged in
closest-packed state, each of said complex cube-corner retroreflective elements
having a first and second triangular-pyramidal retroreflective units and at least

30  one quadrilateral retroreflective unit, wherein the three reflective lateral faces (al,
bl, cl and a2, b2, c2) of each of the first and second triangular-pyramidal
retroreflective units form mutually perpendicular cube-corner reflective surfaces,
respectively,
the first reflective lateral face (f11) of said at least one quadrilateral

35  retroreflective unit, the second reflective lateral face (e11) and the third reflective



surfaces, said first reflective lateral face (al) of the first

triangul ar-pyramdal retroreflective unit is on the sane pl i
first lateral face (fl |) of said 5 quadrilateral retroreflm%ﬁ‘gﬁ&{}f&m

said second reflective lateral face (bl) of the first triangul ar-pyram dal
retroreflective unit is on the same plane2with the second | ateral face (ell)

of said quadrilateral retroreflectiv nit, sald,conpl ex cube-cor.ner
retroreflect ﬂ@t@ra&fg%d_&llﬁ rﬁoé{?m’r%ﬂ'] yPerpendicilengihes (ggeagefff éae by
mut ual 'y par ghifate-1ines and nutually parallel z-lines, said conplex

cube-corner retroref| ective_elenment has a substantially symmetrical
V- shaped groove wi s#id;fisst E"é}ﬁcéwgﬁ?tﬁ@ﬂ age (aébggf}ﬁgﬁﬁm%@ﬁ‘?ﬁ%@%ﬁil&ﬂ%s of
intersection M l; ' ithy Yal.

ot eat i ve | AgtoRtepipBuAltiFbnihc XS pRAC AR Ric st Fatialibe, (D digald
retrorefl éct iquaduhit¢ral setppaededtate uit,one of the two lateral faces (gll)

f or mi id V-shaped he .t hi lectivecl | f f
sai d second tri anguhar R RE HTIerNE R tage Ty BE NI Wik RS Fanfdd ©
paral | el to tlbgoifleetivé gait)is oh thdsarhwpldn@oesh tHeoserond Istetal Peestedppdf gridove,

and 20 the third ,{efliacti ve |l ateral face (gll) of said quadrilateral
retroref | ect iquadrilaterg] fetyareflgeiveanibne of the two faces forming said

V-shaped groove. PrhofcqibleReUbe/cBiEGEirNRIREAEE bRARnRAds h fudfRhbaRli Ve
articles which reflect 25 incomng Iight rays toward the |ight soOurces are

wel | known, amgusfetenstdefinedby mutusky paratlel pflings andimytuply perallek edings.e

widely used in the fields as abhove-described... O.th rii . y
cube-corner retror gg]ld:%c{r{lg}gxgﬁgg—tcp%eg r tﬁ%re?l%{: ?‘6? Slfepéeg]t%?l\%g%gb?tgﬁt{l@y whi ch
utilize the rsghiméeichEvtilaped gré®iephith ofs cetifee lip@rxner pasetﬂgonheéﬁggﬁmie\mints
el ements such as triangul ar-pyram dal. reflective elenents exhibit
drastical |y 30 Integieetion of saiddiaralieliwslings aid parghel zHnpared with those of

conventional m croygl il retmeﬁlvé £1t:31 B{de]E1 ) ?f@sa%@%ﬁgti tﬁgﬁ%ﬁlﬁr-ﬁ?efrﬁiﬁﬁf lective

articles, and due to the excellent retroreflective performance their
utility i$ yeatrbsefientiveasitngpanahlet teaene dithettwiodateradriooes (glil hfigrumiag spyr ani dal
retroreflect i\ye el edrent exhi bits favorable retroreflectivity where an angl e
formed by its '(§B?Ii’eca$rog>¥f33 (an 35 axis passing through the apex of the
triangul ar - pyram d thathiidefleoting laeral tcet(aD) oBsardEBENIMriaaQ6]ad-pytaraidat he
three faces which jntersect wth each other at an angle of 90 apnd
constitute tHereretieqtiue HPLtAY FARF @80T B ebinbe qlberrigaal pEthe o @P@%em) with
an entering fhgfs dadhveiharalgobve hgpeaf ter referred to as an entrance
angle) is small. ’

20 the third reflective lateral face (gl11) of said quadrilateral retroreflective

unit is same as one of the two faces forming said V-shaped groove.

Prior art
Retroreflective sheetings and retoreflective articles which reflect
25 incoming light rays toward the light sources are well known, and such sheetings
whose retroreflectivity is utilized are widely used in the fields as above-described.
Of those, particularly cube-corner retroreflective sheetings and retroreflective
articles which utilize the retroreflection principle of cube-corner retroreflective
elements such as triangular-pyramidal reflective elements exhibit drastically
30 higher retroreflectivity of light compared with those of conventional micro glass
bead retroreflective sheetings or retroreflective articles, and due to the excellent
retroreflective performance their utility is yearly increasing.
Whereas, heretofore known triangular-pyramidal retroreflective element
exhibits favorable retroreflectivity where an angle formed by its optical axis (an

35  axis passing through the apex of the triangular-pyramid and the point equidistant



However, because of its principle of reflection, retroreflectivity of t he

element 5 rapidly decreases as the entrance angl e broadens (i

angularity is inferior). Furthernore, a |light which enters |%¥%‘§]§UQRY¥OO6
triangul ar-pyram dal reflective elenment surface at an angle | ess than the
critical angle ((Xc) sati sfying the total3 internal reflection condition,

which is determned by the r of the refr ctlvelndx |nd|V|duaI
transparent rEemdhe &laﬁgtf@qeﬁt alﬁﬁﬁé%tFEFeCEWit r?@&lllQF chyt aniangle ?fﬁq et ve

el ement and téa)%sﬁﬁlfté %etm\éﬁ 9—%}!1’2%1&[@&1%%01%%1‘ retf&eﬂeaivéabﬁﬂehw mfl hﬁct ed
at the interfaces of is transmtted t he back

el enent. Hencaatgring bgletf (IW:Jt,l@h waglets beraalfer eaierred to as @@ engamf arrglehg @mﬂl
pyT am dal reng&/e{/eéebgAat%gg%gitsLb@ﬁ% é:ﬁ%Gﬁﬁ?écgkﬂafetfo%ﬁe&{\ﬁpﬁﬁﬂ%%ﬁéré{eﬂt“f eri or

in 15 entrance anguf ari beca ul"ar pyram dal
retrorefl ectirdpidey dazﬁeases@anhe ehfraxte angle bﬂ“aiadem/(ﬂeo,vmtmmhangmlanm 13g
direction of .tFe.s me ray fromover nearly the whole area of the el enent,
the refl ected?f§ is not excessively diverged for such causes as

spherical aberrati grtHébbke arﬁ%H tvidtRehtcheRfo SEcH @Eﬂuﬁfgulaﬁepﬁlaﬁﬁ@élt s. From
practical standpoint, howeveér he narrow di vergence angl e

retroreflect |1\¢ﬂe¢m‘gﬁwlen@na§nrfm %’d@cﬂngée lege thaarthe ﬁﬂ@ﬁ@bﬂﬂ%ﬁé@c) satigfyingvhen
light rays c% fj1nft§19ngin{e?l%gtleﬁ‘@'8ﬁd1 ﬂ{ht <’é‘rd%t rfdih&d B%Itﬁ% £ cﬁ%gé‘ traffic
ected Prie

sign, the ref rays are e cau the driver of
the car ato a mﬁacmveamdd&\ofandmghmﬂstrfanmarerttemedmrrdmnsaﬂtutmg mldf the light.

Thi s ki nd of .i.nconveni enc nhanc ar ul approaches
near the. tr artfireeapgRY acal SfeREe Sframe dpgiieiTiachish Tude ol SrbREERRES < e
i nci dent al axigi t@hll fﬂ@ﬂédte@ht ﬁl'e%feli‘ﬁcéi%bﬁthe(é?&ﬁ@ﬁt\/lﬁit'l@ﬁaﬁ&h&ie&t@ﬁﬂ@%élﬂg the
driver and the ﬁOl n | ection increases (i.e., observation anggr ality

becones i nf erafd 9elememorHr:mmliomgﬂeqﬁtvmh@etlwgandaartlp&ps@hsmgotmngu
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articular, tri1ang t

articles, in ar- ram roreflective
sheet i ngsisancentehceoarfulenty. ve art| cles, many proposals have been nade of

old and various i ns, , have b en | vestl d or ex le, US
et cat 2. 3100750 1 e hEE L e e 8 T e ARG ORIy SRR Te t | vo
sheeting in vianGBfl¥ard Rt é?&@@aﬂf the%écﬁﬁﬁ‘lf |<ﬁféc'tﬂéﬁ @tﬁé@é}hé rady Srom 8§éra| | ed
on a thin sheet. Tri angul ar-pyramdal refl ectl ve units exenplified in said

US Pat ent | nc,neady the\pdele aropmifdhe eleaant,gpe reflgcted Hghtisaat gkcessivedd, t he
posi tion &gﬁgég 3 GR% SREELAPHNELR AR aBEN CENTE mPGb BigssHealinel 1

respective tri
20 reflective elements

From practical standpoint, however, the narrow divergence angle of
retroreflective light is apt to produce such an inconvenience, e.g., when light rays
emitted from head lamps of a car are retroreflected by a traffic sign, the reflected
light rays are difficult to be caught by the driver of the car at a position deviating

25  from the incidental axis of the light. This kind of inconvenience is enhanced
particularly as the car approaches near the traffic sign, because the angle
(observation angle) formed by the incidental axis of the light and the axis
(observation axis) connecting the driver and the point of reflection increases (i.e.,
observation angurality becomes inferior).

30 For improving entrance angurality or observation angurality of
cube-corner retroreflective sheetings and retroreflective articles, in particular,
triangular-pyramidal cube-corner retroreflective sheetings and retroreflective
articles, many proposals have been made of old and various improving means
have been investigated.

35 For example, US Patent 2,310,790 to Jungersen describes a



5 bases, and tilted triangul ar-pyram dal reflective units whose apices do

not correspond to the center points of their respective tria g?ﬁgﬁh‘ﬁ@%‘“

and the patent states that the sheeting effectively reflects
toward an approaching car (inprovenent in entrance angularity). As the size
of the triangular-pyramdal reflective unig¢s, the same patent 10 states, as

the depth of the iIts to one tenth of an in Furtherm)re
g, 15 of ¢ hitstorsHpstiahehEatinsmav bichaisgians A0yt et fentivarslpwemts s « pa

whose opt i Ca'm@?ﬁﬁ@d%h% fhirh iRt nrmuqarvlﬁyréfhldﬁIréﬁééti%@ssewlﬁw@ﬂ later,
the angle of tilt (0) of each optical axis being presunmed t

appr oxi mat el ysagl S Pettgntdapbldleah@&@ invdrirh their epfifah axes are nobtiliedrthe pesitionger
d dth
Cr1 angul ar- pyTaFliapistPotbpdiitgfo e g BinSRTAL dpEetliooular oo,

contains rso shses,fand tﬂ'teslcﬂriasguhr p@zbamtdabmﬂeetmb wnﬁnmthoss iapeces do not
triangul ar - pyram dal

| ective units as described di s sure
or suggesti orcAHSAENE F%Iha:ecseln g moantso ?éhear': relsp?cﬁtlver}ngagp]gépa% rgn%f epa(fen(%
triangul ar - pydtaet dedt tlﬁ@i,ﬁd%ﬁhg\é@fe'éﬂv&l%/ réﬂéct%@hbta%ﬂsngwai@@h kpploackipgrodat i on
20 angul arity or entrance angul arit US Pat ent 712,706 to Stamm di scl oses

a retrorefl ec(ﬂmp@mtm@nﬁmpeaan itY)-ef | ector in which so cal | ed regul ar
triangul ar-pyram daj Wz&BE&%gglaﬁﬁl?ghg{aﬁﬁ%f F1cE l%ﬂaﬁg§ thE 95 e pateapau! ar

bases are in the shap es are arran
cl osest - pack edtates,asethweidepthsefi ttic mastesup td orge @ntlaoPén nmlmfﬁrﬁékﬂ amg. of a thin
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reflective ehﬂne?élswﬁo@e 'ofiﬁéﬂaa%%sTaf@tﬂté&irﬂ%ﬁh@@@h&hré&ﬁ@h@Byex laRiedvateg t he
probl em such as the drop In retroreflective efficiency and such a drawback

that an inci d@ﬂtﬁnglegﬂﬁtlléfﬁ)e?fé@chtopaﬁalaﬂ@ﬁ being peesumagd forke appraximatelyrgal, 30
reflection coq RS gm,&

not retroref ?élﬁﬁo%ever rﬁl% g kbeétg %‘32%&%% glfssé y t anm pr ovi cfgg a
specul ar 14 aythe toangdéil leaseiofehé ahcewalmaimglﬂa;r px)sramldaalaaﬁectmvd omit.ove w de

angul arity, such a ks as, that ap rance of t.he forne troreflective
Sheet ing and 35 r et Yol of BERr o UngpReR bRt GRe RS ngPERdic P Eed  f or
the specul ar JRyeexEerablyosiiBRIAR a5 %aﬁﬁdﬂ'r@ﬂbéﬁ% @iitsSdd JeREribed Rxdrdi zed
during use by infiltrated water or air ich |eads to occasjonal decrease

in reflectivieno digelopdierairsaiggestian ahausthe desitahlg y1ge or tilfiin epticahaxinef means
for improvi ngm\#ég@laf"? rﬁ‘irda ef@étﬁlbluh 8 9o CRHiGH élg%?%éﬂelﬁ ?1"7%?1%9 B1 to

Hoopman descri rore ectlves eetlng an retrore ctor in which
mul titudeof peultaitgfortentrance sugagyl ar - pyr ani dal
US Patent 3,712,706 to Stamm discloses a retroreflective sheeting and a
retroreflector in which so called regular triangular-pyramidal cube corner
retroreflective elements whose triangular bases are in the shape of regular
triangles are arranged in the closest-packed state with said bases lying on a
25 common plane of a thin sheet. This US patent to Stamm specularly reflects
incident light by vapor depositing a metal such as aluminum on reflective
surfaces of the reflective elements, to increase the incident angle, whereby
improving the problem such as the drop in retroreflective efficiency and such a
drawback that an incident light entered at an angle less than the total internal
30 reflection condition transmits through interfaces of the elements and does not
retroreflect.
However, because the above proposal by Stamm provides a specular
layer on reflective lateral faces as a means to improve wide angularity, such

drawbacks as that appearance of the formed retroreflective sheeting and

35  retroreflector is apt to become dark, or the metal used for the specular layer such



cube-corner retroreflective elenents having their bases on a common pl ane
are arranged at the highest density on a thin sheet, each pair of said
el ements having isosceles triangular bases and being rot at ed® HEBRVABY 2906
anot her. The optical axis of the triangul ar-pyram dal retroreflective
el ement as described in this patent 10 isstilted in negative (-) direction

in the sense described in.the present .specification, he angle of .tilt
bei g about 7S A1 opaiIkr s BIGEh S8R v By artiatest WA OF oG S ich
retrorefl ectijpgdsiieficasiotal dRrEREeh reRddtMyar Fhgh&mdrB, M pdtehd isteftlrely
triangul ar-pyram dal cube-corner retroreflective elenents each having an

i soscel es trislsgupathgmeansfar imprangedvids angularity by tdtieg opticelaxen a nanner
that their b i WLV his US
T "ot Peat e D3 TEIBOAE St 8 UG nectEE S Bod 1,

patent, optical axes of ’eac riangul ar-pyram enent s,
whi ch face eaetrootfleetorandviiichmatipederof @aies dfitilteeldriangalad-plyemidabrmon edge

t herebetween, i..e., in the positive (+).directi.on as |ater expl aj ned t he
angl o of &1 1 ieuberimestpratectye glnérih na bRdhe Rafg T b EPRESLBIRE Sioo 2
m Al so in ERrpABed?0 tHlhighesterpsitgbna thin sHeet 2BEl paRdfeald Semieits Kvaig t he
direction of tilt in the optical axes is such that the distance between the

apex of the ispssetestiriangular pases andbsingrotdad 48A3 frome one anemer dddicaptical d

pair of ele : ] g i thi
equal to the |§?gﬁggn%§gl§§{ en lglgil %&8}1’%}%&?%% t he pa(%?%tg C[@@Eltt}eﬂrs eagﬁton of
the optical axiidtediin hegadteve (epdmoctiqul arthe setwe denglilbedin the presest sppcdbmtion? - 5

and the el enent hej ght .bein 5 J00 ,m As above, EP 548,280 B 1 to Szczech
proposes an a{ﬁﬁlagg oﬂtt;l?ﬁelg% ac%ﬂqg%oﬁt i‘cal axis within a range of about 2 -

5, inclusive of botihs pagnt 5VI8 (498 ®8lzczechglgaidiscoses h regeteiletivExheatlaad
given in said US patent and EP patent to kB Szczech, however, disclose only

those tri angueteraflacsive @éﬂl01¢efpl \ébi@h\idte@t@ﬁ@gﬁlgr-pwamd@h@ibe-@fam%a! axes
canted with ar@tr?ﬂ%leg%igg_ﬂéé%%ﬁl@%ﬁéﬁ Ea\ﬁng an(i§c¥scgl'e§ ti nréu;]i%r Basdrare Qﬁ%ﬂ}é@i &

el enent hei ght ose trrangu ar-pyr% | ~cube- cor e
retror ef | Bct i athiresleee it suchrromann@3hétrthenr boasdsare de sconiadn phneat ¢t highdg1, 757

to Jungersen, ,US Patent. 3,412, 706 t o FEBRUARY 2006 6 .Stamm .EP, 137, 736 Bl
Lo Hooarman. S5y 2 38 s batshd ol atnoa e 18 agrianer Al YR oo have
the features reflesvaElemeass, wWHitls fAcateadh iothdriaéid orrh dgair, abetilted towatdehef

triangul ar-pyram dal reflective elements, which play the kernel )
common edge therebetween, i.e., in the positive (+) direction as later explained,
the angle of tilt being about 2° — 5° and the element height being 25 pm — 100
20 pm.

Also in EP 548,280 B1 corresponding to the above patent states that the
direction of'tilt in the optical axes is such that the distance between the apex of the
element and a plane, which contains the common edge of said pair of elements
and is perpendicular to the common base plane, is not equal to the distance

25  between said plane and the point of intersection of the optical axis with the
common plane, the angle of tilt being about 2° — 5° and the element height being
25 um — 100 pum.

As above, EP 548,280 B1 to Szczech proposes an angle of tilt of the

optical axis within a range of about 2° — 5°, inclusive of both positive (+) and

30 negative (—) regions. Examples given in said US patent and EP patent to
Szczech, however, disclose only those triangular-pyramidal reflective elements
with their optical axes canted with an angle of tilt of (-) 8.2°, (=) 9.2° or (-) 4.3°,
having an element height (h) of 87.5 pm.

Those triangular-pyramidal cube-corner retroreflective elements known

35 from so far described US Patent 2,481,757 to Jungersen, US Patent 3,712,706 to



role in receiving entering light and reflecting the same, have their bases 5
positioned in a common plane and that each of nmatched pairs fagi i ch
ot her have simlar configuration and equal height. Such ret rgﬁ:gﬂgjﬁvﬁ%g()&a
sheets and articles constructed of triangul ar-pyram dal reflective el enents
with their bases positioned in a commpn glane are invariably inferior in
entrance angul arit i.e., they are subject t defect that ..

retroreflect 5@“&119'1, %/Epnﬂ,}?@%ﬁ@ﬁmmn% %%éelé%i‘&ge?ﬁ(f%@pé?ﬁgmé ¥R 1ight
rays enteringsghig E?Fb §5dARABEWLAL tRYfeatliré@in Edthinda!l Ay BlusEhRUBRISg 3, that
Furthernore, ‘retroreflective el enment arrays including asynmetri cal

retrorefl ect theemaltgndeof pridnglanpyhmidal rgflecsirvescleseatsd wiach playihe kernel

di rections nagt, .intersecting.atany. i r US Patents
5,831, 767 anaolglgg%eé%lggtegte%g%% , a&%quegmtc}%osgg?é’?lgygor ewaestj:e ive articles
and net hogls @bsiibapdimkicommdaephat andhhatteash of prayploskphaird facingheithwaplose of
inproving retroreflectiye effjciency apnd wide. angut al it said articles

bei ng constr Q&eégl_aﬁ? SV@X@T&%%QW%&%{I%\@,ge@-aﬁu%ﬁ'ggﬁ?%{ngébﬁ?{@t ric
V-shaped gr ogygsrtidled\bbitnRRRl & triahgult-PorataidabrdTRetiae eidtaéits wath their

approxi mat el y perpendicular or close thefeto with the base plane. in these
Benson, et abases positianedfin @cosrnon plansrsounviaiably nfaimrjacateace angWyp r at e
is so machi ned that e fo bl E gr L

directions foF mﬂ??‘?’o%@bieéizcéggﬁgécg%%agﬁéeérrg@@ig gtg\(l%f ?ﬁ{gﬁ (@{Ogﬁg%{elﬁﬁlgfggg%%s of
still diipf ecathned aigdé bbhight mys ehtendig int pessiangylappiyramidhl fefleetivect i on of
sai d rhonbic 25 base pattern. By varying the crossing angle, depth, angle of
V-shape and & ‘EES- of tilt in the V-shape each of the first and second sets
of grooves extendi pgrthBrhdR, rdtdrbfEante éjélheﬁlt:ir?@%;in@m@iﬁ%@sy%&eﬁﬁtal posi ti on,
nunber of grooves, depth, angle of V-shape and ‘extent of tilt in the

V- shape of t metremeflectiveelentengpaiss,c¥-sbaped grooves exfendimgdnitheperditactions nolar ge
varieties of . I i SNTe i hose not 30 exhibiting
retroreflect i”{i/tlg{sfgﬁlté%ggae& §$§n§§‘%t3‘%%ﬁ‘ggﬁﬁ‘§ itute the retroreflector.
Furthermyse, it isUS Baehts 5,83/1,367 add SiiedaketocRensoindet alabisckisef ace of each
V-shaped groove in the retroreflective article.of Benson,.et al. is

appr oxi mat el g;etr%rg?ls%thm grtic 3(“_61 Ipﬁéogéé’_ pbquﬁ?él%thpﬁﬁﬁ\ ‘ghmj]s%fmw(i’ségl
V-shaped gr ogyethelfipode S SR RiaGefORiflcdty @b IRy AP wedeaRALaliNavdiag the
rhonbi ¢ bases as defined 35 by said V-shaped groovés extending in"two

di fferent di agiclepheingsopstregted af rstrgefiepRegmeobeTays bepndedti cal as shown

t
0 FLg, 2 attachance WlmeaRgsbilsaoNcn 30 oF (nd Bk wiiNRE e St age the

reflective | surfac I'n said ereas, the
i nt er medi2at e apprpémately perpendicotmaloraldseithereor witth thy bayerplenei cal V- shaped
grooves as shown | Pn tF}{e%é %enggg, ettra]l .’srr%{rlc)?e%{eic\t/(%s,l a%t s%roz\ixl/n 1Snusralfic(il iFSSpa];tgrrltg?g
substrate is so machined that two sets of tilted V-shaped grooves of different
directions form rhombic bases and another set of tilted V-shaped grooves of still
different direction are cut not to pass any point of intersection of said thombic
25  base pattern. By varying the crossing angle, depth, angle of V-shape and degree
of tilt in the V-shape each of the first and second sets of grooves extending in two
different directions; and the off-set position, number of grooves, depth, angle of
V-shape and extent of tilt in the V-shape of the third set of grooves of a still
different direction, large varieties of reflecting elements including those not
30 exhibiting retroreflectivity can be formed, which constitute the retroreflector.
Furthermore, it is clearly indicated: because one side wall surface of each
V-shaped groove in the retroreflective article of Benson, et al. is approximately
perpendicular to the base plane to form an asymmetrical V-shaped groove, the
intermediate configuration of the elements having the rhombic bases as defined

35 by said V-shaped grooves extending in two different directions is bilaterally



5 are symmetrical, paired surfaces (al, bl, and a2, b2). Hence those
reflective elenents of conventional art formed via the Fig.1l stage becone a
pair of symmetrical triangular-pyram dal cube-corner el ement® UARY ?{’(‘96
with each other as illustrated in Fig.3 when a pair of surfaces (al, bl and
a2, b2) are cut off wth the third V-shaped groove. By contrast,

cube-corner elenments. ih Benson, et 10 al .’ retroref.l ective ,article, which
are formed a_sasmqpc‘?}-fﬁé‘ﬁéﬂl ﬁlrlgl&/%gtt%ﬁh@diﬁtﬂ}ls SREF! S?tl?lbraﬁda?ﬁﬁaﬁai r, as
iIlustrated iiptdrii@dfhte Eiage ¢hes RAWR RO |Q¥ANMBIFa&s 4r8 Q2 ahath2ohehidBid e el enent
array as shown in Fig.30 of Benson, et al.'s US Pate 831, 767. .In such a

t 5
reflective el Whsrasathea)termsdiatashapeds cem%rﬁgpmmrtrlé?m&d Ry syrymefricadnt s
facing with - d | iR i cal
i recti on, ast ongBed Blodkel 35 Shoyl i RREE L AEHENGER PGS ENnaR |
optical axes aesymnhdtedal, pheyd surfades(bbdli, and a2 ab2). diHectithose r€finstecuent | vy,

al though a certain extent of inprovenent.i servatipn angul arity can be
expect ed due ‘TISmHPVé’ry}Id:é)H(YSn%?m{fp@ﬁ f‘é’?&W@éﬂ*} {hﬁ?ﬁblgglﬁt?geoﬁ?%ﬁlga alr\Pér satility
of the 20 refdypghbitRaPiremRla. pyrimids RABE-cOfnet RIdMERDad i With cable
reflective elenent array has very high directivity. That is, int

he
direction to otheas dimsiratedpnitaar whena api of sprfaess (adxbbpnd 4, Rhkargsugoff
angul arity cap; a t v i i .
PR L s s e el

angularity in other direct eyer, t. shows
retroreflectialés edteoreflectpad articRS whaeh ag fokmedlas phtrak ¥-shaped grovatsiareicety of a

pair of a triangular-pyram.dal ...,cube-corner, el nt and a tent.-twvpe
cube- cor ner e‘f%ﬁ%tr@mycﬁ?lf’ & fl(gltlshlf'éage(g]fn @g-‘baiﬁgﬁfsﬁ?f‘i%@?ﬁaﬁﬁlﬁﬁ @?ﬁ dal
cube-cor ner retlogsldctive @l @nettfrdyans showana FHase ofBlgsonNeCANIYS Ritent
confronting with each other, with their apices cut off with another

V- shaped grooﬁ&@b%@@ndi ng in parallel wth said common base edge. 30 Fig.5
attached to the pr%%ﬂ&h%%Hbéﬁ&@élbﬂfénﬁmgﬁtoh%él a%é’ets%f%géﬁrgieﬂecﬁve

retroreflective elenent pairs arranged i e closest-p state. This
retror ef | Bct i slemehwsrfecingobitiDeagteotheetcraks a Vashapedrgibovpaiecalinesegdenticah

Ly diff di ' . He | i f h
Girect fons. oatFEEBne Wi eHAGEn BpiE s FEEatRnd or Sffie e the™ "¢
retrorefl ectioricaBax®l aoeiticd, ey agé tiked i &lsymeefiteetibAd Oynddayendy,ti cul ar

el enents, but other elenents 6 FEBRUARY 2006 8 show mar k?dly decreased
reflection efdlihOugh@ceriamyexienholaprovement i ohseevatioprangulargy cpbe has t o

of | ect i on ra men cPBPe ha
pppe dor, oG ol By BB MBS AT R, e IR A B 0PI e

surface am arreflgctove elebentpimesspeett ofandfanee angd aatyetentBectiveelemenhamey
lateral reflqclind {2088 dlivil® Thel R S mIHirdln b0 i B hid el SSidalhelSgst | no
tilted, excellent entrance angularity can be expected, but the array must have
inferior entrance angularity in other directions.
US Patent 5,889,615 to Dreyer, et al. shows retroreflective element pair
25 having plural optical axes constituted of a pair of a triangular-pyramidal
cube-corner element and a tent-type cube-corner element, which is formed of a
pair of triangular-pyramidal cube-corner reflective elements having one base
edge in common and confronting with each other, with their apices cut off with
another V-shaped groove extending in parallel with said common base edge.
30 Fig.5 attached to the present specification shows four sets of said retroreflective
element pairs arranged in the closest-packed state.
This retroreflective element of Dreyer, et al. has plural optical axes which
turn to mutually different directions. Hence, light rays coming from the
directions corresponding to those of optical axes of particular retroreflective

35 elements are effectively reflected by the particular elements, but other elements



sets of V-shaped grooves, at |east one of the sets including, in a repeating
pattern, at |east two groove side angles that differ from one_angt her
whereby the array of cube-corner retroreflective el enents is6EF§FH§‘ng08
repeating sub-arrays that each conprise a plurality of cube-corner
retroreflective elenents in a plurality ofg 10 distinctive shapes that

retroreflect incident light in disfinctiyely shaped |ight atterns. The
retrorefl ectiﬁl@%ﬁ@ékffch@ prearebEeticction giiagCRey, ?Hg aaed’xf/g@lsrtgﬁ)&%qreﬁgptwe

Appel dorn, et?ﬁue RRAYShbIPRe4SSt RRDEIREVE RhARGIEARNLEY to a certain extent,
but is insufficient as to 1 nprovenent in entrance angularity. 15 US Patent
5,764,413 to Smit h,USPakint 4l 562 YstosAppeldomd etalbdisclosewt retrasefloetrd asticleve
sheeting conprisin i e f .S r
urface di op, A0Ed Rrfss PREhE 0N BafoP R il iRl AbHER 65 g
at | east tsw thrsd latarhl sifleating ficesiehe elenentebeang fbosnedvbe tieea intessebtingibe
corner array is ng' %ab t hr ee iqtersecti sets Pf.substantiall aral |l el
| r

grooves 20 it @ el BTORS)> iga ane of thieets N6 UkRS B &y P e BRI IEE s,
for at |east ANG,stGWBGrEOVASIHe ANERY thithBffELHORNSHY adtREN YIRSy iHatRFSasM
each other to define an included angle |ess than 60; and a ndgjor portion of
subst ant i al | ycuheeearngr wstrpecilectiverpdempentsus divigedante rspeatiig suteamays hateachne
cube corner a s dj ed | t .. nt f the
shooting at apormetce BNBRABEE abelatb@SoldtRissistsaaans T afuliot] o1 g
of 5 to 2 3distinctdle shapds Gt retr&efletiSnPhlcantight, i Idistdiddival s shaped dight
retroreflective cube corner article fornmed froma substantially optically

t ranspar ent MedtEaInsSy) | conprising: a substrate having a base surface

di sposed in a base PhARfiorefl&dtivCdheefRly Sbfalteaccet @Rk 36 Btk ABD frBBoda s
surface and including an array of canted cube corner 30 el enent nat ched

pai rs formed Bypeldoas etk gho Wy impraved Obs¢rvatigr aBgWATIUI9R eaitaimpkignt, baf &l | el
grooves, eacr‘in@?ﬁﬁ,}?@ﬂa@q.grimbg&éfgéﬂ?%@nfrilﬁ&t \?ﬁ—' orner el enment and an
optically opposing Second ctbe cCorner e emsn%, erein: a plurality of cube
corner el ggrents i n WRPanentedy7 64 E3 tdr8miths yhatetisgloszes tidahewst-cornar f i r st

pl ane through a cant. an%I e.nmeasuri.ng between ﬁland 13?, the_.article exhibits

its 35 broadeS{rFEIRRIVESPERIRRABPHANG L0s Fatenay g2 BARE JiT&are andfyul ar | y
di spl aced fr ogfhfenfeBRUARY: ARPPacRd f1d1R the bade SrfaRe; thaRtrubhfed YhFa&Or ner

el ements are oriented such that the second plane intersects an edge of the
article at aninghilieg pelsastitwardigtinctparayp of fabecomer glsments vehezon; each g
5,926, 314 dis - h i r.e ' mer
ci ements in RIS o BRI o e uBy M Al BRI RRREOTEL
by one grmpveincholingagphinedry grbevd tuteaditwbecsandarp groareosets feratslcastiomebase

triangl e being_.scal ene. :
g clibe-cormer array, the secondary groove sets intersect each other to define an

included angle less than 60°; and a major portion of substantially every groove in
the primary groove set of the at least one cube corner array is disposed in a plane
that intersects the edge of the sheeting at an acute angle selected from the group
25 of angles consisting of 5 to 25°, 35 to 55°, and 65 to 85°.
US Patent 5,812,315 discloses a retroreflective cube corner article
formed from a substantially optically transparent material, comprising: a
substrate having a base surface disposed in a base plane; a structured surface
displaced from the base surface and including an array of canted cube corner
30  element matched pairs formed by three mutually intersecting sets of substantially
parallel grooves, each matched pair including a first cube corner element and an
optically opposing second cube corner element, wherein: a plurality of cube
corner elements in the array have their symmetry axes canted in a first plane
through a cant angle measuring between 4° and 15°; the article exhibits its

35  broadest range of entrance angularity in a second plane, angularly displaced from



Whi |l e these proposals by Smth, et al. can achieve inprovenent in entrance
angul arity by specifying the angle of the products wth the outer edge of
the sheeting or by providing at |east two arrays, the product%FﬁﬁB‘EAng@Péct
that to reduction in frontal reflectivity is notable with the
retroreflective elenents with heavily canted optical axes. In US 6,318, 866

B 1 t lect devi di th I f iml i

i sci osed, _19BTE RRRE ETE ot DR AOB elrenriy etk ramied st Ry Feeent as o
optical char agsihRé irtéiseéts daddgalifehd Brfticld it Ansiplelespyhian skl retroreflective
sheeting and retrorefl ective article, reflectivity, i igh | evel

hi gh .e.,.h
(magni tude) of ref | Fagthegmoye, lép P L %bga}ztl H’é‘d 840,844 idﬁcll‘gﬁ%ﬁlbpicg‘j’ﬁ@er
entering fromdaesihinting Rﬁ?ﬁi?%@%ﬁb@%or&?@}e‘fﬁ&ﬁs e fdytas 20 are

required. Mreover, concerning the wde angularity, three-properties, i.e.,
observati on aatgveaddstsibedoomarisea dasgitramigle/bamdleddtyatncogroang dfcm ieash ofar e

required. O _,these.three .properties, Lnprovenent {n entrance angularity is
nown to be  BECORBINERESUBe PV NeSoliIest Tade bRnESePRRET | acti ve

el enents, i.e., ent%ﬂ@&hes%gﬁbbagdlébythitH)%t gl ces bEkidveimptdven@nt ile opti cal
axes is inproved. \Wereas, 25 excessive tilt tgl optical axes increases the

areal ratio oGRiFARCERBSRIeFitLbBY specifangthy angle b thegyrdusts it recater edgemint |
whi ch | eads t@ar. j [ ar. ' hCi t r ' our ce
Vs tri hedr al T G Oy B e B e ol ve
t he probl B¥m Tieducthmvin fiontal esfléctivetyliy adtable withdhe oetedre8ectiveecldmentsewith
according to, cl ﬁi m 1 Thetn dFFendent clains define preferred and

advant ageous léer%’ HiCﬁEWSOP B %€ i nvention. Accordi ng to the invention,
entrance angul ari t yini($S GE1Kc8B6/Bil rpeGvadldeyive dovide et s1elimd tedieipreardBiéiafe in
which a | arge nunmber of conpl ex cube-corner 6 FEBRUARY 2006 10

retrorefl ect i aing [l derdisclossfe arranged in cl osest-packed state, each of said
conpl ex cube-corner retroreflective elenments having a first and second
triangl ar-pyram dal retroreflective units and at | east one quadril ateral

retroref | Bct i Rrobleint to nhsolued bytthetinventionf | ective | ateral faces (al, b | ,
c | and a2, b2, 5 ofeac f the first_and second.triapqul ar-pyram dal
retroreflective unf(?%ne'r%l}%as %&Fgﬁ 9"%"@? 8@%&?%&?@& @%%real-i)l%frq(%er reflective
sur faces, respaagiMelpyrarhidal fétratfleaiveesticbting had estedreflactvd aticly, higlhe second
reflective | atglral, face _( nd the ird ref]ective | ataral face (gl) of

(ell)
sai d at | eastIe8Religiader gl i%e?(rpégm@r (0& EHHSAI VI TePFesPRted Bthal | y
per pendi cul arr¢bvifPHPREL &itk8RE 6 the front of the sheeting, and wide angularity

20 arerequired. Moreover, concerning the wide angularity, three properties, i.e.,

observation angularity, entrance angularity and rotation angularity, are required.
Of these three properties, improvement in entrance angularity is known to be
accomplished by tilting optical axes of retroreflective elements, i.e., entrance
angularity in the direction of tilt of the optical axes is improved. Whereas,

25  excessive tilt in optical axes increases the areal ratio among the reflective lateral
faces constituting each element, which leads to reduction in retroreflective
efficiency toward light source via trihedral reflection, presenting a technical

problem.

30 Means to solve the problem

The above problem is solved by a retroreflective device according to
claim 1. The dependent claims define preferred and advantageous embodiments
of the invention.

According to the invention, entrance angularity is markedly improved by

35 aretroreflective device in which a large number of complex cube-corner



10 surfaces, said first reflective lateral face (al) of the first

triangul ar-pyramdal retroreflective unit is on the sane plane wih the
first lateral face (f 11) of said quadrilateral retrorefl ectd FEBRUARY 2006 ¢
second reflective lateral face (b |l) of the first triangular-pyram dal 15
retroreflective unit is on the same planeijsmth the second | ateral face (ell)

of said quadrilateral retroreflective unit, said.c | ex cube- corner

et Tor ef | act (TGROBTIEFAHE CIFASTE BiRAIFANEGH B IOSErFARPA PG B FE by

nut ual |y par &lodh@le¥ chbdesrridetidrefiatlive flefhtshaving b TRt andsdc@ngonpl ex

cube-corner retroreflective elenent has a substantiall Q. symretri cal
1

] : . y 20 sy
V- shaped gr odﬂénﬁ\lﬁ_f'ﬂ?ym@ldéb?ﬁt’é}reﬂ?ﬁé’e)@mts apdtilenst one S_HQ‘FIF legiralyoi nts of
|t ersect | on @lrorMediPRuRL) Shoih IIBIINBAN ko Pbbiias b1 1A 2,
reflective |ateral face (cl) of sald first tri angq?ar-py am dal”
retrorefl éctio2e ofieath oBthedirat ol secondtgangul apytawd dalategnoat flécaive singtgIfam
formng said__V-shaped groove 5 the third.refl ective |ateral face (c2) of
sai 0 second tPYUAGRER BRI b cfebRbRRule R Esp@ il a2%0,
parallel to the ot heé ficg2dfletivd lageraMacé em?, thé eedondareslactivd/iasdrapedegr oove,
and the third reflective |ateral face ( saji d ?uadri | at eral

| 11 f
retrorefl ect i(}?él) an ttheithlrgé‘ﬁﬂecélsvedﬁ@.r@ffg@%g1t13@fﬁ%ﬂéleaé ¢35t Hflﬁ@u_é@il]@temls haped
groove. 30 Brﬂeﬁgr&&{i.@?ﬁhit%rﬂfa ﬂﬁﬁﬂllpﬁ% dridticutasQBEc@nBY Afedtiew and

cross-sectional viewillustrating cut procedure of a retroreflective
el enent pair soyfaaegonventi onal technol ogy. Fig. 2 shows a plan view and

cross-sectional viewjLlustrating cuttin 5.progcedure of a retroreflective
el enent pair by a égméﬁhgi%ttlvpg%tﬁmh%ﬁ(_algoggﬁﬁg 1§%1éarﬁyraﬂlgql 3 shows
a plan view aBffofdfResvE aaitiiooalthy save pland with ke fifst ¢atbia¥ €acd) @UBNGT aad r

according to a conventional technology. Fig. 4 shows a plan view and
cross- sect i orfladyiiatorabreteprefestbyedmibet i ve el ement pair according to a

convent i onal t echnahbhecoid fflctfiel eRIRhaNBI B RS FERLHREATLROHaKAAR ement s

according to a conventional technology. isap

ret ror ef | ¢t ireromdflectime snitds ondhergarme planecwitl gt sezoatl latectl faceoml 1) Bf spid 7

shows a pl an Viaﬁwlagnd Ccrossxsect | ongl view of a retroreflective 10 el enent
B @!) hn

pai r accordi rﬂj1 er ﬁ%%?p%té‘feltnél ol ogy.

said complex cube-corner retroreflective element has a quadrangular
circumference defined by mutually parallel y-lines and mutually parallel z-lines,
said complex cube-corner retroreflective element has a substantially

20 symmetrical V-shaped groove with its center line x—x’ passing through the points
of intersection of said parallel y-lines and parallel z-lines,

the third reflective lateral face (c1) of said first triangular-pyramidal
retroreflective unit is parallel to one of the two lateral faces (g11) forming said
V-shaped groove,

25 the third reflective lateral face (c2) of said second triangular-pyramidal
retroreflective unit is same as or parallel to the other (g21) of the two faces
forming said V-shaped groove, and

the third reflective lateral face (gl1) of said quadrilateral retroreflective
unit is same as one of the two faces forming said V-shaped groove.

30

Brief explanation of drawings

Fig. 1 shows a plan view and cross-sectional view illustrating cutting
procedure of a retroreflective element pair by a conventional technology.
Fig. 2 shows a plan view and cross-sectional view illustrating cutting

35  procedure of a retroreflective element pair by a conventional technology.



Fig. 8 is a graph showing the relationship of angle of tilt in optical axi s
versus retroreflection efficiency. Fig. 9 shows a plan view an
cross-sectional view of a retroreflective device according tQ)FEﬁBUﬁBé’s@H?
invention. 15 Fig. 10 shows a plan view and cross-sectional view of a

conpl ex cube-corner retroreflective el engnt accor ding to the present

invention. Fig. 11 shgvxﬁ P@n vi ew and cross-sectional. vi ewl_ﬁ:g]f'vg a conpl ex
cube- corner r et r or dfiBed SNQWs @Rl Miewag F’Eﬂsﬁée‘%ttp y1gyy g€ ajetrp ﬁle%n

Fi 9. 12 showseigmhepyiy hwrdit: 6fPEsneARbhANBthIGYY.Of a compl ex

cube-corner retror l ective ement according to The present |nvent| on. Fig.

13 shows a plan vi @vgaﬁdh@ws)gsﬂ@temvom cipsewedtioral gigwbér retcotsélecbyner
retrorefl ect |é/1gm%{_‘{ag§p]t@? ﬁﬁ{\ggt'o?fxgc&n%ehﬂgnﬁ tgmﬁ?%pventl on. Fig. 14 is a

pl an view of a vice according the present invention.
25 Fig. 15 is a pl alhgvﬁmaptanawewtasfmea‘btatdcuve ettenénte aecmrdingj toga t 0 t he
present invention is a plan view of a retroreflective device

16
according to "cq{’é’eﬁﬁ%@ﬂ?cm}%@/@htl on. Fig. 17 is a plan view of a

retroreflective de\'Fl?% RBGCslaA vy 0P rétheteAEaSRNElem3fits B¢BRIihSRo aFi 9. 18 shows
cross-sectional construction of a retroreflective device of  the present

i nvention. Fiepnventiemdtechnadegy. secti onal construction of a retroreflective

device of  the presaptyipyeoufih (A GEERRUARYA0P0i2 kit g pod ronts

of the invention Bef6re exp ai'nin I Avent Known prior art
t echnol ogices aemen'emt accnﬁfdmg&ol-'al gmveﬁtléﬁe)l taﬂdm'fog)B) are a plan VI ew and

et rorafl ective ol diBnt 158 EHN TGVITE SO IGRTFDIRE! SUARAOEYY CAGH B0

conmpari son W s &Wéf@é@tﬁjﬂtﬁ‘ﬁgféﬁ@?r retror eflectl ve el ement of the
present invention (which may be hereafter referred to sinply as a conpl ex

reflective el ement )Flgl% skpyys aplamyieshand cross-apgfional visyy afpdefroteflsetivoner
retroreflect I(%CQIICC+ %g tBrﬂEé ﬁlqcfs%&qngghtﬁ) Lommon plane with their bases
e 0ses e

arranged int ate on said common plane (S S) as
mul tipl e B enent paﬁlgsl@sl@dmvs a plan view and cross-sectional view of a complex

cube-corner retroreflective element according to the present invention.
Fig. 11 shows a plan view and cross-sectional view of a complex
cube-corner retroreflective element according to the present invention.
Fig. 12 shows a plan view and cross-sectional view of a complex
20 cube-corner retroreflective element according to the present invention.
Fig. 13 shows a plan view and cross-sectional view of a complex
cube-corner retroreflective element according to the present invention.
Fig. 14 is a plan view of a retroreflective device according to the present
invention.
25 Fig. 15 is a plan view of a retroreflective device according to the present
invention.
Fig. 16 is a plan view of a retroreflective device according to the present
invention.
Fig. 17 is a plan view of a retroreflective device according to the present
30  invention.
Fig. 18 shows cross-sectional construction of a retroreflective device of
the present invention.
Fig. 19 shows cross-sectional construction of a retroreflective device of
the present invention.

35



havi ng one base line (x,x..) in common and facing with each other
approximately symetrically at equal height with respect to a pl ane
(Lx-Lx') perpendicular to a 15 comon plane (S S') including QEEBREW%
base lines (x,x...) of said many elenents. Fig. 7 (B) shows the
cross-section of said pair of reflective gyenments anong the

triangul ar-pyramdal reflective elenent group showmn in Fig. 7 (A. The

el enent pair consists of canted triangul ar-pyram dal cube-coner 20
retroreflectlv%&llﬁgmmhgsgp{ [cGRveRti6s are tilted in the directions
exactly oppo Te'r‘—tﬂn'e—O‘pT‘l‘CEr axes tilting toward said

per pendi cul ar pl andBeforxexaining the. present sansitiony keewo psior etttechmologisparst i ve
di fferences bet een the respective distances (Pl1, P2) fromthe points of

i ntersection E’%) of perpendicular lines drawn from apices (HL, H2) of
the pair of el errentElgts )iaﬂwt(ﬁr}abasplarmaw dnT Fogs-védtionabvdwbfime pl ane
(S-S') to the b%sellne ...) Shar i n conmpn %Fsald pai r of ﬁlements,
and t he respettR' 8] gfréqﬂgé@ar(glyrﬁmlgaj)cupp&mnqrﬁgtrggﬁ Bvpelamgntacerding, (o
1, @) of theto%&dv%ﬁhoﬁdﬁéchﬂo‘l&}s%Idcchﬁ?eﬁﬂ%'naﬂﬁh @ omplex kebéa@b&eksase line
(x X...) shared in comon el enent pair, i.e (ql - g2- p2), take
positive (+) m@nom@ﬂectﬂacﬂhemﬁn&qrfetbe pe¢sentinveption éwa@rraaﬂbbéagéemftenéefsue(ix) in
comon and f simlar shapes as rotated 180
from one anot l%%%ﬂag%éﬁ]ﬁ%a}neqﬁ gf% efé?%!rl#)dal reflective el ements have
equal  height (hl, m§)7(m9)tshowe¢1ﬂmﬂat-py1’atmdaﬂ dulbe dmpﬁémtroeeﬂa:twé above
triangul ar-pyram dal cube-comer reflective t, the ar atios

bet ween one | GHEBKEAS HTQI%“PS o) a gemmgs %laP‘HWéq ’ﬁt apes RN H@r f“? ateral
faces (al, bl ale! ?abl@&f §3&%on $88€6mno lﬁﬁgwpﬁ\f % 0t ﬁﬁa elEﬁfe’hP &itd %blh' ve

el enent mhose opti axlis i S excessive nmust ve a uce
probabi ity flhaviegoae bage ling(H, thlnb@rmmon@néﬁacang @sdth/fi:aa;htcrthhreanmoxmtclefcu on

and its retrorefl ect ffl en VI

axpl ai ned” - r onappEhipafy egbaRags ViR RrRAtRS SHEtasrr s RERERRlud 0 210
in the figurecormon plm@@mm) lin@hdingaaideorembadiasy nys (gkr. 9lofisheahety while
the rest of t&e portions markedly less contribute to retroreflection. The

rel evancy of &fBIBLSof tilt in optical axis with specific coefficient of

retroreflection whegig hB)GREWS it c%%s %’éctm"n‘%f1 safd ?5&? o?fref'lécgf% Bihehtsng at an

incident angle of 5 irnto a retroreflective el enen untilted optical
axis i s made among thivtrengiledybymidaé réflacsive slensentagroup abq‘)wg mfig X er

oL U1 o | 7RG o U BB PSR L g 20

| ess becones ? speci | cien
denonst r aged tdm@teﬂédnﬁewmeﬁusmméfdpncam% aife tikttd on éfd dicédtions ekaaly

retroreflective el enent w t.i cal XIS tilted oabout
50% t hat of tq;;épqsgp ,t% ,eéql} g@'n[er,\}ge é)pgggllﬁxes t1 tlng toward salcfj }gerpen 1cuf721r plane
(Lx-Lx’), i.e., in such directions that the respective differences between the

respective distances (P1, P2) from the points of intersection (P1, P2) of
perpendicular lines drawn from apices (H1, H2) of the pair of elements toward
25  the base plane (S—S’) with said base plane (§-S’) to the base line (x,x...) shared
in common by said pair of elements, and the respective distances (ql, q2) from
the points of intersection (Q1, Q2) of the optical axes with said base plane (S-S°)
to said base line (X,X...) shared in common by the element pair, i.e., (q1-pl,
q2-p2), take positive (+) values. Each of these element pairs share a base line
30 (x) in common and face each other in the optically similar shapes as rotated 180°
from one another. The two triangular-pyramidal reflective elements have equal
height (h1, h2).
With increased tilt in the optical axis of above triangular-pyramidal
cube-corner reflective element, the areal ratios between one lateral face (c1) of

35  said element to the other lateral faces (al, bl) also increase. Hence, a



with untilted optical axis. 15 The invention is explained in further details
hereinafter, referring to the drawings tine to tinme where awp %ﬁ)rlate

Figs. 9(A) and 9(B) show a plan view and cross-sectional vie ¥ %Baf.%?%
one enbodi ment of retroreflective el enment device according to the present

i nvention. Figs. 10(A) and 10(B) show onejpair of the conpl ex cube-corner 20
retroreflective el enents_ taken out fromthe device i ll'is ated in Figs. 9(A
and 9(B). THegersflestiveslanent whosstqriicat ie iy Peegavyelyd! F‘?JWHPTCIP‘F‘V%y conpl ex

cube-corner rehies ﬁﬂo%%ﬂwf@ﬂ &iTERAS lig ﬁ@%&&%&éﬁéd@w {ld StheaRd refSaRs

triangul ar-pyram retrorefl ective unlts and | east two pairs of
quadri | at er al aIZBltS'r wtrose Bedtiast dffieienay iravoidably dBCis edhg gonerptds explainedacked

hoee (o prieKaRig 18 FID 7 (AP 381RI B8 Sy pdfBhs LPP B/ REwRBE Figtfe, LR o7

faces (al, bl eac secon
tri angul ars pymamn@l@g ligkt caortef ¢ ffedtivedy wm'rdrsﬂémdpwme theel eyt qitéuhp@mhlml ar

cube-corner refle ve surfaces, respectively fII’St l.ve | ateral
faces (fl 1, milzkegiba less gontripyfe totrﬁgogeefiqgﬂgn ﬂ‘% F\’Pé‘clyeﬁ éng © Oé@l tilces (e

11, e 12 and &dibal leg)w@i‘gpéchﬁcEgéﬂ'ﬂilé‘rﬁfo'f?@t?éféﬁe&ﬁé@ﬁ@ﬂeré fHeQelficiéds 0912 and
g2 1, g22) of said two quadrilateral retroreflective units formnutually

per pend| cul arreflgbieorr of hght end¢rling af arcinsidenhargle of 8 patota retioye flessive elgment
fl |
reflective %ﬁﬁ%%tlﬁt@&%p@l@lﬂ)%ﬂg rgﬁdé ;lrasst dé‘tél’ﬂ%lﬂ?ﬁ lb?frthg 4%@ ray- ?acm% UR

retrorefl ective uni ane ace

and fl 2)10 3dompstpesiniulation 1whosa:1ml€1ga81r|Thﬁ aroat th@(bptwaé’ak’fsds tited whet s, 6
FEBRUARY 2006, 14 said second.reflective.l ater face the fifrst
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second | ater ghels ?eaﬁc(c%eﬁﬂmeﬁ JfbtiBleflfibA ofdaetrbicHeRfidt el@hémnaikh Asti ve
units, said conpiex cube-corner retroreflective el enent has a quadrangul ar 5

ci rcunf er enceomwal axid thiedryt U3 drpppée abows| SOPs thated thaeetrarefledtive gemant el
z-lines, Sa'\gnﬁ%ﬁ?}@?? o%gfb/gvga%ner retrorefl ect | ve el enent has a

substant ially laped groove with its center |ine x-x' passing
through tive poi nts Tlaf inveh&ons ecéipdained is irthepaketdilsdlerginhftog sefendngar thel el
z-lines, the third reflective lateral face (c I) of said first

triangul ar - pydAMIRES G tp G WELTCRNIORIYRi t is parallel to one (gll) of the

two lateral faces ffqgmglﬁ)%ﬁﬂ@(BYsWBﬁﬂaﬁ{/féw&d é116§s k8dtidhal Sldvetd dxfffain
| ateral face (c2) of “said second triangul ar-pyram dal retroreflective unit

i s paral l el tenadmabediment ofpatyorgfleeties ¢ ﬂmeﬂhé@éw aeerirdmestai the presehbiped

groove, and . vention, Figs. 10(A) and 10(B) show one pair of the complex cube-corner

20  retroreflective elements taken out from the device illustrated in Figs. 9(A) and
9(B).

These figures show a retroreflective device in which many complex
cube-corner retroreflective elements, each comprising first and second
triangular-pyramidal retroreflective units and at least two pairs of quadrilateral

25 retroreflective units, are disposed in the closest-packed state, said device being
characterized in that the three reflective lateral faces (al, b1, cl and a2, b2, c2) of
each of the first and second triangular-pyramidal retroreflective units form
mutually perpendicular cube-corner reflective surfaces, respectively,
the first reflective lateral faces (f11, f12 and 21, £22), the second reflective lateral

30 faces(ell, el2 and e21, €22) and the third reflective lateral faces (gl1, g12 and
g21, g22) of said two quadrilateral retroreflective units form mutually
perpendicular cube-corner reflective surfaces, respectively,

said first reflective lateral face (al) of the first triangular-pyramidal
retroreflective unit is on the same plane with the first lateral faces (f11 and f12),

35  respectively, of said quadrilateral retroreflective units,



15 the third reflective lateral face (gll) of said quadril ateral
retroreflective wunit is sane as one of the two faces form n%tsald V-shaé)
groove. \Wereby fornmed three pairs of cube-corner retrorefle

optical axes of each pair having substantially sanme tilt (0) in respect of
the common base |ine (x) although differiang in di rection by 180 to each

other, constitute th ex. cybe-carne r.or cti v el enen Fi gs.
9(B) and 10(B) shoW? r%%%n‘gﬁchﬁg raig (??é P%E}fe e%E %&PVT&% cor ner
retroreflectiyg,RREBH GnATs éﬁ‘ﬂi’éﬂsakﬁé PihAS with(the s@d?ﬂldjlg(eﬁl fa é&e([eﬂ)ﬁl d12) ef

el enents are tilted conplex cube-corner retroreflective el enents and opti cal
axes of each saideqhiadrilateralireigoreflected wnifs,| 1, t12, t13 and t21, t22, t23,

[espestiveLy) 25 AL ddby Lok IR Aok ABPRS L EC (BRan Yk 2 1 0
axis is til twcbmfana:naelgbﬁned bp nmtph];kynpara(lbky—l]m@ apénpﬁnaﬂﬂycphmﬂlet olinkg base
pl ane (S-S') includi direction

that the differ encéa‘gcﬂompelﬂ f@%&?&k@éﬁetf?r&ﬁ&f’@%ﬁ%@en Bésﬁ SPﬁ%ﬂ’i‘htéaq oi nt of

intersectiong ?R&ﬁém@ﬁl‘ﬁ SPape® Bel Vel vaith itk 6@nt€fﬁﬁ\@xf—k sty tﬁeo@gqeme@kﬁn@) of
said el enent toward the base plane (S-S') with said base pl ane, t he base

lines (x,x...of intgrsestion of saigrsalls] yrheeSeamﬂl da-Hnesand the di stance (ql 1)
fromthe poi nt of t opd, tﬂlgn d apex
(H11) with said bag%“t&]l ane egﬁ}/%egc%%lsgjclei(g@s (xﬁgﬁkSt?ﬁgﬁ%@?ﬁ c@?rflmn

the el ement rpaoreﬂebakeana ippsiallel® ¢re) (gld) aftheltwa laegel flcentrmipgisaid,

hei ghts of tfg g rst and second triangul ar-pyram dal reflective units in
the forms rotatéPHyeP8Y®6 FEBRUARY 2006 15 to one another in respect of

the comon base |i fige fhiod teFlcbhife kasml fRS (82) &f fid b@onﬂemghgﬁlaefpyfaeﬁﬁeptl vely
mat ched quadrilateral retrqoreflective units. Because the conpl ex cube-corner

retroref | ect irg@orefleqtve gniidepaiafel pethejotea(e? brotcths teeregent %Fﬁ?&ﬁalépt i cal

axes (t 11, t t22, t23 in Fig. 10) 5 in one pair,
i mpr ovenent c\g%h%ﬁ aeni gge%l%ln t he drawback arising particularly when tilt

in opticabk axis i sthm&nﬂhméhtctlhaiateﬂabfmégl1)r<zftsacnd qhadmleterél reebrefbactive

| ateral face (cl) of an el other ctive |lateral faces (al,
b2) “ag shown Wit IFegTe o3 OF Tabb hiue Treadp i seHVer RS EradYe ect | ve
efficiency drops. Wﬁelfeﬁyrféﬂned/t}ﬁ@@pﬁels 8f QfbeecSiabr fetrdreNesivecditst bpNedlse,
for exanple referrin ogu;o Fig. 7(A), 10 other 1|oort|ons of the lateral faces

al and bl notaxepaf ¢ alhlga\tlng substante] yermalt (0)intiesprct of Sveeanmgnthese
ffect f; ] ase the
of foctive ar g & bEfOUPATRARNN difderiof 2l D0 EORBURE deubRERRESE

i nprove the etlommackutm‘-cohrmpretmreﬂectweedlbmcm ve efficiency with increased
g o P DB 0B SR eTRR R R bbb e cagfbo®
cube-corner retroreflective elements as shown in Figs. 9(A) and 10(A). The pair
of elements are tilted complex cube-corner retroreflective elements and optical
axes of each element forming the pair (t11, t12, t13 and t21, t22, t23, respectively)
25 are tilted in the exactly opposite directions. Explaining the tilt referring to the
element at the right in the drawing, its optical axis is tilted by an angle 6 to a plane
(Lx-Lx’) perpendicular to the base plane (S—S’) including the common base lines
(X,X,X...) in such a direction that the difference (q11-p11) between the distance
(p11) from a point of intersection (P11) of a perpendicular line drawn from the
30 apex (H11) of said element toward the base plane (S—S’) with said base plane, to
the base lines (x,X...) shared in common by the element pair, and the distance
(q11) from the point of intersection (Q11) of the optical axis passing said apex
(H11) with said base plane to the base lines (x,x...) shared in common by the
element pair, takes a positive (+) value. In these element pairs, heights of the

35  first and second triangular-pyramidal reflective units in the forms rotated by 180°



cube-corner retroreflective elenment. Figs. 11(A) and 11(B) show a conpl ex

cube-corner retroreflective elenent having a pair of triang - PV T 2;6
retroreflective units and a pair of quadrilateral retrorefl Legcﬁ\}/@%ﬁﬂg %

characterized in that the three reflective lateral 20 faces (al, b1, cl and
a2, b2, c2) of each of the pair of triangy ar pyram dal retroreflective
units formnutual ly Perpendl cul ar . cube- cor ref | %Ct i.ve surfaces,

"i‘

respectivel y, thm@amp}&rmé@qp@ew the|comapen P%?cl&e 13 the samye, as 5@ ase thsnd
reflective | gk offré’s?)‘ééu(fﬁg mat8Rdd @Jaﬂﬂat@%tréﬂréﬁﬂe@ﬁb@ﬁhuye lateral faces

(gl1, g21) of sal ddf uadr| ateral retroreflective units forma
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(fI 1, f251) iafonggiadk, qnpdwehmnek:aﬂl beathieved irethel drawback ansfﬁ@ paatichlsdyg ond
reflective Iatﬁral f.aces ( I anqul ar -

retrorefl ectiWaeltda oarlealmlﬁ ﬁén r&ﬁ%@%ﬁ%@%@ i@ of DRG0 r?*iﬁ%irvsﬂatﬁaaées

(ell, e2 1) fatefA)YfIH_EEAYLSHR] othSl fePlebfivERtdEfadBE (a1, b PAHOMPInPg.
cube-corner retroréflective el enment has a gquadrangul ar circunference

defined by mut(ddltegowss gréasland.the plemeand refleiivicl affipiengy deopsz - Thadeurth 35 sai d
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| ateral face (c2) of said second triangul ar-pyran dal retroreflective unit

i's parallel tigprhee therdiawbgol pf dron Her meﬂe&élég eflaeigneyy Wit iacregsethdessge
groove, and ecﬁ%@t%ﬁug?&qtfcﬁ?ai 'a@ efrﬁ)fnl ﬁ?‘teh\{ﬁ egatseral faces (g 11, g2l) of
|

said pair of fefar Fetroreriectivesunits is same to one of the

two facesisform ng dags 11(/A$haqbddi(l@}ibhm&atermﬂmteml&idymeﬂmf cahplexes (tl 1,

tl2 and t21, t%F of th tf reflectlve el enent haveasubstantlally
Prefeiyee

same degree di! Iqqrn?rd)e eMEH- t he common base |ine (x), although

differing in directfjgs thA%%HdHQ(EMb\@U&@ﬁ} pldd GibelddrBer ﬁ%ifbﬁdéﬂéct%”m ex
reflective elenent in where the 15 distance froman apex (H). to Sx

pl ane det er mdlemenyhavies apairef tyapgwlar-pyemidakesoreiective: umﬁeandl &PpHROE to Sy
plane defi nedqlﬁlﬁrﬂ'ﬂgra)l' réﬂr&%ﬂgét%bounl?ss, ch¥ractelBedlis R ¢ fitee reflective lateral

20 faces (al, bl, cl and a2, b2, c2) of each of the pair of triangular-pyramidal
retroreflective units form mutually perpendicular cube-corner reflective surfaces,
respectively,

the first reflective lateral faces (f11, f21), the second reflective lateral
faces (el1, e21) and the third reflective lateral faces (gl1, g21) of said pair of

25 quadrilateral retroreflective units form a mutually perpendicular cube-corner
reflective surfaces, respectively,

said first reflective lateral faces (al, a2) of the pair of
triangular-pyramidal retroreflective units are on the same plane with the first
lateral faces (f11, f21) of said quadrilateral retroreflective units,

30 said second reflective lateral faces (b1, b2) of the triangular-pyramidal
retroreflective units are on the same plane with the second lateral faces (el1, €21)
of said quadrilateral retroreflective units,

said complex cube-corner retroreflective element has a quadrangular
circumference defined by mutually parallel y-lines and mutually parallel z-lines,

35 said complex cube-corner retroreflective element has a substantially



Sz plane defined by the z-line group, as hz, and that to Sw pl ane defined by
W-line group determ ned by base |ine of the fourth reflective lateral face
of said quadrilateral retroreflective unit (dl | or d21), as GREBRYABY 206

hw, by equals hz, 20 and the ratio of hx to by is 1.05-1.5. In the conpl ex
cube-corner retroreflective elenment accordgéng to the present invention, as

illustrated in Figs, d 11 t.he V-shaped grooves ovi.di n the
base |ine (x)sym%txaf@i{’(% eigroa f‘egvftBrIWé:&nEféé‘ﬁér’“t"haﬁsstlh%ﬂH Heh theppdipGes
providi ng theoﬂ%ﬁ&sédti@)‘ﬁsof(s‘ﬂtdﬂ)aﬁﬂetMhe@én@ﬁﬂ@'ll%l PWneby equals hz and the 25
ratio of hx to by is 1. wi th such el enents. in which

grooves having an |th@rﬁltlféﬁ¢ﬂ‘“(fe‘fyﬁhat§1“3é fii%?r ﬂogéﬁléigsbﬁlaﬂgﬂlaéﬂt}ir%lqaéteraI
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to achieve inprovenent In P &) ?Fectl ve egﬁgl ency iments wth
deeper graove¥-shapegpgraaveul arly ef fecti ve when 30 the optical axes are
tilted in such diretlon the i nt.ersec

per pendi cul ar |ine | fefﬁénﬁ%gﬁ&tef (tclzﬁ8f &FF‘P%& Etaétguiaét%?‘@t‘taécu ve

unit having &ﬁ%r&ledtfiv% UMSIE patdIRS t@Ftheother dg2fl§oM1id1tv§%fzwe§|f@m@1%g@@fd ned by
x-X'" line group is represented by P and the point of intersection of the

optical axis ‘cffS}]@H%gTQﬂYéd?ﬂql ateral retroreflective unit with said Sx plane
ted b f

x Fine to poi nt A hnaett e HIRLRTREL 1 urab ices e ﬁ?ﬁeﬁfﬁ?ﬁ%ﬁ%@ X Tine

to point B tad;tairdatpmdlretlrmﬂ(eemvwahm@s(qaw tioi ane afi tht:itwg)facetst orming sfidrred to
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aroater than Byeged BRENY Fespdetyey Qitied Arr 0T a3 and Sk 223 §Ff 0 s range

of 1.05-1.5, &frﬁfnl@k&@ﬂé’ctﬂveoe_fleﬁleﬂt hdvd aﬂswscdht@llyrmﬂte&wgtﬂ@aemltt(h)emotlet;;ﬁ&ﬂt ence
(g-p) between the distance poi nt and the distance

R e wof i eoman g pee Ira (s huizh diffemme i Eon e 40 e 5ael oihin

opposite tendency f | C t hat
areas of the refl ecftglg\r/rlef@tcsg?gl@ﬂf%gn@%%r ﬂé’&%d%ﬁﬂﬁﬁ t‘;tilt:gfsdel ?Jhle?e(ﬁ%Z) becone
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V-shaped gr ofyphnwdefificd by thd hinbassup,iapdz(at)d thattoBw pasr defied by)w-line such
occasions, it is preferre | Tow the V-sh ed grooves which  are forned
by x-1ines an@oypP dﬁtqnm@%éj bbgﬁﬁk w%‘vtl@sfgutthaﬁﬁ l‘geglat%lt fSaPhQ feagih 15
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In the complex cube-comer retroreflective element according to the
present invention, as illustrated in Figs.11(A) and 11(B), the V-shaped grooves
providing the base line (x) and base line (w) are formed deeper than the other
grooves providing the base lines (y,z) so that hx equals hw, hy equals hz and the
25  ratio of hx to hy is 1.05-1.5. Hence, compared with such elements in which
grooves having an identical depth are formed, areas of reflective lateral faces (gl1,
g21) and of reflective lateral faces (c1, c2) can be increased to achieve
improvement in reflective efficiency.
Such embodiments with deeper grooves are particularly effective, when
30 the optical axes are tilted in such directions, where the point of intersection of a
perpendicular line drawn from apex (H) of the quadrilateral retroreflective unit
having one of its base lines on x—x’ line with Sx plane as defined by x-x’ line
group is represented by P and the point of intersection of the optical axis of same
quadrilateral retroreflective unit with said Sx plane is represented by Q, the

35 difference (q—p) between the distance (q) from x—x’ line to point Q and the



diverged with an intensity inversely proportional to the area of said
aperture, due to diffractive effect. The divergence inproves visibility of
reflected light to an 20 observer (vehicle driver) present at6EEHBytA§t¥t%06
pl ace fromthe light source (head |[|anp) (inprovenent in observation
angul arity). Explaining the above referrimg to, for exanple, a known

triangul ar-pyt.am dal retroreflective,.el nt as sho in Fig. 7(A),.the
aperture thr‘iiﬁféﬁc‘?/\ﬁ?) Koz 711%&%5@&%1&52@3@8@ip@mﬂmegg)Wﬂ@eréeé%&sa&l%@nded
by three 25 refl ectft keprleddrtddo dcxpes thl-sHabed GrodVes Frm&E by &2in&fort he shown
triangul ar-pyramds, ‘respectivel (bases of the elenents,” ABCL and ABC2)

whose area vavilassite reqsles hgrgreatsr %/}tﬁnl‘h% gpthasthe depthrafenix/hysbesld fdl el ement
hei ght is s - 1 talE e ar s, yand di vergence of the
reflected | r‘;\h{thlenner%rn gg)qr u%gtlog’ ﬁ%g‘é}g@@?ﬁé’gl%?r action effect. According to
t he cal culsati on badeduoh ekimedtawihercinnhdS6iftovenes (gphpetvesent thacistanaegighod,

ool o Sant e e il S5 3ince o T Res e W GbP iheine) oo
results in exsgasivy9alicy tHeg€BpSeaé ah bBPbsifNEndéydBomahdS&ChOARE pobitivel
retroreflection intensity in ?ﬁee fron?bdi rection from which thgp | i ghty

enters. 35 THatedepticakaxemthat araserf thatcdeetyelatarokiasesitdi sablomddhess (b, t he
present 6 FERBYRECAARcdRivdlPYARE bOBorhBrctdeth BIE Blerdfit Aayin@ 30 fls!drer ! NG
n nirts each h p S have

in height, and’the cube-corne avi ng one optica
aper t ur e #r eaardeduad depth. f Hemcotlee @ead bfsaid rdfiecdiveratekraSates (@il ag2l and

di vergence of refl.ected |Lght by increased diffracti .ef fec wi t hout
excessi vel y r@gﬁﬁﬁlﬁﬁfaﬁﬂéi tq%g?n(:ﬁt’ Chg%‘hs? Fﬁ"f?dll@'aﬁéa\ﬁ_t%av lggitﬁﬁaﬁ’a?}@!l?ﬁat in
observation aggul ey whichcfompathe bavé lifie koad/ 6 IRI¥eMineq@)r' s containing a pair
of optical axes. Wiere the reflective elenent heig is less than 30 gm

ht (h
the reflective el disHehopoasionse dnisprefsred farhallophey Shaged IgEoRUBrYRIER | on
effect which i3 fgﬁﬁécﬂﬁf x-lmegte{ﬁ%ﬁf\?-rﬁ&é%% AR HY b hahly &Fhal e pENT

divergence of retrorefiecte ‘to becones excessive'to reduce °~
ret r or ef | Bct i ratibyhx/Whiandbs elearentowithmeghteveptidtedloptiodl axehshetldrfelitwithiveedi ng

400 gmis undesira se it .re r hi ckness of the sheeting too
large to makeraﬁgf)P?h&i‘ﬁgﬁgé’fﬁq&bl%ﬁgﬁé@o&%, where a windable, pliable
sheet -formed produdSeriegallp wihen aditiaibeah Ssey ird\gH # finb@ppitare fie bénneiy i on,

a cube-corner retraoreflective 15 sheeting having triangul ar-pyram dal
reflective urfivergedwifihag ﬁlt@n@twm@wiﬁpmﬁmﬁ srthaareset spidapedsrediened

D i 2| RSHR LTI SRR PRSI LS n
retror ef | 2ct i abseples feetticlealriver s pdRemtan aghstantnplpee friooutherligliGonoe (head
lamp) (improvement in observation angularity).

Explaining the above referring to, for example, a known
triangular-pyramidal retroreflective element as shown in Fig. 7(A), the aperture
through which a light beam passes signifies the faces surrounded by three

25 reflective lateral faces (al, b1, c1 or a2, b2, c2) of the shown triangular-pyramids,
respectively, (bases of the elements, ABC1 and ABC2) whose area varies in
proportion to height of the element. Where the element height is small, the
aperture area decreases, and divergence of the reflected light enlarges due to
increased diffraction effect. According to the calculation based on simulation on

30 computer by ray-tracing method, with the element height of 50 um or less,
divergence of the reflected light rapidly increases. On the other hand,
excessively small element dimensions results in excessive divergence of light and
leads to decrease in retroreflection intensity in the front direction from which the
light enters.

35 The complex cube-corner retroreflective element according to the present



inter alia, 60-120 gm is preferred. 20 Figs. 12(A) and 12(B) show a
retroreflective device as described in any one of Clains 1- i i
characterized in that the bottons of at |east one of those %M@‘%ﬁglzﬁw
symmetrical V-shaped parallel groove groups (Vx, VW, Vz and W which are
defined by said x-, y-, z- and wline growgps formng the

triangul ar- pyramdal retrorefl Ctl uni dril ate troreflective
units are 2BnYtioaneudgs Pf C@ié’éeso éf& q(}i‘& %ﬁa‘?ﬂé&‘ﬁ?@ﬁr@é‘&g I n

Fig. 12(B), th@s léﬁél?hﬁ)‘f'mgtorﬂeetﬁ)‘?efcapﬁbﬁs Bhvé hferbiitb ak@ndifedr ﬁfb!ﬂirfﬁier drfotther.

V- shaped paral |.el groove groups (Vx and Vw) which are defined by the x and w

line groups ildis engides re alfgleé’(m“sfﬁ?lﬂ%c@f reglgateddighpbatincisasad @ ffrpettvepor t i on
at the head cffoct RAMGAABE SR Predtling e aREnTeitiie Whtdflalis 1 may be flat
or a curved quagfatlc surface. In su a conple ube- cor ner

retrorefl éct |1mr®f€elmﬂlttln obkervatiowssgelenty comparstiapich bhowhelamentgmes gr oove
(Wx) formng t Ea r.efl ectlv Itat ral faces which face each other (gll, g21)
and/ or the cr8% ‘%‘Qgtai%%ﬁP é??gaé?sthe fourth V-shaped groove group (V)
whi ch cut off the Wh@%ahﬁmlveaﬂem&h)heh t?gﬁ) BUbsd tiahizdl iy, heneBketical
trapezoid, the width of the bottom of gr ooves 6 FEBRUARY 2006 19
bei ng pr ef er@ﬂﬁrpergsm bﬁcomrt@o smal, ahducte tba Hlashine effeet whichs degidgd
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grooves (VWX d econg.to smal | and .i-nyite insuffici stre th of
QULting ¢ ool B ki Egraing 108 HEf ﬁdm‘??alra@%ﬁgﬂwﬁéﬁmdsr LR §

i nverted di e sheati o@aaﬁge&baﬁg(e@ Hable shegtinpyed Where the point of
intersection of a pendi cyl ar |1 ne awn fromthe apex ( of the
quadrilateral ret r%ﬁé‘ﬁq fers, rmwmﬁa@ réfn @A%Sg‘}eﬁf?@% pEoquchisstode  x- x'
line of a co nt 10
nvent i on, -wir R R RERDTARED (hEPIALR SEhidE SR e e bR b and
the poinb ofsheemrglman’g amartg‘ulampyrapndzdab ective wfitss ai whaplaﬂleldlaamea{hx)
retroreflectiye § \# 3 éb&t IS nmade t he optlcq axis is
tilted to Su(’fﬁorg extE ?net%e ?rninﬁg i ?érh,nee %ra}lpg b\% Y RMA'%He and said
poi nt Q and tchbeiébﬁteﬁtrte@ol(em)ectieé wmrptstothelapeﬁ (EndHRhef pak of tit esraplat

| t

equal . As the éef | ective eral faces 1—:"1 of the 15

triangul ar - pﬂd %CGQ}CTF%ET?ES‘E@PT%%ﬂ%%ﬁ?“trés 394 BpbsrpaBicWaeS &R0 Whane
with the h1if astes 20f e@ndthe reflective lateral faces (cl,
c2) are par alﬁﬁ_tl—o t he %r?:leg 1, g21) formng the V-shaped groove,
respectively, tilt Fagsg Ilé(sAband YohoicarcteoreSeativet devipaas deseribed in any
triangular- pyoglgrgf (aalms ev]scfllng tlSI g}(laargclztgg‘ze n& ih af thehbottoms of at least one of

those substantially symmetrical V-shaped parallel groove groups (Vx, Vy, Vz and

Vw) which are defined by said x-, y-, z- and w-line groups forming the

triangular-pyramidal retroreflective units or quadrilateral retroreflective units are
25 formed of a flat surface or a curved quadratic surface.

In Fig. 12(B), the base of at least one of the substantially symmetrical
V-shaped parallel groove groups (Vx and Vw) which are defined by the x and w
line groups is formed of a flat surface, and the width of the flat portion at the head
of the V-shape is 3.

30 The shape of the head of V may be flat or a curved quadratic surface.

In such a complex cube-corner retroreflective element, the
cross-sectional shape of the V-shaped groove (Vx) forming the reflective lateral
faces which face each other (gl1, g21) and/or the cross sectional shape of the
fourth V-shaped groove group (Vw) which cut off the lateral faces (al, bl) is

35 substantially symmetrical trapezoid, the width (8) of the bottom of the grooves



20 Preferably, where the point of intersection of a perpendicular |ine drawn

froman apex (H) of one of the quadrilateral retroreflective i hay,
one of its base lines on x-x" line with the Sx pl ane determééhg%ﬁ]ggAﬁ&lﬁ%

line group is made P, and the point of intersection of the optical axis of
said quadrilateral retroreflective unit wth said Sx plane is made Q the

tical e tilted i di tection where 25 the diff t th
& stance (o B4 it ook el Home acatnibedret SEEBedfl Trom

the x-x' |'inelémetntiprinonstriicted of the V%lﬁ%)ed b@FeshaPdsd §did @rdss)sevadng. 1 n
particular, the optical axes are tilted by 0.5:30, preferably_5-20, in the
direction, wBARES 38 usedruchan; iRpeRveRigncs PeeRTngowheR filli Aglepl pPHEAl gkesn

from an apex f i . r i i in
PeXs {dke. Qle. ARE bBftohT ErIUOGH thl AL Shiflled!bEALAN LA ng))qﬂ:'cBﬁleP_@M g

one base line I ne e Sx pl determ ned Xx-x" line

group i s raden®ll ambinvite ipsifficient sirenghof cuttng tobl ohdifbpulty & parting thé¢ sai d
quadrilateral ;retroreflective unit kth sai.d Sx .phane is.nade hat the
di fference bm%iretsﬁépﬁ?ﬁgfgﬁﬁ)gl ](n('i’frt\% 61?‘8 ﬁ%v%g 5°€a-“>(<1'sth‘P?fecaPob etlﬁgjrgg?c;it Q and
the di st a(nc)e (pl) f oheich@ie Eroxnﬁ dfiin@rdeotibhef B@efﬁent'i)l,iculhr Ene d(aﬁ]vrpfrloni thkes a
positive (+) val ye 5 Wth the view to inprove observation angularity, to
Bt least one aex{H) 0% therppadirsteplastmots Hectie PRI dRRIng hcoal B DAt IMesdn one

group of the -u(b%ﬁl%ruﬁaaédr%p1%xrsﬁserc§ﬁgé§ ¥rSfifietlve BRI BF gaf fiavend’ oups (Vi

Vy, Vz and W) which are determ ne the x-, y-, z- an I ne groups of
t ri angul alo- pyinegnitoal, witht therS¢ plaoe ideterumedsb yox—xjulank gtoapds ahaderRanditked | ecti ve

: 4 ; hat the OF ._ ol les. of &
the tr1 angul Ao ARRETBdpE Bplictavls G Rod SR LB R /I By
retrorefl ectiwgh saidiSsplanbiichade €),fthe bpded yxidis diliédtbanel apaxeadnt ehatghooves

are given a deviatjon of (0.001-0.1) from90. Furtherpmore, with the viewto
i npart a uni fcb$tﬁv%@ébﬁawwahdmeamdtsy}ﬂqmt Reandghe dasam(a@%@wepﬁaﬁ at

| east one V- shang dwaride al%;rgg\é%y?l_r. OURShE Yé(ﬂec\{i]}(/etlﬁt%?al\ﬁc 1 V49) yheh are

determ ned by the x-, 'y-, z- Ine groups o e triangul ar-"pyrani dal
r et r or ef | 1éct itviengilar-pymmigabrstioreflestivie undtsaoe dispesad erethersaniesplane aiith theven

devi ati ons sych_t t Y J I 0 -1C | i

el enents for { “’r}i}g é;seasi Fbrfg%blg‘fh\??@ﬁ%g@%e %gégﬁagf%)gcrlogggg;%@%\%&@@bitPe{l i ons
of ( 0]; 001- g.ﬁéesf(rgmm £01,) fbﬁnﬁqgamtet‘éishglpﬁd gr@pee,thﬂe@gaoaitvel}eiaiwaﬂg\ml sfithéer ﬁnt
sets of 15 deviat]ons. a nmeans to deviate. the vertica ngles, in the
occasi on of cqntwweﬁwﬁap%@g tgpRaHiar-pyrapde! ratrpERitSehNg ef%z,gergr,s a5 i w)
for form ng thmeconpl ex cube-corner retroreflective el enents, angle of the

V-shaped grooves in at |least one direction is mnutely and synmetrically
devi at ed 2r om t he &ueffecatly, \yhere thopemt 06 intheseption ahe iperpeadidudarn linendgiawn Thi s

reans to | rrpaﬁrémtageapggYm%ifgﬂe %?ﬁlebcfuadrilateral retroreflective units having one of its
base lines on x—x’ line with the Sx plane determined by x—x’ line group is made P,
and the point of intersection of the optical axis of said quadrilateral retroreflective
unit with said Sx plane is made Q, the optical axes are tilted in the direction where
25  the difference between the distance (q) from the x—x’ line to the point Q and the
distance (p) from the x—x’ line to the point P, i.e., (q—p), takes a positive (+) value.
In particular, the optical axes are tilted by 0.5-30°, preferably 5-20°, in
the direction, where the point of intersection of a perpendicular line drawn from
an apex (H) of one of the quadrilateral retroreflective units having one base line
30  onx—Xx’ line with the Sx plane determined by x—x’ line group is made P, and the
point of intersection of the optical axis of said quadrilateral retroreflective unit
with said Sx plane is made Q, that the difference between the distance (q) from
the x~x’ line to the point Q and the distance (p) from the x—x’ line to the point P,
i.e., (q—p), takes a positive (+) value.

35 With the view to improve observation angularity, to at least one of the



acconplished by using a bilaterally symetrical cutting tool. As another
nmeans to inpart a deviation to the vertical angles, in the occasion of
cutting the V-shaped grooves in three directions (x, y, z an&WBB\HWmPSrm
t he conpl ex cube-corner retroreflective elenents, the V-shaped grooves in

25 at | east one direction can be cut at apo angl e mnutely and bilaterally
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deviations in t eir vertical to ad eously provide a uniform
observatibn (krvgaﬂcmsmy 15 Figs. 13(A) and 13( B) show a conpl ex cube-corner
retroreflective rrent co LI rla ul ar 1 dal
retroreflective unl TGI8 98“&8‘%‘5‘8 %écfaélaﬁg Pl g?é)fzf%sp%/ g]%tgii“gs‘:h%ose
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triangul ar - pyram dal retror ective units ha different sizes and are
di sposed at e‘@rb%rsqefrpwfie%we e&me@tm%fﬁe? ﬁ'@c ishape g@oa’lesmaﬂﬁé@s (e,

. 9 of eachdqifdifionusdinlithPhal h{e%ﬁk/e&évﬁé’t@d%ﬁ ShzIeNo PRI o

per pendi cul ar to orm cu cor ers ere sal
20 to the prismatic vertical angle. This means to impart the dev1at10n can be

units

accomplished by using a bilaterally symmetrical cutting tool.

As another means to impart a deviation to the vertical angles, in the
occasion of cutting the V-shaped grooves in three directions (X, y, z and w) which
form the complex cube-comer retroreflective elements, the V-shaped grooves in

25  at least one direction can be cut at an angle minutely and bilaterally
asymmetrically deviated from the angle to give 90° to the prismatic vertical
angles. This means to impart the deviation can be accomplished by using a
bilaterally asymmetrical cutting tool or by slightly canting a bilaterally
symmetrical cutting tool at the time of cutting.

30 In the V-shaped parallel groove group (Vw) formed symmetrically in
respect of w-lines, the face which forms a right angle with the prismatic vertical
angle is only one of the lateral faces or side walls of the V-shaped groove
(referring to Fig. 10, g12, c1 and g22, ¢2). Therefore, the cross-sectional
configuration of the V-shaped groove is not necessarily symmetrical, but the

35  other side wall not contributing to retroreflection (d12, d11 and d21, d22) can



bei ng di sposed between the pair of triangular-pyramdal retroreflective

units, two being at the right side and one, at the |eft side S
a plan view of a retroreflective device in which a |large 25 'Frﬁ%gUéi&@@g

conpl ex cube-corner retroreflective elenents as shown in Fig. 13 are
di sposed in the closest-packed state. Fig2114 shows a repeat ed pattern of

formng x I|i roup .and, w lLin roup, i i ch, one rme bet ween
too paral | el HevRanap ! Haekeontiefheidh 40 Ramplnt etfeclils oRiEt, t nes
\% e hf OL med. t3Re Eilgteran %Ivemd@onﬁgaraﬁloew.aﬁﬂ c?nmcﬁtfbﬁhefubecddmal Ileﬁw:m '3

ich the ang etween the x lines of the device as illustrate
above and an G?Ser%é’ﬁ OFs t %%rr;?l@@ﬁétgr?%‘fq%@ﬂe preferably gistdallyct i ve devi ce
is 5-85, prefs?nﬁﬁetlé" -60. Quter edge of the product as referred to herein
signifies, re the product is a thin sheet-formed retroreflective
sheeting, 5 he | ongiWhdiemichadgeratectivaolempniphadsg deviatedvertinakanglehare

product is an anrticle.|ik flectar nthe6
FEBRUARY 2006’59 WﬁS‘E"’b%’&ﬁ&%‘feff&C gikqéliﬁ# ﬁgi?ogr i th?i,-ugﬁ %dﬂge 8F wher e t he
product has aetrotefldcato a posipen sﬂlghtlytdmaﬁrtﬁreéﬂgﬁ ndyndeethelight @pgéoti al i ne
in the horlzoegtqal r<£Ct|$f£ In suchar%}lug flective device in V\,Blchthe
angl e formed C\Héfét«)’ r9GterhJor STARIE, 1o YHEe BYET (AbSEIKFTLRICSHY 2t RAISiTter
edge of the d&%ﬁ frt)ﬁfmcbefhicqmstﬂaed@arﬁﬁg, raﬁﬂ‘%ﬁé eséérveléieyﬁglﬁahﬁy 13- 85,
preferably 30- entrance angularity can further i1nproved.” Fig. 16

shows a ploan lmmwvezd dn paxtaerdate wiiere t$lmpedlgmve$@r@|é®/rm@ withatpatiess of i r st
zone(s) and Sgﬁ&i}?ﬁ sﬂ'l&(sﬁ)t s@?sc?f”&é' fatl R qg‘&e@%?é"@%%ﬁgé(n% dof I ne of the

first zone an § RN PRE“Setond 2SR P ARgH erably 80- 100.

io The two zqeaereﬂaetwemnm@ds,l the setedreflcomveelemichat ark gvangiriodsateviadicng x|
line of the ,fiést zone, and the guter edge is 0O and .the aggle formed by x2
line of the I8dBYRYCHIsbanglgs {pa W%&eoeglg@rpgld@@u IEH OBV Qhosed i n

repetitive pajdoldpityFi 9. 17 shows a plan view of an exanple of a
retroreflectiv dev{ce in which a first zone and second zone are conbi ned
in repeat®d patt er Figs.nl3¢Adkand 13(B) show ercontpdex @lhlee -goyice rétroreflpctafe t he first

zone for med V@l&rﬁ ltlthco i &he 8998 bftribh Qlarp ' poqleﬁ &tl\yezllmgal{ﬂ%r econd
utigising 842t g diidis i

zone with the ouf |ve eV|ce avi ng |rt
zone(s) and sgmdndiatémﬂlec(tsc)reﬂmmve h1i11|n99whbsetlbu3ef; arsdefhmubb;abaisedﬂldslmefomf t he

second zone farm.an angle of 5-175, ref r abl 100, ¢an.unif.or
entrance angufESHiOYs; lﬁ%ﬁﬁfamalr %H angp %r@a/rgrﬁtﬁoaémté%r@ Sﬁ%V%H‘al“%H;? et i ons

t her ebet ween, 4i B¥rGR BB bR aF2didp 8R0S spfdéﬁtﬂ&{tiﬂ?{seandttﬁé’ t}h‘é& O &thRqhtey
device may have three or nore zones, in which x-lines of each zone are

sel ected 100 ffopen @ Vi Qeaf canlyioé sherieadrilaieral uetserediggtive units are mutually

perpendicular to form cube corners where they meet, said quadrilateral units
being disposed between the pair of triangular-pyramidal retroreflective units, two
being at the right side and one, at the left side.
Fig. 14 shows a plan view of a retroreflective device in which a large

25 number of the complex cube-corner retroreflective elements as shown in Fig. 13
are disposed in the closest-packed state. Fig. 14 shows a repeated pattern of
forming x line group and w line group, in which one w line is formed between
two parallel x lines and between the next two parallel x lines, two w lines are
formed.

30 Fig. 15 shows a plan view of a retroreflective device in which the angle
formed between the x lines of the device as illustrated above and an outer edge of
a product formed of the retroreflective device is 5-85°, preferably 30-60°.
Outer edge of the product as referred to herein signifies, where the product is a
thin sheet-formed retroreflective sheeting, the longitudinal edge of a wound-up

35 roll; or, where the product is an article like a thick-walled reflector, the edge in the



so that the angles beconme uniformin all directions. By conbining the zones
in such a manner, entrance angularity in horizontal direction a dP

per pendi cul ar 25 direction and directions therebetween can beﬁlglf]ir}]]i{ AR 3006
uni form zed. The nost favorable retroreflective device according to the
present invention is a retroreflective dgvice in which many conpl ex

cube-corner _retroreflective elenen ch co ris first and. se ond

tri angul ar - py1CaER @l lrteé"tl?%i"@mléﬁ‘rcr&‘?\?é‘t?frﬁ%tg ; Gy hgee tihsgw ducthas @ cicular

quadril ater al hﬁﬁé rtﬂé 8fan@&td dfzcUnhy Be tIRE RngSMtidlilRRAAGHe hBritbftaFdRe@ /I Packed
state, said being characterized inthat all the quadrilatera
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retroreflective é ave ro I'On-sy rica apes wher e 't he

poi nt of isnt ee&etetﬂe@ﬁveﬂealcpes pe8fli, puéferatlly B6—60gentrancsaihdabtyFaBRIARY 2006
23 apex (H fo the quadrilateral retroreflective unit having one base |ine
on x-x' |ine OPPRINRIONEdne det er ni ned by x-x' line group is made P and the

point of intersectFign]16fhbRe aGihn Wéw 8kh® eﬁémpﬁléf retreedfldctitvedalice which
retroreflective unit with said Sx plane is nmade the optical axis is

tilted by 5-Jd@sifirstane(s)raadisceond a@rrﬂ(s)h the angde £01m6fd ketuigen apgxidare efithe

di st '
[ ne to the duehRbrs dd i M 4# uidecbRh Dhnch g 521 245 bR RIS RO GEM X~
quadr i | atier al Thestwooz@felsact combinedtinisavh agnanmer tfat mhesaﬂ:gis éoﬂrmcnblsy mh lins aif d

x-x' line, hx, equals hw, by equal hz, a he r hx i.S

651 60 aniné Tt rbmn dndntic KR eaf 1o o intanlt koameg. Bt BaC eIt | o
groove groupssetdird zMye andZ tRshtddgdak eom wﬁi@hwe &rsﬁoyed 1anep@ﬂﬁvé’Vplit'télﬁ gr oups
formng the trlangu ar retrorefl ective units or the quadri | at eral

retrorefl ectl ve unikig; 13shpwsgtplan yiewypbaw exgnplepiredrareBectbie dayaes st i c
bot t orrs. %1?1%5%' ﬁrst? eear?d)g@:l ﬁﬁ z%HQ%reC rﬁﬁirneﬁ% ?%&?écﬁﬁﬁt{e‘fﬁ Aheghiangs and

15 retrorefle ive ar es 0 resen I nventi on can be mahufactured
with cube- cmatmerrthdtdhagng]ee[s]l]efgqc fisst meh@afdrmedbeith tbenoxm:mtige evEYSed

femal e pattern f co e-cor ret. efl ectiyve .el gnents are arranged
in cl osest - patde ge agg%ﬁg%ig%ﬁl&gqqoga&opﬁV\flﬂbilp&uée-grcﬁdrg@ 1? i'nscri bed. By

hot - pressing a pli abheh a r@xfisafaéevd @slice ﬁéﬁﬁ% fRXCRNk(d) AndReOMd £ie(s), x1
transparency and unifornmty as described 20 Tater against such a nol'di ng

di e, the pat tlnerofithe drstomesmdrileling ef the seeemd zeng fmnt an angle afSsildStin
over e 9 s 804503 S SRS o o GBSO RN TR
exanpl e, 20n ehrdciiens end ddeuﬁrﬂaﬁlerﬁbeayé’enz by@éntboning said zones.

Furthermore, the retroreflective device may have three or more zones, in
which x-lines of each zone are selected to form divided angles with the outer edge
so that the angles become uniform in all directions. By combining the zones in
such a manner, entrance angularity in horizontal direction and perpendicular

25  direction and directions therebetween can be still more uniformized.

The most favorable retroreflective device according to the present
invention is a retroreflective device in which many complex cube-corner
retroreflective elements, each comprising first and second triangular-pyramidal
retroreflective units and at least a pair of quadrilateral retroreflective units, are

30  disposed in the closest-packed state,

said device being characterized in that all the quadrilateral retroreflective
units have an identical shape and mutually form rotation symmetrical pair as
rotated by 180° to one another, said complex cube-corner retroreflective elements
have rotation-symmetrical shapes,

35 where the point of intersection of a perpendicular line drawn from the



Stamm A net hod anal ogous to said nethod can be adopted also in this 25
invention. Specific explanation is given referring to the COWH?%%{ARY 2006

cube-corner elenents as illustrated in Figs. 9 (A to 13 (B)
substrate with a flatly ground surface, V-shaped parallel groove groups in
two directions (e.g., inthe directions ¢f y lines and z lines in Fig. 9

(A)), the groove groups hav 30 identical,. depth (by hz) and
subst anti al | wg%ﬁ%ro?iﬂaeaﬂu%l'ﬁ@@r detrp P“%%’é?’a}i% onehase {ig ongiet ifon
pitch in eachyf} IRKCHLRN de@HARKR BERLE 1R Srouphs hadEIManPtHeBoinédd  mut ual
crossing angle of said grooves béing determ ned according to the

confi gur at i oninérsessionrafdhe optipyuaxas obsaid ahadnlaesel istroreilecsive ot withwpidh a
super-hard c 0 sten
35 car bi de) h%%bfr%gegso%odéé the ?@ﬁ%igggé%{ﬁggﬁgyg % G%EE%%JX&WS%@?E hen
anot her grsouphﬁfermeaieheéen Meshapﬁcb (g;)tfmmx—hahnelgo thegeoint Qegnidithé distarmed
substantial ly 3§mretr| pg s SGC%I on,o(are sokcut in. t%g thlll’d di rection
(x-di rect i on)(PA3TqR XpXs ine er‘R(EPE dtS-ddsPAaKes 2 positivedy) YlUehe previ ously
formed V-shaped gr ﬁpl‘h@ﬁwaﬂnl/atéyal Ratdrefle@nd wmifhd|ag iond of UGibage finsd Bh | ar
super-hard 5 cuttin ool having a point angle of about 30-110. Moreover,

the fourth greigphx— léf line, diragsmial g wolnesquals biz.rangk themytimal hngo dydepd—(rw) are

cut in paral IEFH with the V-shaped grooves in x-direction at such a
repetition pi dh as to divide each pitch between any two x grooves into an
i ntegral runber of pmonglthq)whsmntimllwsymmﬁlﬁeal Yisshdpedi paiahlgl goovelgaoipsg a

poi nt angl e sj ot t the topl used for,t cuttln t he. V-shaped
grooves in x- G}T}?’ chl te&nég Cﬁﬁ Kinvent Bid W 3 ?f W@géﬁ%oves in
x- and w di r egfahgillar fé’ti‘oreﬂ%tl\@aﬂnlbﬁoﬁ fhe q%@&ﬁla\t‘érbhrétﬂﬁéﬂ@cftl\lehﬁntsgHDIQHQS iny-
and z-directions (hy or ﬁaor can be made deeper or shallower. In a

preferred enbd gieave groumbaysy Bataartquadiatisthadipmsaher e a wi ndabl e, pli abl e
sheet - fornmed produc t g n are
15 20 cut as Lo mah BRs: BEE Conldl fiRaanat: ﬁ%@?ﬁ%ﬁ‘%ﬁk@%&@%@ lusi ve
of the marty haserdfiertive @xtiodes of yhegfresdnd irnmmyionmaplbsmnamféenmcdlmth
retroreflecti v el ementidgro ectin on@we é:];t)mmnlil €(é_Sx F’S %l |ces
(KL, +D) of <cHPE-CarBrpmeldiBEsls: g et Spel PaYhiSh Teyereh rpele pattat 400
m in particubdompleR cdBE cBindrit@brefletfive SRmbAls irerﬂrra'ﬁ@@dd@md%eﬁfpdck@d

V- shaped grooves |n y- .and 20 z-directions nay be same with that of the

V- shaped gr oo§ asslescribadeiat the rforeﬁpmgrﬂﬁynmbﬁddeBg hat-Pesssng @pbabﬂé, the depth
P07 4, o sdNe s ehE el SputOtaRs il i duPioRR AL A fibed are
to, or difof erlater agamﬁt sutched rm»ﬂdmg&11grtbc)pet$erhrinsor'rhﬂidrmr:t}ieaﬁe is transferred to
the resin in reversed form, to provide a desired product.
A representative method for manufacturing above cube-corner molding
die is described in detail, for example, in earlier cited US Patent 3,712,706 to
Stamm. A method analogous to said method can be adopted also in this
25  invention.
Specific explanation is given referring to the complex cube-corner
elements as illustrated in Figs. 9 (A) to 13 (B). On a substrate with a flatly
ground surface, V-shaped parallel groove groups in two directions (e.g., in the
directions of y lines and z lines in Fig. 9 (A)), the groove groups having an
30  identical depth (hy or hz) and substantially symmetrical cross-sectional shape, are
cut, the repetition pitch in each direction, groove depth (e.g., h in Fig. 9 (B), and
mutual crossing angle of said grooves being determined according to the
configuration of desired triangular-pyramidal reflective elements, with a
super-hard cutting tool (e.g., diamond-tipped tool or tool made of tungsten

35  carbide) having a point angle of around 47-86°.



25 As the substrate suitable for making said mcroprismtic master nold,
nmetallic materials having a Vickers hardness as defined by JIS Z 2244 of at
| east 350, in particular, at |east 380, are preferred, specﬂ?FEBBQéHgI?é’Q‘S
i ncludi ng anorphous copper, el ectrodeposited nickel and alum num and as
alloy materials, copper-zinc alloy (bras&) copper tin-zinc alloy,

ni ckel -cobalt alloy,. nickel-zinc %t?p um num al

a | oy. As the
substrate, syntheti Then another grpug) ‘ﬁs\écﬁ%aﬁﬁ SFP%VFéfh@VH}g/%/S%{P%deW?ose
having a gl as%x§ ﬁﬁ‘(ﬂ‘§u‘t§dt£’rﬂ1d¥8}' Ymbtrital 1:1%@§-Tsec]tﬁﬂlcare'sﬁ i tHehad dirdctibRast
200C, and a Rockwel | hardnéss (JIS Z 245& of at least 70, in particular,
at |east 75, ({odiregiising agL@naSSrtbgwérﬁeéh@@ Mhds, Qlre3) of %@mréwsmalm forged he

cxampl s of - usaraped B il Bg sBURE oo s s ot sppBiaRict ©

t et rapht hal ateuttieg towd hapnigyd)pbmlt anglepjﬁalbahaB@e— T8 nMorpovergthreonetherouesi ns,

pol yether sulon raas g ooRt (SR bhl e e R i Bebri Rl e

5 pr 0cEsS1 g 10, 01 M8, et Al L1 € Cat1 g On 1 La SurTacE. - Upon T enovi hg the
metal lic coddtwgen poyfwAE graSYes InfoPA Hstggmaée@mbgr AEPBITRY RArts, &vithoa be used
presant | ventPEh Te cFHETARNA e § Bl SEHE CIRFLY I, GpLURM £F © the
conduct edio f ccuténgtip ¥;shaped @radviss 10 xadjretion. shi thelmrasamft 1mwaﬂtxe>ln depthanﬁt e,

under such conditions .as a ectric As the
Format; on r atBearoRieS R v ABR MBdieayess (veo vy anings e Binte b thifiane  han
about 0.02 mMmarabveéssinSyli dndlbi- alré@tﬁoﬁsr(wldﬂlh@goﬁcmbé aiade Repét dSIOSﬂQ'IlESWéH ayer.

At a formation rate greater than that, troubles such as [ack in surface
snoot hness or for el @)ﬁr‘?fﬁﬂl@ﬁélhqd%elﬁi&ftth? Rresgat gveptipni Bhered vidable, 15 are
apt to be ca f [

Vi st o madp Bete Rybiiéd RARER RnBREShE S AR b BHG LeR e, .,
die for neki rug)amaemdmaj:erthe distmrcee(h}:bem’m‘enrtheglatrlnee{Sx—EBharmtbusafe qﬂthe al

el ectrof orned_di eg 21|1 d)n%{jt om on ri smatbc mast er a.fi Thus
manuf act ur ed BRBY BASG WS or R TR N Y R SRS b

assenbl ed andel@ﬂ@ﬁ@q;rbjecﬁng ioRahe @bﬁm%rzsasfegsxﬁskqlm APi&SsqQPI T, Q{@tdfcsaﬁhee'[ i ng
of synthetic resin. a nmeans for_the cut end surfaces may be

si nply press%unldgalcnbe cemrdi refroretlectye @h@i%pmrnéoxf’é}q Mg fn awﬁ&ybénm y may
be wel ded by Cc an@ar bon
di oxi de gas 2%09@@ ﬁi@%ﬁaﬁ 166 %i(?ﬁ %@i‘e%bﬂi%he%ﬁqéﬁe?ﬁﬁro\%%ﬂh@g and

20  z-directions may be same with that of the V-shaped grooves in x-direction, or

may be made shallower to give the depth ratio hx/hy or hx/hz to fall within a
range of 1.05—-1.5, preferably 1.07-1.4. The depth of the V-shaped grooves in
w-direction may be the same to, or different from, that of the grooves in
x-direction.

25 As the substrate suitable for making said microprismatic master mold,
metallic materials having a Vickers hardness as defined by JIS Z 2244 of at least
350, in particular, at least 380, are preferred, specific examples including
amorphous copper, electrodeposited nickel and aluminum; and as alloy materials,
copper-zinc alloy (brass), copper-tin-zinc alloy, nickel-cobalt alloy, nickel-zinc

30 alloy and aluminum alloy.

As the substrate, synthetic resins can also be used, which preferably are
those having a glass transition point of at least 150°C, in particular, at least 200°C,
and a Rockwell hardness (JIS Z 2245) of at least 70, in particular, at least 75, to
avoid such inconvenience that a resin softens during the cutting process to make

35  high precision cutting difficult. Specific examples of useful resins include



The assenbl ed el ectrofornmed die is used for nolding synthetic resin, as a

synthetic resin-nolding die. As the neans for nolding synthetic resin

conpr essi on mol ding or injection nol ding can be adopted. ConptEEBREARYAS g

conprises, for exanple, inserting a thin-walled 30 nickel electroforned die

prepared as above, a synthetic resin sheepsof a prescribed thickness and a

silicone rubber sheet of approximately 5 nmijn thicﬁness,as a . cushi oni ng
HhelR

material int PAYEhHsnedelr Eﬁfﬁglnﬁflé‘%l¥bWIeélﬁ nhikalpledrsingaralycargonate
prescribed t Y } A : i r ressure
B 10n 20% ¢ Ha e R R B A e
heating and 3%lpetbewsifon reginsapalyathes imidesresing @nd sglhlase tdacstatagesins.ar ound

180- 250C ad 10-30 6.FE Y for.a ' :
Thereafter the pr esgﬁPg%@%eﬁ?cgoﬁﬁ%ﬂﬁée%%p@g 1?&#@%@%?&#@?&1}1}{1& t he
pressurized cgriodedsimto fand & memnlliheopingsalitesurfacee! Epsadetnoving the ntttaléic
prismatic nol ded product. The injection nol di Tl%ééan e coaguct e(il using a
Ehi ok-wal | ed SAENEioBHRS MadteeUISUHRES GiNER N dierigrtisatsegyfof molding a

above- descri ednpRk Rade 23R refr@fe%%{i%‘sﬁ@%'tiﬁggﬁ éi‘é{/f%e%ff(iﬁ’é Pieentidvasssrised

practice, and a customarily used 1njection ing machi he. In that

occasi on, an pmyaledi on nol ding nethod wherein a nobile die and fixed die
are kept under presgu ri i l. e e.di oOF an

i njection conpressi gnné%lee?%loéﬁgaeg&g{edfg%%%%e%%\g\ﬁ%lgcglg(?frf %)g%%gb{r%bg?bg%vc}i/g and
fixed di elpar eaquebugiolation of midel selfandte] heddrautkRondsionsias arq@aut 46°C fdugh a
m nor aperture[%)/pélgrrte(il and thereafte he systemis pres

t urized. hese
met hods are sUIA/SBY 1gire cHFRE | Y5 ibe Toemation fa eﬁelﬁﬁtrp%@am gqr e.g., a
pavement - Mar kafam/bl GRS fadbioiian AbSufOY irhrtifbitatt kadhrel rihg RhalfRd di es

made by 15 the ove nethod can be bonde y af orenmenti oned werl di ng net hod
to forman esledteaformed daygire At feimatonretengreates than that, trasbles suehtasdeck ol |
and a cooling._r t i i ,
bt o oont napisace Mhoofiieds B foriibn! ducheltlvetieft AREARTTIMAISH

| east onelssi ldreapetaied tausedol ed on the cooling roll to a tenperature not

hi gher than th I iti int, d,20 stri d.off .fromthe belt
i 0. Thus & cont | nubhs FEGRMETAIRAeFatned dikmpde T8 dnkremAGTaRer

embodi ment. ofmal et HiRrialeR!RLALS 8 RHBRIERHAPMaster UTOf R thAGhL ecteet | ng

and retroreflective device_ of present invention shall be expl ained,

referring to gdneratianrdecirafosmedslags. viTbgresonswnlural glgefrofogmedsligsrcapiy, 18, the
nuneral 4 is cli . in which the conplex cube-corner
retrorefl ect iIg%flegFﬂg%é%%ﬁ{l%?%asgﬁﬁﬂg. present invention

20 Thus manufactured plural electroformed dies are precisely cut, and can

be assembled and bonded to a final die size for molding microprismatic sheeting
of synthetic resin. As a means for the bonding, cut end surfaces may be simply
pressed against each other, or the joining parts of an assembly may be welded by
such means as electron beam welding, YAG laser welding, carbon dioxide gas
25 laser welding, and the like.
The assembled electroformed die is used for molding synthetic resin, as
a synthetic resin-molding die. As the means for molding synthetic resin,
compression molding or injection molding can be adopted.
Compression molding comprises, for example, inserting a thin-walled
30 nickel electroformed die prepared as above, a synthetic resin sheet of a prescribed
thickness and a silicone rubber sheet of approximately 5 mm in thickness as a
cushioning material into a compression molding press which has been heated to a
prescribed temperature; preheating the inserted materials under a pressure of
10-20% that of the prescribed molding pressure for 30 seconds; and heating and

35  pressurizing said materials under such conditions as around 180-250°C ad 10-30



are disposed in closest packed state; 3 is a holder |ayer which holds the
reflective elenments; and the arrow 11 shows the direction of incide
light. Normally the reflective elenent |ayer (4) and the hoﬁHE$B$ﬂ9§$(¥@?
forman integral body (5), but 30 they nay be a |lam nate of two different
| ayers. Depending on the intended use of2@& retroreflective sheeting or a

retroreflective agticle of, the present invention .and,t ci rcunst ances
inder whi ch (hay et ySul 2 BIyRL. acd e REERy DERs ifRorbdTo Foq RDRASEE (o)
to convey i nfihil@hiaditaidng the Sreeduridedicondifionl hind Hedr the PréfRarsRaeldasd to

bi nder layer (7).to provide an ajrtightly sealed structure to prevent

infiltration RIPVisk aprigpatiomoldedproduet t he reflective el ement | ayer,
support |ayer (8) t 0.k : ide er (7); and
an adhesi ve | ayer (gglév&tﬂ?ﬁ@ ﬁ%gqlﬁﬁggﬁgyéﬁx?%)gé%%%ga% h@ﬁ??}vga'll%%ihe
retrorefl ect iatectsifosnedgiakel divevhishroaseormed byghanbovd-desaribedanétbod as an

structure, can. be provided. The prinpt layer; (2),.can he install.ed normally
bet ween the SHHFHER r%&éf'n&(glgtaic\(}%rq?%\%/gorac(cfgg%gﬁ%a%tﬁcee’ ﬁg&gecrus Oé?laé?ly(uéfgor on

t hfeI surface th&cﬁ@hiﬂcﬂdirﬁg{%aclgihb. H{]thhhquaeﬂ‘dn,eﬁﬁ ligjBctser frtdingfméthed
reflective el ement |ayer (4 such, ordinary _neans as, gravure, screen
printing, or Wheejnea vw%ﬂlﬁtdlmng Wﬂsﬁ 8iq 378 ket Wrdo Presspra QUi PAHIRE m@ﬁrzact i ve
el enent | ayer..(:4): A E : i i i

cati st es. ol 1'Sh T e diey, OFan i3EElioh Shmbfesfit e AL tRdopRi Bhekeln | e
present iliverthe ombilendic hadifixgdopie acanot gisers p pressuse antbtheonoldemudsinyisi s

f d. Exanpl f the | i al ful f he, | i.on . includ
polycar bonat dxpaes roueh g nliRF Gbp e 8 andindrs o TF v @Rin pPEsHIGE oo n
pol ystyrene rEgs8 mdhbydesieauitabRi partifhluely foremaRingahivddwatied produetsy elgfa n

resin such as polyethylene resin or polypropylene resin, cellulose resin,
and pol yur et HRaYEMEHt PBEKST. Furthermore, with the viewto | nmpr ove

weat herability, ult i t thi QS L QX1 d the
| i ke can be used ei%ﬁ)\élﬁ&?@r’nﬂ??@?ﬁg?ﬁﬁ ﬂé%ﬁ@?ﬁ:‘%?@%& élﬁﬁg"g‘?‘ﬂffgﬁigﬁgﬁg?g ni c
¢

pi gment s, 15i ndhgahove pieghmshean bé bomdesshyeaforementnanedsy eldyres methadotocfocmran dyes

as col orl ant al sp be cont ai ned.. For the surface pratective.laye ),
the sane rosiats bERAE SHRERE BEteRh et (T heTo R apRingish abd) e
used, which et iOworthebaltielc vh tie hedtingavliphwlteaRyatheet redihaf Qsgpaded! i zer,
anti oxi dant and, the |ike which aﬁg be used either si ng|y or. i n conbi nati on.
Still in addilfisBEct foam BiEsSWEdaAided prighaideast onesbicpasitellprepied ey, the

fl uorescent gggﬁﬁgtrén 18 % 88mpElatPeaRi Bighet Yigh megmetréﬂshﬁ@ﬁoiﬁ%eﬂ ant may

be i ncor porat ed 51t I's a general practice wth the reflective el enent
| ayer (4)200f stippestefddram thewbelhdieon Thue apootindeusasheat-fornagdeprodeyt drmrbend t he
conpl ex cube-gor.n retroreflective elenents, for enlarging the critical
angl e sati sfyol(iﬁ%ng‘ire t ot al

Now an embodiment of a structure of preferred cube-corner

retroreflective sheeting and retroreflective device of the present invention shall be
explained, referring to their cross-sectional view shown in Fig. 18.

25 In Fig. 18, the numeral 4 is a reflective element layer in which the
complex cube-corner retroreflective elements (R1, R2) of the present invention
are disposed in closest packed state; 3 is a holder layer which holds the reflective
elements; and the arrow 11 shows the direction of incident light. Normally the
reflective element layer (4) and the holder layer (3) form an integral body (5), but

30 they may be a laminate of two different layers. Depending on the intended use
of a retroreflective sheeting or a retroreflective article of the present invention
and the circumstances under which they are used, a surface protective layer (1),
print layer (2) to convey information to a viewer or to impart color to the sheeting,
binder layer (7) to provide an airtightly sealed structure to prevent infiltration of

35  water to the back of the reflective element layer, support layer (8) to support the



internal reflection conditions. To prevent such troubles under conditions of

use as decrease in critical angle, corrosion of netallic I ayfﬁl‘}ggHéQ&h%Oio%e

due to 30 infiltrated noisture, the reflective el enent |ayer
support layer (8) are airtightly sealed by a binder layer (7). As neans for
this airtight sealing, those descri bed inzl;JS Patents 3,190, 178 and

4,025,159 and, JP- Ut ility Model - 2866 t he
feotn Lo be JaBder ek (75: B AR ATREY: oS (9) ek ApRengs faer CLOOr aheriNg oot er
resin, alkyd fiestflorefRRYYe %ﬁéétmgadtothé h&réﬂeh@cﬁ@@a@@l@%@th@@n@&rb h&@nb
FEBRUARY 2006 28 bondi ng neans, known thernofusing resin binding nethod,

t her noset ti ngWE%ﬂVhdedm ndi ng nmethod, ultraviolet curable resin binding

rethod, el ectron beayg gmﬁré@e&r@{fﬂg@@a 409 baRgedithelshifGocan be

swtably adopted. T in t e’ present |nvent| on may be
appl i ed over pﬁtetdm'edalyﬂrr(é) snd fhecleoldér kalyer SQppontthé ayleface(ﬁx)oteajrvedayert(é)

o ement | ayerot by T6fiedon ety Ry amby Thist PusSit Sidibede: o1
el enment | ayer eria
for consti tUtin@Qné&@gt%Uﬁféors&rebﬁ%rﬂnuh? oifﬁﬁk'—ﬁﬁipnnﬁﬁgl ns for making the

retroreflective elenent |ayer il ormng resins in general, 1o fibers,

fabric, nmetallic foiWhig t}wuag@nghﬁqx ra%klag saidieApelde elemant byyea(dandum  whi ch
can be used epliher lazﬁ‘gjﬁs Bbt éﬁ'tl 5‘@ hOfts t-m?e ﬁﬂ@?ﬂl%hﬁlﬁ% ﬁgbf H’?eﬁd for

adhering the retror trve sh rore artlc
present i hvenvbjoctsdnbeo aobicaktiby tbé pt@pnmadnﬁnmarmh,e hayirgseptsded étansperesdyi ¢

sheet and the |jke, and 10), for the ad ive 15 ¢ n be
St el sel e iSnp ity R e Y &Y Shick ok Glagirl sREHE Farife Iy o
sel ect ed anpngcRIRTOIVETBEMEE késie, \aﬂplaﬂﬂme@e re3RR{mee)attylicaeddNEsdxyagsin,
crosslinkabl e adhe5|ves and the Iike. npl es of pressure-sensitive

adhesive i ncP u&tyweyaémypalt\/éstaggqsm,.ﬂmm@ htangé ey, RApICHRdesiR SHEh
acrylic acid asbage yRE e B WoprBfyikhet&in ?ceﬁtlmgttl@giwargfﬁaﬂ:yﬁtﬁ%aceoocty'

acrylate, non ate and 2 . ke W t’h acrylic aci tate
and the |ixke; resml i Eurtbenaelim“aggﬂhat\tlmmm ﬂnprcamdvealbhtabﬂetggllu*amdﬂt s. As

Now anot her  eitsotrrero o steeerioBRlt Pl SRR e u R Y S oo

retroreflectiysmbingdbhNgAay df%ﬁ@ﬁ§6fg%ﬁid @nintd, ¢h&rg@hictpigmehes Ebrdsdy@nt i on
is 25 explalned referrln to Fig. IS a cross-sectional view of the
fl)éessaéé‘@i‘i’

enbodi nent . mengs, dyes, qt@tc‘&pt rantreay Pee bgeonyRed.(12) s
provi ded on the SURh Hfacssu‘?fac%g)‘?ot%l:ﬁ@?ﬁ?é 12yfﬂaesahf‘cfﬁ'e§ﬁtésvtt‘se§'f6m | ayer

(4), and an adhesive ayer er are lamnate and in

di rect cott actetmirtfhgctiveel epentibper 4) can be used, which may be incorporated with
ultraviolet absorber, photostabilizer, antioxidant and the like which can be used
either singly or in combination. Still in addition, various organic pigments,
inorganic pigments, fluorescent pigments, dyes, fluorescent dyes and the like as
colorlant may be incorporated.

25 It is a general practice with the reflective element layer (4) of the present
invention, to provide an air layer (6) behind the complex cube-corner
retroreflective elements, for enlarging the critical angle satisfying the total
internal reflection conditions. To prevent such troubles under conditions of use
as decrease in critical angle, corrosion of metallic layer or the like due to

30 infiltrated moisture, the reflective element layer (4) and the support layer (8) are
airtightly sealed by a binder layer (7).

As means for this airtight sealing, those described in US Patents
3,190,178 and 4,025,159 and JP-Utility Model Showa 50 (1975)-28669A can be
used. As the resin to be used for the binder layer (7), (meth)acrylic resin,

35  polyester resin, alkyd resin, epoxy resin and the like can be named, and as the



reflection layer (12). The cube-corner retroreflective sheeting or
retroreflective 30 article of this enbodinent do not require an air

because they retroreflect on principle of specular reflecti O%FE%RHARg?'I@Q(SdO
not require any binder |layer or supportlayer. The netallic specul ar
reflection Iayer (12) installed on the ebgnment surfaces in the reflective

el enment | ayer of the prese t ention. cover, t entire. regi.on of
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during the vapeitifiepReidd. on step, and al so the resulting specul ar

reflective layer (12) shows the fairest color .tone. appaaat
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formed of a bas she t .and a surface ctive layer which is |am nated on
the 15 |ight Mt f‘éﬁ’& SUgY QEH %cfrgé ﬁm?)ase sheet; a take-up wi nder for

winding up the ori grheatih@srwemyeh(a%tusea mhadmarﬁ@shbeetmoreﬂeuum sleRaidgtoron
treated; and a heating systemjnstalled therebetween V\/mch i s capabl e of

fusi ng t he alliﬁ’FﬁOFQﬂﬁqterea'tl 1gefiihe presepicnBeRion entogretallicplate wrosk qardpyr e
al um num pel | %f% t}?e\r%l : sglcangtt #nd @k 1@@ hie@ate ﬁe%h%g m%@@bff&%e 'aHhésli'@e

graphite cr uc vapori z under 20 tHe ton I ons .g., an AC
vol t age ofs 35mﬁm)sunabh5n8@b@edlftomkuowennat@flahsl5Th2(adh¢xs1'a¢1da1abc semblyig rate
of 30-70 nf'm ori ul ar refl ection

yer (120 cumeettd mnE praRRH- iRl FRET S e Ry TP B Ples. ol crvont o at

a thickness ofrosdlinkabladiesive8@fid ZRONkA. Baniplagpl preskigcaicnsitiveradhbgve
particul ars of fhe present i nvention aje. expl a'(?;gﬁ nore. specificgll
referring to Wekudemry E&EMIﬁFee%g glpingds ABaincdense RUYMREEINGHETY i dcif ep Fis

not 1imted 0,k biAMRACODl oy IRERA ok fégﬁsto%te:t}fsl%gfeﬁét%f hGifl 28fTa%nd

Coefficient of retroreﬁeectl(’)n referre i f1tation,
particul azo,  the like, with acrylic acid, vinyl acetate and the like; silicone resin agglutlnants

and rubber agglutinants. As heat-sensitive adhesives, acrylic, polyester or epoxy
resins can be used.
Now another embodiment of a preferred structure of the cube-corner
retroreflective sheeting or retroreflective article of the present invention is
25  explained referring to Fig. 19 which is a cross-sectional view of the embodiment.
In Fig. 19, a metallic specular reflective layer (12) is provided on the
surfaces of the elements in the reflective element layer (4), and an adhesive layer
and a peeling layer are laminated on, and in direct contact with, the specular
reflection layer (12). The cube-corner retroreflective sheeting or retroreflective
30 article of this embodiment do not require an air layer because they retroreflect on
principle of specular reflection, and hence do not require any binder layer or
support layer. The metallic specular reflection layer (12) installed on the
element surfaces in the reflective element layer (4) of the present invention may
cover the entire region of the element surfaces or cover it only partially.

35 The specular reflection layer (12) formed of a metal such as aluminum,



in Exanples, was neasured by the follow ng nethod. Using a refl ectoneter
"Model 920" of Gamma- Scientific Co., coefficients of retroreflection of each
100 mmx 100 mmretroreflective sheeting were neasured foll Ry 2006
E810-91 at optional five spots, under the angular conditions of observation
angle, 0.2; 35 and incident angles, 5, 102920, 30, 40 and 50. The nean

val ues of the FEBRUARY . 6 30 asured val ues e Jndi aIe as,t
coefficients Qﬂpp,ﬁgts 8%1“11%@?05%‘ ]f‘geﬁ%n %%nggopzqer%lpgpp 10, grgﬂfecg]“ ng.

Al 'so for conpgemsfflagbr Qi)ScﬂTtH@bbﬁ@lexaéiﬂiéL@frhéﬁ/r,eu@)@@ﬂédtﬁﬂe%ﬂbétn@%
retroreflection at_an incident angle of 5 and _observation angle of 1.0 were

nmeasured. 5 JEkgrgilesctive d&wcar@ethﬁ@ﬁ%@m weptamabyéuclvme@nﬁéaVg@lamérae%ups of
synnetrlcal (5] t 1T na
Phpeti 11 ve paties RidH Ehpftal YRliRett sphledng | GF He8gntatls forbrotfingtaid B
with a flatl ysrg:mlandeﬁwfvadeyem(nlﬂh \mpoadcpcmmdﬁmeamednguﬂumnglm ts_ol havi ng a

point angle of 83. 11.,. The i t.ch of ' V-shape 120 LN

it ect fon amgo e Pactit shERapAHsi i ShpRianlis AR o dsPRY finifimiza.

p. m gnd cr os@leﬂgaladtqb38 %gﬁioﬁA bﬁth‘é—@ﬁ@ﬁﬁlécﬁﬁ@@l&x?eﬂt@duﬁnglItlﬁ@ﬁ&pdilﬂe‘ﬁbﬁlhofléhosel
in z-direction was n I nternedl ate con |gurat| n own I n g
was formed. 1geE@disaBicaesdfisgrpecpoiatlestvatiar () Siwwstb@galg@séewg wer e

cut in the xggkrection in repetitive pattern with a dianmond-tipped cutting
tool having a symmetrical cross-section and point angle of 40.53, at a
repetition pitch of Avadpparaius bisigebde foromngiguotis 8gor tdepositiod af@lymenvh shaped

depth of 100.0 i d i ng.t h int
of “Tntersect i BieBr reltedion B5KiTug) pifetsGr SIVEUmE R Frict B rabiGrboves
to formon samdinbdiasy @Hag@e of&ayuuralag afdundotd @ 1Y rafiHialsafdbeuaar ner

el enent s arranged in | osest - acked S ach el enment faking
i nt er nedi at e ¥<G8¢! .3@99@@ tipg t Plrenrugtf?ea@égoq% &m@ areonaiwéf@aWéhe%tmg |

anot her grouprpfeR@ral 4Rk sNed Heéj%ﬁfgf%@ StebGVEl {-vdhnch"‘ls lgﬁlﬁﬁ&?hht‘ché’ €

pattern in the wdirection wt d-ti ppe cuttlngto avin
symretri cel  cliglgensrencé side antface pbsaid baseghecta take-8p wmdelafqrapadmg u_mthpl tch

f said V-sha d d h h_of
100700 m * cannip Lanth hrainesdFishdls T Balf-dsn EBRLA I8 e TSl

adj acent V-f osrym@ln inptalindethetobetivetin whichds cagdble of fudifie thy damiph@tia a2 nmast er
nol d according to. the 30 present inyention, fornmed of a Iar e nunber of male
conpl ex cube-&3Phite cryczh! FdY‘él’F pR electrc Beatee nPureMPERNYRRE] ]GFSS 4BgaiPyrithe

cl osest - packegr #18489999594 are put in the graphite crucible, melted and vaporized under
20  the conditions, e.g., an AC voltage of 350-360 V, an electric current of 115-120
A and a treating rate of 30—70 m/min. With the vaporized aluminum atoms, a
specular reflection layer (12) can be deposited on the surfaces of retroreflective
elements at a thickness of, for example, 800-2000 A.

25  Examples
Hereinafter the particulars of the present invention are explained more

specifically, referring to working Examples, it being understood that the
invention is not limited to the Examples only.
<Coefficient of retroreflection>

30 Coefticient of retroreflection referred to in the specification, in particular,
in Examples, was measured by the following method. Using a reflectometer
“Model 920” of Gamma-Scientific Co., coefficients of retroreflection of each 100
mm x 100 mm retroreflective sheeting were measured following ASTM E810-91
at optional five spots, under the angular conditions of: observation angle, 0.2°;

35  and incident angles, 5°, 10°, 20°, 30°, 40° and 50°. The mean values of the



pl ate, was prepared. This master nold was fornmed of an array of the el enent
as illustrated in Fig. 10 (A), and the nunber of V-shaped I G MR @gR 2006
wdirection between two V-shaped grooves in x-direction was one

formed conpl ex cube-corner retroreflective element pair, the 6 FEBRUARY 2006
31 height (h) fromthe apex (HL1l or H21)3ct o the base pI ane (S-S') was 100

Pin. The tilt angle of .each ti al is of this c | ex be- corner
retrorefl ect i’W’é‘su’g?Ide‘f?é‘l‘\%s g dn lfgt dﬁ‘? ﬁ%%&’reﬂ?%%# reé‘i%?ti‘g& tﬁtgl “three

| at er al face%&déﬁl%td'I‘é%ké"fgactsze%hé&fﬂgecww@f@cﬁﬁﬁﬂiﬂ%ﬁrcﬁ’db@&‘ﬁiah@hl y 90. 5 The
cutting paraneters used to nake the nmaster nold of Exanp are listed in

the fol | owi ngngalapith coefficienia b detgersdoeison at gpmcpdent ang &rﬂf ﬁ/v-atﬂdr ections:
100. 00 m an%'b@er%ué/nﬁﬁgféﬁﬂ“ 9HORR nfer&feﬂand z-directions: 83.11 angle of

V-shaped grooves in x- |rec I'ons: 40.53 10 pitch of V-shaped grooves
iny- andsz-di rect| ons: 201.46 m pitch of V-shaped grooves in x- and

w-di rections: Iﬁ u CI’OSSI ng angle of y-directioned V grooves with
z-directi oned 8\} 38.21 <crossing angle of y- and z-directioned V

grooves wth x- d' r e&ﬂa@@&ﬂlrﬁberlﬁpﬁfQW%forﬁi&ngbbé gmlgiseofm‘yrm‘pénrmal axes:
15 Using this brass nmaster nold, mal e cuge corner form g ttrfrié
reversed confCif‘gfﬁrS&PFl@ﬂS Wﬁﬂ’ecgfmh’réll’é@tl%dﬁr Bﬁ?téﬁl‘l?ya@pémlf’ Patt ?ﬁn\r%d' t hod
20 using a s %ﬁ%Lﬁo%"ph% R bl Qhafl brasd %la'ﬂe Wﬁcaeﬂéﬂl}agf&ﬁhd SOPARE8FFh ON

nol ding a 204 mt ycar bonat e resin sheet | on~ TVH3000, M t subi shi
Engi neering Al distiond- tlppéd)cumtsmg\g)cﬂ hiagingo mlngamgle Of@ﬁdlellp t fbe cepditionons  of

| di t C d
Sheet uas CaBRb G ShaRceaRy s v A RS Y ioR TR sk ThS 4
25 retrorefleg%weed@tﬁnlvc@ W60 aﬁotahdmsmgt&ngaoﬁaﬁmnsﬂa@yergrwesm whose

surface a Iargle nunber of pol ycar bonat e rg B Iex cube- cor ner
retrorefl ect iwédredianmyithdhese nFedeedimvas 5@ 7(4) DeRterHe lﬁE?sed in cl osest

packed state widi apRlL f8smég.pol ycarbonate resin
retroreflecti ‘\?{Zﬁ V|t§)§aal[sﬁsqll\§\)h| ﬁé &

[arge nunmber of the conpl ex cube-comer
retrorefligcti ve el Mme;aﬂombﬂrmoemof pargllgkV- simp(:d\gr@m@s were CB) inibe e

descr bed | noeturptar D reBRudyE pRER S RLE RO bob L IRTE FPLBMNTR, - ane

symmetrical cross-section and point angle of 40.53°, at a repetition pitch of said
V-shaped grooves of 307.77 um and to the V-shaped groove depth of 100.00 pm,
each of said grooves passing through two points of intersection of the

20  y-directioned grooves and z-directioned grooves, to form on said brass plate
many male triangular-pyramidal cube-corner elements arranged in
closest-packed state, each element taking an intermediate configuration as
illustrated in Fig. 3.

Thereafter still another group of parallel V-shaped grooves were cut in a

25  repetitive pattern in the w-direction with a diamond-tipped cutting tool having a
symmetrical cross-section and a point angle of 40.53°, at a repetition pitch of said
V-shaped grooves of 307.77um and to the V-shaped groove depth of 100.00 um,
each of said grooves passing through the center point of two adjacent V-formed
grooves in x-direction. Thus on the brass plate a master mold according to the

30 present invention, formed of a large number of male complex cube-corner
retroreflective elements which were disposed in the closest-packed state on said
plate, was prepared. This master mold was formed of an array of the element as
illustrated in Fig. 10 (A), and the number of V-shaped groove in w-direction
between two V-shaped grooves in x-direction was one.

35 In so formed complex cube-corner retroreflective element pair, the



35 wdirections was nmade 115.00 m 6 FEBRUARY 2006 32 The cutting
paraneters used to nake the naster nold of Exanple 2 are |listed in the
foll owi ng: depth of V-shaped grooves in y and z-directions: 1@5@%Uﬁfpyd7é’}9?h
of V-shaped grooves in x- and wdirections: 115.00 m 5 angle of V-shaped
grooves in y- and z-directions: 83.11 angie of V-shaped grooves in x- and

201, 46 m _pi teHERH RSB ER T2 10 hedbese BishaSronn S b . mihe

crossing angl@ltaﬁgné (99 bﬁéﬁé}PBﬁl‘i’ca‘VaﬂfsQﬁVtBﬁ d@rﬁﬂle%cdbé-@@frﬂe@@@@oﬁéﬂ%ﬁ@é’es 10
38.21 cr 055| directioned V grooves with x-directioned V

n
gr ooves: 9%ement WaR gnlé ,(ﬁndotb? iverticalaagles o twh@l@ﬁ@abf@ss pomsBityiang bonat e
resin retrore lqglege nunber of the conpl ex
cube-corner rtfgt ?gfr]é%{ﬁ'ec gfn%ﬁt #erf%ﬁvgﬂaﬁylﬂ ustrated in Fig. 12 (A and 12
(B) were di sposed i Whelcu‘etﬁgpapanllcmis ssat ©© make fireapastedmoyd bfiExsmpe hetehod as

described in exc it that the point of the dianond-tipped tool
used for 20 c%?gﬁbﬁv%&HQWé grooves of x- and wdirections was advanced!y

| apped to have a V\u@bth dfdwnkh %ﬂ@ov&'@ﬁ‘l LUt iZ0Gnhav-AREAOAS: UDOND(T @mmake t he
master nold of Exarrple are ed in the fol | ow ng: depth of V-shaped

grooves in x-, y-, 208 QMWVSH@P@CSYP@H@IHMQI@@ ﬁﬂ\reg@%néﬁélof V- shaped
grooves in y- and z3 lﬁ%}lé%‘f\t\?-@?eﬁ{?@%o&%s gl £k -drshidned@spoves in x- and
rtch o - shape

w-directions: 40.53 grooves in y- and z-directions:
201. 46 pmo pitch of pl\t/eh;bﬁb’eshayedcg\reevdsnnw— andd-dwetitionst 2046 1307. 77 pm

crossing angl e of y |re ne ooves W t.h z-di ectl V _grooves: 30
38.21 crossing ang y a}frﬁ’&dzg-r Yeédfllxoﬁaﬂ VderreS 3&?&& RMqi recti oned Vv
grooves: 70.90 w dt brd@@m@(hhtgwf(bﬂ)ﬁ-ﬁiﬂe@ﬁoﬁd ¥agbowds Witk hafifdtiohed@Wegroorex- and
w-di rections: 3882{n 35 tilt angle of optical axes: 15 6 FEBRUARY 2006
crossing angle of y- and z-directioned V grooves with x-directioned V
15 grooves: 70.90°
tilt angle of optical axes: 15°

Using this brass master mold, a female cube-corner forming die with

reversed configuration made of nickel was prepared by electroforming method

20  using a nickel sulfamate solution of 55% in concentration. Compression
molding a 200 pm-thick polycarbonate resin sheet (Iupilon " H3000, Mitsubishi
Engineering Plastics K.K.) using this molding die, under the conditions of
molding temperature of 200°C and molding pressure of 50 kg/cm?, the resin sheet
was cooled to 30°C under the elevated pressure and withdrawn. Thus a

25  retroreflective device with about 150 °um-thick holder layer (3) on whose surface
a large number of polycarbonate resin complex cube-corner retroreflective
elements of the element layer (4) were disposed in closest packed state was

prepared.

30 <Example 2>
A polycarbonate resin retroreflective device in which a large number of
the complex cube-corner retroreflective elements as illustrated in Figs. 11 (A) and
11 (B) were disposed in closest-packed state was prepared by the same method as
described in Example 1, except that the depth of V-shaped grooves in x- and

35  w-directions was made 115.00 um.



33 <kExanmple 4> In the production of the elenents according to Exanple 2,
three kinds of dianond-tipped tools A B and C for cutting V-sha es
in x- and 5 wdirections were prepared, whose V-angles were Vi J'é"'ﬁggqucb(ag
follows: the angle of tool A was sane with that used in said Exanple, a
deviation of +0.01 was given to one of ghe |ateral faces formng the V
shape of tool B, and a deviation of -0.01 was given to.one of the_ | ateral
faces formng the VIBR&HHEINgParameters uﬁs‘sdo tegnelfe masiFeoly HEEXBIFIPE%% ffeng
tools, V-shapgde@iPaee®ilbWing: and w-directions were cut in a 10 repetitive
t

pattern of A-B-C, to forma faster nold in which a | arge nunber of conpl ex
cube- cor ner retr or efleptbtafNe-sbaparegitooves imhy oed zeliragéonsit i8hQ0 ginven to their

vertical angles wer 'qu§ i - pac Usj [ S master

mol d a pol ycar bonat §6§He15| n 'ﬁég??%rhrélﬂ%ggﬁnv% ﬂ@&&cg&elac%%\?ﬁ%Lygo ﬁ’%# ge nunber of
conpl ex cube- cor ner atiglt lofeshgsdd greoeteimeptamdiwdaectiaposdd1fn cl osest - packed
pol ycar bonat e r ebi nAHEEEPCRNURRA GEOUR IS A0 EHTERSOG VEhSEn azimuth so
that the x-line of ﬁﬁélﬁiof%él?ig%ﬁ'g%é‘iféé%qﬁ‘éhé%—(ﬁﬁ&*ﬂiofn@fE@Q46rﬂm@ng| e of 45
with 20 the outer edge thereof, using the polycarbonate resin conpl ex

cube- corner retr or epitele of Yeshrped@soaxespnepand avidireesionss 139727 pmxanpl e 6> An
el e o LB AREE DAL Eod BP0 L SR i GUBRSGRARE, pbves:
cube-corngr r¥.potefl ective devices as prepared in Exanple 2. Said devices

were repeatedly joined in such.an rgngenent. that the fjrst. zone icein
Whi ah 1 £5C el heb ERSAMEGMRTO L aiibt-aner o ooy wib s tisfigned Y he
final productg@pdes:tiy@econd zone device in which its x-line each fornmed an
angle of 135 wWith the 30 outer edge of the final product appeared
alternatively to fofithaaglooheptidgadexestld pes pattern. <Conparative Exanple> A
pol ycarbonate resin retroreflective device in which a |arge nunber of 35
conpl ex cube-corner retroreflective elenents as illustrated in Fig. 3 were 6
FEBRUARY 2006<Bdamplesjrosed in cl osest-packed state was prepared by the sane

met hod as i n Exanpl , except that V-shaped graoves in X- - an
i et ons wer o cOPHNEATISTRE SN e OB ¢ eiay FOBIThA ke PABReE Al The
cutting parangkRobipleeeubdcHmiee rdthste TBEH WY elBReHtss illli§rated in Fig. 12 (A) and

12 (B) were disposed in closest-packed state was prepared by the same method as

described in Example 1, except that the point of the diamond-tipped tool used for
20  cutting V-shaped grooves of x- and w-directions was advancedly lapped to have a
width (dw) of 8 um.
The cutting parameters used to make the master mold of Example 3 are
listed in the following:
depth of V-shaped grooves in x-, y-, z- and w-directions: 100.00 um
25 angle of V-shaped grooves in y- and z-directions: 83.11°
angle of V-shaped grooves in x- and w-directions: 40.53°
pitch of V-shaped grooves in y- and z-directions: 201.46 um
pitch of V-shaped grooves in x- and w-directions: 307.77 um
crossing angle of y-directioned V grooves with z-directioned V grooves:
30 38.21°
crossing angle of y- and z-directioned V grooves with x-directioned V
grooves: 70.90°
width of bottom portion of each of V-shaped grooves in x- and
w-directions: 8 pm

35 tilt angle of optical axes: 15°



5 Conparative Exanple are listed in the follow ng: depth of V-shaped grooves
in x-, y- and z-directions: 100.00 m angle of V-shaped grooves_in y- _and
z-directions: 83.11 angle of V-shaped grooves in x-directi onﬁ.FEijéRﬁ{i 100f
of V-shaped grooves in y- and z-directions: 201.46 m 10 pitch of V-shaped
grooves in x-direction: 307.77 mcrossing3angle of y-directioned V grooves
with z-directioned V grooves: 38.21 crossing angle of y- and z-directioned V
grooves with x-directioned V grooves: 70.90 15 tilt angle of optical axes:
15 Coeffici entBxgéthpleegx orefl ection of those retroreflective devices as

prepared in above anples 1-6, ipn which the conpl ex cube-cqrner .
Petrorof | ective. of clbHCPTREREIEH & f@@ééem?pté@@)%gﬁlgpta xRl dhreg kindsipf 20

coefficients r I i ot j _ar s Pyrarhdal incubg-cor ner
retroreflecti @fgn_{soﬁlgeﬁ% tggfsplg’glgaﬁlgd@ ?%It%jotﬁﬂ%ya?ﬂﬁ Ei})gﬂ_lgggbrrp emgl)"ﬁjte)d‘%l g hown in
Tabl e 1. sThewediedctions avetrs pofpared, voask! \éangles wodretviavsd as doHoweftheangleef

devi f les 1-6 di 0 th i nventi | | ed.
those of the 10T Rangutape By RohiredifisaEERHERE adeSrimndr (U SnalEiRy o
t he Conpar at i pporkofitianiérl Rres tbrafing Sy erhagnaf toobBHaad ad¢viationdti0.01°

retroreflectivity in the front, directign and regfrqreflectiyv )
char act er i st i W8S Biyegitp Oag of ke @Ferﬁfaﬁges &W}lﬁﬁé@ aps .0% t@iﬂlrf'heyﬁ‘ﬁgé}}es@he

observation aggid @his Mf&%ﬁg YA virbr}]@e% grﬁ)ﬁvés 99»%4@%&%%95 ﬁl;&@@c%tiii{;ﬁ

device (retroreflective sheétin a large nunber of ex

cube- co\rAE_er hrl@PCﬁﬁ%‘f paiternvad AiBfmite @mﬁ@%ttﬂl‘rang@dnimhitch@ l3tgechwgbertofpac k](cad
state, whic H@ﬁ%@? %ﬁg%-r%%}-ﬁee{rﬁgigﬁyﬁ?le@ﬁ% Sferr]x{i[a%tgvditliﬁ meﬁhde%izlt%rﬂegé’véﬁ’%er 0

conpl ex cube-cCor Ive elenents wth vertical angl<es vi at ed
in various netherveaticdl @ngldsbegteidisposadin elodestpaeked stangedsing this avess - packed
state, excelled, over observation angularity of, other retroreflectiv

devi ces whic @pﬂbﬁcaéaqpéw Lethrefioreticchive deyice inavhigh pdatse mmnber oo

CC, N0Oo N i complex cube-corner retroreflective elements were disposed in closest-packed

15  state was prepared by the method as described in Example 1.

<Example 5>
A polycarbonate resin retroreflective device which was given an azimuth
so that the x-line of said retroreflective device each formed an angle of 45° with
20  the outer edge thereof, using the polycarbonate resin complex cube-corner

retroreflective device as prepared in Example 2.

<Example 6>
An article formed of plural polycarbonate resin complex cube-corner
25  retroreflective devices was prepared using the polycarbonate complex
cube-corner retroreflective devices as prepared in Example 2. Said devices were
repeatedly joined in such an arrangement that the first zone device in which its
x-lines each formed an angle of 45° with the outer edge of the final product and
the second zone device in which its x-line each formed an angle of 135° with the
30  outer edge of the final product appeared alternatively to form a 10 mm-wide

stripes pattern.

<Comparative Example>
A polycarbonate resin retroreflective device in which a large number of

35 complex cube-corner retroreflective elements as illustrated in Fig. 3 were
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disposed in closest-packed state was prepared by the same method as in Example
1, except that V-shaped grooves in x-, y- and z-directions were cut but V-shaped
grooves in w-direction were not cut.
The cutting parameters used to make the master mold of the
5  Comparative Example are listed in the following:
depth of V-shaped grooves in x-, y- and z-directions: 100.00 pm
angle of V-shaped grooves in y- and z-directions: 83.11°
angle of V-shaped grooves in x-direction: 40.53°
pitch of V-shaped grooves in y- and z-directions: 201.46 um
10 pitch of V-shaped grooves in x-direction: 307.77 um
crossing angle of y-directioned V grooves with z-directioned V grooves:
38.21°
crossing angle of y- and z-directioned V grooves with x-directioned V
grooves: 70.90°
15 tilt angle of optical axes: 15°

Coefficients of retroreflection of those retroreflective devices as
prepared in above Examples 1-6, in which the complex cube-corner
retroreflective elements were disposed in closest-packed state, and the

20 coefficients of retroreflection of the triangular-pyramidal cube-corner
retroreflective sheeting as prepared in Comparative Example are shown in Table
1. The coefficients of retroreflection of those retroreflective devices of
Examples 1-6 according to the present invention excelled over those of the
triangular-pyramidal cube-corner retroreflective sheeting of the Comparative

25 Example based on conventional technology, in both retroreflectivity in the front
direction and retroreflective characteristics in directions of large entrance angles.

Furthermore, the observation angularity (observation angle = 1.0°) of the
retroreflective device (retroreflective sheeting) in which a large number of the
complex cube-corner retroreflective elements were arranged in the

30  closest-packed state, which was prepared from the master mold in which a large
number of complex cube-corner retroreflective elements with vertical angles
deviated in various manner as described in Example 4 were arranged in
closest-packed state, excelled over observation angularity of other retroreflective

devices which were not given such vertical angle deviations.
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O ct 6 FEBRUARY 2006 6 FEBRUARY 2006 36 CLAIMS 1. A retroreflective device
in which a |arge nunber of conplex cube-conmer retroreflectiv e
arranged i n cl osest-packed state, each of said conplex 5 cubeéa](*qzlgl3r§{}“2‘%(32OE66
retroreflective elements having a first and a second triangul ar-pyram dal
retroreflective unit, wherein the three re¥l ective lateral faces (al, bl, cl
and a2, b2, c2) of each of the first apggf@ond triangul ar-pyram dal
retroreflective units formnutually perpendi cul ar cube-conmer reflective
surfaces, respectively, 10 wherein said conpl ex cube-comer retroreflective

el ement has a, quadranqgul ar, circunference defined t ual.l aral |l el

V- ines and mhdal 15 TeedneufvediEdl S ARern Rt s elfetndte.
retrorefl ecti MerofdfROBIM elRABn@ v PahdfetiidlclokedWAPRIT dtge! edéhsdTapRIosiphave Wi th
its center line x-x' passing through the points of intersection of said
paral | el &1 i¢ubs-camer parrereflective gl¢menss havinga dreti andt shgecond frapngelar-pyramidal

| ateral face .sajd first triangular-pyramdal retroreflective unit
is parallel tlf)e?ll)o%leef%é?&?kgn’tm | ateral faces (g 11) formng said V-shaped
groove, | and wher _egn\?zméreintmé U?‘leé effleetite Mgrdlfﬁmaﬁl,ﬂﬁqell (an_&)a%pm,wb gf &lelnelﬂd
triangul ar-pyramndal retroreflective unjit is identical th, or parallel to,
t he ot her (gzﬁlfr}]‘r?{?néfsef‘?ﬂél riRgeylacRya '%Ofgaif‘a‘v\?-‘%‘é %‘6’1@?‘{%\}&,

charact eri zedpd Beddi@llarC@bB-cBinet 3bechiOB RIS URSp&pVBE! retroreflective

el ements has at | east one quadrilateral retroreflective unit, said

quadri | at ral ret r owkdreacsaid/eomplex culs-enynefafeinaeeflestive alement basef quadrangelanni t

havi dri). i f . 1, gil,
iy o8 e rPbEi®ienP? A RAY S lF bpERL Y e i BuclBE SRrdel Laipet ;e
| ateral face (el 1) wheteirt da6d tdrhpldx cethd-aahervietdopdfivtel e Elrarn( hdsl) subktasmdlly at

| east one quadrilateral retroreflectjve unif formng.nutually perpendicul ar
cube- cor ner r@fq’@ﬁtpf;%]ev‘ss@??eélc%ré’fwes‘éi‘b It jcprier i‘%‘? P"é‘ctﬂag%ng Srepgl the pemty fi ) of

the first trigpgudcabnRYsARIpERIIIe] {ShbOhRf pREHdIEIMRI t Deing on the same plane
with the first lateral facé (f d 30 quadrilateral retroreflective

11) of sai
unit, sai ¥ second reh¢rst theshirdrefleglive latesal(faee (cdy of paid flirptgriangular-pyramidal

triangular- py{e@#@r&%e{ivi%‘xﬁ il I?Jrhﬁeg% Yfte gf;‘ilh L §'1 ra‘r?g%éeg?%fﬁgg?ﬁi\k}g@%dw th the

second | ateral Tace (e sal qua era ror unit, and

the third ref Vediapedegloaveradd face (gll) of said quadril ateral

retroreflective uni \Evherein the third reflective lateral face (c2) of said second
triangular-pyramidal retrorefiective unit is identical with, or parallel to, the other (g21)

20  of the two faces forming said V-shaped groove, characterized in that

each of said complex cube-corner retroreflective elements has at least one
quadrilateral retroreflective unit, said quadrilateral retroreflective unit being defined as
a retroreflective unit having quadrilateral base and four reflective lateral faces (f11,
ell, gll,dl11),

25 the first reflective lateral face (f11), the second reflective lateral face (el11) and
the third reflective lateral face (gl1) of said at least one quadrilateral retroreflective
unit forming mutually perpendicular cube-corner reflective surfaces,

said first reflective lateral face (al) of the first triangular-pyrarmidal
retroreflective unit being on the same plane with the first lateral face (f11) of said

30 quadrilateral retroreflective unit,

said second reflective lateral face (bl) of the first triangular-pyramidal
retroreflective unit being on the same plane with the second lateral face (e11) of said
quadrilateral retroreflective unit, and

the third reflective lateral face (g11) of said quadrilateral retroreflective unit

35 being the same as one of the two faces forming said V-shaped groove.



35 being the sane as one of the two faces formng said V-shaped groove.
FEBRUARY 2006 37 2. A retroreflective device according to d ai h
all of the quadrilateral retroreflective units formpairs o%%‘t}/kgx%bg
symmetrical configurations nutually rotated by 180 and said conpl ex
cube-coner retroreflective el enents have d7rotation 5 symmetri cal
configuration. 3. Aretroreflective device according to Caim1l, in which at
| east one quadrilateral retroreflective unit is not in a rotation

symetri cal confi gupabetorefleetivd &icecd@thg tdC14im 1 ih¥HiEH &f bedk qugirigyviate
according to any one of Clainms 1-3, which s characterized in that the
optical axis leyordflecéve nnitsdQER pairprahrristiqnHammeiscalicopfguratipry mppghy rotatgd

line to point ce (D I not the
sanme, where tfy% poPﬂtsg{gd nﬁﬂa}g’? ‘leb((?t(i)()o%ér ‘J‘glrér%l& pen%e%]g?tg% PI néogilgl\lm from
apex (H of tdyemidricaladnfipatadonl retroreflective unit having one of its base

lines on x-x' line with Sx plane determned by x-x' line group is
represented by P and the point of intersection of the optical axis of sane

quadril ateral3retr OAexfeltx%FéﬂeYSﬁvélﬂé\hcé’\hécBrcﬁﬁg € @lﬁuﬂ'lafiﬁ whicH fRERsepted by Q
20 5. Aretroreflective device according to Claim4, which is characterized

in that the @pdriba¢rabratroréfiective naid 19 nptsu@rroatlﬁaraymmetm confaguratignerotatese
(g9-p) betweenlD rﬁ%dlstance (q) fromx-x' line to point Q and the distance
(p) from x-x to the point P, takes a positive value, where the point
of intersgction of a perpendicular line drawn fromthe apex (H) of the
quadrilateral retroreflective unit having one of its base |ines on x-x' 25

line with thetSx pl Anetigsstlacky qdeyies ascosding tanygensiff Claime hriswhichds by P,
and the poi “tchaPJctér%Sﬁﬁﬁﬂ ih%h‘)pﬂéaltaﬂi’s i9RfeFA suéﬁh%aa%e%hﬂhg‘cl?s‘i’a[dcé ?:})?fcﬁﬂ

retroreflective unit with sai | ane is represente
retrorefl ectixe’ dieite@omt Coautl thg dusﬁarldea(phfrem i’ dmelt@ pomaﬂ)aamemt Q)@damon t hat

30 the opti C%h%g r% b(?m& #ﬁ]?eqs%%hlog 0? a:?)%rﬂeﬂdfc E%%vllﬁ) ﬁo@'%geé (?ﬁ oq f erence

between the di's poin stance

(p) fromitshe quadrildberal fetrokdéftecrioe vhit Ravihg ene Ofm%“llm)se 11héd<@$xax’plﬁml Wwitly 8x f)}h)le
val ue, Wnereéhe poi nt of jntersection of a ga)rfen icular |ine draw from
an apex (H) ofc!¢fHED B XK akiRg SHOUP &% FERFESENEd O Ili‘n'g Popy O igyerspetiogrotithes

base |ines onodpfrcm adid B?sdﬂlé GuddiRatéra] PArAIENSENE Lffit Rath Yd Bx >p1anblmf»ep$e‘§eﬂé&ur)
is represented by P, and thé point of intersection of the optical axis of

said 6 FEBRUAIF!YQZOOG 38 quadrilateral retroreflective unit with said Sx
plane is represented by Q 7. Aretroreflective device according to C aim 6,
which is characterized in that

20 5. A retroreflective device according to Claim 4, which is characterized in that

the optical axis is tilted in such a manner that the difference (g—p) between the distance
(@) from x—x’ line to point Q, and the distance (p) from x-x’ line to the point P, takes
a positive value, where the point of intersection of a perpendicular line drawn from the
apex (H) of the quadrilateral retroreflective unit having one of its base lines on x—x’
25 line with the Sx plane determined by x—x’ line group is represented by P, and the point
of intersection of the optical axis of said quadrilateral retroreflective unit with said Sx

plane is represented by Q.

6. A retroreflective device according to Claim 5, which is characterized in that
30 the optical axis is tilted by 0.5°-30° in the direction that the difference between the
distance (q) from the x—x’ line to the point Q and the distance (p) from the x—x’ line to
the point P, i.e., (g-p), takes a positive (+) value, where the point of intersection of a
perpendicular line drawn from an apex (H) of the quadrilateral retroreflective unit
having one of its base lines on x—x’ line with the Sx plane determined by x—x’ line

35 group is represented by P, and the point of intersection of the optical axis of said



the optical axis is tilted by 5-20 in the direction that the difference
between the 5 di stance (q) fromthe x-x' line to the point Q h

di stance (p) fromthe x-x' line to the point P, i.e., (Qg-p) 6%1&&‘{2006

. positive (+) value, where the point of intersection of a perpendicular line
drawn froman apex (H) of the quadrilaterd® retroreflective unit having one
of its base | i x-x" line
group is reprdedsagﬁ{a?% %reﬁgehe&%%&epbvgﬁﬁ? ﬁxﬁ?ﬂﬂ%{}elrsgrgéﬁf@ﬁ&gﬂ y%e optical axis
of said 10 quadrilateral retroreflective unit with said Sx plane is
represented . 8 A retroreflective device, acc to any one of Claim
-7, which |b’y' char‘%é?téquévaHeY‘ﬁ%uaCWéi gtﬁ%tlalg‘q aWLJFg i3, fharacterzed pEbAt one
of by and hz,aRgditWakR iffkted BAYALI0P G Ble diFdBibn Bld: B! di eeﬂaéb@bcv@e dpd1z, 15
where the di stang1 raomlan %p@g of tehe quardl?Htat erla retroref Pecti ve
unit to Sx plistaecedg) fomithed— b’yluuehe the poineQendule distapxg(pe w0l thesx+4’ ine tdhe

di stance fro the S fi.ned b he | i rou s hy;
the di st ance b Past By ke lrdd: B8 byPoifHol 55 FHE yhesaiee notof FelieliBuef o
pl ane def i necheiyendidul ArQing @A GRkeaRbPadIDYof the§eadrilneradfetidrené@ivetunit
reflective lateral face (dl or d2) of said quadrilateral 20 retroreflective

unit, as hw. Iving onerofdisdmpelingsvan evile vtk Bredixpjanodarmninedby whkchng s
characteri ZeC%IJoHP eas@reséﬂtﬁde% p Qﬁd @' ancgﬁﬁge?éecﬁ&{ b tﬁu@f i)ﬁ%l'a\f(ﬁs dﬂa dis

greater than el t her” one o and greater t an at

| east ei tl9er q@radrititerblyreanckfleztive2dnil &ithAaide$x plapé isecpreemtetebyaa according to
Claim8 or 9, which is characterized in that the ratio of hx of the
gquadrilateral retroreflective unit having one of its base lines on x-x'

line to at |east eigher qao@etﬂfre@emae@eme hécoidlﬁ tolafy o6k CRAgnnayvi @hrh iw to
at least either one of by and hz is 1.05-1. 0 11. Aretroreflective

devi ce accor dilagactesizgd o B}%héfs B9t £HR tBﬁ&tPaSWﬁhéhoﬁlesOf vhand bt and 2w is 19t t hat
hx of the qu nit having one of its base I|ines on
x-x" line eqaéq Pﬁe{tq%?{gg%g%gé hgﬁgﬁ(gh?he ratio of Into by is 1.05-1.5. 35
12. A retiSorefl ectiwkerdéhe Chﬁamcdmrdlangptm(}é)r@/f thérguagifrilakcil mtﬂﬂriﬂt;ctwhmoh tds 6

FEBRUARY 200639 racte t bot of aroup of
t hose subst an%’f gll P%/Egt @n Eoﬁgdp%( CP% @‘SS’P {58 a% Vz
and Vw) | whi Chap&lxt’t(é Slﬁﬁalanedeﬁll&%dl lganhd yXine gtoup, Zashandue\émémm tgtslelpnmlefdeﬁﬂﬂmgy t he
triangular-pyramdal retrorefle or ril.ateral retroreflective
uni t(s), are PEAARE PPUR, ¥z 2 %qiﬁlﬁh@es%lp a&“’é‘fﬁ%}&ﬂg P detgrmineddy 13, A
retroreflectiyaediyiof teoah defMatil 01464 R0 (Pf oﬁaldﬁsardlcﬁ)admt@rm i's
characterized in that deviation is given to at |east one of the tw |ateral

faces of 2 |mssroreflective unit, as hw.

9. A retroreflective device according to Claim 8, which is characterized in that
hx of the quadrilateral retroreflective unit is greater than at least either one of hy and hz,

and hw is greater than at least either one of hy and hz.

25
10. A retroreflective device according to Claim 8 or 9, which is characterized in
that the ratio of hx of the quadrilateral retroreflective unit having one of its base lines
on x—x’ line to at least either one of hy and hz is 1.05-1.5, and the ratio of hw to at least
either one of hy and hz is 1.05-1.5.

30

11. A retroreflective device according to any one of Claims 8~10, which is

characterized in that hx of the quadilateral retroreflective unit having one of its base

lines on x—x’ line equals hw, hy equals hz, and the ratio of hx to hy is 1.05-1.5.

35 12, A retroreflective device according to any one of Claim 1-11, which is



one group of the substantially symetrical V-shaped parallel groove groups
(W, W, 10 Vz and W) which are determ ned by the x-, y-, z- and w1line
groups of the triangular-pyramdal retroreflective units or WV@Q’P@PQ‘?
retroreflective unit(s), so that the prismatic vertical angles of the
triangul ar-pyram dal retroreflective units9r of the quadrilateral
retroreflectivye uni.t ich.are for y sai d V-shaped rallel grooves
hre i ven a qhgrdRria by BoBeRhEms Bt AF Grstinet Freem af RS SieBBBehEc: e

devi ce accor @yﬂﬁle&&aﬂwsﬂﬁpé@ p&falldBgrovy gxbupmzﬂav?f,cvgah@ ¥&k)ivhich Btdefined
deviation is given to at [east one V-shaped parallel groove group anong the
subst ant i al | PYsSpifet B/ cZland-ihiap @oups farmpag thg Bwngulgrdypsndabaetroyeflegtiveand
W) which arg. ) TR I & i t

trt angul ar - pyi LGP P et A e, @G phed LER o QB O o e
retrorefl ectiguedmatic sGface. such that the vertical angles of the cube-corner
reflective elenents fornmed by said group of V-shaped parallel grooves show
deviations of (0.001-0.1) from90, in a pattern of repeating at least two
different setfs of deydithtMivedRviloacrdifkiOaR! LACHE ehifleNi e vaRapRdi ng to
any one of Claim11-14, in which the angl ormed by the x-line of the

ret ror ef | ect ioheragevizedinhetdeymmtipotiegiven geatdeass ope ofithe¢ttworlgerabrces obatilenst

retroreflective devi LS. .5 . I ' Vi rdi to

G ai m 15, i n REUR SR SR st SRRl ¥ faG phiseLRObRE REBF P Prct' ve
devi ce witbh avz end @w)edgen afe detgrishdchy therxneg, of asdiwdling gtoups ef thect i ve
device is 30-60. 17. A retroreflective device according to any aqne of Claim

1-16, in whi cHERGHArRYSRPElebTqiREeHerE VBRI Radripieral wiropedleetivngniSl st
zone, the an%@ﬁéﬁ%ﬁf?@?\é@ﬁ&ﬁi?ﬁ 1881 efe ﬁ%nﬁ%ﬂg%ﬂaﬁ%&al%%&e%étﬂe%& iopef ffe sai d

second zone bei EBRUARY 2006 4 retroreflective device
accordi ng to qUadiiaterdl reirorefigrtate uniés) vdtichoarefpmead yesaidi¥whepedpasaliel graoges zone

and a second zone, the angl e f Xl -line of said first zone wth
x2-11ine of saalr%IgggBSn(f?vﬁagﬁ% %&?@gsgbﬂbé%‘% 9. Aretroreflective device
accordingsto any one of Clainms 1-18, which is characterized in that many

conpl ex cube-coner retrorefl.ective el engnts, eac C risyng.first. and
cecond €11 andihar . AN E P Y AIeHRTS © GRIT 42 ghg o ahicb ASeHasi erizpl

quadri | at er alih kel REiBh i EEVEN €0 Hiedss onewesrﬁb&p?mﬂei obh@gfﬂuﬁ%%ﬁingﬁﬁ&ked
state, 10 said device berng characterized in that all the quadril ateral

retrorefl ect isubstanfilly syramesrie] V-gkapef arallehaipeva groupst¥al My, Varandrbvhat i on
symetri cal ik %ﬁ 30,1 0_9Rg wAIRL b ¢ X or ner
retroreflect Bgﬁél Ié err‘?se(r?l% S %vgythre(])’{aa?]i’%n- syr\??rg?r ?Ig{';lulpsggn itglur tlfﬁé S, a
20  retroreflective units or quadilateral retroreflective unit(s), such that the vertical angles
of the cube-corner reflective elements formed by said group of V-shaped parallel
grooves show deviations of +(0.001-0.1)° from 90°, in a pattern of repeating at least

two different sets of deviations.

25 15. A retroreflective device according to any one of Claim 1-14, in which the
angle formed by the x-line of the retroreflective device with an outer edge of a product

formed of said retroreflective device is 5-85°,

16. A retroreflective device according to Claim 15, in which the angle formed by
30  the x-line of the retroreflective device with an outer edge of a product formed of said

retroreflective device 1s 30-60°.

17. A retroreflective device according to any one of Claim 1-16, in which the
retroreflective device has a first zone and a second zone, the angle formed by x1-line of

35  said first zone with x2-line of said second zone being 5—175°.



where the point of intersection of a perpendicular |line drawn fromthe apex
15 (H) of the quadrilateral retroreflective unit having one ngEﬁ{%AW?OOﬁ
lines on x-x' line with Sx plane determned by x-x' line group Is
represented by P and the point of intersection of the optical axis of said
quadrilateral retroreflective unit with sfld Sx plane is represented by Q
the optical axis is tilted by 5-20 in such direction that the difference
bet ween the distance (q) fromx-x" line to the point Q and the distance (p)

fromx-x' 20 18 ne tQ r&tp@reﬁ&‘;t{({e dgvicie-a%cordﬁl%ﬁe)@laﬁ@lﬁ,sin RieR kd f’e?ro(r?'t?ecﬁ@é ue,

in the quadrilateral retroreflective unit having one of its base nes on
said x-x' |idejcelliax adusiabae hnd a bscoadaanes thezangimtbrineé by atlilomeadf shid first 2opei s

1.05-1.5, and .a t he substantially s Jical V-shaped parallel groove
groups (Vx, W}th%gggﬁfic?rg\%@; SGER Zrﬂnﬁé’(ﬁ%&/gl “—,6y-, z- and w1ine groups
formng tRe triangular 25 retroreflective units or the quadril ateral

retroreflective units, at |east one gro;Jdp of said grooves have bottons
formed of flal9.or qdargtratdflechvadeyicoarcomlingta ryednecet Claansiév] & evhish tescri bed

In any one of %%%ke%&&i&aiaf }qﬂkﬁ Qoﬁ%lex%ﬁ%@—%%hﬁ% '{é?&gb@g}lj@ae{lgh%ﬁsdb%\%l oms of at

| east one of aped paral ['el’” groove groups in the
tri angul ar - pycoanprikalg fist ami et dbmtriavgulanpyranodal getackeflbatvenmits andhtrledsed psict i ve
units are for gt Broselecavsudtts, dre dspciaa I B GbleSi-patked Sie,
10 said device being characterized in that all the quadrilateral retroreflective
units have an identical shape and mutually form rotation symmetrical pair as rotated by
180° to one another, said complex cube-corner retroreflective elements have
rotation-symmetrical configurations,
where the point of intersection of a perpendicular line drawn from the apex
15  (H) of the quadrilateral retroreflective unit having one of its base lines on x—x’ line with
Sx plane determined by x—x’ line group is represented by P and the point of intersection
of the optical axis of said quadrilateral retroreflective unit with said Sx plane is
represented by Q, the optical axis is tilted by 5-20° in such direction that the difference
between the distance (q) from x—x’ line to the point Q and the distance (p) from x—x’
20  line to the point P, i.e., (q—p), takes a positive (+) value,
| in the quadrilateral retroreflective unit having one of its base lines on said
x—x’ line, hx equals hw, hy equals hz, and the ratio of hx to hy is 1.05-1.5, and
among the substantially symmetrical V-shaped parallel groove groups (Vx,
Vy, Vz and Vw) determined by x-, y-, z- and w-line groups forming the triangular
25  retroreflective units or the quadrilateral retroreflective units, at least one group of said

grooves have bottoms formed of flat or quadratic plane.

20. A retroreflective device as described in any one of Claims 1-19, which is
characterized in that the bottoms of at least one of V-shaped parallel groove groups (Vx,
30  Vy, Vz and Vw) in the triangular-pyramidal retroreflective units or quadrilateral

retroreflective units are formed of a flat surface or a curved quadratic surface.



