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retroreflective articles of novel structures. More particularly, t1seoo2«
invention relates to a retroreflective dkvice in which a | arge nunber of

conpl ex cube-corner retroreflecti VEES@RT’P;HOW‘Q arranged in P ed
state, each of said conplex cube-corner refroreflective ele Ja’nﬁmﬂﬂ@m
a

first and second triangul ar-pyram dal retroreflective units an

one tetrahedral retroreflecty | ] e invention*at es
to a retroreflective devi ceﬁﬂf¥mp‘ﬁ§ﬁlyj§§¢\m& of conpl ex
cube-corner retroreflective elenments are arranged in cl osest-packed state,
each of said conpl ex cube-corner retroreflectjve elenments having a first
and secohd tecanical: A ko wihieh theinyention-belongsni ts and at | east one
tetrahedral retromgf | ' ' ' f | uch 2o
as traffic signs gg‘gérﬁlg% %ﬁggggtl?t}égf‘#(f% tgﬁd\éiréﬁ gkﬁ)%gal%irﬁeaalt%{bse)i?gﬂg%%
surface si ghetroreflective sheeting andrwetrorefleative antisleynsf mowddestrplctmes. f or

hi cl . bhl d I f ds,. .
ot cotive. MpeoRBRRH, Sheliv G EfasB3 P RetraroRPEiFE B tp i ng

~and life predsdches farge nuathanoftanbiex dabevdrnef retidreiedsivel éleaferits

visible light, |aser-beang or infrared |light-reffective sensors. That is,
the invEhti 8ke P&Fé{lsgg tleﬁowitm#@?q{état@eeaéb jof éai& complexcubegernamber

~of conpl ex Ee Tgﬂéaﬁ{,ereq%ﬁ%rfxﬁggﬁﬁigg% ﬁggfrgﬁgssez%ﬁdarranged I n

cl osest - pac e-corner retroreflective

el enent s hatriaggalar-pyranidad eetrareflectiveanyits andat deastadne et r or ef | ect i ve
units and aj d
e

h | r.etroreflective unit, characterized in
that the threggfﬁ%%lrggfﬁfzﬁ{agfegﬁggufrgg’es (al, bl, cl1 and a2, b2, c2) of each
of the first and Specifitally, theihaenpipharsldtes tehnetedredldctite d8vice inor m
mut ual | y_ per engi cﬁé_ar cube- corner riflecéi ve surfaces, .respectively, 3s
the firll r3MeRA {argeny el’f%\‘g@mp ex gubecogner retroreflgptivealemantsal 2
retrorefl eche @ryss SR bV I e third
reflective | at efaﬂhg?al%giilgl) t%ﬁd i@%ﬁtﬁ,‘ g@g?ggﬁ@tﬁg@&éﬁ [ (l::%{ng?

cube- cor ner retapredective elemgnds haying # first andrsesondve | ateral face (al) of
the first 5pt:pi Ak A efl ect] 1§ 1 t he sane pl ane
wth the fiCapnRLMs ByrRKliad datrosBileBtite ity NEL Y ledst Bt 'CcT Ve Uit
sai d secondteteahedralretrareflettivacmit,bwhick dekicef isrsseful fangiges spgh ani dal
retroref]ectivye it. 1s on the same pl.ang.Wth the,second | ateral face (e
1) of s%d d %%\[f}’%ﬁfgc L S@PP&P&P?%HFP@J!‘BE??? Sighp %’éﬁidﬁﬁk}?ﬁﬁt@fs Jd98%or ner
retroref | ecsunfacelsigme (phesmentuadrkes) @id ebhstdctic SRl i iabeby
nmutual |y parallel, y-I neis and, nutual ly % rallel z-lines,” said conplex
cube- cor nerpfaé;ﬁ_?épéf’ Pb&? P§§u€be§r%ﬁflt%§ es _&h‘?ﬁoé.‘PY919§yﬂ@rﬁ1tb’i gcmdsv
shaped gr ooygchiallrefletti@difed {0 e Adhersd tBatﬁﬂjaﬁ otftﬂf‘é’éi%‘of' @ﬁaﬂ%&ﬂt s of
intersection of said parallel y-lines and parallel z-Tines, the I'rd
reflective ¢lathing anddife prosesversiimarking onrsignhonsdsipyndreflective

For mi ng s PiaveR SR viefblo RRIR, 1tert Bodihh F irifrdd Bl Rt Binactel o) o

sai d second That is, the invention relates to a retroreflective device in

state, eac

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

30 triangular-pyramidal retroreflective units and at least one
tetrahedral retroreflective unit, characterized in that the three
reflective lateral faces (al, b1, c1 and a2, b2, c2) of each of the first
and second triangular-pyramidal retroreflective units form mutually
perpendicular cube-corner reflective surfaces, respectively,

36  the first reflective lateral face (f1) of said at least one tetrahedral



tritangul ar-pyram dal retroreflective unit is parallel to the other (g2 or
c2) of the two faces form ng said V shaped groove, and the third reflective
tlateral face (gl) of said tetrahedral retroreflective unit is same as one
of the two faces formng said 25 V shaped groove. Prior art Retrorefleetive
sheetings and retoreflective articles whé¢ch reflect incomng |ight rays

tonard the bhreRBHTESy o LboliiPpfledyaNdtel Tasb 961y 44 tHeose

retroreflectivity 1s utilized are w de

above- descr third reflectins lntepal facafgl) therveofform aamutuallymipendicelar
sheetings andyretrorefl active arfd cles which utilize the retroreflection
principle ongﬁt?QFﬁSfﬁSﬁ%thVgoﬁlﬁf?‘é%%i ve el enents such as

triangul ar - pyram gaid fiest pefléctéve leteral SacxGil)idf theafitstcal |y hi gher 35
retroreflec%i,vit of light, conpared w th those of c]gnventio al mcro 3
gl ass behd @?F’S\F[’éﬂ'@éfﬂ' mida) getrorgflestivesunibrigranthe ame planedithng due

to the exc eH\}\ﬁ FHrst ¢ht a‘fffhgt? gfrl‘g %kf%%ria Qtéf‘i"d}f@dfaﬂ %Erdi‘eﬂégg%('eisﬁnit?ar Iy

i ncreasi ng. ereas, heret nown triangul ar-pyram

retroreflective esaitesecondhreflectivelateanl faceetbDraffthecfirst ty where an angle

tri angul o - BPRR e Ry RS AP AR e Rt O P ol SRPE Bl e 86 o1
i ntersect wthé seeoid datmral fhcele Bnof saidf tedahodralongroteflective unit,
triangul ar-pyram dal, cubes cor ngr retrorefl ecb:eve, elqejrrent) with an 1o

enterinf I i ght (whtidheomplex pubgorner sptraredertiyeidementihaney ance angl e)
is small. Hywadehnghbsreneuiferbace defitidd By %uﬁ@ﬂlﬁ?dl%'ﬂel -lines and
retroreflectivity of the element rapidly decreases as the entrance angle
br oadens (i mutually paxaHebagimes,ity is inferior). Furthernore, a light ray
froma |light sour i ol i Lri r r,am dal
reflective el emn%ﬁ%@gé&g#ﬁéﬁ dg%glglé'rfité%og%pﬁg%ﬁ{eheg@gﬂ%rﬁ %%% aangl e (ac)
sati sfyi ng substaxitaallyetyen nadtricafl \eshapedgaodiveiwith itdicehtéslitiet:exhi ned by

the ratjo of the rgfractiye i ndex of. individual .transparen di um
const (11 npasding fitciigh, e mojeitShintorasetien of said DRenliobiinee and
refractive padglePs-lAfeqanbient air, is not totally reflected at the

interfaces of the elenent but is transm’tte& E'o t he_back of the el enent.
Hence retr or ef | ecthe thiydeaflecfiverlntenal fageccld of wgid firahigul ar pyr ani dal

nce retroref | ecthy fagedsl) ghgul ar _pyr ar
ent Sﬁiévingﬂﬁé‘%“?@? BB del rRElork kv 4 ERTIIHE M SEMRALE)

ar pyram
ret r or ef | eclatezabfavesrg1d forming eaid ¥-shghedgrpovenar d t he i nconi ng

directi of the ray. fd4 om over, n I ol e area,of the el enent,

t he refﬁ;ct ed Iigmlrﬁo’fe %ggle\gesfvgf'?ﬁfﬁ‘%ée@gggﬁa}&gﬁﬁ?fl auses as

spheri Ca: ahéaggﬁﬂampynahiiklal ln‘étx;]cﬂeﬂbaﬁivehgﬁd 18 @‘alraﬂb%te thbleﬂfh@}' {g2fgrom
practical st int, wever, the na i vergence 30,angle o

retroref| ec?ﬂ_)@foﬁ?egﬁwoi §c§%?°§%1%§8@&9%%eirﬁpﬂ¥%rﬁ% ience, e.g., when
light rays enitteghd ﬂQi'foh%&Ibc'tﬁfE)Fat@i-?l]?f lgﬁ??f[gﬁid%&%}%gh%q by a traffic

sign, the reflected |ight rays are difficu e caught by the driver of
the car at retyorefleciiveanibis sgnie amonecof the teafacesiforminig sawd | i ght . Thi s

ki nd ofgd NC eni i s, enhanced 3s particularly as the car approaches
near th2eg trgﬁw@egpgg?d‘geécause t he 4 angl e (observation angle) fornmed by

the incidental axis of the light and the axis (observation axis) connecting
the driver M poi nt of reflection increases (i.e., observation
angurality inferior). For inproving entrance angurality or

obtser va}g : ont ?ngurﬂ?tﬁol}teﬂécﬁv@lﬂlﬁeftﬁi az)ldteﬁe!t@faldfam ﬁ?tié_fé?eivih@élg and

retroreflectiye articles,..in particular) trjangular-pyram cube- cor ner

retrorefl ec’c‘?d%"tslﬁéemlﬁgshﬁﬁﬁ raxs tewarddhe b&qgﬁpuw%arw@i kngpatal s have

been mage Ohn@lghich 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 higher
36 retroreflectivity of light compared with those of conventional micro



and various inproving neans have been investigated. For exanple, US
Patent 2,481, 757 to Jungersen describes 1o installation of various forns of
cretroreflective elenents on a thin sheet. Triangul ar-pyram dal reflective
units exenplified in said US Patent include those in which their optical
axes are not tllted the position of the8r apices corresponding to the

center poin |
triangul ar - yr am %Q? rét’;ﬁ%ﬂ?%ye i#%drif ?lggéjv\ﬁ %S@a":{%ﬂ? gf’é@go&fﬁ !(i)(%lgg oarurlgsd&)end to
the center porthbwmbllelmmetrcas;ﬁhctmeepﬂfommgﬂwrtltms extilignis yésrlyat ent

states that .the sheeting effectively reflects light rays toward an
appr oachi ng I&%ﬁ‘ea(sll%'r ovenment in entrance angularity). As the size of the

triangul ar- pyranm $gher&dd, Qfétrb‘t!@fo%'Hlﬁ)whftﬁa%%&l@tﬁf%gpﬁrﬁiHalStat es, as the
depth of the unltgfl up to one tenth of an inc Furtherrmre
3

Fig.15 ob tketropeflggtivatelemant %hlhl%&noera ilﬁ/ratm gecfémté'cwheéemm pai r
whose opt | C%gﬁéef?@?ﬁéﬁ t%& %b@ 't('a Ca )G]I'E) Qéélﬁ t&?ﬂﬁgﬂ%l@‘&é@#%@

| ater, the an XI S Bel'ng Presune 0 be
appr oxi mat ethe Etriia,ngwlaa'apmmlcb dn?lSt}fer pmnttmlmdmgtantrfrt)nn thettheee fates

tri angul ar - BTEh QTP IEEh vahArher 85 SRR L0 B8 amst el Mhonever.
cont ai ns notpip@ghilas- pym@hmlr@b@bmﬂn@wﬁmwe@m blemént) with an
triangul ar-pyram dal, refl gct i ve ynit gescrl bed | ater, or no disclosure

or suggdti SRtese:light (W ®i% r referredifosts pnentyanceof
t | ar - f | b t
angul ot Ly o%%%%%%éﬂangﬁ%*@e%%@% £18 ptibfle SEaecelont S0 121 oes

a retroref | eetrioreflebtiwitiynof timiehament mapidlgcdenreasesvlasm&enhmlriced regul ar
35 triangul ar ube caorner retrorefl ectiye.el\enments whose 6
triangul ar 35@@%% P%g?ﬂsgh%"ﬁ?;'ﬁ%ni’ﬁ ?gﬁytl?llﬂﬁed‘ g’é) are arranged in the
cl osest - packed st Buethéimoze,) 4 ltg&ﬁemy ﬁfdm olight souree whieheertters ihbo n
sheet. This U pa{:ent t St amm s, SﬁeF reflects in |dent Ilght by vapor

deposi t ihg §IRBE rlgugﬁ AEPYT AR iye slement gy ae%g &n apgle
reflective §dRMEHHS thé%ritﬁ&lea':’ﬁélet(%e IR ¢ FeTH 'tétalvifﬂ%ismsﬂu fc(ﬂvé&gbﬂg the

probl em such as the drop In retroref(ective e CI ency an r awback

that an i ncrorditiongwhielnisdetermined bygﬂ}w ratie of the nefeactivelindex of nal
fl h I dd
refl ection W@S{ﬂ{lgptﬁt—%‘aﬁége&& ﬁllg ?‘15 tg{)%@ﬁ&;srag the el ements and does

not retrore bec use osal by Stamm provides
a specul ar tepagularpgirhecidial aeflettivel eleamast and aheamfradtive md@xefvm de

angul arjty, such drawhacks a hat e .of t e for etrorefl ective
sheetin nﬂmtié‘FPgraéFIl@& rtq%Q IX&'F@GP%@@%I ed&Fﬁr agps Pﬁgﬁﬁé’ﬁ 3&"? or
the specul ais {eMsym 68 tasth@ mmuﬂthé elemesit. | Hencorettorefleghiveng use by

infiltrated ter or a h | eads to cca5| onal, decrease i
reflectivi t? Pgﬁe"f“fi)%tl q‘ﬁ Usig @'ﬁ@ng’s‘ anhpyramyd §f¥’%ﬁ?0fdﬁete As for

| mprovi ng whﬁeeawaufe%ft'tw%e?eéelﬁ %@ngﬂﬂ a}ﬁ gﬁf&msm gﬁtﬂa’ﬂcJ éﬁgﬁk Ey Hoopman

describes a retroreflective s retroreflector In

nul titude of pair©nothe pth@dhanndabgoause pytraangularpypramadakr

Lt e 1 gnesiSrghERivt SR Feflo T Rtttk ERPRRD tRe3PERRliBE" o g
i soscel es t dimetionaof tiaseammﬂajaérmg G\fdralflmlrljl&@lel; W}h:mgeg aie\e;gmgthgé - ng
£

optical axis, of 2 he t dal retyo
descri bed i AlemeR pé’( fi"r“g aulllgl%lﬁ?/ﬂo %ﬁ??ﬁ}‘éeb diviergedfog such qansesense

descri bed igg Ts?heﬁic%i%er@ﬂﬁ‘éhf uﬁﬂik@ﬁmcwglé\éwbsaefreﬂbbhv@eélaﬂaémut 7 -
13. US Pat ent 138,488 to Szczech also discloses a retrorefiective sheet

and retrorefl ect i Feory pragtical standpeint,ihawever, |tbngmamommim¢nmceso
cube- Cojer ahld af FLIBELANEGR HBHYS £HCHL BRIAHG: Bich P RfidiveribARA! o

base are arra on a nanner BaE85%are on
a conmon ple,rge,wihethhghtghystemﬂ;hedtﬁyomrheﬂﬂiamspﬁsnar aret i cal axes of

each two ”'eﬁarﬁl"@ goe%/j]rﬁm dal ﬁgrslbgelﬁi@/eereeﬁec%ﬁtﬁghmﬁ§ga];'gccﬁ 1c&ﬂ ot her

and forma P
be caught by the driver of the car at a position deviating from the

incidental axis of the light. This kind of inconvenience is enhanced
36 particularly as the car approaches near the traffic sign, because the



3s ‘common edge there between, i.e., in the positive (+) direction as |ater
6 explained, the angle of tilt being about 2 - 5 and the el enent hei ght
+being 25 hum- 100 p.m Also in EP 548,280 Bl corresponding to the above
patent states that the direction of tilt in the optical axes is such that

t he di stance between the apex of the el etent and a pl ane, which contains

t he conmon Sva | i S, l: t e common
base pl ane, %?1%?%8 bequaf@%ﬁpﬁ%e)io@%@y%&@%@@%@gr%lghbg%glﬁdl?gﬁg poi nt

of i nt er secaindnthy axie(obseirvationxixishcohnestingdiedrivearmmd the poigt of of

tilt being agﬁut .2 -.. 5 and the el.enent  hei ght behgg 2510 ~rP 100 Vim As
above, EP 5AELSEHORINCEEAERS Wby ?}?%%@na ngngality becpmesinteRorhot i cal
axis within a rangerem iho dntrdnceé RALUS hid fgp
negative (-) [egions. anpl %s given i nggg?g%giggégﬁﬂgﬁg a{EIYF.é!ulfalzfﬁet t to
Szczech, 3 hofabeicorapt gptraredlectiversheetings andwgtrorveflsative articles; inct i ve

I t ] hei .G ' ks f (-~) 8.2,
(3o or paytilaldn REta il At ARl e oty frfledtivg sflpetinie
tri angul ar - ppdardtdateftedteve artieles; e any giroposalschate beehsmadevef éldom so f ar
d i bed US_Ratent 2,.481, 767 to 2 US Pat 3, 712, 706 t
S'? Zﬁ{nl EP 13?,(161‘?%033 i“%%%%%r?ﬁﬁ?gﬂiﬁ%r{’%%é‘%{]i%‘ée%a g#‘respondi ng EP °

548,280 Bl to SzcFetlxhaysle, IS Taient 48D, TN Jungrséh @elsepibee i n Fig. 3,
that the WItltéTfa%iOf riapgul ar-pyram dal hef l.ective el enents, which play

the kerHel matallationefveriguatoray afretrgreflactive elementagn adhinme, have
2 t h i b i i i . f' ) .
s their Daggge .Omllgr?i aeié%g?%ﬁﬁ%%ﬂ A% eAith 'é?{teg?@%ﬁgﬁ 1%}?&1@?@@ pai r's

facing with_each ¢ , ar_configuration an g Such
r et r or ef | ecPatent irdudediwsarini whish ¢heit opticabaxés are arguiledpyhani dal

nvary abl y PREGIILDE PhOtE AR cOBRRpoaRing e tnGrifipta ob that oct 1o a

def ect t hat resectivef tréahguldybases, Hnd ¢ileed tivainignil asplaaes da irefleetivangl e
of Iight raﬁs.ent ring i,nto _the triangula -(@éhgm dal reflect)ve el enents.
i

Fur t her Hor eUDIS WhHose anices, dogqiat garresnond & |Geatay PRIy tmet theix

retrorefl ecgd VATER | hane K i ' : e
di rections E:%étf%cﬁit er Se%;{l?ﬁl:il:?a%/%f; oneg%giﬁr%?ggl?esgéaﬁe%é Z %glvl\%eﬁﬂge Pat ent s

5,831, 767 gciayebsveﬂ@z;e%ighmmwardan appzoadsiag ear or ef | ecti ve
articles a”ﬂﬁd@?ﬁeﬂé %IP%%Q?‘FE&% Qﬂgwﬁif , Which are proposed for the
ectrveerfi

pur pose of | oving retrore I'ency and wi de angurality, said
articles being coAsthedize ofthe ¢riamgilaegiyremelanmeflectiveamaitaphded by

asymmettj ¢ V.shaped grqoyes in, whi,ch on f the side walls has gn angle
ap)p/)r oxi te?%lmﬁe&?)tﬁﬂi s&a){%q, a5 the %Btﬁﬂgrtg‘@d"% nupPHe %i@%ﬁhﬁgam ngt hese
Benson, et smich 62,540&&@.“F(iir@hérm@?e,SF?Mtlﬁidft&ﬁédjs(pdt@h%fswv&éma'

publications, a substrate  is.so, machi ne at two sets of tilted V shaped
grooves of isngplarpyramddabrellechie i pair prhose opticahates are dilted

rooves of GG widabrelee: i .
any poi nt ol FoPar RoeD; diteoflohisag pIRLAN 1aker” thb Alb it OPbfEapfEeS

crossi ng anepticalbiagisheinggpressimed $odeeapproxiegataly @.58sas chlculatede V

shape h fi] A d of _grooyes endi ng in.two

i (or & o Plie 1ehgh Afic BRRer BhE 10he S SR thr St BideBe , 1,

angl e of ]}/ﬁieapgizlangd_lmxbase otb'fctlhtéidhqvi'm tr@gﬁl&h%&middieﬁdﬂé%tfbesﬁhi@f

grooves of a stild .di r ept rection, rge varieties of reflegting

el ement's i ncl udi r%a’ghgbeepﬂgqnteﬁ%ﬁ?ﬂpgﬂﬁfq’gﬁ ﬁ‘éﬂ,é‘@pitgmg,neagpemfgc
disclosure about extremely small size triangular-pyramidal reflective
units as described later, or no disclosure or suggestion about the

30 desirable size or tilt in optical axis of triangular-pyramidal reflective
units for exhibiting excellent observation angularity or entrance
angularity.

US Patent 3,712,706 to Stamm discloses a retroreflective
sheeting and a retroreflector in which so called regular

35 triangular-pyramidal cube corner retroreflective elements whose



20 *be forned, which constitute the retroreflector. Furthernore, it is
clearly indicated: because one side wall surface of each V shaped groove in
*the retroreflective article of Benson, et al. is approxinmtely

per pendi cular to the base plane to forman asymetrical V shaped groove,
the internediate configuration of the 23 el ements having the rhonbic bases
as defined ' ' j of ' I ons
S DIl at or algnByfatbARes gt ShaNe e BEbpGldr rilflglie Y RPtanbdd th

speci fi cat i tie clos¢strpacked state withisuid hasegdying oned icontnva plane of a

convent: onafidy SRRt ot plh B Baferd fh St RRE Sy LBy IR aBb T,
Fig.l, and lighthsf vepdr depbsitiigla metéhs&gh ?S¥%ﬁﬁmﬂfgﬁ&? pai r ed

surfaces (al, pl, and, az, .b2). nce tho .
convent ibnafUBiAces b8 Rﬁfg"h’f’@k&@&qn@o iaé_n%%%ﬁ%thf H_éqlaeBF trical
triangul ar'%&Ebgqgnﬁ&ﬁngftﬂé%rﬁlémaB?cH%isrtlg%&fét}]S’ iWirebrf@flecpiveer 3s as

illustrated in Fi when a pair surfaces (al, and a2, bh2) are 8

cut of f witefficiencyiamd suelhapdrayback shaganingident ,light]p@l’rce@‘edat %nelrrent |S
H B , ' . i N i . . 5 V
shaped or oodngitlest (it PhE Lo intErdal il eridhl cbRAR;Gn sihlgthifs > P, '@

Fi g. 6 showsthrowglaimterfated dbthetlamehteandvdosd notpetorefligchis shown in
Fi g. 30 of Benson,_.et al. E US Patent .5, 831, 767. bneéuch areflective
el enent%rray, opﬂ%@éﬁveé'x ecause the ahgvediioposal by Stamm prexidesAvi t h each

ot her acr 05§pécﬁ4a§ﬂ,ﬁ?89 ot RNt M ElaterAEfaded AdI8TheaRk tdlihfSFovwide
understood fromtheit configuratjon. For exanple, where the optical axes

are tilted, angwarity sudh dtawhagks asgthatrappearancepkthgformed al t hough ad
AR : . . .
certain Fé‘érﬁ?éﬂ%tlbggﬁggﬁﬁggéppgﬁ?{’&%&i’e%bfgbbﬁgﬂ b ‘Ue'cbihef Iaplr{a;ofxpect e

due to divergence of r attribu to versa of the
refl ective themetsd, used forthecspafulaniager suahgid alhithyntaieor eilvertisve

el ement_ array. has,very high ditegtivity. That is, iR.t di,rection to which

therr ol caridized Biring diedty iefltcpbed watetroni whichderith¥an be

expect ed, bgécddienal dedrdasstinrafledtiViey. OFuethéAnege atliie!pHtetnt isn ot her

directions. US Pate , 889,615 to eyer, et al,_ shows retr&ryef,iectlve 20
| ¥l

t b
26 el enent faatm'ebaeﬁﬁ@t 8 meanscior improvipgsvide,apgudarity by tiliang,
triangul ar - ﬁ@gj Q?L\s'cube-corner el ement and a tent-type cube-corner
el enment, whi s_Torned of a pair of triangular-pyram dal cube-corner
reflective el enenEP 137,736 Bidoddsepoige deacribasarretndreftedtiveshagtinig h

each other, with, thei | € U f f1.0M tih ot.her V. ped groove

ext endi hg iﬁnf}a‘}eﬁﬁ?%ﬂ%%gﬁ9‘&%“’3‘0’%\%@8&?@“&%’25 0l]i:i\{bl.%ggattached to the
present spetribhgalarpysamidal cubeswirneoresporéfleetiver eleheentsvhaeimgrent pairs
arranged i nt he,cl osest - packed stf\te. Thi s retr8r fl.ec igﬁﬁﬂiﬁmn of
Dreyer, et HRCIrRASes|OR gicompmamplans axe arpapgrd abthe B SRIEY Pler ent
di rections. o iR Sheet 904 ch pusr 6P BhieldREhtd Rading tdoseatesHriaagadaEi Ng to
those of optical axes of particular retroreflective elenents are

ef fecti vel ybages apddeping ratated 180 frem ene saetber.oulhetontical axisrels show
K S BRI T A R B By i i i

retrore ctive ar 0 show 1 nfe
char act er i spatent R&tilisdPat regative(s) ditectiopn\ppéhd @emsealeseribefl sxthees a

9 retroreflective artigle, .whi carnie n,one surf a rray of
cube- cor ner p?%ﬂﬁ’ﬁ?%?qcéﬁf‘?‘98ne§€mg§? O?ﬁgtlhr?rlgg q%é)t'%??l “ﬁr ecting faces of
the el enents bei nUS Patexst byl 38)188 torSzuzeehtdlsg distloses a\rethepsledivoves,

at Teast ong St and refroreflbctive asticle, 15 which tilted faangulér-pyramidal
30 cube-corner retroreflective elements each having an isosceles
triangular base are arranged on a thin sheet in such a manner that
their bases are on a common plane at the highest density. In this US
patent, optical axes of each two triangular-pyramidal reflective
elements, which face each other and form a pair, are tilted toward the

35 common edge therebetween, i.e., in the positive (+) direction as later



s l‘east two groove side angles that differ fromone another, whereby the
array of cube-corner retroreflective elenents is divided into repeating
*sub-arrays that each conprise a plurality of cube-corner retroreflective
elenments in a plurality of distinctive shapes that retroreflect incident
light in distinctively shaped |ight patt®rns. 1o The retroreflective
sheeting obpahnffeds tRE Wntle (of tilEHeAAR UbRULCPOS Yo dd %Hefdlgg{?{hti I‘Zéig?llt'

shows i nproved observation angu?arlty to a certaln extent,
i nsuf fi ci enbeing 26 nmpr d0Owmx. i n entrance angularity. US Patent 5,764, 413

to Smth, et al. 4gi td 1 - coln etroreflectiye, sheetin
conprising a subs&éacﬂeﬁ)gﬁ? g’gaé(ggge&ggg%g@g&ﬁé&’aﬂﬁ PﬁBYﬁrp egﬁlspg °
;ji spljacte_d f tloat the direot ; icml;bf aﬂEinﬂ:helqitimtaxei\?hiisSwdlﬁﬁl@at Elfié dgém&t | east
wo distinc rrays,of cube.corner el enents, erein: . each c¢ube corner
array is?foﬁ’ﬁg‘ﬁe%%%hﬁr?éée’? af %@f‘f‘?‘%‘%% agtlaggy syhighicontpiny the| el
grooves | NChordiniign ddiel o d3nid dFRlEnALsHIY § ERARRYNr 96 2RYE Sets,

for at |east one cybe carner ‘array, the secon.da%l?egﬁoove sets intersect
each ot her eomaenhasgplane, islnot gayad tpdhe distaned between saflplaperti on of

substanti al Iy Qr I pLé [ . S 0 at |e one
cube cor nergégﬁ\gy I%/ %1915%?6%%%%9%%%3 (E)q tgf]d'éé{? ﬂggp%{%{se&it&{}%é ?ﬁgﬂégﬁ&ﬁ%}le{ he
sheeting atths aaglaofitdt bephg abeut@%ed 5P ramd the element dfeightbesng @8si st i ng
of 5 toq25, 36 t 5, and 65 to 85. US Patent 6,812,316 discloses a
retroret] echte Borner article formed froma substantiall y optically

transparent mat erAglaboveBIP 548 8@muﬂ§sae£@cm§¥gp§sefs é’ﬁ?‘%}g?é' rJf%Elg (g'

di sposed in _a base 30 plane a structured surfac splace omt ase
surface andtheeptigrhgxismwathinyasangeefabeubd® ehhdnchisavenf bethched pairs

f d by t . i tyi . t iald I
orooves. esb BB HHRAL neBabREED HOR.”  BrebiBRIAYER iy s DS, 0y an
optical |y opatexitnand diBphtenbdoSucaechchowever, diselaeronly tHaseal ity 3s of

b | ts in th h t hei A t ed 10 i
(et pltanchiRRenit Ry Eamidah spBlchifE Slemnte Mk henARCiLal 5068 article
exhi Ibi tls i Ej@axbtlre@laﬁeﬁif ah leoéfﬁllf;diia@%.eﬂ,gﬁaﬂ)ﬁ.]'z? )briéﬂ) 4.3%@9@%?@'@{1?
angul ar i aced fro e firs ane an e cube corner el énents are
origent edysﬁﬁﬁmﬁﬁ?@@&fétﬁdﬁgi ntersects an 6 edge of the article at
an angle |ess thahdse tﬁﬂh%géﬁg?axﬂﬁaﬁ’%}l%@@rﬁe@?t%%ff’&@i@ 926, 314

di scl ose cube-corner artic ein a plurality e corner elenents
in the arrglementsoknowasfronbed favdescribed UssRatentBpt8l,#60rtoed by one

groove Jt o f t } r i [0 t base 1o

tri anglgé) bgﬁggg%%nérgs wﬁ?’g W@?eﬁ%%%&@%fﬁ@%ﬁ%@ﬁ@ can achieve
i rr}[:)L o;/ﬁrrentanpmum,anGd’ En]giB,dBthtmdmoﬁﬁmdohﬂing_EP%@}?BG B£>I ttbhe products
Wi e outer edge o sheeti.ng or provi di ng,at .| eas ar.rays,
the pr oductL%z‘F?g\? g*aa%%fﬂfé%?e%ﬂﬁesrm%%ni%&‘f Bk te'}ién‘ra@ra-%&f% theis

not abl e wi tiultieudetofariin@elarvsy @B IR feflédtivdERMbNtS APhRD PRIy ERé axes.

Probl emto Jbe scil ved,by the,invention Geperal|y as the basic optical
char act eri sf¢rnelge ingeeeving entering hghd and refleetang thersanae) baveve

sheet i a : t j f vy [ ' | evel
(magni tade) Tt PRFpE posiacNEqn d Efmbhlahk diff thik boh of ippechel
entering frpairs facingwitheacheothee dtdvegsimildr wordfigurgticar ahy expuealr equi r ed.
Mor eover , ni he i dexanqul ayi t t hree.propertjes, i.e.,

observat i or%@%&?ﬂ atl cil,],rego ‘Fﬂ?&g%%sbﬁﬁgﬂ ﬁ\npt%ﬁb‘ﬂﬂs F8P§h‘%ﬁ?egr?§ul arity, are
required. @ridafgslartpyemmidaPrsflé®ive elathertaWith ithefNbaA3OS BosSRIBNAT I tY 1S
known to be acconplished by ti]ting gf}}ic | ,axes of retroref]ective

el enents, iMe? CORMPPRAVENEYR HIYArpapH TR entance Qngula;ﬁt)g A&.opt i cal
axes i goi Mheyesre WjcRBto LAERRE LHAL trbtfoﬂe?lfegﬁ%'iﬁai’an@ﬂﬁ? drop's&F the

areal 30 ratio anong the reflective |ateral faces - co uting eac

el ement, whinereasegientrancedargleoof light eayseatering intoditfe ci ency t oward
| i ght sourge: i.he e chi r nting a technical problem
Means to sgﬁla\eﬂ@hltg&ﬁ%lﬁ @{rﬁi@s;%ffeﬁ%%pﬁgl%gﬁgs&over ed that entrance

angul arity coul d aerthermore, retroreflective element arrays including

asymmetrical retroreflective element pairs, V-shaped grooves

36 extending in three directions not intersecting at any one point are also



l'i *markedly inproved by a retroreflective device in which a | arge nunber of
conpl ex cube-corner retroreflective elenents are arranged i n cl osest - packed
‘state, each of said conplex cube-corner retroreflective el enents having a
first and second trianglar-pyramdal 6 retroreflective units and at | east
one tetrahedral retroreflective unit, chhracterized in that the three
reflective kab@ml faces (al, bl, cl and a2, b2, c2) of each of the first
and second trlangular-gﬁéan1dal retroreflective units form mut yal

per pendi cul ar cubbiTBatenty 883de76Yand fae836tosBenspneel al. 1dist3k>§ef i rst
feflect ve | abetahclae ildes LAR SEERBMS o LhEbhARob e g ). and

the third re aera ace onete edr al
retrorefl ecpmpaosad forftlrenparpnﬁejef impp'evn@uetndraﬂectllve afﬁcremcyr ghdective

f first | | f figst,.i
r1 angulte - FifamniralEy: S reipReddine SibthRctedoLitForrRRENS  n ¢ ne
first |atergalerhéff arfdys Bbundetl B;ehéyﬁﬁ%&lcrwshapeﬂl Efdovés innwhiclsai d

second reflecti ve | ateral face (b 1) of the first triangul ar-pyram dal
retroref | econe@fhetside walls hassamangle appropamatelys pespendigadanori ace (e

1) of said %B%E%@]%géf’d?ﬁﬁﬂﬁégds%géfa‘ﬁe unit, 20 said conpl ex cube-corner
as a qua

retroreflective €elenen angul ar circunference defined by
mut ual |y parall eIIrythesreBemsdnl;mtleds vyetrarefleetors; b.srsémwmand;aadnpl ex

be- t ti l t h bst ant t
chaped M ootarparaned Rullifetifis o supetudiade Machipd AT it e o
i ntersecti Otﬂw‘d Vaéh’h}ib"ﬂ @&esyof diffsretitcdipacdbns |f01?m| rh@abid bﬁséé] ahd
reflectlvelat fac of said first tfia r-p m dal
retrorefl ecBRQ %ﬁ?t ? tl Vishaned greovss ‘t)ﬁ%t‘-ﬂwgﬁaeé'?@%éf r‘?%‘é@ argl)
form ng sal Sutndhe8 el Boisof iftdrbbtiion o 2d Herh Bl e pafterbc2) o

sai d second trlangul ar - retroreflective unit 1s para to the

other (g2 oByc@a)rymgtﬂhe ¢msfmgangﬂmrdnmd1 saigle\ofsVrahbapeqand degreadft he
third refle face,( id tetrahedr,al gFetroreflective unit
o G el BT thE LR b AReh S the Fxd el S iR o Fo8BE L ' 13 b
eﬂol a{l at It onemfentﬁtmg mgtavﬁlcgffeieﬁh dxfeom%dﬂ@@#nld el:u? affisetr p@§1;tﬁm;rnwm:lb erVi ew

| ustrati n Cu I Ng .pr eaur retror ecweee.me 1.r

convent i onaff srqcy&%éﬁsgﬁ apgge é s3hare anﬁ extentd fahdlr\:ﬂb%gﬁ%%?%/ hal
view illust¢lpd tHﬁd%Et%ﬁ@rde@@.QﬁlH §tﬂ’lf dﬁféz@rftcuﬂ&éﬁéh' Yirgl eaEBticBAT by a

conventional technology. Fig plan view and cross-sectional view

of ato ret mﬂ@qtmgteﬂeme@ltemmqgagrﬂm@mﬁ exhibatingoratveraflentivity can
technol gy. hEiGrmads WHRhdlstitute WUl rSFtSetoECt  onal view of a

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

26 elements having the rhombic bases as defined by said V-shaped
grooves extending in two different directions is bilaterally
asymmetrical as shown in Fig.2 attached to this specification, and at
that intermediate stage the reflective lateral surfaces are a2 and b2 in
said Fig.2. Whereas, the intermediate shape in conveﬁtional art is

30 formed by symmetrical V-shaped grooves as shown in Fig.1, and the
reflective lateral surfaces formed are symmetrical, paired surfaces (al,
b1, and a2, b2). Hence those reflective elements of conventional art
formed via the Fig.1 stage become a pair of symmetrical
triangular-pyramidal cube-corner element pair facing with each other

356 asillustrated in Fig.3 when a pair of surfaces (al, bl and a2, b2) are



retrorefl ective el enent pair according to a conventional technology. Fig. 5
Is a plan view of a retroreflective device according to a conventi onal
*technology. 15 Fig.6 is a plan view of a retroreflective device accordi ng
to a conventional technology. Fig. 7 shows a plan view and cross-sectional
view of a retroreflective elenent pair a&cording to a conventional

t echnol ogy. .Fi sl ] el at f tilt in
20 opti cal g.{)?lt g’ﬁ\./@ruglfjgﬁ? gb?@gfﬁ%@%ﬁk Q?Y‘lg'ci g#c@}&gagt.’q&@gé\}s%g pl an vi ew
and cr oss- sebémenss i1y Bensoh, @t df's petroreflective devicle which dradotmetl s

toi ti . J10 sh a pla i ew,and cross-sect.j,onal i.ew of a -
D orml ox cubBIEEANGhadiadRtavesaiea Sanet i as ARrBair, el T eatedim s
i nventi on. Fig;4.11F%39%oavs05ﬁrewxﬁm@6ﬂtKé Péﬁ'oﬁéﬂbbﬁﬂéﬂeléﬂn‘é\ﬁtﬁrrﬁgrwm ex

- cube-corner retroreflective el ement according to the present invention.
Fig. 12 @hoﬂboyrpnaﬁlmwﬁﬁanéoasgt 9@@U&Eate/nte§h%3£368onp| ex 30

cube-corner 1 et 1 OpeLLER!d YENELEUE MeAEHRIAlHY, bOtERPAREESE My f¥EN | O

z T
Fig. 13 shows a plan view and cross-secti ona conpl’ex cube- cor ner

ret r or ef | ecreflective ebements dacinggwith ehehmthermcrosy anVishapedsgiiaye 14 is a

pl an view of _a rletr ref(liect.i v]s devi.ce accor ilg%% t@ 13,,t he present
I nventi on. I”—‘Fﬁ.a G N X %‘Ftéﬁa #B‘ﬁc naarself? FETPR tff% ﬂé‘?}f“ce according to
the present chAfigiirhfidn. Filor dRamdle, WhtrethRVoptical 4géd areftilesd, teeydevi ce
accordi nqt); to 6 Er esent invention. Fig. | an vi ew of a

e

t-he , 17 i a p
retrorelf ecaredilied ina aame diregtion. ¢ r@w%&nﬁxrﬁﬂéhpugh.a pertaing shows
Cross-secti ' fs | | : ' r nt
Cvent s on.  TaORE ORbYEreARaR in DU RERY ZEELUAIET K bbb ool £
retrorefl ecto ddvergence of reflective light attributable to versatility of the

reflective elements, in respect of entrance angularity the reflective
element array has very high directivity. That is, in the direction to

156  which their optical axes are 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 having plural optical axes constituted of a pair of a

20 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

26 common base edge. 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

30 coming from the directions corresponding to those of optical axes of
particular retroreflective elements are effectively reflected by the
particular elements, but other elements show markedly decreased
reflection efficiency, and as a whole the retroreflective article has to
show inferior retroreflective characteristics.

35 US Patent 4,775,219 to Appeldorn, et al. discloses a



devi ce of the present invention. Wrking enbodi mrents of the invention

Bef ore expl aining the present invention, known prior art 1ls technol ogies
rare explained. Figs. 7 (A) and 7 (B) are a plan view and cross-sectional
view for explaining a triangular-pyram dal cube-corner retroreflective

el ement according to conventional techno%®ogy, for corrparl son with a conpl ex
cube- cor ner t l\ﬂ'i'fc'ﬁt i (whi ch may
be hereafteréfilo?‘gi;‘lr‘éé{fj&tg(5?i r‘sffcIS %ﬁ]é'éégﬁanrfesﬁ ve e#%r:%%?) Fi g.

(A) shows acubeaumgnbarretx;omﬂedwveoelbmmtméherthn'eedafdmdu‘eﬂecah@ﬁozbsdev ice
projecting g ane r,bases, arr

cl osest - pac anﬁglei%lgegﬁg &ﬂ’ag #hl% tbr%énf(%ssc %I#%Pbaﬁﬁémnt
pairs each gpybvis, %elebaﬁenbldfa:}@@éts ihcludinHAn maﬁﬁg%t%m fech

ot her ap i<| rrately symmetrjc at equal hel ght with resSpect to a_plane
(Lx- Lx" ) diQ BEPOY & 8 ﬁrgi/ﬁﬁ atndiffes from onel anptherswiherebsthe base
| i nes (xx EFGR ( ) ection
of said pai rar}?i)g)fe‘? ﬁggtdﬁ?[‘g\égﬁ%mm gﬁg%%% ézlteﬁle lgrs ?ndlﬁFI(g#@ b{llérban%aé) n§
reflective eubraxraygrthad eamdm:ompri?aega piuta\htyl' bﬁcubememhepal r con3| sts of

ted t b t fl | wh
opti cal - axoboloReIRYGEq eXemertSSnret pREER B AEAR 1R BhBReF Ehakch of e
3s the opti eetrovaflect indident ﬂ@lﬁh@h éﬁltmdftw&?rghacpé@h ghttéine LX), 1.e.,

5to 14 in such dJELgCtI at t e respe |ve |fferences bet ween t he
respect I%e di stan ¥°r9;f£5)“ nEd? aceeusingcto; the abave p2) of

per pendi cul f ts
t owar d the ggﬂéédﬁq%rf A?gégl?ﬂ{n aﬁﬂs:g?lg%s eﬂg%‘é%% PE&S‘&?E %ﬂéh%gﬁ' l'ine
(x,X...) shte eccarhanbemtﬁntbjowasdnpafﬁcmhteisetmrm;;romnienlhenremmant:eve
di st ances (g}1 fromthe points of intersection (QL, Q) of the optical
axes wth s gu pIane(S—S) to said base line (x,x...) shared in

conmmon by the el e Papent 5,764413 (16! Slith ot #R)disélakes BOgldd ve (+) val ues.
Each of thes%el ement a| rs.share base I|ne X) in ci))mmn and face each

ot her i} t hEUBSEOERST ¥ Stroxsflgetive sheeting Pemarwngam spbskhatechavisgnar . The
two triangubake BUFE{BetMd aeithBet b shgfa%?toﬁggfsv&deﬁgga 5@33’3‘@5 dul¥facd?) -

Wth increased tilt in_the optlca axi
triangul ar - Hye gtruetured sarfagamncl nding atileasttwoelistincharsapaof cabeos

b f
(ol b *ar 2yt Aeni g, Shreth: AU oBbR i net Bk 18 HRneddb  SBred o7 “axi
i s excessi vialtersedting setes of babetamhaﬂqui-aﬂei@bbives ¥néludiapteprivgakyght to

be retr eflected V|a rlhedra eflectlon nd,its etrorefl ctive
ef fici effcy BTORVS: Sk &PV %ecomf@la’ sofon &t leagt onereibe perner Fig. 7

(A) Wthin & fy?thé s@@éﬁd@ﬁﬁ girbdve Eais ﬁ’f@ﬁﬁeétneéé}?oihé&“f&deﬁﬁe'éﬁom ng
| i ght can bge ﬂé x}gﬁg ret oreflected, while the rest of the portions

mar ked! y | einclug espthan&eans-aimalorpertien of subgtantia Ie of tilt
in optical @y $ddveSREChd P?}rﬁaﬁ%fg‘rﬁb%tsﬁ@f f&ﬁh%l@%%he%w

coefficient of “reflection o ncrdent an 6 into
a retroref | aenanis dispesed inia plam ithabdntimseciaa theedge of rthdeshb,etnsg at

det d t I

o B it dNERBsRledtol Fohd B¢ BFoRR Ot AriEled cBaBlismE ot BHE B0 1 ¢

coef fi ci ent3dtobd°yr andf6®¢0i85%, and it is denonstrated that the specific
fficient of ef t flect | t with it

opti cal axi s ti1 108 Bgtert tedRs15 isdpcnenetrencaciivecues POrRAY oct | ve

el ement wi tdrtiloifbiabdofiont l sufdtantidlly oBtRAL frarbpRrehe igtedia,f ur t her

details hereinafter, referrlngto ngs
appr opr i at ecompEsIngy apubstrated)avinga baseasrnface dispbaedos adesei onal view

30 plane; a structured surface displaced from the base surface and

including an array of canted cube corner 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
36  of cube corner elements in the array have their symmetry axes canted



3s to explain one enbodi nent of retroreflective el enent device according
16 to the present invention. Figs. 10(A) and 10(B) show one pair of the
~conpl ex cube-corner retroreflective el enents taken out fromthe device
illustrated in Figs. 9(A) and 9(B). These figures show a retroreflective
device in which many 6 conpl ex cube- corrl@r retroreflectlve el ements, each

compri sing {4 b4 i%%}ﬂ%nggi 3alt3dn ﬁhﬂ%bé%@éh%’t dry& mtts and

at least two pairs tetrah ral retro ectlve nits, are di sposed
the cl osesttlpmalrmlesexhﬁntsatsdbmdeﬁé mgego fentragcerangalarity ima t he thr ee

flect | f f O th
fFrst and suese PSS Aneiasly disniacendtnf fho frer plinf o8 RReTuRT ol Ty
pe ][ Ioe nfl! cul l@m;me:b@lemmw aﬁi{m?t{gd@?kg ﬂmefhe )seafmtt R planee yxétdﬂsfelcts ?nt
reflective ergl fa a e second reflective
| at er al ‘?ac@gg?é’ the a&%&c}é@ﬁ@@gpglgggsw ]ﬁé third reflective |ateral
faces (gll, gi2 ?ﬁrﬂ?érme?é)usfpaﬁéﬂtstmztzem%% 8lode3atdisElekbect i ve

uni ts form mut ual p‘ewEendl ‘cular cube-cornér reflectivé surfaces,
respecti vel wbemner iclest whereirn al plueality c:elb(eacgrn@t elements dn the

et ) ar er BPY B Ao BIAGHGTREE poiinlB b b e Prib 1€ BBRRleASy ¥hoT, ' 70
retrorefl eC‘grd@v’deBotn@ eathi of tdrctivbe Bitleesédting) gawval sétarthé blape of t he

first triangul ar&?%ram dal, retroreflective unit is on the sane plane with
the sechhd MERBE PHE%§C%]@T1P1 a 12) of said tetrahedral retroreflective

uni LS. 120, S8 &, Comity thUBE pEBHOBAI 6y BRAREL 66'dlYGaft|eREVS has a

quadrangul ar circunference defined all'y parallel] y-lines and
mut ual 1y patmprevemantn@sen@@memguwlbubﬁS@@ﬂfmngéhe@m eafitibge el ement

has a subst Mﬁét]hsywjt HPRS buget Fxgém‘ﬁ% %é’&‘fﬁ Wty b{‘&a\paﬁﬁ%%rtgbhgﬁ X=X

30 pa33|ng rou nts oPCBR{ Brasction of sald I hes and
paral l el z- two&ﬂ-,rayb,ethdnprdduetsl hatre\eedéﬁcerthlatfradac(:mnhh friongal d first

Lwo' | ot 4 a1 FHEGIVIRS innable ith Sha e oresled Seleimenfy it HBAVIN | vo

| ateral facgghfed Oﬁflcﬁphgtegecond 16 triangul ar-pyram dal retroreflective
unit is parallel to the other (g2l1) of the two faces form ng said V shaped
groove, and the third reflective lateral face (gll) of said tetrahedral

retrorefl ecprpyp Ith Bbe s6R/5d By tABSnVenltith t W faces formng said 5V
shaped groovr—%my_ﬁrﬁmﬁf‘rﬂ"e’rmf cube-corner retroreflective

units, optical axGenetaBycis the basicopticalibharactenisticssdegnirabletfors) in

e SR AR R

el ement. Fi gpticky %ghn@ﬂ&tﬁhtﬁ sy higls deweloimh agnitoided af hreﬂectwwy t he

conpl ex cube-corner efI ctlv el onstitguti
retrorefl ec??l?/l@sélnéﬁ@ Y &Wo?ﬁggﬂk £ grmg_t;r gﬁﬁg’(‘l{)t ofithe pair of
el ements ar §hééﬂ1h§daﬁﬁmi&é<a ?ﬁ‘?aﬁ@&rﬁe FRfdieedf | Méfétﬁe%%cﬁi&?ﬁ'i‘ﬁgla“d

opti cal axes of each el enent pair (t11, t12, 113" and t t22,
t 23, respecthesvige angularitye ghree pm@pemes,we@p se,waan@m.amu gnbty, by an

?Eg: ﬁd;%négot c%%ﬁ%g?&?y nes p}f‘d];‘;ltfdﬂ Qhﬁhﬁ’aﬁlﬂﬁ %%Sfeéﬁlrﬁg | on %naetset he

di fference thpjeb ptdpentigsyamprdvemient imeatfandd 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, excessive tilt in optical axes increases the areal
30 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.

Means to solve the problem
35 I now have discovered that entrance angularity could be



20 froma point of intersection (P11) of a perpendicular Iine drawn from
one apex (H11l) of an elenent of said pair toward the base plane (S-S) wth
‘said base plane, to the base lines (x,x...) shared in comopn by the el enent
pair, and the distance (qll) fromthe p0| nt of intersection (~I11) of the
optical axis passi ng said apex (HL1) wi tl} sai d base plane 25 to the base
l'ines (x, X. VEBP itive (+)
value. Int esekgqi ll;bpar rs, %@tgﬁ?ﬁﬂ%ﬁ?ﬁéﬁbﬁ@s{n %%EEZ“C?'?&
tri angul ar - pyamabéxiaf comfplextoub@ conney netrorefldativeselaanantsiany argangedone
anot her in fespect |k L.S..hhe.s as so are the
hei ghts of f’%g @8&&&%‘ ?ﬁ?ctgwme?@?gﬁgﬁ@§?ﬁ§)‘e¥eﬁ %‘é?ll%e”%trve units.
Because t heretropbflsctivbelemients Haatlngraeﬁh'et:hndes@bﬁdeuﬁ@nglmdp rarhidal

' axes (t11. t.12 t13adt21 t.22, t23

nventi on can confain plur 0 c
Y %R0) PrrosRacHavE uitis ASPLRE IR gne tetiahedraliT trorRcet R iR
arising par Ehﬁf‘ééﬁai‘i‘zéﬂ"ﬁﬂtﬁhf thé Rheeé Téﬂbcﬁ’&éSIat@rdl'ﬁé@@@@ﬂ 1537 éi‘ﬂhdt hi7

areal ratio of one of reflective lateral face (cl) an el’enent to
the ot her r el bt pebof aach af thediest(and segond twrwdm pyramigal7(A) becones

great and P BkefEntive AN Pokh G LRI SAGeBRT: HEeLQuALD V. Shaped

groove set can traverse e e errr ng to 7(A),
ot her porti eeflective Barfades; zbspecttvely) and bl not contributing 5 to

retroreflectron ever si.n fective retr ref ective, reqi ons
(R OEog0 S o™ e BESt sehRituS 1atund et LRD) LS sheshaleherbve iBtEm o
reflecti ve fadee(A) drif ERe tﬁi‘ﬂi P@ﬂé@tﬂr@ léxf@faq\fﬁcé U@lﬂéﬂ(ﬁlﬂc&t Raddigae i n

retroreflective e?flmency I ncreased degree of tilt of the optical

axi s as denteigahedsal mtrprgﬂegtlvgomtg“grmla@A}ltraaﬂypﬂre)endwmlarr ate anot her
enbodi ment gf pcoapl frgﬂ?? 198@1&-&' Eé‘é roreflective elenment. Figs. 11 (A) and
11 (B) concern a re Foretlective aevilce in which a | ar ge nunber of conpl ex
cube- corner r et r osaiid first mﬂeﬁtw&atﬂteralﬁam fehoeftenfirstosest - packed state,

each of .CO ex cube-. rne oreerctlv el ements havi a pair
PO LR BRI S pei R P elebbivE bt S dY B sAIRE blaiE Wikl 0P
retrorefl ecthyﬁmﬂlaﬁera¢ Ifaéétcﬂe) rdfzs%ﬁdlt@tﬁdl@édﬂdlq'etfm@fldcﬁf\ﬂeeﬁhitve | at er al

I?Féel?lgfj?;r gl/r a?n1 d$§1%n5f§¢ﬁléé%w$ eachaq*b brle)n‘efta ﬁ}’Sfper pendi cul ar
cube- Cor”ertﬁﬁ%‘n g4t ?S?I?Hh A Fatr ge?glf%cﬁhiﬁ% nmgs 'n?é@léﬁ% l‘ﬁlg ive

| ateral faces e secon l'ect ve atera e2l)
and the t hi thie se¢ond dateral face & 1¥ afeaid tetrahgdeal retrorefleqtive uait,

tetrahegtal retro I f r cube-corner

reflectlg(\;/e surfac%@flfoéébgeg}f?gkfg ,orggp'ggpg&pﬁk’l%g% e@pﬁi&%}ﬂ{/@g% eral faces

(al, a2) of quadrpagulaf cirrcum@ménce pefaradiby matuallgfpaaillel &-linesarat e on

t he sane pl ane wi,t h t he,f * slt | ateral faces (f1l1l, f21) of said tetrahedral

ret roref | ecBrWally parallg] glimesng refiective lateral faces (bl, b2) of the

f!{ﬁttﬁo tri angu:@erlquﬂpl&abubetldlo@heg Ifeﬁltc]gféﬂeugwﬁesﬁleﬁﬁergmh?m same pl ane

Wi e seco ateral faces (e e of sai rahedral _. ,

retroref | ecBubstantia ysy@nmettmprlé&smpedcgrm@e wishyiss eentex lipe 3é'r7émant has

a quadr agngu H*H]‘H I I vl

mut ual Igfppa*)gfl?ﬁ]:grz- ‘% mgp%gﬁgﬂﬁgl%ﬁp éeﬁ>]<!8]]!(§u gag% r?grshreg rlcl){rlgélaglc |ve

el ement hasparallebzdinesal |y symmetrical V shaped groove with its center

;'_ P?nésxanga;; g%eqhhg*r Ned ectP\?é {4tersl fAd¥ @19 0Fadd sy 5o @ parallel
triangular- pyram1dal retroreflective unit is parallel to one of the two

lateral faces (g1) forming said V-shaped groove,

30 the third reflective lateral face (c2) of said second
triangular-pyramidal retroreflective unit is parallel to the other (g2 or
c2) of the two faces forming said V-shaped groove, and

the third reflective lateral face (g1) of said tetrahedral
retroreflective unit is same as one of the two faces forming said

35 V-shaped groove.



5 the third reflective lateral face (cl) of said first triangul ar-pyram da
retroreflective unit is parallel to one (gll) of the two |ateral faces
formng said V shaped groove, the third reflective |l ateral face (c2) of
said second triangul ar-pyram dal retroreflective unit is parallel to the
other (g21) to of the two faces formingl8aid V shaped groove, and the third
reflective |lateral faces (gll, g2l1l) of said pair of tetrahedra
retroreflectlve unlts are sanme as one of the two faces formng said V
shaped gr oo ERaNAt10] AMINgB axes (t11, t12 and t21, t22) of this

conpl ex reflectlv S It (8)
in respect of theﬁgrﬁgﬁgﬁgrs%%ﬁﬁﬁ%&)éﬁg %ﬁ%%éﬁ&g?ﬁ?ﬁ’re q@%’%@%kl on by
180 t o eachcuatting procedutd 0Bh rdtoveeflectiveobloment padt byea ebrventional whi ch,
where the distangce froman apex (H) to Sx plane determ ned by the x-line
group i & exf® f8%s hx~ the distance to Sy plane defined by the 20 y-line
group, as hy~ the sheang x‘é‘tﬁ’n as hz,
and that to Sw plgggesz §?|6§,esdap8§;nmll ne ﬂt?gﬁi@ig?%trl%ﬁﬁleﬁfévwigggg % of the
fourth ref | eutting pracedure béaeratros%ﬁlentveee énbpaieby® eonmtloaadunut (dl
or d2), g&%hr{n%i gguals hw, by equals hz, and the ratio of hx to by is
1.06-1. 6 2 R ‘conpl ex cube-corner retroreflective el enent accordi ng
tﬁ thg pr esent |nF£gl'(th BhOWﬁsa pﬂdlnwltlewtmdicnoﬁggcﬂlbﬁ?@vmvd of( B), fthe 21/
shape ooves vi di ng,t he base |line nd base |ine ar or ne
dooper ThanteRereRRERvE iRt ds AscEtIgh 4 OMVERAOTE) tEPhEsTa:
equal s hw, by equRlg £ehand d Branie Qxﬁd*&i‘oé@s@é‘tlbﬁaﬂv{b@v%ﬁ 30 Hence,
conpared with such elenments i1 n which grooves having an identical depth are
formed, ar etetroreflective elemeniipainiaccarding i a copyventionnldechaplegs.i ve
Iateral faces (cl e

reflective effici 1;}%5@ 1%%&%3@%1%8‘{ Spaﬁgt%m&ieﬁkgﬁegégg%g‘vggg{&é% a

parti cul ar | gordeeretibnal te/(dln(y][ogy the optical axes are tilted in such
directions, wherepthe. oi nt of, intersegtion a perpendi cyl ar |ine
crawn {Pom apox. (FJE-BisBldiayien e Fe Rareipeive devied BB one o
its base |ipagvéintisnil tédHigolvl h Sx plane as defined by x-x'" line group is
represented by Pﬁnd t he poin iintersection of .the opticagl axis of sane
tetrahedral 5 ret tge?sbews\pep%ntwwmn srossspeefional view @b@esent ed by Q

the differ eP&t‘?p?Q@lB&t&@e@ﬁ@n&Bﬁm@'a&@ t“?zlg(&) fcfo?x%hti&ndl'%@?h)m%l nt Q and

t he di st ance rom X-x ol n positive
(positive tiltingig.18id a g;'apﬁn$h@dmg)thee'plﬁtlon&hhp ghapgle gf tidt i for med

Tt o, 5 nEBgRL A PaRndrdBRee ol M ®nda®) & ererably 1. 0701 4.
I n Isu;:h el ;aments E@rgeshowmea pﬂdn&emewmd@r@és bwbmmlvfm@nfat ance (q) from
X-X I ne 1o POl n

fli t he di stanc &% mx-x'" lipne to point P takes a
negative va? orelies V%l é(é?"sa‘é‘l‘?rgbﬁ ¢ ell?ﬁreisé’ﬁ’&éﬁ(‘fﬁn 108m t hose havi ng
positively til tEdeQOtl'(Fﬂ'loﬁé%sgldx’i‘%ie@rdiﬁcfﬁssté“&t{tﬁ{dl%bWGf 4 @bfd c]p'@‘lexf aces

(gll1l, g21) and those (cl, c2 econe excessivel e as conpare

t hose el eneftke- navnﬁgrgtfr@@seﬂgc’@ve@lemmm aqeepding F@ﬁge ptrnéeat eas of said
reflectjyve | Ald ﬁgnfaces (gll, g21) and reflective lateral faces (cl, c2)
can be ecreasec‘; 20 shallowi ng the V shaped grooves which formthe base
line (x) and/or bE@ 11 sleowaja plan sieh mtd:amssrmctmnalsnpmééa cothplex

shal | ow t he shaped are f.orned es and/or wlines to
Thhe o o cathe UpREer BEADIER Ve bSaA A EEae K5 Fhe BreRBRK S ol ront ¢
w th negatiiptentZentilted optical axes should fall wthin a range of '

0. 67-0.9b, preferghl
P i ig. y12 shows a plan view and cross-sectional view of a complex

30 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.

35 Fig. 14 is a plan view of a retroreflective device according to



0.71-0.93. Generally when a |ight beam passes through a fine aperture, the
beamis diverged with an intensity inversely proportional to the area of
‘said aperture, due to diffractive effect. The divergence 30 inproves
visibility of reflected light to an observer (vehicle driver) present at a
di stant place fromthe |ight source (hedd | anp) (inprovenent in observation
angul ari ty) théppbsémt ivddi§oabove referring to, for exanple, a known
triangul ar-pyram dal retroreflective elenment as showmm in Fig. 7(A), 3s the
aperture through .ckP 18 ainjan veanohagetrorsflpetivieedevice dczording to 20
surrounded e lateral faces (al, bl, cl or a2, b2, c2) of
t he shown tﬁyah “gyregﬁ‘l&b , respectively, (bases of the el enents, ABClL
and ABC2) whose aF@ Maid 2plan vieepof hiretrdrefleetifet dé¥ick hrcotdito Were

t he el erEent heig smaltl the aperture area 5 decreases, and divergence
of the ref | B ?G?Ibtnlrnvé?ﬂ 19%es due to increased diffraction effect.
According to the Egl.a it 4 R -tracing
met hod, with the erllgerrent h?llgh'?ﬁgq, Qflai'ﬁ]t%ﬂr ngfsﬁv% %Ege%tﬁgér%éﬁg

reflect ed Iﬁ%?r?%}t&%ﬂqfﬂ&%ases On the other hand, excessively snall

el ement di nensi ong; ence d leads to
decrease in _retror (%ﬁg:??(g‘kgr%ﬁtbgsrrglé?ﬁﬁﬁbl/?%&ét\éﬁgﬁ %?#%5?#’6%91&198 WWhi ch the
| i ght ent erwlcﬂﬁthﬂmﬁea)end:uheenmumr retrorefl ective el enent according to
. the resent in i ncl udes IuraI tical axes differing in height,

i s and The cube- \é@gn&%n?m?‘?g CEIGRH ﬁ%ﬁ)?ﬂﬁf E PRStEHCckOR o ir§tm9%e§blé’ﬁt ure
area diff erdexdcé ofthersreagat iiventidns enabl es to enl arge divergence of
reflected light by increased diffractive effect, w thout excessively

reduci ng the el enent height, which |eads to inprovenent in observation

angul arity WQG% LRSS hs 20 containing a pair of
optical axes ere $dinf 1Igcl?fr/e el enen'{)—hel ght (h) is less than 30 ~. m
the reflective elli-;efpne es;pi@lmegd]h:sprmmtrmlvlentmlﬁ khewhpribeadt f fraction

ef f ect \g/m Ct@ ﬂ)ﬁ%‘%g%ﬁlg%&he aperture area of the reflective el enent,

drvergence 5F t becones excessive to reduce 25

retrorefl ecti vi tyFigdhBaandnyBY aide phehohbw AR Rbad BBCRLAAP Herx coedi ng
400 ~. mi smﬁndes:lrabl e bgcause it renders_thickness of eeting too

large to b eXP{{EUNE| 2 UHADGY %Pymerlépérc@bemmrere«hrmlamver | exi bl e
heet - f ti
2 e, cor Shemelccordule 9 SonVEALAA REERRSLAN, 15 BPRFERT KGR o

a cube-corner. 30 retrore dal
refl ecti ve CORRIEX qubeipprnen retroreflective eheanent ofithber®sent aneertiosr mi ned

by the I corner retroref et e

DY e | (omighaiRy o hoFedmaY rERBILE 0B oL N

retroref | e€lemens).enent pair is 30-400 ~m in partlcul ar, 60-200 ~, m

inter alia, 35 6 2 referr 21 Fj 12(A) and 12(B) show a

retroreflective gg%i ?é]&g?hﬂ’ Itg&pgtﬁlag@y (iﬁgl !(5'1%1)'1191'11 wfn )ch is

char act er i rettoreﬂbbﬁtfetéiéxdmiﬁ QeFicaf r@ﬁedtﬁi’ébnoé‘%oﬁfmb C}ﬂ% %W wpntially

symetri cal sb ed par al ooye groups crj1 whi ch are

defi ned bytgﬁ}rd ‘90‘? g,rrang;fghg acloses gmnlrpzd $1zatm0rlgsaidecommon

trian ar dat edr a Joreflective
| anous ar phheSA8!) dehiittfile Btbdeht Hliks oBEh %gg b e S

units are forned of a ur ace or "a curve Flg.
12(B), t henmgmmpnaand éagmg)mt}oreachmthebsatmmaﬂnrayegymtmembawys haped

paraIIeI § har tq defined he x and w |ine
groups i s @3@ }%ligﬁh at h?%ﬁ?é/}é\pet ﬁt"FfBPW%H%I“i Ar 58 i on at
the bott orm«nfnmbn plankdSe-S’ )Suﬂcludmg sa1d common base lines (x,x...) of said

many elements.

30 Fig. 7 (B) shows the cross-section of said pair of reflective
elements among the triangular-pyramidal reflective element group
shown in Fig. 7 (A). The element pair consists of canted
triangular-pyramidal cube-corner retroreflective elements whose
optical axes are tilted in the directions exactly opposite to each other,

85 the optical axes tilting toward said perpendicular plane (Lx-Lx), i.e.,



The shape of the bottom of said V shape grooves may be flat or a curved
quadratic surface. In such a conplex cube-corner retroreflective el enent,
*the 16 cross-sectional shape of the V shaped groove (Vx) form ng the
reflective lateral faces which face each other (gl, g2) and/or the cross
secti onal shape of the fourth V shaped dhoove group (W) which cut off the
| ateral fac the width
(8) of the ﬁ?)t 9@1%]%3{&%%:1%ﬂ%{\s‘/ggéggggéédsy%f%éﬂgﬁﬁé&a%we&ffigo Wher e such
conpl ex cubeespective distances (ptt pALh mmﬁhatpmats gf mmsemonc(Pdf R2eof

nconvent enkeaantieRiE Riieeedh Bl BbRes IR RE SRR o T e (he
bot t om ang| @Eméntdﬁﬁ)\\/aﬁ@ahed)a}!eopm (88’ ?iwitli\/s)alamlhm En8) t@nd
invite insuffi |en&1 engt cutting tool or diff ty in parting

t he shap’ed tha b ASe g, BF X1 ﬂha i% cgmymanay saiA paitoks ents
| mpr oved. ? F%ﬁ&ta%aisﬂeathrcgﬁf(g S62) fﬁmheapdiﬁw%&'@h%#s@&ubh g awn

fromthe apex retroreflective unit havi ng ne of its

b?sehl i nes @2)efith elOptecaifama:Wrrﬂn@aui:blaéec;ﬂaner(sr-&)rmaalldebase/ ngo el ement
’s made b Sk PR chilob By o BiSMENEBALT 87 G Pip T dzrpalie O O1P

t et rahedr al talee posnrwe(:t-)i vaeluam t Baclh ofahds@elenhene paarmahar@a bdee opt i cal
axis is, til ( such an ext(«i&l thath d| st ég& lbetwe -x'" line
onsatd polife & iR gomaon anddect 43 the,optigally simifar shapemi ne P
are not equgg roﬁ@teHhPS(')‘eﬁlo%tdn\éeahéﬂf‘éla' Tﬁé%ﬁro(ﬁhan%u%frzﬁ ﬁﬁﬁen&él the

triangul ar-pyram dal retrore | ective units are 2Sspo same pl ane
with the |arfé1%thgeke;nents azr)e eqenl veighdf(hdechiBe | ateral faces (cl, c2)

are parallel tot Qﬂ:aig?n ofggggg gr oove,

respectively, til ang es 0 dt'i'lue opﬁlca axes o ir of 5
tri angul ar -fryangitat-pyeamidel cabe'doracelreftentiveaslemerndt, shemreRl ehtioabl vy,

where t i,nt of interse 'on apper dicu Ln :il fr an apex
(H of ne et eRn Re latets e@ﬁ%?ﬁg’l“’é&’ e\pgea#??g égh %%?ﬂ aLeY pase
lines on x- 691 Iblr)eal\sotihcfé’@eSx Heaoe, ﬂ@bﬁfdfbﬂ%@tﬂ% éieiheﬂtl Who@é@?h‘hdzﬂ made
P, and the pojnt of |nterse§i]@£n 1o g the o tlc rgﬁls of fZ’ald t r ahedr al

ret ror ef | ecd¥\PdS axcesgivealy 4 MUt Aave T abidiyi fox enteringr e
tilted in tﬁghg'té %tfé%?om&eﬁf\gt Obh ﬁ@dﬁdl%fﬁ%}iﬁ‘@e Hrl?s géﬁio?@ﬂ‘éﬁl‘% Igom

the x-x" line to the p0|n ~ an e di stance e X-X
t he poi nt refficiency {raygid egopspodihe Otm((egt me&n]ﬂalmﬁi referaing tol ar, the

The poiate <ol U Pttt phe oYl pBERaRGEY B shokf ihhsthifie, &8 (ﬁo’“eéfe
Fpﬁeor/vl E Eetnﬁgbg?h@hght caky los efﬂe&t]Mei/pretnot'eﬂbawdj@vhﬂe the&@sltldfgﬁgnt XeX

boiet o " 2obentiond sty iolh o8eRbuke to retretleat i o TR Zaleyancy
retrorefl ecgf éll@glénd)ﬂ tlYU irfloﬁﬁlcdl ﬁklé){ﬁﬂ? spécifﬁd@o&'lcié}ﬁt oft f&réféﬂ&ft%ﬁe

bet ween the di sta fromth ne to the point fa and

di stance (pyhere ?H?@e gient Mé‘e ctlﬁe cp‘iimht enterlag at@an wmd@M@g&e

308' tivg (4f eg@iﬁt%a%mrahecﬁ 8lbmdrlt uﬁ@ﬂeéqfa@tﬁa ageé’i@ﬁdaga/ e 3,
eviation is I ven era aces o | east

one group ods dabemhmchbyltzhel mmntneisrna)atrwmga:pmp\pmmmmlemmm gr oups

VX, VW, Vz d e det er W | i ne
(E]I‘ oupsyof tﬁ}?(g‘ﬂﬁ\é\&a?l%ﬁ an'rhﬁlm%? ttg%’ é@i%sd% itlgé/%rtht ](ersg mes
retrorefl eCﬁhe/epeuiﬁb(@)efﬁel@nit ftretierafldcsivm aid iaf démensdfrated that
triangul ar-pyramd ts or of the tetrahe

oreflective |
retroref | ectfi&¥PEMH W@eﬁ?léﬁ &fféetm r?gﬁ’cﬁpnsﬁfﬂ reteareflegt W&réﬁmn‘gr ooves
are gi ggn awﬁ‘hvitﬁtdrgﬁ% #1f aic 311004 br?fQ aHrBBQ%%Q)odeﬁG% Shthy th the view
to inpart a unifor servation angularit I't I's nost a vantageous t hat at
| east one \redrereflectivenelesnent withawntiedigpticalaxishe substantial |y
symetrical V shapgd; palibelis explained in further details hereinafter,
referring to the drawings time to time where appropriate.
Figs. 9(A) and 9(B) show a plan view and cross-sectional view

36 to explain one embodiment of retroreflective element device according



23 'groove groups (Vx, Wy, Vz and V) which are deternined by the x-, y-, z-
and w1ine groups of the triangul ar-pyram dal retroreflective units or
“tetrahedral retroreflective unit(s), are given deviations such that the
vertical angles of the cube-corner reflective elenents forned by s said
group of V shaped parallel grooves showl@evi ati ons of (0.001 0.1) from 90,
in a pattergy the peeSathi ﬁgvéﬁnbﬁasmgwom'd.&)f&ﬁ&rfo(mtshow ofi8\idik dthe AS @

nmeans to devi atgethe vertical angles, t he occasion of cutting t e groove
groups in feAMPEX edbpwernexr reyromﬂ@ﬁam)elament@rtakegl out framddiep| ex

cube- cor ner 356k Q1S kp&ge!dve]t Fﬁg%s) ar?d‘@l(B of the V shaped grooves in at

| east one direction1s mn symretr ‘cally deviated fromthe angle
to give 90 to theThese figmrgh ahowt himtremfedtivd dpeice mhwlﬂeh!manyn can be

lished b i bi | at || t | tt t th
et &1 rSamb1eR G Gofpef et trel et el e e 6ach SomB SR Bah of
cutting theaﬂdss@amd tﬁ&%&r*ﬂﬂd&ﬁﬁhl@ét?@féf%&n@(uans &naraql dl s%wﬁh form

t he conpl ex cube-corner retroreflective el enents, grooves in
at |east oreaigpafdetrahedualmetreneflactive unylSeanemhsmq;echrmt elaterally

asymmet |” Caélpxegﬁﬁ%@ﬁg&' st4QNdalg d%wfeepg&%s?h&f e%PzetdOn{DPﬁ prismtic

I's means’to | eV|a i'on"can cconpllshed by

using a bil eatbtdeyreﬂgu’mm latearhl faces (ad, Tldglcl(nntﬂ))az's bi2gle?) vf eashicfy a
bil ater IIy sey fri

ctt n at the,t ttin n,t he V
shaped ar AT trﬁggeseé’f)ﬁg 'Q%W“fad”r%’éﬂ%débgeﬁépr?ﬁ%rﬁ}e %WIL%g‘HéEt of
w | i nes, thmdt&@@lwvﬂf?eﬁibﬂdibmaﬁcﬁbg*bbrﬁéﬁ hr@ﬂ\ébﬁlbetsfﬂ&fd)déss ff@é éct\i%Iy' cal
the | terah1 faces,_or SI shapé&d groove

angle is only

(referring gi’ 1‘%0%‘*1@2 ateral fac allldefzéf, (52(33 t QQO@ds secti onal
confi gur at o] but

t he e?ﬁer ;@?éﬁlmﬁ}é{ﬁg%{%‘gl (‘gg?i %fzfau?gérlegggfgﬁpeﬁ% onwe?f%@ia’ 11uand
d21, d22) dateralviacea (gpl, ghﬁlambgzé g@fkofasid beoltetmileadral conpl ex

refl ect, ve gl ke bi |l aterall ver sed onf urati ons and cannot

f orm cufe- co}ﬁgfeqie&ti I PnLts %&B%én“q‘%ﬁ%#’men 1‘9’9 ctPgtBoves are
preferably mﬂmﬁ:ﬁuﬁm&fﬂakéwym@ieb}:l@%ﬂ 433 Where such rgt r%ef I gctl ve

el enent s havi ng dev ca e ere

retrorefl ect edgl |S&Héqlﬁ?g§e§|&9hﬁ’@tlaﬁﬂréof fggtﬁggﬁﬁée but r e%/r orefl ect
Lo a posititwfuskhliitbyrdntdaltetrbreficaive 'ﬁ‘?i?‘é?s bh&He g&&egﬂ%n%ew?m ectively

directed, for exanple, to a vehicle driver (observer pre di st ant
position f rt(hﬂ firet ladnre) facesi{Ehband HiPsrespactivedy, oahedcal arity is
i mproveg. eltﬂe%tq mere V shaped grooves are for rred with a pattern
of repeati ng a ea wo séts of deviations to deviate vertical angles of

retroreflective esaeahsacsndu-bﬂecmvedlaeétaic:ﬁalcee(bé) efithe firste gi ven various
devi ati ons r.vertic advan y provide a uniform
observat i on&{%%%ﬁlwli‘q?l&%—]i ”g&g %3?&& {Eﬁg ﬁ\ﬁ%ﬂp §RlABe Wilke- cor ner
retroref | edhievsecohdniiteralofives(ehy, 812Pbf s2id tetraRedhal ratyopéflédive
retroreflecti \ée units and three tetrahedral retroreflective units whose
bases are dM%ed by base lines in four directions, in which said pair of
1s triaggul ar - pyigaid damylek QI- izes and are
di sposed at spacgd posh‘f gsrfs and&?’%ﬁér rtggfé e‘?({% F%/Béﬁ%ﬁ Z{ratgléfaces (e, f,
g) of each mxadmgtdar@emafemcecﬂdﬁmedhymumaﬂbr paraliel ydines and

per pendi cul ers where they neet, said tetrahedral units
bei ng di spgggﬁglel%afe%ﬁqﬁe pglieg’ of triangul ar-pyr arri dal 20 retroreflective
units, two be| ng said complegtube-cormnrdretpereftdctiveelephént hde.a Fi g. 14 shows

aplan V|ew i oreflecti.v € n which,g |arge nunper of, the
conpl ex culf&¥ 8??1@? f;e?Y‘BPe? e11 é\f@%ﬁieﬁ%o"&swé 8 qemter dine x—%; ¢

di sposeg i paddtng tRFGSEh Rﬁéli%in%é 3F entdrs8ctiof &%ﬁiﬁ?ﬁﬁl?e}pﬁ?{e@dﬁ&@t tern
of form ng X Illg(ilzghoup and 'w line group, In ne w li‘ne 1's tornmed

bet ween tvvtpaé'&l ngs| i nes and between the next two parallel x lines, two

wsynmetrical i ew of a
retroreflective leV| g’éﬁ% %gﬂmglaqﬁe%&rgi??ég?%ﬁﬁgd%@%én thz X )Ioénes of the
devi ce as |trilarsgu armymlmuh Ieteoxkflocting aniteidgeardllel for one gl 1oofEde of t he
retrorefle tl\(;le f‘i" 6- 86, Aoa&ﬁf\?'rﬁgl 30-60. CQuter edgegof t he product
as referred"® al‘iglffe]l Ccepdarming & d g%t is a thin sheet-forned
retrorgl ective theehirrefloctive Maidralifaad (@ZJQEs@‘ldase\eeﬂﬂd up roll or,

where the product is an article like a thick-walled reflector, the edge 3s
in the horizontal direction nay be the outer edge or where the 26 product

has a circul ar shape, the standard edge may be the tangential line in the
hori zontal direction.



In’'such a retroreflective device in which the angle fornmed between x |ines
of the retroreflective device and the outer edge of the s product forned
‘fromthe retroreflective device is 5-85, preferably 30-60, entrance

angul arity can be further inproved. Fig. 16 shows a plan view of an exanple
of retroreflective device which has firstlézones) and second zone(s), the

angl e formed K i fjrst: i i
second zone R@gﬁ‘?ﬁ‘g?@%?‘wﬂ B'(régfgerre g@%f/&%&ﬁﬁé@%@&v%%z%{ réggt}gér}e(%%lgbi ned
in such a neofiehe that fades fergling[said j-shhpedegidove; andne fornmed with the
outer edge is 0 angd the, I t~2] of e s d zone [forned,w,th the
outer edge is 90, &W ?ﬁlr?gefi‘?([stb%%@eﬁ'ﬂi ?%‘ffefgcﬁlr)\fgz Sﬁ‘é&tt(??’f‘?nﬁ%‘ih&d 17 shows a
plan vi ew of rafro@sfBBtife Ainid ik Sanvé aklditd b thé $wefalces formihb@aid first
zone and second zone are conbined in repeated pattern, in such a nmanner

t hat the @ngNéSIPaPedEI’QWQ-he first zone formed with the outer edge is 135,
dth I ~2 ' ' Such
and the angle [r Wﬁére{%fa}g&@‘rﬂg@ggm‘i\f% 8% %@ﬁe%ﬁi‘ﬁgr Sg%rbﬂ{eé ve>uch a

retroreflective device nes secon 0 zone(s xl |ine
of the first unite optical 2axdésnef edch paishavmig substdmiallgrrsaanglteltcfﬁ) 5175,

preferably 80-100 uniform ze entrance ul arkty i.n _hori.zont.al ;and
Vertical i r StResiOTHNe Grduen Srosdins LRCeRBEheN ditterite iPrdr8efn e,
Furt her nor e, 180e tbaidch fHACEbNSLiIfIEIE £lfe BBMNPlaX tublF & rfroRiflectones, in
whi ch x-lines of each zone are selected to formdivided angles with the

outer edde sglemgnti he angl es becone uniformin all directions. By

combi ning the zonepyin G¥9Ny A THBY shof LGSR 8f hoh bhiPaFkReN

direction and per péen ion an I'rections therebetween can be
still nore ucomplekzede GurrEreratvereflectivablements corétitutingalevi ce

according to_the esgnt invention.i s a netror.efhecti devy A gch
many corrgl ex rﬁ{]}‘tﬁ’@g@SPﬁé’F erlg{qe&te $VEEE | eSIé‘?%ﬂelHt l,gsez?ﬁ)Mﬁﬁg‘ng?tht
a][ldt S tecogddt ph@@gbbémf@ilyit@ta&dQilté@t&:bﬁnﬁ%bc&gibef@op%dﬂ ﬁet?ﬁﬂeﬂ?cﬁiﬁ@s't a Eaidr a6
of tetrahedral retroref]ective units, e .di spos i.n the clps - e
state, 186 §Lﬁmea&%a@é %#lﬁgleewr aiﬁegflzeéamerntt ﬁmlﬁgltr}{%ﬁa%re&riihgﬁial

: tloct i . . . _ : (i
retroreflectiyyg 4 t91,hee J@%kg%@dttg@é&xz%@%@gg ek dct P o]t | on

q
symretrical pair as rotat é anot , sald_conp u%)e-cor ner
retroref| ect dixecticarsms hysahangls & to atplamesilinrdix’) perpendimdar whdhe hase

oint of intekrs H0RNOT erpandi cul ar 1y fyromythe of
Phe 't et r ahodPLEs &b o7 aneBa BN cGMBon 1A, Hh8NTe # 10 BFs888A | 6% 1
_SXt pl anet det dliiffédtn'ﬁﬂl bh?f_a(thie diffbﬁexgﬂcs@(tpll—q)m?mttﬁvﬁthfldiﬂ?m (fqz:}‘ll)t _

i ntersection,o e optigal axis.o o tetrahgedr .etroreflective
uni ¢ wi B Saftpmya praot dieasection (PR obnsrpeniicutar fine iy 1m0 |
the directi ognaUfdes (H11) b adi dIeBiENCEf SldEER f0varll thébase ($lankr (BnS) X'
line to the paint f h dlstﬁnce(p f line to the poynt P

dt - ,

i.e., (g- p),Wlﬁh@s'ﬂgb?#’g?iR]iag@, tethedane finﬁsr'» g]é)ft-iﬁhaﬁe AR CHUBIQR BY| ect i ve
S . ) . LePrante :

cqual o oo SHE elemiet HA3Cald tHe' st aloq () frbm thaDoifk of fifbrSebion”Y

subst ant i al | ¥Qd¥ofthe opticalshxipehigsimgishid ageﬁcfﬁlljrwiq&ssﬂd(baw plameand
W) det i ned - - - | i f i the tri |
r e% r oreefe jI'chtn :EQ/QB% rhxal% %Pé? ﬁ@x?;j? Fﬁkﬁélﬁaipq‘rfgﬁjﬁl&q 8&%?&&?@%?&2 ,%ag{zs | east
;me bot It om i g peyitive @) valhkat Iarthusedlamentdpaireheights of thafirst ahd

ri angul ar - pyram

retroreflect S9e0 t%{"xﬂcrgﬁaf‘ %ﬁgﬁ{@&%&ﬁcﬁéﬁéﬁﬁﬁgﬂ%&%ﬁ g'gﬁ%ttﬂﬁlr]én with
cube- cor ner - Rt Bl £iotKedin réspitdfithe Bfhindbase line (x) is the same,
as so are the heights of respectively matched tetrahedral
30 retroreflective units.
Because the complex cube-corner retroreflective elements used
in the invention can contain plural optical axes (t11, t12, t13 and t21,
t22, t23 in Fig. 10) in one pair, improvement can be achieved in the
drawback arising particularly when tilt in optical axis is increased
35 that the areal ratio of one of reflective lateral face (c1) of an element to



25 which reversed fenmale pattern of conplex cube-corner retroreflective

el enents are arranged in cl osest-packed state as described in the foregoing
‘is inscribed. By hot-pressing a pliable, adequate resin sheet excelling in
optical transparency and uniformty as described | ater against such a

nmol ding die, the pattern inscribed on thd7die is 30 transferred to the

resin in revegsed for YOV | o) : r L

mec hod for mingeuet gt ar8 8N Betf Rl PRI HiShn A ERERRO bR
detail, for greaphad the ekmhént’s cefledtive dfficinicy3dropls2, Thé foartdi anm A
met hod anal o s to,said rretg?d an pe acgo ted al,so in this i.,nvention. 3s
Speci fic expl éﬁ&?-l)%‘iil greoye 98 Wéﬁ@?? R0 tEayekse, forexample refermpeto o)
cube-corner @igMph)y o%ﬁe??o‘r‘ﬁfo&ﬁt(ﬁctﬁenla'fbﬁél- fateb Al AAdHA nb contribatims e
with a flatly ground surface, V shaped parallel groove groups in two

di rections (&0 getrareflention, veithouhsreversing tbe tive retgorefleciiye o (A)),

t he groove groups i n o i 5 d r . ially
symetri cal E?éﬁsﬁi’%ﬁl ’gﬂgé;éf,xﬁg#ees tcouﬁ?ctr'? ﬁég¥2§eﬁ| i b‘?gf‘?ﬁafﬁﬂéeach

d; rect ijon, géb&ﬂgnﬂ’en@ﬂe(cﬁv@: latgrahfdﬁeg! aﬁd(lli’én%eattdimptuaé th_eahsdv?badngl ed
of said groov ei.ng deter ed agcarding to the confi,guration. sire
triangul ar- p??gﬁﬁpﬁép !iegr%?éféqr}é"%ﬁ h‘aﬁpgy%atgﬂn&r% dﬁgr%e ngtlf%gﬁﬁol
(e. gi, 10I di gpei 1raix3,p%§ dé}ﬁb!rlﬁfra{tggliphnpfga &f tun?st en I(:iarlbi d\e/) Eavi gg a

G coves Bevi ng a Skigs.dUHA eyl 140 Dusteanatother Sprbediment of
Cross-sectio i i k i x-direction) as to pass
the i ntersec?Pg{r@e?&%c@%ﬁt@%f#&m‘gQ%érrg\glng'usI y formed V shaped
grooves in y-direchign BHHA)znd 14(B) concersi agmrmieﬂéat'rvesdpeirceﬁarwiljﬁchti ng
tool having a point angle of abopt 30-110. Mreover. the fourth group of V
shaped gr oov@sla(rﬁ@dwlé‘gleﬂ'dﬁ)c%lﬁ%cgbﬂgﬁfﬂe’( ﬁ%rog?gegtdye ieﬁemg@é]e with

the V shaped 5g+2A¥68 ihtlgsélitr Saéked stdtes dakhaof i idonh SlexPélsércagné® di vi de
20 each pitch between any two X ghfoo,ves into gn jint eglr al nurrb]%alof pl ur al

parts, wilbh zetrgreflegtive elements havinganaiy of tpsngulargerammalar to t hat
of the tool r et t i 1 } an t he
present i nvelr11l§ ?lg)rge ﬂggp&tﬁsﬁlggsteﬁgd gr%%i\?ggq ieﬁf%?é’%ﬁa& fva\:ftié?l(ryg:{b?%}riﬁ?#ﬁ’ hw)

may be the seharactdrizeédhin dhatthedhoeeaeflentivedateral facds (adt bdnel @md or

hz) or can be eper. or allowers, kn refer i t he
present i nveﬁl%[’@%? %8?&%&&%%?@? qf{ t&?%&'ﬁ?h@iﬁﬁﬁ@%@?%? ggﬂ%fﬁ?%

i ntended, theinits fafigdnataallgspérpendicukot twbe@oenéoreflectise sarfdes, t he
di st ance Sh) bet ween the plane (Sx-Sx') inclusive of the nmany base |ines
(x,x,...8¥0f I‘PﬁEe@éV‘ﬂé(ny conpl ex cube-corner retroreflective el enments

proj ecting on the g??glci‘t%t%ﬂ%eﬁi%é‘ﬁ%é?al%@eéﬂfﬂe%ﬁﬁ%he“?écdi‘fd PEflEcteea! ex

cube-corner retror ive el alr In_parti

t . 30-400 p. [ ar, 50-200
pm inter allateredfaces fedl, ped ?é{h hﬁ@fthmbmﬂgﬁag@d%tﬁr@é\fages féjl)fr@ﬁ

z-directions . 1 . r ]
x-direction, oﬁ%@?%@%ﬁ%ﬁe Eléeepetri rggrdg!a@g}{%lﬁ}eé%flﬁﬁlr‘a ‘?gﬂﬁ%%ﬂﬁx/ hyz to
fall within perpegdiaflat dbetcérnear wfftecible/sarfaeed, vespEctivedpt h of the V
shaped grooves in wdjrecfioq may he, th ane .tp, or different.from that
of Itohe g%oves in 7?334 ?’é'ﬁ% F%ﬁ?cﬂge?ﬂ@rﬁ%g??%f%ﬂﬁ@t%ﬁ}be Pt fki ng sai d
m cropri smat itﬁia‘ilgtﬂai-?Imﬂnfaalrﬁtt@bféﬂedmt@uh@tmfaauhrt@leasdﬂl@k;ﬁmehwimess
as defined by JIS Z 2

4 of at |east 3bQ, |p particular, at | east 380, are
preferred, spbeifirs léii%ﬁﬁlfréﬁﬁl(b]ué‘lzﬂlgogﬁﬁ¥‘gﬁ%ﬂ§i"€§ﬁ'ﬁg??tré’¢§ ee¥.posi t ed
ni ckel and alymoum and as alloy materials, copper-zinc alloy (brass),

copper-tin-zinc dlloy, nickel-cobalt alloy, nickel-zinc all ?y and to
al uni num al | oy. As saltsectrsd reflectivedabetaldaces (ink, k2hofthefivet used, which

ortica 3. A iR I A BRI G iiRld brtheRapBaagk it 1
70, in parti ¢heajecontl latasdl fazest(elbyveR ) ofisdid teteakedianestrorefledtiva resin

softens durin .}he cutting process to nake high precision cutting
difficult. Sﬁ&@ %i ¢ exanples of useful resins include polyethyl ene

tetraphthal ate resisgfd cBRIp1EY ledbRREoEr @t 2bReIGEIVIS eldiRbit§ HaRopat e resins,

pol ynmet hyl methacrylate resins, polyimde .
quadrangular circumference defined by mutually parallel y-lines and

35 mutually parallel z-lines,



resins, polyarylate resins, polyether sulfon resins, polyether imde 20
resins and cellulose triacetate resins. Thus obtained m croprismatic naster
‘mold is given an el ectroform ng processing to forma netallic coating on
its surface. Upon renoving the matallicr]r%oating fromthe master nold
surface, a netallic die to be used for | ding a triangul ar-pyram dal 25

cube-corner retr oggd @ahplex slibeidortep retrvreflective elénidig haesent invention
is provided. In general, said i%I@ﬁ(“érofor ing is c,oplduct ed ffr exanple, in
60 wt % aquesubstantiailysysmmete sahapaderoove yathads cenberineck as

around 40C nggg?lgl%}%fﬁgﬂ @% ?i]g)?xét:s%f fltbrsé&ideraidphralle] $t8nes a3

el ectrof or i one not faster thah about®0.02 nmmhr is
sui t abl e fopapabel gilimesa uni form el ectroformed |ayer. At a fornation rate

greater than that, troublesysuech I Wy r t hness or formation
of def ec%ive partt}fehwﬁ' 8 ecct%f%‘? ga}stﬁﬁgfraa(lfeﬁﬁzpz%é&mg?be caused. 3s The
first gener giinppudhepyirahridateticrefiedtiveronittibparalRl poi crrelg trafther nol d
can be repetitively used gg an el ec(i&oformaqff master die for naking second
generation bvedaterad Eeing /HAIQ Voshared @raPvel ectrof ormed dies can be

made from one priﬁi’@lhﬁd"f’eﬁl&tﬁf%ﬁerﬁ FUS (2 B TR64 deeohal ur al

el ectroforned dies are precise and can be assenbled and bonded to a
final die strangularmplytanydal cebrmrefleative emidasiparadlel dprihecotherr@ld. As a
means f th ondi ng, cut end sSurhae i pressed agai nst each
ot her, g(F tﬂgtﬁﬁitﬁ’iongcﬁﬁﬁ?gm&ggfﬁlgxg%ggxrééoggmw{elﬁded by such neans as
1o el ectron beam tied dhivd refisetivs iteval fiicey, (gdd; A1) of saidipagnsf| aser

wel ding, and the I|ike. The gssenbl ed, el ectrof or ned di{e i s, used for nolding
synthetic rteirahedral retrorabertive auits age fame asoneet the tiofacep o ol di ng

synthetic resifing 8N Vesh&PedBrdbne, 1@¥spettively. orOpeical Akes a1 et 1Hh
adopt ed. ConpressTon | di ng conprises, for exanple, inserting a,
t hi n-wal | edamdct@d, t&rzggf thincomplex zefleetine edementdoave asuhgtansially r esin

sheet of_a prescribed 6K el t(Sf
2por ox Nt ePOEse fReRE RHIKIIR Rlngl BF thE WhdaBied fHE 0 although
conpr essi ondiffefingoinpdheetiom b 1883 theemelhethiead to a prescribed tenperature
preheating the insert erials under a pressure of 10-20{.that, of the
prescribed mol di ngl%rﬁggﬁ? VB9 aéf?@@feﬁhﬁ"sﬁ%‘ﬁavﬁgfmﬁp A8 Rt BREYR i 2i ng
o aboL 2 e D D e ot oo Femper ot U 6
whi | e mai nt EFANBGS EHRPTEs apﬁ%&g@dﬁat@n%to éwdpmgtlﬁeeg]r@é gﬁ?e is
rel easeg,t o pAYI il'ém I-Cd rqidlz&t bAj hO 1 - di ng can
be condg(():t earpl&isi}‘iﬁgﬁg.ﬁf ng _ché%?ég&g)gBe e trncﬁ‘g?ﬁrrggarﬁ%?%dli@éMi ch was
I or ned b%/ t geoap?gelaeandjﬂc}mt teeBwoplane defined bt w?hnmrmumgd@te@nuﬁgﬁs} di g
o0 accept ed,pract i rilsy - ine. In

hat ocoas: BN Baae fifie s toh HRertive BB NRE o Wy dieidledi T 1P
die are f_eptewm@ﬂepcigemniet(ﬁlurdmzpmrhgghﬁqﬁisrm;' hﬂ]emmlgﬂ?z, cnggt, o(rj
an injection conpressjo 0 e adopte erein the nobile die an
fixed die afbeﬂ'ggmg‘?ébﬁqﬁqgf é%gtﬂﬁ—n]agd the nolten resin is poured 1 30
throughgg ni nor apgihe@ndPREELF ol Ratrbréflédteve Bidment acRordinig tzed.
These nethods are suitable particularly for naki n? t.hi ck-vvatl I)eoLproduct S,
e.g., a pavshemregenkamrvention, as illustrated in Figs.1 (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 ratio of hx to hy is 1.05-1.5.

30 Hence, compared with such elements in which grooves having an

identical depth are formed, areas of reflective lateral faces (g11, g21)
and of reflective lateral faces (c1, ¢c2) can be increased to achieve
improvement in reflective efficiency.
Such embodiments with deeper grooves are particularly
35 effective, when the optical axes are tilted in such directions, where the



Mor'eover, about 0.5 mmthick thin-walled electroforned dies 5 nade by the
above net hod can be bonded by af orenenti oned wel ding nethod to form an
“endl ess belt die, which is nounted on a pair of a heating roll and a
cooling roll and rotated. Onto the belt die on the heating roll, nolten
synthetic resin is supplied in sheet folfh pressure nolded with at |east

one sili Conﬁo{]ﬁ égﬁ iReP&dicn of Rp&Ririditul linkUraw e frempabex (HY ofot

hi gher than"the ass transition point, and stripped off fromthe belf die.
Thus a cont thebetradteseral retroreflectiviacinithaviagomneph s bagalings O dKnent

f f f d - 3 £ ' d
et roref | colmeait BEabE S He AR b kWA dbup s kRSBt d By P | |
referring tandhthe {)omsaf-imeﬁecmmn of the optival iaxiFof sahde tétrakiedrals, the

nuneral 4 is a reflective .el enent .l.ayer,in which the .c I ube- cor ner
retroref? ec??'@@rg{lﬁﬁ%ﬁ?éufl ,lrgﬁﬂaléfaél’f Rlane é%@ﬁ?r‘?sr%ﬁﬁ{%ﬁ%rt €di sposed in

cl osest pac gﬁt‘fﬁféri’éee((%ﬁsoe%ﬁwrpﬂie dfsthave(gMi¢h ot dind be potit €cande
(

el enents an e arrow 11 shows the direction of incident I|?ht rmal |y
the refl ect the dastannet (p) fyem x% lineite moinbPiakessy posttiye (&) ¥akire i nt egr al

body (5), but ft. a lam nate of two different |ayers. Depending on
the i ntendeg‘g(ffs}gi%fﬁ%hrlggroreflecti ve sheeting or a retroreflective article

of the present 25If isverdfesreditsl debpenitheiVishapeesgrooies forind bjrey are

used, a surface protective layer (1), print layer (2).t onyey.,i nformation
to a vi &her Xpine OFﬁ‘b'i‘rncesciiﬂ n %}”ﬁ%grgﬁt%ﬂ%‘\{%é’r %8&?‘819&;5‘8#?37/‘)“ 8By ovi de
an airtight W%}thl&tfb!mcfvﬁ'ﬂﬁnté)th@\éQiftl.OBf—illB,r iferalsliy 1at7en.4.0 the back

of the reflectiVe el enent |ayer, support |ayer (8) to pport the binder 30
| ayer (7)~ and anla@mnebielementsrwheyeix the alfﬁe@n%{qfnjiretmﬂnt adheri ng

th t |4k ' i ) i Ys j h

Structur e, - GTetNad i R ling B bRyt O Eh 3 diRedhte GPmAM AN |

bet ween t he lisierfoapeinir Bttekes weneggtive (vBluanthetreappears anagpposi®) or on the
f 35 ti I 1). .or the, .refl ' ( ti

cl'eront 35 Benpanen{ramdhiose ditving neapshy Sifedipitel xgan tndt Brd R bfs, | @

i nk-j et prighbhafledfivedatéminfaces (@l 1,f @@ 1nakd ihosei(dl €2 lsedome el enent

| ayer (4) and hol der iayer (3) is nqgt critical so long, as,it satisfigs

ol abili1y SxapaaiNelwslasge a5 compasplerith thosscelementatnaring sEoveneh

I nvention, qieegy] agygpt [ Iﬁpcﬁﬁ%ﬁﬂﬁfé‘&ﬁ’sﬁ%éﬂﬁ@wp&wal $aduseleAlT ©

Exanpl es of the mate _usefu I nvention i ncl ude pol ycarbonate
resin, vinylg2dhiamd teflectivelateral fem&ﬂi ¢2} eanrbe deesgaseddhy, pol ystyrene

e pot y 80y pentorte i ViR ERa REReh TobR iy hEte YLD g Such

pol yur et hangasedime (Wurthernore, with the view to inprove weatherability,

ul travi ol et absorber, photostabil.jzer nti @xi danty and,the hi ke ,can be used
either singly or ?ﬂ S&’GE‘b‘?‘?‘:’éﬂQﬂﬁ’ lh\Fﬁ/pS?fle\H?ﬁ?Eﬁsq%@rlb)avﬁﬁbengme . inorganic
pi gnents, flgyghess ¥Hicharei fafRiddby XyHaes fandloe setitiestiemale hirlgrehted nay
al so be contai ned. For thﬁ Zijrf ce protective Lgéir (1'{@ ”L sane,.resin as
used for théhpathypsethastheden o, by, tatheplementswith negativgly pe

i ncor pogat eq:y IQl : ifl0.8FL0. I 1 ¥ and
the | | k&un gt Bptichl Bl dHoudSRINRIIR R T ARRE UEQ. BT 0. T0 bty 2
addi ti on, v&.7Vb+@.93% ganic pignents, inorganic pignents, fluorescent

nor por at et 11 (HETaLROWReE L i el BB AR e,

(4) of the phedfHmiis\dvei@st with RiOMiteasity Aiverselyeprofortichahtd the

conpl ex 2s cube-corner retroreflectiyve, el enents, fop,enlarging the critical
angl e sati sfa}‘Pﬂg)ftSﬁ_égﬁﬂeéfFuF%t o b0 d#&f'?%fdi’? (?_%ise@&nqi&?t}}eoﬂls‘feq‘g@%ﬁPevent such
{ roubl 5o UNdeipreQRIviaiBTLY bf Yafledfed REREHS Grl Bbsérverdehiélal drivegp! T oSl on
of netallic aPyer or t]h_e I ke _due to 1nfiltrated rmtstu e, %Se reflective
el enent | ay@regent aba distant ppace fnoay shelgghtseurge h%rd lampd seal ed by a
bi nder | ayer:. (7 S i L1 eal ing, those described in US
Patents 3, 156?‘2%%"@%&%3@2%&%@8@ ME%X); Model Showa 60 (1976) - 28669A
can be used. As tBxplaniing théaboeedefarringeofordaramplera khown
(meth)acryl Itgiarnegsdlgi"p%fglaﬁﬁ{aelrreq:xggxle?lec%{vl%yglerrﬁagﬁp as Fhown ru%sf“lng 7(Q),

35 the aperture through which a light beam passes signifies the faces




3s and the |like can be nanmed, and as the bondi ng neans, known 32

t her nof usi ng resi n binding nmethod, thernosetting resin binding nethod,
‘ultraviol et curable resin binding nethod, el ectron beam curable resin

bi nding method and the Iike can be suitably adopted. The binder layer (7)
used in the present invention may be s &0plied over the entire surface of

the support ﬁénr r.Qyv.iqd t he

portions) WISP ?}'i‘ﬁ%&?%tb ore c%lfevcgﬁleﬁeg&r%%gi fac%es%l 3’ %Lclh()ljr]’r%%’ﬁgg gé)g?ﬁ nting
met hod. Exaitheethostn thiangularipsiraimids; vespectivelyy (bé(&esStbﬁDﬁm éldrﬁyﬁts (8)

I ncl ude resiyygcho e retrorefl.ect.ive el enent

filmform ng 2% él%&%@&&%‘?ee T4 variepip, propaftion to geﬂ%‘iﬂf Oth?)l ate such
as of stai nIebémeﬂteelWhér@'thlien\Mhéighﬁdﬁ' shﬁal@sﬂi’e SpbPﬁjreséf@A y or in
conbi nat | on., The adhesiyve, | ayer f he retroreflective

or adherin
sheet i ng® or deEreases; poG Wé’rgﬁﬂ%lo tﬁfﬁ reflected Light Glaaageﬁs dmeoket 0 1s
nmetallic pl S e |4 ke, and
the peeli ngi)ifl%’fea'\ré‘@.aCH g{rgiot e a heg?\e;égrggﬁrll %é tglglc{%ﬁg‘&bﬂggyi%sgg qq om known
mat eri al s. Uémheamreccmpu:tersbm l'&gbltya(aﬂlgamreeliodnwmﬁl thesdememtensitive
adhesi ves, tive hesihves, cros nkahl e adhegi ves d the like.
Exanpl es of %%éﬁfébégﬂsq eo% dtyRrgenge gtbﬁcﬁe t E&é@r fa’iv
aggl uti nant mmhaemedazyth@mhwhhw rwccagéwbly: sAfAll eféent di gidngut !
acryl a\t,\,f 2- et‘wl heg%/(p ac]\yy , |sooe}é acryl at nonyl acrylate and the
like, wih P LN &Xcqss Prf&ﬁ'eﬁg‘é@%ﬁ Shtt&méi leads to deerenseriasi n
aggl ut i nant pefosefledtih iABGhIL) AT G FHrhRAGNERL Yk 2CTY! T ©

pol yester or epoxgl resins can w ano er e
preferred séR e of the cube cor ner retroreflectlve sheeting or

Frg 10 which s agrsEullex ARESRtotprElibciiie sloent 2oserdinaty, 10, o
met al | i ¢ -speveipaesersf irpritien Imtylerde(shﬂhrah tival Ge@sUiffchens !t'ﬁfl?éigﬁt‘)f the
el emantlsq in t refl.ective el emant l.ayer . (4), and_an adhesive | ayé&r and a

peel i ng ay@1 qubg RaEnRr YRItsHach haying eneontieakavisthave apezhansaul ar
reflection éﬁéfeeaﬂ{fé-ﬁhrg ﬂ:Bﬁl eﬂlaearﬁﬁh'é r 'Hﬁ&%fn%gﬂ@&'tétﬂéﬁlé ?@Hi Fence, ayer

retroreffectjve arti.c thi s enbodi nent 0 Nno re an
because t he‘gﬁl reflectedil !%lé't bb rmpreamdpdé’fmfctw@effe«pmwmthnut dxlces&mvety and

hence do n rt. [ .Jretallic
specul ar rg}felcg%fi ?ﬁegélé#%g?él%}g%’%ﬁg %lﬁmtgocg g:lé'fvfgv m ﬁces in the
reflective Qﬁwatlmiagngulah)lty)boni]mmdewmh knnmmelemmapati@yer the entire

regi on ff t surf or cover s it only partially The specul ar
reflectélbon gﬁﬁ%%R r?g 8l 8%68,| such as al umi num copper, silver,

ni ckel or the |i heas the wflédtﬁ%del@@néﬂ@h@gﬁﬁm)sls'l@sé RRahe3d f:ﬁﬁ' %’lfe
cube-corner retforeflective

el enent Iay of, the trjangul ar-p
sheeti ng orrefle (cﬁéier%‘reé‘??%fcﬂz\? QoM s gﬂ%ﬁmﬂfﬂ) andshre ta thediffoactignsuch

Teans for proArVBRAL ia8GRIcd 1Y the MfBrtate Bl o InBirad R CRotk, | on
means usi nd{IHPE%Wf setrrpeeﬂeqcf@@ llght:basemdseampsrvedupwdmme)n t enperature
el ety querroreMeBtiViEyt WHISEHR, ahd (Y HRiehIR B ot dheldbitonty specul ar
reflective Gmedn{gtﬂ))Os;tmv&rs mhéesimabhsbecalh@é itt erederdntlipRAESS Bf thei t abl e
conpr 1 ses SRSRUTE P EEER ta mikech Bl ahpehiag. mai nt ai ning & degree of
vacuum at ar ound Therefore, where a windable, flexible sheet-formed product is
to be obtained according to the present invention, a cube-corner
30 retroreflective sheeting having triangular-pyramidal reflective units,
in which the distance (hx) from the Sx plane determined by the x-line
group of the many complex cube-corner retroreflective elements to the
apex (H1, H2) of one of the complex cube-corner retroreflective
element pair is 30-400 pm, in particular, 50-200 pum, inter alia,
35 60-120 pm, is preferred.




9x ~10-4 mm Hg, said vacuum vessel accommodating therein a feeder for
feeding an original prismsheeting forned of a base sheet and a surface
protective layer which is lam nated on the |light entrance side surface of
sai d base sheet a take-up winder for winding up the 2s original prism
sheeting which has been vacuum depositi 8h treated and a heating system

install ed therebgpx-seh A 'i'ld fz(ﬁpﬁ%@ Phefrosbe ﬁlbédélv&'éa FPTHe's ibed

graphite cruci bl ectrlc eater. cBure af tm num pelTets having a
purity of ain Ianamn@@f Q]Iavm%]af]d pubichnist ¢leaxpcietized mrthaﬂoﬂlm borﬁbmsi and

vapori zed un cond ons an _AC olt

el gct ric CUPEQH %ﬁbo gﬂﬁsggqt?%gy,%n (-#qggﬁege I}ﬁlﬁl le:xrt h the

vapori zed apgh ?T@IQEIYGVX&V?,DVQldlﬁi Vivef Mﬁ&h@l’d &eﬁﬁed b3) sidnxH§- dgposi t ed
retroreflective, elepents at at ess of,, for exanple,

on the surfac S hi
800- 20000 ~. asg ‘Eﬁmmupsmmg. h&ftmng%@rpayweaﬁefeefapr@ﬂe ctiy@sent
i nvention agﬁlw ?ét@ﬁﬂeﬂ?%?réﬁ%?éﬂé&%é xmltéaafé Thits Hoofvwﬂﬁt%#éeéml es,

it being understood that the Invention I's not |mte to the Exanpl es onIy
<Coef f i ci enor afcurvedogesdeatic snxfareCoef fi ci ent of retroreflection referred

ol owi g met hod. T0E 801 2D, Bk e Hat 1%&%%%%%@5@%@?&? THA
ot or ot | mes T B o oo Lo 828,
five spt s, hﬁé&éaqﬂh %ﬁg%ﬂl‘éﬁv %HQ‘HP&%*“%%‘S@?%N%H“& eeangloé;e and
| nci dent angliggh of ¢hd tatZBortith 4K 0B W&h@b%% of the measured

val ues are indicate e coefficlents retroref ction of the neasured
retroreflecti ve shbetshape of the bgttmmﬁmé%swmtﬁ@wat} inaay degllabort y,

coeffi ci enta gatq&i&%te@ghmcgt an incident 15 angle of 5 and

observati on angl re measured. <kExanple 1> A | arge nunber of
paral l el V fornedmgsacka grmpbex chbewmkerueai-omfm:tmaeelemmtwhee cut in

dlrectlon and z-direcgtion in et|t|ve rnb cuttin
et hod. 1bn sroRsasfuatians dthe VpiRardigrasyE TV erming ther 1 ace. i th a
di anond- t ' pP@ﬂe&Wé 1442 ra $hcdiewhich Ga&S’bﬁEhQilﬁb? (81 ?@) ﬂtﬁd/Jihﬁhé Bﬂf’éd tion

pitch of V shaped grooves in y-direction and z-direc

Phe gr oove seqtonaishapsobbheonrt-shanad EooeEeoup (Vi Whithpatioff ooves
in 25 y-dirgglion, TQcéshGage H1) fé s@fﬂsﬁﬁhtﬁglf"gim[%ﬁe&%al ta e%gd "Bl ate
configuration as s own not heér group of

F nor e,
paral el V whdfledd f)ﬁmebotm‘)m ocflthelgroblvesbedng@mfmbly 3-&kpim.i ve pattern

with a t 40 vin ection and
poi nt aﬂjgl mﬁ %gg@ggéﬂlp&ex%qtbéap%%r{ &56{%&;&; fe%n@fiéﬁgélé grooves of
307.77 ~m amhsb@uﬁtead Hf‘] sheﬁédhgped\ge;)dees Iha&'ﬁng%ﬂ(h]}'ossfeeeﬁghabf sali dOI
grooves pass t hrough .two points of intersection o irectipne
grooves andséag?ff ate ‘%ﬁ‘?éd S&FE&%ECQ%VQIHPH’F%r?cg‘&}"é}nlgr‘é(i‘é’npﬁgt %nﬁgrﬁp mal e
triangul ar- Bféﬁ@&l d8bs ?éJPeﬁ'g"eO'i RErtifd BH&'&E& a@fgléé‘%f@hérvgﬁaﬁbﬂ%vﬁé(?kw

st at e, each [ enent t.aki ng an i nt er nedi at e conf |ngurat| on as
U Tustr at ed(Vx amidyVve. beueane 400 emall iand mﬂfcﬂensgfﬁmp strength of v shaped

grooves é["'eppet(} tp?l;"]‘%f ?g@é@gl %%%1 F‘t]!u? F,Ihggpms;ﬁiﬁbaucm}&m

dlanDn cross-sectron and a 5
~poi nt angl emﬁerwdSBe hetvingrsmidtshapm cantbdﬂmfpmaed V shaped grooves of

307.77Tmand to t ed [LOOV e .dept 00. 00 C ai d_grooves
passi ng. through. NG R Dadit et DeTeRstich af B erpeRflistigyiBs B2 wn
X-directi OnfroﬁblﬂheQ?)éﬂWG{))bﬁﬁhe mbﬁtﬁleﬂﬁﬂi‘bﬁfor@ﬂe@tﬁ@cﬁ’ﬁﬁl Waving 6he ofr esent
i nvention, fornmed | ar ge .punber of e lb conpl ex cube cor.ner
retroref | ectts\ase lineson Xix dinee emgﬁgrew ¢rcoRRer relyoze Bﬁ'@N@d state on
said plgfe, H;@lge f the

el errentﬁ)tas | usﬁg?g%@ﬁgrei{&&g %t‘i‘fm Egn}g er H%t%‘}n ape ygr oove in
wdirecti onxbntlmegroup i¥mh pd:?j ag‘rd)dwe:ponnt of mtee'secmon\ﬁé:}mn@tmﬂ In so
formed conpl ex etyror ef | t| ve el enent; pai hei h)
from the. apeis g 3Epaed Sl Foredfdeie Gnfichith BRI sy pdiisTohder) |
angle (8) oQ, Qh@foptmalc‘aahsasrtﬂt@d tb hiughcanmeiktent that ¢he ralestarxﬁder(lr)ef lective
el enent was, +15, and §{he ver |ca angl&agé he three I(a)gral f aces

constituti n e‘ivﬁ%erié‘f‘lxe RO1Re taBeeg etiygen ¥% ng

par amelgy s Hﬁedaﬁ&m@'p%lﬁbe éqeeshsf efRbl. O FHPLectivs tateral THcdd(d e




depth of V shaped grooves in x-, y-, z- and wdirections: 100.00 ~m 25

angl e of V shaped grooves in y- and z-directions: 83.11 angle of V shaped
‘*grooves in x- and wdirections: 40.53 pitch of V shaped grooves in y- and
z-directions: 201.46 ~mpitch of V shaped grooves in x- and wdirections:
307.77 ~m crossing angle of y-di rectlon@a V grooves with z-directioned V 30

o Y ct i onad) BF ThE tERAAGRE rain % W%‘?%S‘ it OBPRILh | i s
br afss mastlet ershthe glarﬁr?tg}llcthbelatar cieer(ﬁl ar?ﬁ?ﬁf eeﬂecthﬁggmﬁgldn R
o oker sl 1 SAheRaeT P2 RheDRraliBls? hERFAESH (e pDrtoraiitig B VIR i g

200 ~. mthi glodd, yb@@pb@tﬁﬁél@r tdsangdbeef thé %gﬂtidyl ame Phirsebi shl
|

Engi neering Plastics K K.) using this nolding die, under the conditions
of nol dithg bEAPEY lupérramlglebeeﬁrmeﬂsptnmgelpmst@r@%t &eamyg.cn2, the resin

sheet was cool ed dIéPef%QQo %fehﬂz@g)gﬂ(ﬁé Sﬁhﬂe%éﬁéiﬁgn%% @8&‘%&?&ch£¥5 a

retroreflective vice wth €r on whose

surface a | Hngelnawndronf ansipexadibbofioneafdie Mn@he&raﬂmomﬂmtlm

or cpar o, - <ERMRRaTBE g BPSe PRARTE ol BER Y B UR 5Bl 0o 1 wnicon

a |arge 15 detdrenimdd b &-sohiplecgraipés esadeP, aﬁﬂrmeef)bﬁﬁmf/mt@f@émim as
illustrated Fi % itpés and 11( ) Le dISp sed in close a)é
state wHb p?ﬁ:ﬁa‘? glb\'j‘ g edtaljzeizorstactive maity 1sa1 ®pt

that the d t 5.00
Vim 20 Theb g isMalrgs ang%‘%r@ﬂﬁ%éf"bsxarf %%ﬁ“néét@&l?@n%ﬁl%ﬁﬂ%;’%n%%
are |isted diff chﬁdldtmemgtheldmﬂarme )] fhtamethegxenvhne ito thegpaint Q

di t sh ti :
115 00 = m angihe P AP ind S X RGY 8 AR BRineck e nli s 1 k8SH 205 ¢
of V shapedpgsld)mee@—)lvalne and wdirections: 40.53 pitch of V shaped grooves

d z-d 4 tch of V s| [ - d

ol onat Soch RS R a3 BIFEEEY 3180457 psheati o
z-di recti ongdadP dhadediredfionl wl@&&ﬂ‘i’égbﬁ% 6ﬂﬁit%r§£?ﬁ0n%if% z-directioned V

grooves with x-directioned V grooves % angl e opti cal axes: 15
<Exanpl e 3>P%H’W®6}1Wahﬁﬁrﬁht9évné'§¢m an@aRe% Hle@f one ofdhiectetrahedrah a

large retroreflective units having one base line on x—x’ line with the Sx
plane determined by x—x’ line group is made P, and the point of
20 intersection of the optical axis of said tetrahedral retroreflective unit
with said Sx plane is made Q, that the difference between the distance
(¢) 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.
With the view to improve observation angularity a deviation is
25 given, to at least one of the two lateral faces of at least one group of
the substantially symmetrical V-shaped parallel groove groups (Vx, Vy,
Vz and Vw) which are determined by the x-, y-, z- and w-line groups of
triangular-pyramidal retroreflective units or tetrahedral
retroreflective unit(s), so that the prism angles of the
30 triangular-pyramidal retroreflective units or of the tetrahedral
retroreflective unit(s) which are formed by said V-shaped parallel
grooves are given a deviation of £(0.001 — 0.1)° from 90°.
Furthermore, with the view to impart a uniform observation
angularity, it is most advantageous that at least one V-shaped parallel
36 groove group among the substantially symmetrical V-shaped parallel



37 *nunber of the conpl ex cube-corner retroreflective el enents as
illustrated in Fig. 12 (A and 12 (B) were disposed in closest-packed state
rwas prepared by the same nmethod as described in Exanple 1, except that the
poi nt of the dianond-tipped tool used for cutting 5 V shaped grooves of x-
~and wdirections was advancedly | apped €% have a width (dw) of 8 ~.m The
cutting par diﬁfsd Vet I eéx-igted in
the foll ow %‘I h “of v\z/}@sﬁgkvztamraoovesﬁlhrllﬂg?qeq?taz(-ﬁﬁgha%gll&rectlyons
100. 00 10 ~zmladqulm gmepepg rgtmam wrmm%mtremﬂmve YBits angl e
of V shaped 4 grooves
iny- and zmgk&g%ﬁzghgl is%?ggg&éﬁn{’pﬁﬁék@zf a apegb{’?%’%gfé% \éluﬁhiﬁ?l %CE
w-di r ect i onghe 36mtical angles of tirscule-@ogher oéﬂyeﬂvee&emmtd fbmredobys Wi th

z-directioned V groov 38.2 i ng angl nd z oned V
grooves i t $AML Q%Pfgfn%lépﬂﬁ P@S@B?f 80'9?13%\59 hd%‘flagiﬂncso %@ﬂjb A of each
of V shapedpgne 90" n £PHtteIn'biie ﬁ‘bﬁtiﬂ%%t 18ast tibidiffepait 8etd oppt i cal
axes: 15 <Exanple 4> | A"t he production of the elenents according to Exanpl e

2, the 25 adngmns di anond- ti pped tools for cutting V shaped grooves in x-
and wdirections I 0. I me with
that used in sai aIrIrII:?I% e&n& tt@gfveéitﬂ%l TH l‘és fn %nmir(tgé)t()F&’lgﬁI%ﬁbg1231

devi ati on oéuﬂt@n@thglgweovmgroupsah fouer dnbeinahsf(xpy,sz faamdnwhgﬁor Iﬁm'm/mgIape
and that of tool C.was e as tri evi at i on ;of -0.01 given
to one Ht. 'fl'l‘f%c?ﬁ‘tpe?’élcugg grrr?i ﬁ‘iﬁ'&t’xy%ﬁl:fﬁ% %s é % hree ki nds
of cutting V%&Iaﬁoed/gﬁdi&%duﬂaepé/@s& drie &lr@mfbmﬁmﬁettegnanuere cut in a
repetitive pattern of A-B-C, to forma master nold in |chalarg<i nunber

of conpl ex symaneiierlly deviatess from the anglada@veidly tetheprigayangless
g ven Lo ! Nibls RRAALES iipa3E The HeWh AN SR B hdddntp SRS ke glate.

Usi ng this mas ‘a polycarbo e resin rorefl éctive device in
whi ch a | arhHatersiby s;al’nmetmb&kcmtbng(tooher retroreflective el ements were

di spose |n close ed state,was_prepared. t he tho e ribed in
Bcanp) el |5 <Ex AP EBREBeR MORYE 4P aBMAIE 5 dovirtied 15 R vEiGE 4E0RE.
which a lar ﬁ?tHé' oee4si6h ditumltﬁig thid 8- shaped grobves &h Ith@édz déredtiorants ys/ver e

di sposed in cl oseit pack ﬁte was, prepared from poI fgarbona e re

triangul ar - % e complegratheseprner ratearetleciive %@eﬂ %vpar ed
in Exanple ge V“sl}("%?mc'l‘ lg‘i‘ob*@é&?n QYNBREt 91f1e RPRtson eHiHE et ak an angle

retroreflective e wer e di sposed I n cl osest-packed state, said sheet
product bei nyngitelsnand bilateralysasymaetrically dewiateds from dhe angedpl ect i ve

device gachy]or §5815Pha P SimBtic Vetidd] 4518t Fhid InEHAS tbNHM 58 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.
In the V-shaped parallel groove group (Vw) formed

25 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, c2).
Therefore, the cross-sectional configuration of the V-shaped groove is
not necessarily symmetrical, but the other side wall not contributing

30 to retroreflection (d12, d11 and d21, d22) can have an optional angle.
Whereas, each adjacent complex reflective elements take bilaterally
reversed configurations and cannot form cube-corner reflective faces.
Therefore, the V-shaped grooves are preferably substantially
symmetrical.

35 Where such retroreflective elements having deviated vertical



<Exanpl e 6> A pol ycarbonate resin retroreflective device in which a |arge
nunber of conpl ex cube-corner retroreflective elenments were di sposed 20 in
+cl osest - packed state was prepared from pol ycarbonate resin

triangul ar-pyram dal cube-corner retroreflective sheet product as prepared
in Exanple 2, in which a [arge nunber ofggonpl ex cube-corner

t flecti | t d | t ked st at
ombi i gt HBERESEP Hiieds eheraby Ferarolorted PenbAscotiesnzsorthe x- i nes
t he f th th
ereof eachighy émﬁ'céfbli’ﬂ‘ﬂét?oi?éﬂé@t Y élfi)dsg!gioﬁtétl%t tt%rﬁ ﬂlﬁ‘ggxt}ﬁgo er the

x-1ines theregof each formed an ang houl d
appear repediees the lightean batetf&chl\{ﬁlylhrenhedﬁ, ﬁn‘exampde t®a veldolear ati ve

Ex | A t d |

munber of - cOnYaRIBEE) R B HictalE At PB e bhe VehidleR hERE®

Fi gh g Wer elatnmmEx e the obemaat tti?lxa;akghlarﬁygsmw@@ar g% pﬁrﬁlgﬁlaqarre

met hod as i a Xce a ed. grooves in_x-

z-directi oné”}aﬁrrer@cﬁaqﬂff ‘g ﬁ?féwi@"h’t g%ﬁt@é%be?ﬁm%mg 339 not

cut. The cunéammsatmbﬁaévm%héeo aewatteh@emwinpéelgé%f%t}&%ﬂ%%mf ative

Exanpl e areilsted |nthefoIIOW|ng depth of grooves in X- -
and z- di r ecElRENts,dhegretrares] V%elﬂmvnﬁﬁame@lgenmmumdywatms in

di h
o1 v shaped gy aoven A ReIgh 8 AARRRBORR Brdvigh & Wrfarn shectvatiaBe”

groovesl@ n angudexity.on: 307.77 ~m crossing angle of y-directioned V grooves
wth z-directione ooV crossi.ng angle of y- and
z-directioned V gﬁ%ﬁ%é@(%p (ﬁig ﬁgﬁﬁf)‘%%&‘)m d&}gée CNED tilt angle of
opti cal axesetrbEeﬂéct@@@@lélﬁleﬁ'%tc%nﬁ’ﬁrllésfﬁé Qrﬁiiﬁ'edﬁth'&fhgﬁlfﬁ-g%&m v%l bt he

retrorefl ective dgvices as prepared in above

conpl ex cubEeirgralective usits pasg; tihr@eeﬂeémhe@raflmeérm@hmm iinits whose
cl osest - paCB§§e§h?é ﬁlﬁﬁ@ﬂ ggBaSQﬁxfe's(i'n &{reﬁﬁghﬁbﬁ Iwﬁbwb fdi ?gﬁ‘ .

triangul ar-pyram dal cube-¢or ner retrore Ve
Conpar al ve Izangsébampyramadah vetrorefl@etive unitd haveahﬂelréne @i&sﬁénd are

o 1 he pr oscisoefd At AR BRsCIAN thedired retistiv ko Liacpg tankdal

cube- cor nergk ef ea)a:lebf ¢he ltuﬁ-aimhtal ﬁﬁtﬁﬁreﬂb@tﬁ%@ﬁft@tdféem@@ rf based on
conventi onal techpol in the t direction
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of the retrorefl device (retr ive's ich a large
nunber 3% tFRiTexRflRG W%unéts@éwmbem abthe right Mdeedmdmmtes at the left

side.

Fig. 14 shows a plan view of a retroreflective device in which a
large number of the complex cube-corner retroreflective elements as
shown in Fig. 13 are disposed in the closest-packed state. Fig. 14

25  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-symmetrical lines are formed.

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

30 and an outer edge of a product formed of the retroreflective device is
5-86°, 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 roll; or,
where the product is an article like a thick-walled reflector, the edge

85  in the horizontal direction may be the outer edge; or where the



30 were arranged in the closest-packed state, which was prepared fromthe
master nold in which a | arge nunber of conplex cube-corner retroreflective
'devices with vertical angles deviated in various manner as described in
Exanple 4 were arranged in cl osest-packed state, excelled over observation
angul arity of other retroreflective 36 dBvices which were not given such

vertical angredw@vih@é aQifculardhape, the standard edge may be the tangential
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41 CLAIMS 1. Ar I | Is ARBYY gk gﬁb@ conpl ex
cube- cor ner retrgtrd(’a?{lgéta?%ﬁé?%ﬁng#gggsgléz;g:irlgg'g}gghﬁnmgﬁug es ?‘B%%}(ed state,
each of saibetwesn exdinedof the retroreflectbfd devicearsd theoudehedgapfahie r st

and secqnd trian ar - am dal retroreflecti,ve. unit at .| east one
et anod al PG oPma Fipim dhe tepsitliatiye siicena il mieforably *
reflective 3ait608lertranse @dgullritycdartbe fazthé&2improved. each of the first
and second triang ,arigy am dal ret r,oref#ect ive upits formputually

8

per pendi cul ar cub&igolpshomes a alanvdesuet anaxampipetretrorgileetivef i r st
the thi rd ray [iee hicHRal Adst JoASSLEARSELEN oD, the Sille BEfGE 1) 27
retror ef | echetwecamanyf st hine of theifirgt genpeamni z8/lime intthececond zoafd ecti ve
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130 ol o g By Sosed ot v e
T e i 0 b ke i nocond ond rmanih e (o
1, o, 57 O e ol oo mal guntgods n i saplangiibe, ool
‘nutual |y paral | el Figl1hebowda planatiey phanldxample ofiagetroreflective
15  device in which a first zone and second zone are combined in repeated
pattern, in such a manner that the angle [n1] of the first zone formed
with the outer edge is 135°, and the angle [n2] of the second zone with
the outer edge is 45°,
Such a retroreflective device having first zone(s) and second
20 zone(s), x1 line of the first zone and x2 line of the second zone form an
angle of 5-175°, preferably 80-100°, can uniformize entrance
angularity in horizontal and vertical directions and directions
therebetween, by combining said zones.
Furthermore, the retroreflective device may have three or
26 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 direction and
directions therebetween can be still more uniformized.
30 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
tetrahedral retroreflective units, are disposed in the closest-packed
36 state,



sai'd conpl ex cube-corner retroreflective elenent has a substantially
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 |ateral face (cl) of said first triangular-pyranm da
retroreflective unit is parallel to one28f the two lateral faces (gill)

formng said V shanedl deveqBeirid'ehhPhdtérid BEtANCalI MR AltrhBERrAL2)  Of

sai d second triangul ar-pyramdal retroreflective unit 1s identrcal with, or
paral | el toretrpeedeetaye ugnts bavexn identical shapeeawd houtrally $armd V shaped

groove, and I L t I 11 f said
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at |east onfromethganextH) ef the setrahedral yetroneflectivei unit haviag one

symretri cal ] L Qn;;Lat d 4. . rnorefl egtive device
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optical aximade Piandthe paint bf interseetionvefeite dpicabaris of saidt er secti on of
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sal X P

optical axis of sa tetrahio{(ﬁlfretroreflective unit wt ane is
i35 11

r epr esent edPeveen gﬁﬁé’tls‘iw pext¥)line smthexpoint € and the distaneed t he

di st ance f X' lithd Lptp P Aar t D A
retrorefl g(%)\/fg@laﬂeﬁ%’élﬂé%ggrt hlgrp}ﬂ Pg Pdléa?’m&]i{ig\’/vﬁélgﬁs ?%&?gc(ﬂrvia}gﬁ’ in that
the optical axis imthe Itebtahefdmga'btmneﬂm&i\ze whitrleavine oneé of itf base

intersegti or heul ar. | ine,dfawa from apex (H) of t

t et r ahedr aloﬁllrlg% Pgr%fqﬁx—tr}?\;@enﬁ}’f eﬂ‘al%&hbwo 8@“?#&%@5’%5 Iti"ﬁééa%éﬁlogﬁkﬁ li ne
with the Sxtophpie 1d@5-el.5i aed by x-x' line group is represented by P, and
the point of intersecti i cal axis, of d tetrahedral

f.t
retroreflective ufifong &P’P gﬁbﬂ?"’%’(ﬁgh&ﬁy mmqt@maés@ghépedwqmllqlmome
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the distance (p) fromXx-x' line to the point P, takés ‘a posi
A retror ef I 10EHIDE thetriangulan metrgrefleciive mrsits ehithe tetrahedshlchar act eri zed

in thatygt h i | Stlk i d e di i,on. where the
poi nt E)Zfo i%egﬂfggﬁcgﬁ)goﬁngﬁbé%éﬁgﬁ Qﬁ? g’&ﬁﬁ%@%&&ﬁ#&?ﬁﬁ@ﬁ% %ex (H) of the
t et r ahedr alquadnadiebottom pdanei t havi ng one of its base lines on x-x'" |ine
with the Sx pl anep.d ined b -x'_line.groupg is represented by P, and
the point of int gl&g%ﬁ%]g%}’ gflatn?%éﬁaﬁtm@?lmﬁ%lsc e"COFNET Bqtrgreiieciive
retroref | ectieetings andirebraeifléctivedhAticlesofMMy FEdidnR¥ntion tddhe he
di fference bet e%fﬁ]ﬁ dli{(ange (gq) fromthe x-X' line to the point Cgl and
the di stané@a{l\gfa? tWithcybecopneranellingqligs, @g., a anetallichelt pakes a
positigg ( ' nﬁi%é ' ' , Wwhi ch
i's charact 3?126%@# rtZ ﬁg?e%rﬁgb%ﬁtégﬁtdgx\ﬁ?’s sfﬁ%g%ﬁé!g%%gﬁ%@g
di rection, el¢mentssaemnrangefl imclosestpackedfstateasgesdribedan thee dr awn
froman ap f. .t . ah | .retroreflegtizwe unit having. one of its
base |i nes?%ééﬁalg lisﬁﬁgc%skﬁ' t ?&;g?tﬁrfﬁél%ﬁéﬁm%d quage rlegﬁb group is
repr eﬁe gt eshegt I@xce}fiihg ive opticail tbépbﬁaﬁémgcahdﬁf@iffoﬂ_ﬁetyﬂﬁﬁ idé%bri@@éis bOf f sai d
tetrahedrak retroreflective unit wit, i X ane is represented by f~,
that the dhq\%&m%%m IHgs‘ilﬁngﬁe P&;t?’gbmqqébﬁ on thedie 1 t he
poi nt @ andrdmefediéd 86€Re Mobir 19 FetBfsert fornh | ﬂ?ﬁ&viﬁ'@ea Elgﬁﬁ'bdp rddufet;

ef.

(g-p), takes a positive (+) value. 8. Aretror ective device according to
any one of O ai mArepregentative methadformanufactunineg @bove dibe-eormer r om an
apex (H) o . LaknnLat: o -Tor ARV it t.o Sx.plan rm ned by
the x-1i ne%élgg%g?fslégggglggélggaé? ﬂ%@h@*a"%ﬁiﬁm"e lpr%a}ﬁlf emg?;l‘srz}gpex to Sy
pl ane def i Radenhy 3'NE2,706i teeStamup, @ mwvthodhenalotornaw dadShephadeadef i ned

by the z-Iine grqug, ,as.hz,.and that to Sw plane defined by w1line group
det er ni ned”B %ﬁgalqlﬁglﬂﬁhﬂﬂénV% 0R-refl ective lateral face (dl or d2) of
sai d tggrahedral Syricific eklaediiva iﬁr%ben%f@%ink%tt}@( is not equal to at

| east either one of by and hz, and hwis not equal to at |east either one
of by and hz. 9. Aretroreflective device according to Claim8, which is
characterized in that hx of the tetrahedral retroreflective unit is t 44
greater than at |east either one of by and hz, and hwis greater than




at least either one of by and hz. 10. A retroreflective device according to
Caim8 or 9, which is characterized in that the ratio of hx of the
‘tetrahedral retroreflective unit having one of its base lines on x-x' line
to at |l east either one of by and hz is 1,.05-1.5, and the ratio of hwto at

| east either one of by and hz is 1.05-128. 11. A retroreflective device

accor di ng t triangubae pyiratlidaleubelornetidlbnientsay Abhistragadlin Fighad hx of

t he tetr'ahe% trq eflecélve uni t_ having one of its base |inés on x-Xx'
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tri angaf ar - SpTAGAAGipPER ULBF sbofinaditol WBhetdh Gkl fipoint
retrorefl ecangle ohata)nddi7ci862re fornmed by said V shaped parallel grooves

are given a deviatjon of £(0.001-0.7) fr ., 14, retrorefl ective device
according to O ai mlf$ apother EFR‘HPIO%Qaraﬁ@nEQQW opyesihavimg a devi at i on
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in such di ion. that the difference between th LSt a ( fromx-x'
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retroreflective units or the tetrahedral retroreflective units, at |east
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11 24100 ¢ Y eChateantetedohFaisbe gepins, moly bukleaeyhihalate resins,

polycarbonate resins, polymethyl methacrylate resins, polyimide

resins, polyarylate resins, polyether sulfon resins, polyether imide
20  resins and cellulose triacetate resins.

Thus obtained microprismatic master mold is given an
electroforming processing to form a metallic coating on its surface.
Upon removing the metallic coating from the master mold surface, a
metallic die to be used for molding a triangular-pyramidal

25  cube-corner retroreflective sheeting or an article of the present
invention is provided.

In general, said electroforming is conducted, for example, in 60
wt% aqueous solution of nickel sulfamate, under such conditions as
around 40°C and 10A/dm2electric current. As the formation rate of

30 electroformed layer, for example, one not faster than about 0.02
mm/hr is suitable for providing a uniform electroformed layer. At a
formation rate greater than that, troubles such as lack in surface
smoothness or formation of defective part in the electroformed layer
are apt to be caused.

35 The first generation electroformed die made from the
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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

10 electron beam welding, YAG laser welding, carbon dioxide gas 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

156 adopted. |

Compression molding comprises, for example, inserting a
| thin-walled 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

20 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 pressurizing said materials under such conditions as
around 180-250°C ad 10-30 kg/cm?, for about 2 minutes. Thereafter

26 the press is cooled to room temperature while maintaining the
pressurized condition, and then the pressure is released to provide a
prismatic molded product.

The injection molding can be conducted using a thick-walled
electroformed nickel die which was formed by the above-described

30 method as an injection molding die according to accepted practice, and
a customarily used injection molding machine. In that occasion, an
injection molding method wherein a mobile die and fixed die are kept
under pressure during pouring molten resin into the dies, or an
injection compression method can be adopted wherein the mobile die

36 and fixed die are not given a pressure and the molten resin is poured



107°q'y, 109& ()- " @109 ()- ! N@L0% ()- @109% ()- !8 109% ()- 10 q
10" qX00_112}23}[9H 10 !a’ y"#10%& ()- !ty"#10% ()-

' 1109% () -1 @1 109%&: () -! @ L09%x& () - YLO%&' () - 3Q4455I6K6L6MBWXVBY 10 10 10
10" SO- #109& ()-'!aR SO- #10%H& ()-' 'k SO-#10% 1 & ()-' !t SO-#10%!& ()-'!S'y
#109%¢#&' () - MpOBV6678GSdBVB7 10 10! - #10%€ ()-9 10% & () - Lz

10% & () - S1obedugh atmiowe &'{iektﬁﬁéagfe&éa)ar@%éféé%éﬁ tRYBYsidh is

X & f#109& ()-!a& f#10%& () - @O10% & () - . .

o #10% & () Peessunzedg (hegexnethodgars syitablpyeaiaidariyforimaking

TR #’igﬁk(l ?’% éi‘i%‘i%@éﬂ?z %!‘i\"i‘v@’%nﬁ?f)%a’(lf‘?”? @AXAAAAZB{ Y: 10
1 1098 () -! | 109%&NMpreddvabput 008N -thicBLENMEWalled 6Pk dfbr mdCdidst FAE{ V:
101 @, 19% dde by W@ %bdve mathodEad beBondoa by aforemenaoncd welding
method to form an endless belt die, which is mounted on a pair of a
heating roll and a cooling roll and rotated. Onto the belt die on the
heating roll, molten synthetic resin is supplied in sheet form, pressure
molded with at least one sﬂicone roll, cooled on the cooling roll to a
10 temperature not higher than the glass transition point, and stripped
off from the belt die. Thus a continuous sheet-formed product can be
obtained.

Now an embodiment of a structure of preferred cube-corner
retroreflective sheeting and retroreflective article of the present

156 invention shall be explained, referring to their cross-sectional view
shown in Fig. 18.

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

20 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 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

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

30 layer (7); and an adhesive layer (9) with a peeling layer (10) for
adhering the retroreflective sheeting or the retroreflective article to
another structure, can be provided.

The print layer (2) can be installed normally between the
surface protective layer (1) and the holder layer (3) or on the surface

35 protective layer (1) or the reflection surface of the reflective elements
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While the material for making said reflective element layer (4)
and holder layer (3) is not critical so long as it satisfies pliability
5 which is one of the objects to be achieved by the present invention, one
having optical transparency and homogeneity is preferred. '
Examples of the material useful for the invention include
polycarbonate resin, vinyl chloride resin, (meth)acrylic resin, epoxy
resin, polystyrene resin, polyester resin, fluorine-contained resin,

10  polyolefin resin such as polyethylene resin or polypropylene resin,
cellulose resin, and polyurethane resin. Furthermore, with the view
to improve weatherability, ultraviolet absorber, photostabilizer,
antioxidant and the like can be used either singly or in combination.
Any of various organic pigments, inorganic pigments, fluorescent

15 pigments, dyes, fluorescent dyes as colorlant may also be contained.

For the surface protective layer (1), the same resin as used for
the retroreflective element layer (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

20  in addition, various organic pigments, inorganic pigments, fluorescent
pigments, dyes, fluorescent dyes and the like as colorlant may be
incorporated.

It is a general practice with the reflective element layer (4) of
the present invention, to provide an air layer (6) behind the complex

26 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 infiltrated moisture, the
reflective element layer (4) and the support layer (8) are airtightly

30 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, polyester resin, alkyd resin, epoxy resin

356 and the like can be named, and as the bonding means, known
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curable resin binding method and the like can be suitably adopted.

The binder layer (7) used in the present invention may be

5 applied over the entire surface of the support layer (8), or can be
selectively provided at the bonding portion(s) with the retroreflective
element layer, by such means as printing method.

Examples of the material for constituting the support layer (8)
include resins for making the retroreflective element layer,

10 film-forming resins in general, fibers, fabric, metallic foil or plate such
as of stainless steel or aluminum, which can be used either singly or
in combination. .

The adhesive layer (9) used for adhering the retroreflective
sheeting or retroreflective article of the present invention onto

15 metallic plate, wood board, glass sheet, plastic sheet and the like, and
the peeling layer (10) for the adhesive can be suitably selected from
known materials. The adhesive can be suitably selected among
pressure-sensitive adhesives, heat-sensitive adhesives, crosslinkable
adhesives and the like. Examples of pressure-sensitive adhesive

20 include polyacrylate agglutinants obtained by copolymerizing acrylic
acid esters such as butyl acrylate, 2-ethylhexyl acrylate, isooctyl
acrylate, nonyl acrylate and the like, with acrylic acid, vinyl acetate
and the like; silicone resin agglutinants; and rubber agglutinants.

As heat-sensitive adhesives, acrylic, polyester or epoxy resins can be

256 used. '

Now another embodiment of a preferred structure of the
cube-corner retroreflective sheeting or retroreflective article of the
present invention is explained referring to Fig. 19 which is a
cross-sectional view of the embodiment.

30 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 article of this embodiment

35 do not require an air layer because they retroreflect on principle of
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The specular reflection layer (12) formed of a metal such as
aluminum, copper, silver, nickel or the like can be provided on the
elements in the reflective element layer (4) of the
triangular-pyramidal cube-corner retroreflective sheeting or

10 retroreflective article of the present invention by such means as
vacuum vapor deposition, chemical plating or sputtering. Of these
means for providing said specular reflective layer (12), vapor
deposition means using aluminum is preferred, because the vapor
deposition temperature can be lowered to minimize thermal

156 deformation of the retroreflective elements during the vapor
deposition step, and also the resulting specular reflective layer (12)
shows the fairest color tone.

An apparatus suitable for continuous vapor deposition of
aluminum specular reflection layer (12) comprises a vacuum vessel

20  which is capable of maintaining a degree of vacuum at around 7 to
9x10™ mm Hg, said vacuum vessel accommodating therein a feeder
for feeding an original prism sheeting formed of a base sheet and a
surface protective layer which is laminated on the light entrance side
surface of said base sheet; a take-up winder for winding up the

25  original prism sheeting which has been vacuum-deposition treated;

| and a heating system installed therebetween which is capable of
fusing the aluminum in a graphite crucible with an electric heater.
Pure aluminum pellets having a purity of at least 99.99 wt% are put -
in the graphite crucible, melted and vaporized under the conditions,

30 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 9xample, 800-2000 A.

35 Examples
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#10%& (g - glp} CdFficient 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 ES8 10-91 at optional five

10  spots, under the angular conditions of: observation angle, 0.2° and
incident angles, 5°, 10°, 20°, 30°, 40° and 50°. The mean values of
the measured values are indicated as the coefficients of retroreflection
of the measured retroreflective sheeting. Also for comparison of
observation angularity, coefficients of retroreflection at an incident

15  angle of 5° and observation angle of 1.0° were measured.

<Example 1>

A large number of parallel V-formed groove groups of

symmetrical cross-sections were cut in y-direction and z-direction in a

20  repetitive pattern by fly cutting method, on a 100 mm square brass
plate with a flatly ground surface, with a diamond-tipped cutting tool
having a point angle of 83.11°. The repetition pitch of V-shaped
grooves in y-direction and z-direction was 201.45 pm, the groove
depth was 100.00 pm, and crossing angle of the V-shaped grooves in

25  y-direction with those in z-direction was 38.207°. An intermediate
configuration as shown in Fig. 1 was formed.

Furthermore, another group of parallel V-shaped grooves were
cut in the x-direction in repetitive pattern with a diamond-tipped
cutting tool having a symmetrical cross-section and point angle of

30 40.53° at a repetition pifch 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 y-directioned grooves
and z-directioned grooves, to form on said brass plate many male
triangular-pyramidal cube-corner elements arranged in

36 closest-packed state, each element taking an intermediate
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307.77pm and to the V-shaped groove depth of 100.00 pm, each of said
grooves passing through the center point of two adjacent V-formed
grooves in x-direction. Thus on the bra.'ss plate a master mold
according to the present invention, formed of a large number of male _
10 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.
15 In so formed complex cube-corner retroreflective element pair,
the height (h) from the apex (H11 or H21) to the base plane (S-S’ was
100 pm. The tilt angle (8) of each optical axis of this complex
cube-corner retroreflective element was +15°, and the vertical angles
of the three lateral faces constituting the reflective element were
20 invariably 90°.
The cutting parameters used to make the master mold of
Example 1 are listed in the following:
depth of V-shaped grooves in x-, y-, z- and w-directions: 100.00
pm
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 pm
pitch of V-shaped grooves in x- and w-directions: 307.77 pm
crossing angle of y-directioned V grooves with z-directioned V
30 grooves: 38.21°
crossing angle of y- and z-directioned V grooves with
x-directioned V grooves: 70.90°
tilt angle of optical axes: 15°

35 Using this brass master mold, a female cube-corner forming
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surface a large number of polycarbonate resin complex cube-corner
10 retroreflective elements were disposed in closest packed state was
prepared.

<Example 2>
A polycarbonate resin retroreflective device in which a large
16 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 w-directions was
made 115.00 pm.
20 The cutting parameters used to make the master mold of
Example 2 are listed in the following:
depth of V-shaped grooves in y and z-directions: 100.00 pm
depth of V-shaped grooves in x- and w-directions: 115.00 um
angle of V-shaped grooves in y- and z-directions: 83.11°
25 angle of V-shaped grooves in x- and w-directions: 40.53°
pitch of V-shaped grooves in y- and z-directions: 201.46 pm
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: 38.21°
30 crossing angle of y- and z-directioned V grooves with
x-directioned V grooves: 70.90°
tilt angle of optical axes: 15°

<Example 3>

35 A polycarbonate resin retroreflective device in which a large
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have a W1dth (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

10 pm
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 ym
pitch of V-shaped grooves in x- and w-directions: 307.77 pm
16 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°
width of bottom portion of each of V-shaped grooves in x- and
20 w-directions: 8 um
tilt angle of optical axes: 15°

<Example 4>
In the production of the elements according to Example 2, the
26 angles of diamond-tipped tools for cutting V-shaped grooves in x- and
w-directions were varied as follows: the angle of tool A was same with
that used in said Example, that of tool B was made asymmetrical by a
deviation of +0.01° given to one of the lateral faces forming the V
shape, and that of tool C was made asymmetrical by a deviation of
30 —0.01° given to one of the lateral faces forming the V-shape. Using
these three kinds of cutting tools, V-shaped grooves in x- and
w-directions were cut in a repetitive pattern of A-B-C, to form a
master mold in which a large number of complex cube-corner
retroreflective elements with varied deviations given to their vertical
36 angles were disposed in closest-packed state. Using this master
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in clo sest packed state was prepared rom polycarbonate resin

10 triangular-pyramidal cube-corner retroreflective sheet product as
prepared in Example 2, in which a large number of complex
cube-corner retroreflective elements were disposed in closest-packed
state, said sheet product being given an azimuth so that the x-lines of
said retroreflective device each formed an angle of 45° with the outer

15 edge thereof.

<Example 6>
A polycarbonate resin retroreflective device in which a large
number of complex cube-corner retroreflective elements were disposed
20  in closest-packed state was prepared from polycarbonate resin
triangular-pyramidal cube-corner retroreflective sheet product as
prepared in Example 2, in which a large number of complex
cube-corner retroreflective elements were disposed in closest-packed
state, by combining the sheetings such that two zones, in one of which
26  the x-lines thereof each formed an angle of 45° with the outer edge
and in the other the x-lines thereof each formed an angle of 135° with
the outer edge, should appear repeatedly to form a pattern of 10
mm-wide stripes.

30 <Comparative Example> .

A polycarbonate resin retroreflective device in which a large
number of complex cube-corner retroreflective elements as illustrated
in Fig. 3 were disposed in closest-packed state was prepared by the
same method as in Example 1, except that V-shaped grooves in x-, y-

36 and z-directions were cut but V-shaped grooves in w-direction were
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5 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 pum
pitch of V-shaped grooves in x-direction: 307.77 pm
| crossing angle of y-directioned V grooves with z-directioned V
10 grooves: 38.21°
crossing angle of y- and z-directioned V grooves with
x-directioned V grooves: 70.90°
tilt angle of optical axes: 15°

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 coefficients of retroreflection of the triangular-pyramidal
cube-corner retroreflective sheeting as prepared in Comparative

20 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 Example based on
conventional technology, in both retroreflectivity in the front direction

26 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

30  were arranged in the closest-packed state, which was prepared from
the master mold in which a large number of complex cube-corner
retroreflective devices 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

36 devices which were not given such vertical angle deviations.
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having a first and second triangular-pyramidal retroreflective units
and at least one tetrahedral retroreflective unit, characterized in that
the three reflective lateral faces (al, b1, c1 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 (f1), the second reflective lateral
face (e1) and the third reflective lateral face (g1) of said at least one
tetrahedral retroreflective unit form a mutually perpendicular
cube-corner reflective surfaces,
said first reflective lateral face (al) of the first
triangular-pyramidal retroreflective unit is on the same plane with
the first lateral face (f1) of said tetrahedral retroreflective unit,
said second reflective lateral face (a2) of the first
triangular-pyramidal retroreflective unit is on the same plane with
the second lateral face (el) of said tetrahedral retroreflective unit,
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 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,
the third reflective lateral face (c2) of said second
triangular-pyramidal retroreflective unit is identical with, or parallel
to, the other (g21 or ¢2) of the two faces forming said V-shaped groove,
and
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greater than at least either one of hy and hz, and hw is greater than
at least either one of hy and hz.

10.  Aretroreflective device according to Claim 8 or 9, which is
characterized in that the ratio of hx of the tetrahedral 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.

11. A retroreflective device according to any one of Claims 8-10,
which is characterized in that hx of the tetrahedral 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.

12.  Aretroreflective device according to any one of Claim 1-11,
which is characterized in that the bottoms of at least one group 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 tetrahedral
retroreflective units, are formed of a flat surface or a curved quadratic
surface.

13.  Avretroreflective device according to any one of Claim 1-12,
which is characterized in that deviation is given to at least one of the
two lateral faces of at least one group of the substantially symmetrical
V-shaped parallel groove groups (Vx, Vy, Vz and Vw) which are
determined by the x-, y-, z- and w-line groups of triangular-pyramidal
retroreflective units or tetrahedral retroreflective unit(s),

o that the prism angles of the triangular-pyramidal
retroreflective units or of the tetrahedral retroreflective unit(s) which
are formed by said V-shaped parallel grooves are given a deviation of
+(0.001-0.1)° from 90°.

14.  Aretroreflective device according to Claim 12 or 13, which is
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said group of V- shaped para lel grooves show dev1at10ns of
+(0.001-0.1)° from 90°, in a pattern of repeating at least two different
sets of deviations.

15.  Aretroreflective 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.  Aretroreflective device according to Claim 15, 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 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 said first zone with x2-line of said second
zone being 5-175°.

18.  Aretroreflective device according to Claim 17, in which the
retroreflective device has a first zone and a second zone, the angle
formed by x1-line of said first zone with x2-line of said second zone
being 80-100°.

19. A retroreflective device according to any one of Claims 1-18,
which is characterized in that many complex cube-corner
retroreflective elements, each comprising first and second
triangular-pyramidal retroreflective units and at least a pair of
tetrahedral retroreflective units, are disposed in the closest-packed
state,
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complex cube-corner retroreflective elements have
rotation-symmetrical configurations,

where the point of intersection of a perpendicular line drawn
from the apex (H) of the tetrahedral 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 tetrahedral 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’ line to the point P, i.e., (q-p), takes a
positive (+) value,

in the tetrahedral 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 1.056-1.5, 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 retroreflective units or the tetrahedral
retroreflective units, at least one group of said grooves have a bottom
formed of flat or curved quadratic plane.



