A NETHCD OF PREPARI NG A GROOVED MASTER USED | N THE PREPARATI ON OF AN
EMBOSSI NG TOOL The invention is directed to the field of cont nu- (Pllfb—fec\o
'enb055|n Oof. sheeting or webs and nore particul |y to nmethods an

-appar a'f'us of producing large scale, flexi- ble, and generally cylindric
enbossing tools to em boss continuous plastic webs or the like with a

-highRly accurate pattern of cube-corners useful in the manufac- 10 ture ©
retroreflective sheeting. Description of the Prior Art. Some presently
enpl oyed techni ques for the produc- tion of retroreflective sheeti.ng

i ncl ude t'ﬁ'e\castl ng of . cube-corners on cylindrical drunms, followed by an
applr- 15. cation of secondary materi all wher eby t he cube corner el-enents
are aditred to a diff e qﬁwmmwmm;mm  SROOVERWWASTER\0. 3, 935, 359).

Sequenti al embossing @ The= A etdﬁgkﬁreéﬂdglﬂmsrdmen
' jsuggested by using a sei H v 3 JNOER e web of

“material is enbossed on one stroke of the press ‘and t hen |ndexed to the

next sta- tion for ur s{ % (el £061&36£N¢onnu~-
4,244,683). This. prg{'e% {% %8& era 1géndoﬂgon tinuou

Cmaterial, is ondys sanbminq OB ﬁb@%#ia“?ﬂ-"r aﬁ’ﬁP%a%ngl ot i ?ﬁﬁkéﬁﬁhom% and
~manuf aCturr ng dgérﬁé ﬁﬁ ggﬁéfggug rbst‘fbaueiﬁgeiargel\/bcabeer# 28ipe
e W

~econ- omcally asl r.s dyced,’
sgch as, 48" reqlnrecn@x!%ﬂslf%el%%ﬂ%‘aﬂ*?%g §§§§%ng Qo?f.gg% &EI ated

by the Rowl and S & &Hfhubﬁs391aaaﬂcpwebsser thel Like gmhcyr highix¥al
rolls also are avarla

sheef materi al bgﬁurﬁEEaB§Et6Fntﬁge ghet ﬁégﬁé@gupgéfﬁigg Sksezﬁgggﬁfgzgf
Tequired 'r&éeptﬁ?éCb!grﬁuberEQneetiveesheetingh|s techni que has not been - -
used to produce contlnuouE sh 95%98n of the Prior Art | |
g | - Some presently employed’ techniques for the produc-'
tion. of retroreflective sheeting include the’ casting of -
cube-corners on cylindrical drunms, followed by an appli-
"eIIIS.mcation of secondary material, whereby the cube-corner
I.:-e.elements -are adhered to a different back-up material
(g;g;, ‘Rowland No. 3,935, 359). :
Seguential émbossing of cube-corner type sheeting
. material has been suggested by using a series of tooled
20 plates and molds. The web of material is embossed on
;H\ - one stroke of the press and then indexed to the next sta-
: | tion for a further pressing operation (Rowland Patent.
No. 4,244,683). This process, while operating on a con-
tinuous strip of material, is only sequential in nature -
25 and has all of the economic and manufacturing deficien--
?f;f o cies inherent in such a process.. Moreover, to be econ-
o émically feasible, the widith of film or sheeting to be
produced, such as 48", reguires extensive mold handling
capability not contemplated by the Rowland '683 structure
30 and process. : ' :
small, rigid cylindrical rolls also are available-
for'the general continuous embossing of webs of sheet
material but, because of the high degree of optical

—
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s =p08It|%rf iUy FRAW IS | N Bowed = ,andie &lé’ﬂa&cieeq said netal

- Continuous belt type enbossing tools also have been 5 disclosed for

enbossl ng non-optically critical patterns in thernoplastic or other

[ials, such as shown in Bussey et al, No. '3,966,383. |It-also is wel |

n * t he cube-corner reflector art to use el ectroformed tool s
ke

ducing nold el enents. However, the relatively 10 small area

enconpassed by the typical reflecti ar ea permts the easy separation of

-~ the electroformed part fromits."master"” or frompins. To produce a tool

" requi ratmmmmumaje gy eeprsidugting cube~gannenh elsments,e to assenbl e
larger ,.gi[}gﬂ{ U Hot Bsde aseld tlord T@J‘ﬁ! d be-féund at

. _thejunctlo | nes. é'I)'hose soeams I n: saflnatptg(}ilgfcﬁ roduce stres

-'_rqsersshq %r fins, |eaving the assenbled tool wth p055|ble fatlgae’

- -areas. Accorcbm:tubddﬂmewedr?tp@remﬂdweg TAVLW idRd nat. lmféihOf d of h T
prepari e a preci.ge pattern.c I sting_of nore than one
rule qn’%é’a‘l ﬁ'edfn%a ﬁlé}gerﬁ ﬁ?tﬁ'gcaqta‘liﬁ ecargtt]tﬁé' [ﬂaé'ﬁa'irnfurface such

. master lmtbtemiastltmebrpm |mta:fladrd)owqi'g asoahowncompr i si ng t he

- steps Gudduymidld A el Hiaaddl 3 ANals YWIRGadin e mta o

- elenent; ling sdid first groove with.a synthetic material of approprlate

7 har dnedhea fPrhATIRENEH 154 e%@a B%hnitRy vea elnataofammed;tood sa. second i

."f--_'_ el e d second Ir oove ectl ng said first. oove and rermw ngﬁ“'..
B e e e ol L AR Y, FU e, 3588 The et hod vy

~ furt hetpemmmrs slmeadmay caenamtapm oif ﬁ:tiel |aigedimdfce:med foiarst and said \J
:second tgro?,p\g_egs Vipt 4 SY g e f°§“ :%tnesrl alp Pl 20 C%orl D &hardness and 35

“machi nabi ty, positionin tal elenent to th|r 3 position;”

 form nFeTHAed T SHROSH JAKdE ATERE OF SAREE ofl ta ¥R 1AeDEl ol enent | sald'.
third gfdse\iewtw eecst_amesasig‘eﬂ etndauonae&org&o@mo&%a%@rrsermv' ng sai d .' :

Fllis but mlnute seams would be found at" the junctlon 11nes._
Those . seams in’ a final tool could produce stress rlsers,-
- flash or fins, 1eav1ng the assembled tool w1th poss;ble
fatigue areas.,ﬁ _
_ Accordlng to the lnventlon, there is- prov1ded a _ _
20 method of preparing a ruled master with a prec1se pattern_ire
'~ consisting of more than one ruled line, from a metal : s
element’hav1ng at least one planar surface, such master
to be used ln the production of emboss1ng tools, ' . . e
comprising: the steps of forming a first groove in a _ _\*/g'
- 25 planar surface of the metal-element: filling said first '
groove with a synthetic material of'appropriate'hardness
and machinability; positioning said metal element to a
second position; forming a seeond-groove in said planar _
surface of said metal element, -said second groove - . o § o
:30.1ntersect1ng said first groove, and removing said £i11 |
material from the remainder of said first groove. Co _ o
.The method may further comprise additional steps of
filling both said first and said second grooves with a
synthetic material of appropriate hardness and
35 machinability:; positioning said metal element to a third



ﬂnaterlal fron]the renalnder of sald first: and sec Joves. The
_ ond 5 grooves. The f
‘'second and third grooves nay be formed by cutting into gald pl anar squ

With a cutting tool having a trian
gul ar crass-section whereby the |a A
_ ‘between said first, second and third grooves is in the |10 shgpe of agl N

eqU|IateraI trlangle Alternatively, the first, [
, second and third groove
may be formed by cutting into said planar su&face with a cutting tgol >

hav(ﬁg a v-shaped crpss- s cii® e |
and third gr 00\1&5%‘%"?’?1' %‘g%‘éwg‘? %ﬁ?c}s‘?s]gg?gs tr :beal%aia& fsuﬁta,cesecond

‘iavention furt mf ﬂiﬂllmbﬁah erbemtofsiﬁ%p‘éh’r’?ﬂg groqred eS«?r *T’Yn(ﬂn a

“met al .el gnent , t I
prOduc\fon of e OSSI it o&?éé s&E&nd! gredves!y fane temdeingahid fiHd

ri sing the.step
. 5efi Ies of 20 urmdteriy s%’é%dtlb%r ™ ?Eo%ss?h§api %%%ﬂas%c%c? :)fStthe
~neta el emeng; §ibbi@8.said first series of grooves mnth a synthetic '

material of approprlﬁ fE rdgéa1 gegggdngﬁg Eﬂ{’fé'éﬂoeﬁé’é qﬁa?g,éaa&ﬁiderhy}t

to a position 120[er Irst series of” groov
p
25 series of unthetithy iptcesaidoplasarnsyufacy) "éﬂa‘? %u?‘?’é*c’%’%} n‘g%ﬂ@l dsrenCa? 2?

element, said s ser
grooves' and reﬁ%\??ﬁ ga?:g§?ﬁ%u9£9OcﬁéssnsééﬁﬁeﬁIﬁ@eﬁebyl the stamkri es: of =

seri es of groovbstwsen SaldTﬁérﬁgELgéE§h9f%831%@ ﬁ%é?g%é % %?gggélrSt
g%pl; Io :Olr: ggeqhargﬁggg Br(rj sh aﬁdliacendlstrnesgbé grbbvean%%ﬁethra'flé?{ai of
1200 ‘from sai d §é€§ﬁdaggfgg Ingb%ég&ésgggbggbnﬂa§abg gbeﬁeatby0cﬁtﬂnﬁgtlon
GniYormy 35 spiaee gaddvpianarsahﬁpr&nHFtQUPfSEEtngsﬁ?ﬂfné?g}ng a

glrggsgts zﬁhd rteﬁlo \r/?xng: Sal gu&@&%&w Rlieyaby thesllanddbetween semﬂes of
and second seri 636t second and t %&ha|r25%ggtgg 1S”€h8d§£a8£ éf'gnf'VSt_
15 1sosceles triangle. _
The invention further prov1des a method of preparlng
a ruled master from a- -metal element, hav1ng at. least one
-planar surface to. be used in the productlon of emb0551ng
' tools comprising the steps of: formlng a first series of .
20 unlformly spaced parallel grooves in a planar surface of
the metal element; £illing sa1d first series of grooves-f'
. with a synthetlc material. of appropriate’ hardness and.
_ K mach1nab111ty, rotating said element to a position 120°
\ o from said first series of grooves; forming a second
25 series of uniformly spaced grooves in said planar. surface-
| of said metal element, 'said second series of grooves
1ntersect1ng said first series of grooves; and removing
- gsaid fill material from the remalnder of said first -
_ series of grooves. : . .

30 .. The method may further comprise the steps of - f1111ng
both said flrst and second series of grooves with a
material of appropriate hardness and machinability,
rotatlng said element to a position 120° from said second
serles of grooves, forming a third series of uniformly

35 spaced. grooves in said planar surface of said metal




P I ey

_ grdoVes 5 ' fhe second and thlrd serles of grooves nay be forned by
cutti into said planar surface of said netal element with a cutting tool

_ havi v-shaped cross-section whereby the | ands defi ned by- said first,
sai nd and said third series of grooves produce a nultiplicity of 10
tetr drons. The fill materi-al nay conprise a casting polyester or an
epoxy. By way of exanpl e, e€nbodi menys of a method of preparing a ruled

* master ‘according to the invention wll 15 now be described w.th reference
. to theedeBSABanFRrAd PAKAnGECVRSIARERT Sertinge saidsfargtagrdmmatic f1ow

chart gkkusar seiriest be yooves, ShﬁaSreﬁoﬁﬁﬁguﬁhﬂa §1Q1Imadersah enbessi ng
't ool Ais £ par.tia a_cg | eted mas:

|
f or pr§688|ﬁ89aﬁg@ﬁ68§§Fn§ 83Fdf5Fr§%b8§§|ﬁ§°83 s@ﬁﬁﬁér heeting, in~

- * which gheowest.er is- prepared according‘to the ‘method of the invention;
Figywge 2.is | S 2 r partly-in.
secE{on Eﬁg %%%éﬁh ﬁﬂ@ txaeg'ggragg ggrggFXQEE ﬁas gg ?SLQE ragnentary
top plBH Fpéﬁléﬂ angarﬁﬁéﬂlylééﬁﬁlé9653ﬁ359€r53Fﬁg8ﬁ§al gd=@=n6p plan vi ew

of a s@ic8sadtuktanl 2002l BERALG aaVLaaagéefe&eah-geeaﬁbhlC shapes suitable
of. the invention; and - *

- for use, as rs.in.ac ordan e, wth,

" Figure¥B® F§g§ %55 peads, feft ﬁ RE Pait d%ﬁﬁ§%er§aﬁgrﬁﬁﬂ°8 &R blanks of - .
- .F|guresdldlmﬂucdtseg1bswnéaghoo&e35ptbéuce§pemul&@pngﬂﬁy(ﬁf ruled nasters o
= Ca@lpetQEQQﬂbﬁ?@nh”to a cluster with like masters .to provide ‘contiguous and¥

. continuous surfaces w thout gaps therebetween. .- “Turning.now to Figures 1)
-3to 5, there &pe §Héﬁnm@§FFéé§ &@ﬁeé?@PE%sa BlﬁﬁﬁtépﬁnﬁﬁiYﬁﬁteﬁ is the basﬂcJ

or an: epoxy.

_ By way of example, embodlments of a method of ,
- .. preparing a ruled master accordlng +t6 the 1nventzon w1ll
'15'now be described with reference to the accompanylng
' drawings, din which:- ' ' : S
_ Figure 1 -is a- dlagrammatlc ‘£flow chart 111ustrat1ng '
. the various steps in producing a cyllndrlcal emboss1ng -
~ tool; | | L |
- 20 - _Figure 1A is a partial top plan view of ‘a completed R
‘master for producing an embossing tool for embossing
- cube~corner sheeting, in which the master is prepared
according to the method of the invention; ' _ -
 Figure 2 is an elevational view of the master of N
't25 Figure 1A, partly in section, taken along the line 2-2 in
FigureilA; : '
- Figure 3 is a fragmentary top plan view of a
' -_partlally completed master:; o '
 Figure 4 is a top plan view of a series of blank *t
30. elements having different geometrlc shapes suitable’ for )
use. as masters in accordance with the method of the
invention; -an@

<

"Figure 5 is a top plan view of the ruled masters
formed of the blanks of Figure 4, indicating how each of
35 the respective types of ruled masters can be organised
into a cluster with like masters to provide contiguous
and continuous surfaces without gaps therebetween.



bui I di ng el enent f.or producing.l arge “scal e, flexible, seam ess cylindrical
enbossi ng tools. The overall length 5 and wdth of the element which .
becormes the -rul ed-master usually is determined by the type of ruling device
used to'cut the master, and the el ement may be on the order of one to seven
|nches (2.54 to 17. 78cn1) on a side. The outline shape of the elenent, as
is shown in Figure 4, - 10 may be triangul gr, as at 20, square as at 23,
or  hex agonal as at 25. The thgee' shapes of the el enments as shown in Figure
4, as wel | ‘as ot hers TWHLNG AW &0 FHGUXES: InfPeSor thRECALEGSAOWB: Gt her
Sﬂapes gg(d fgnghmtmuslaapewsabfbe e:{cnamyed\ﬁhmbnﬁ mﬂtgr ael ’lhtha§5cSEape
chosen ou r eonetric.fiqgure l.,ch _can I ned. Wt

ot her “sinilar f| ég'qﬁ 5%\ “&E Prr?g%&lé‘&p 1?595X|’§F ét Eﬁlg&facent
si'des of - such fispamdess Iéygu.mdrﬁ.qalll egbosmsdinghdwod snunPbe oferaliinjuhgth
rul ed mastersg 2hoRPRr R PEARGR0 et e)hli%&xe5e%§8e20tﬁgmi\éhymésegﬁber

of square rul ed nasters hexagonal masters can ositione
fiorm cl usters 24%ed 1w %@Gé’@crme% by, dhec typenets suding QGVF-§ecH§§Qn of

a tdhl ckness sucld hait It}hd ﬁfi&ltlé;i' (rjka&lddtdw elemehe marmbgl ofif tHBt 8kadk vhil e
“under goi-ng generat| n.of .the.rule |ng subsequ
el ectro-f or i ng PEodss Seyen pehss ggh% F@f§7ag 4 3p alﬁﬁgﬁrun?g? |
el ectro- dep03|t@mu@qqaﬂshd@¢ pﬁgtmgchdmmenasedS|nsfshnwnglscrngung gvooves_
t o¥provi.de: apu @.qﬁ§ %#a q%h ad ¢ 2bor %HQQeCQEHEE 39 spgeting are

uc i‘'ne -

wel] known in the-art. s are capa positiohing the
wor kpi ece and ahexaganal; @s ﬁttﬁé-opﬂm@aﬁhFGFeP§ﬁ§6§ ﬁéce§§aﬁ}eﬂen§§rﬁﬁe

the grooves 10 @howsdlin FQgureT) as wludla@gomhew gept bxa@pybs, theaci:ng
“and-a mirror finist Lypi cal..drooye acin Lo 35.form cuhe-corner type -

reflector el emeftES Fomv. 656298 0> 1?* 5. $H8PE§ 8790y, with a
depth ranglng 'cdmhﬂnatrunmam@sp mﬁqnbeoeﬁpﬂoyeﬁo65utnphefetebm?3the o
"~ .15 ghape chosen should be a regular geometric figure whlch3“"'

can be combined'with'Other'similar figures without -

'permlttlng a gap to exist between adjacent sides of such"
-figures. Flgure 5. 111ustrates how a number of . trlangular_
~ ruled masters 21 can be. ‘arranged into a cluster 22.
- 20 similarly a number of square ruled masters 27 and
hexagonal masters 29 can be pos1t10ned to form clusters -
' 24 and 26 respectively. = _ ' '
o ~ Bach element such as 20 is chosen of a thlckness
- such that it remalns rlgld during the removal of metal
' 25 while underg01ng generatlon of the ruled master and
during subsequent electro-forming processes. The element
; . preferably is of aluminium or electro-deposited copper.:
E o B : "~ Ruling machines used in forming scribing grooves to
H~_ o : prov1de a ruled master to make a tool for cube-corner
3 30 sheeting are well known in the art. Such machines are
:i Q'__ _ capable'of positioning the workpiece and a cutter within
ERREE. the optical tolerances necessary to scribe the grooves to
| optical requirements including proper depth,”angle, '
spacing and a mirror finish. Typical groove spacings to
35 form cube-corner type reflector elements range from
0.006" to 0.012" (0.145 to 0.2%mm), with a depth ranging -

L e e Sk PPV



T T e (. or "tfihedral " or”
] . As used herein, the phrases "cube-corner", _ :
Piéfzgﬂldron" are art recognised terns for 5 cetroreflect%ve elgnfgtfhé
Co*]"sing three nmutual |y perpendicul ar faces, wthout referenc .
'Si
cue-Lo

e et

iti tical axis of the -
e of the faces or the position of the op _ |
rﬁgfpelenent so formed. Stamm U.S. Patent No. 3,712,706 ?;fcl$ﬁgs
“various scientific principles and 10 & echni ques for ruling a nmas .

il Pyroxifate 18 fH¢ah L qar, e hform.i ngl e and depth.is |
rUI'I{]gddal i\ts gﬁ?ire Iéé&?&fﬂgg tﬁaﬁggggﬁ gbb@?%s%@b groove also is
createdg, gg@ga

i i i ice. -be of :the type where

|y *Spa ‘and uni form . The ruling device. can or . ,
Ii)rSC.)ItO ﬁ(ra Zut |to ePsi @smﬂvhérdi&ﬂ,eﬂﬂ&eﬁmﬁabe%@%a@b%eﬁgt 'g?:.nery or USUM a-
conver seky; Eh@ w@rgghe%% & ved wWith respect 10 a St |oner-y,bI 3 |
di amund 11 pbed aut t o . . r’fu%th%gr‘-’?’:?t:.hérFuPF*ﬁgr&ss?seésmstebmsc_apa e of
acourat EPGEPREEAPRELVS snemsmmwpﬂislﬂhthﬁfaé%ﬁtu?igﬁc]‘jgﬁ' AR R L
oot o GpebreEtar ERctl, oG Bbl B8GR5 R Saght o an |

- i s L L = :

appr opr S52BE, B HRE Fab2e P2, kbanppeabign sof thoi otleay g s sel Lhe 25

T St 1, -
- cutter therceubescornercalemeht!sb §6fm86.0f59ééﬂjéféh9%°_%ﬁ grrOMI32. The .

bitragdl y3se|8cy6€, g4 ~Lhe axlsfjn the direc h o
Cut ;af%'sygfﬂg ’genégdd%??‘.gﬁéseﬁ@’él.%?ﬁ-cl%g_?%’a;{g}i gﬁ?’eﬁ% nr?% noo
'-accﬁﬁdéﬁ%%h%&qwe% Hshetingfatmesterenti on, 30 before cut

_ Y
- second set: dfh@rpovisg Mevibe ,ﬁﬁé'éfb%-gé%%i ré)@vag%’%i-%qeq%sl ?gg'é-lt“'lhgw /
 econd v P ARB AT Fratted apanwikts rmrmptiarngtms 11 the firsts.
et of r%xqam Hach dsumd:es’ﬁi@('ig?iqo.veﬂ&l%&'i'sogﬁ;%ﬂé%]l‘?ése&%ggd Pﬁ!stn o Ve
during ang Erﬁ*ﬁéﬂn{‘.g' t'ﬁxé)er&&’fnhge (-_er(%rlj.rc_eeCua}ﬁ ?Jé?%f : ;C%:he__ type wherer
15 ‘the cutter is_moved:while,thé_ﬁorkpiece_remains o
.stationery o#[converseiy, the.workpiece.is;moved.with-.__
respect to;a_stationery; uSually a diamond_tipped“.
cutter.. Furﬁher, the: ruling device must be capable of
accurately indexing to the second and third or more
' 20.cutting_positions different”frgm.the initial set of
grooves.: - _ S : o
- The element 20 for the ruled master 21 of Figure 3 _
is positioned upon a workpiece support of an appropriate ;
ruling_deviée (schematically at "a" in Figure 1) and the . \“j.
25 cutter thereof set to cut a,firsﬁ series of parallel
grooves 31, arbitrarily selectéd, along the axis in the
direction of the arrow 32. ‘The cutter has a v-shaped o
' cutting edge of desired pitch and depth. , _
In accordance with-one-aspect of the invention, ‘
30 before-cutting of the second set of grooves 34, the first
set of grooves 31 is filled along the axis 32 with a
material of appropriate hardness and machinability.to.
allow a second set of grooves 34_tq-be-cut.without'
interruption, as if the first set of grooves 31 did not
35 exist. This allows the material being removed during



of ‘into the f??éttséf of grooves at each groove intersecinn, and t hereby |

possi bly distorting the intersections. The fill, al so serves to support the _
‘ftaces-5 of the tetrahedral elenents being created and prevents their . Q?
di stortion. Epoxy or curable polyesters can be used as the fill material s.(15

As noted, a second set of grooves 34 is then cut along the axis in the
.dirQ?Lion of the arrow 35. The remaining fill7material (i.e., that 10
port{fon not at the, jnterseciions_of .the second grooves 34 with the, first

P boves ) thentittiafecbe PReRa  AEroSRoY ol s 88 Fie bt an inataad of
grooves 31 and 3dfpinto thetfitrstit sehgobf grovves dasetach groowes. The

el enmenty 20 (or t ' noi X[ Lo pr .3 i 510 -~ a-third
“set - of \fj"rgooves. gﬁéﬁgéﬁéﬁgﬁf tlgﬁ‘g gge%%é?t%g%jllggf %Jf"%?%g%/ﬁei ﬁg conpl et e,
all of the fill hﬁtéFFQFtignﬁenDWbﬁ-éﬁ&lthb5¢uf%dvﬁﬁst@rsﬁnp¢z¢rthﬁi QRS
the next steps (pe eHb! BBLLaNBELAL dblbReRt§BELING PPLYESE %n&&%’!’v
Decr a- Coat nanufggtureg.bg F?sco. 20 suitable ﬁgox% I.s Har dman
Figures 1A and 2°Bfd¥ G1EGAPFEPR- r (FRIXKuCT eFUBaP e PR S5 LA AN
‘configuration. wsédras she Hillrmavesi8lswasAsunotedngs t ecandsse?,of

f.ofl owed by a se t224;al t a 5 d_a: 1 hird.set :

al ong the 25 axegg(g?v%g. 33%%% %.'r_gggt%g?géo¥€€h%ﬁ%riél§a "}?%p%%gse_%lea es a
base 41 for eachthbe a8REOVedPahcBhrensemainimg-Eblhapaterhwht 6140 ihate 't he
pi tch of. t he 1Qut bbPEibAOhoHELET EhEEENtELsEELDENST of NERS NEELB gk ddves 34
per pendi cul ar face 43.and 44 o hglgube-corner 30 elenents 40. .The

éivts g
[\g)e' 8173.

4 . f t
i nt'iersection of Yﬁghpggﬁe ippt gEOPRRR S )othem 15 remoyed nFibby 45 of
t he tetrahedron déte¥helrthengiseappiiedreschotly sets | abl grdmvesit3negidr S

capable bf outtiag ”éf’%%‘ﬁéfé“éégﬂaé?%% Bk Gt cats teer!
enboss a web  @lemenhez@etPr ctiood tit hs abllenfindexedtto | pRQRerRRftian -
-+ . . 15 to cut a third set of grooves. When the cutting of the -
_ thirdasetuof=grooVes~isfcbmpleté, éll.bf~the £i1l '_
material is removed and the ruled master 21 is ready for
- the next .step.. One ‘suitable material is a casting
_ polyesterAknownfas=Decfé—cOat manufactured bYﬂResco.“ A
20 suitable epoxy is Haréman.No;'8l73. _
. : Figures 1A and_Z'show-a complete ruled master 27
| having a'Squarerconfiguratione_lAffirst}setrof*grooves'31
_ was cut along the axes 32, followed by a second set 34
o along the axes 35 and a third set of grooves along the
25 axes of 38. The intersections of the three grooves
creates a base 41 for each of the tetrahedrons or
cube-corner elements 40, while the pitch of the cutting
tool determines the slope of  the- three mutually -
. ' . perpendicular faces 42, 43 and 44 of the cube-corner
| 30 elements 40. The intersection of the planes of the
faces, 42, 43 and 44 is the apex 45 of the tetrahedron 40.
The ruling devices presently available to cut
masters to the optical accuracy required for cube-corner
_ retroreflectors are not capable of cutting a single -
35 master large enough to be used directly to emboss a web
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permt efficient operation. Accordingly, the nmaster such as 21 or 27 nust
be ed to produce copies which can be grouped together to formlarger

. a until a tool of the 5 desired dinmensions is created. Two opttons, are
P le at this stage, and the furt her steps involved and options
avarTable (as shown in Figure 1) are described and clainmed in Patent
Application. No. 8324681, and in di\g sional application hbs 18524123 and

b d d
R E?fz e ﬂ:ﬁﬁ‘iﬁﬁ b ?ﬁi% LRl 30 LB 5h ?sgl ;EE' preferred
t e Avpordimigdys ¢hﬁsmﬁ@¢$ t1tut
andchigos e e eﬂm 3 3ol i 154 WA R od anirn
e d prdigy

their operation e mad the art, wt hout departing -
from t 19& C9RKse t&rgem%@n mﬁbrﬁ‘?% lagger areas ankdde 2t $ood ofofdedi ng

agglscatesz,rré&t) dﬁib&%il%% e tdrdansd. Neui%dl o@t(ih oaa&ptah&%t sfsqm%.Ot pr oduci ng
embosse get | rL.aneoys er ew he 1nventions :
cl ai med q:I SJE‘ zﬁf‘% %&ft %%5 1687 f(i[”(?ﬁ R REE-C®Sappl i cat i on
is di V|aam,1adﬂ¢ dcqmrsdmmg! diny iBsligarad ldpﬂnecdasmzhed af@24123 and 8524124 -
25 arecﬁ%;{n@d Q46 Pa1drt 6b1 e 4B RO 8@9'&‘6@3 3 3 ga%ess general |y

cylindrical enbgssin ool “for continuousembossin a web of materi al

Cwith- a S3vdEianaladRRdd catdmn iNQshg 8t5|?élé"t3e}§§do135fzgllﬁl4ng at | east one mast er .
: e: q?nt to lmﬁtl%o HHe® Hawe Ilﬁéxffslhowﬂ:cahaedes%&iﬁéw hhﬁta colntlgu?us S
cl uster er or ples on or _nmore paster el enents
“repli czﬂmﬁﬂ: 3:&%%3’6’%5"@ §u§eﬁuﬁ5e?: §t flexible strips \o.fJ '
contlgmnmeqtmdnﬂas appimd@|tq;tha(pnaﬂeqmedonmbodymendsbcdt mandrel 35 and
repl i CRIN0 Fu G RIIVRIP LAl WPt sddons Anfly! [NV cal segments;
pr o .

' assenbllng such segnents to
substitutions and changes of the form and details- of the

4

15 devices illustrated and in. thelr operatlon may be made by
'those skilled in the art, without departlng from the- :
scope of . the invention. - _ -
Reference is. made to our copendlng appllcatlon
. No. 2127344A, entitled "Method and apparatus for -
20 producing embossed sheeting"” filed contemporaneously
" herewith.. . . = o S
The inventions claimed in copending application:
Nos. 8324681 from:which this application is. divided;'and _
copendlng d1v151ona1 application Nos. 8524123 and 8524124 ¥uj
25 are as follows:~- : B '
8324681: A method of maklng a seamless generally
cylindrical embossing tool for continuous. embossing of a
web of material with a precise pattern, ccmprising:the.
steps,of.formihg-at least one master element to the .
30 precision pattern required; assembling a contiguous |
| cluster of master elements, or. copies of one or more
master elements;-replicating=the~assembled-clﬁster.tc
provide a number of flexible strips of contiguous
pattern; assembling said strips.on-a cylindrical mandrel
35 and replicating such assembled strips to provide



a cyllnder of the deS|red dlnenstons‘corres'

ponding to the width of web t
be enbossed; replicating such cylinder:- ‘to provide a seanl ess nmster 9 ¢'
cyl i nder; repllcatlng said 5 master cylinder to produce a relatively thi” -
seani ess and netal lurgically uniformnother cylinder; replicating said

not her cylinder to produce a relativel i :
_ ( _ y thin, seam ess, flexible, and
general ly cylindrical enbossing tool havnu;ihe preC|S|on pattern therein.

210 { © 8524123: A nethod for:the electro- denasidic Yy IRy
substrate wher ecxhten%{ﬂﬁt]r BINIER, RAIRE E{afrastd i con?eoct ed tlt?;y
e

'source-of negatd vy D;Dﬁ@é]fl@f tetnel démimed ailm@ﬂi@!tﬁatﬂﬁ?’t%‘@qf?%gaé'&j
adj acegt-sai d S,,léi,g%,g £9NBE Lt Sod; SUELRA 1 MPYaN SFLIEERILS al

the spacing o rom sai st rate
‘the substrate pheve@elae8%$@%¢$%)@Eﬁﬁﬁﬁt? >t%%#§§ﬁ§qfere agts °

el ectrol yte, 0
‘petween such5 a5 ERF ¥ G IBRde £ 0PI pBodgcé Ne ﬁémls.\nély mmgg§eg3n3@sﬁreen _

substrate and such taI -
‘incremental ly: chpfgrrEaL hurgigehly fugh%%r’gcreenéj’tepgfﬁnﬂelaﬁg%ﬁ rect theel a
gz;g;liegﬁ 2? sgbg&tﬁdtﬁértcphﬁndérstmdpseﬁm¢¢a§erQ¥ﬁ%#%% YHetBRr a uni form
: sai d '
ShipiBhay, LE8RiBEL( auRShiniee) Bpoipbinasicnl hathadeing

- separafing-a th ectroformifromwthin tub _
substrate upon whpEhhaving tbﬁn?ﬁeﬁhé%ﬁpnpégFﬁrguﬁg?tﬁf% and e?ec?rgtgtnt' :

have CO”p' enentary eggaging: fﬁahJét:ﬁadpfesluﬂen lectrotdepdsbeiaxiaf a -
ovenent H@?lve to one anoth n 4 oty .
E Q§9rt mﬁthln §8t613GP§Bb§tFH$§Fr§g I%gt%gﬁgé#ﬁgf%ﬁé %gsﬂéﬁﬁaﬂaaon
sel'sctively opeaahhﬁdtaauaﬁﬂdemhnestedeteon Sgpéﬁatngn§S§51V3cH%h?HEﬁ?tes o

“to grip the eIectro oLm a b
from said subst & 80 582.%% gglgggaggtaadlgOpiseaaa&agsaeﬂtesstdrOfOrm

said el ect_roformw@m end| Fonn@mtsé: §ocaneprare O pobatiys o "

- 15 - potentlal, the spa01ng of said metal from said. substrate*-
varylng at. diferent parts of the substrate, the entire
electro—dep051tlon taklng place in a bath of electrolyte,
the 1mprovement comprlslng the steps of 1nterposzng a

_ ._screen between such. substrate .and such metal to ‘be

-zoidep051ted, and . success1vely 1ncrementally changlng -the:
width of such screen to- limit and direct the metal ions - -
-to selected portlons of said substrate to provide for a.

: _ unlform dep051tlon of said metal upon sald substrate.
R ' 8524124: A method of separating a thin, flex1b1e-*"
13 : 25 tubular electroform from within a tubular substrate upon
k which it is formed wherein said substrate and electroform

have complementary engaging features precluding
rotational or axial movement relative to one another,

'comprlslng the steps of lnsertlng a support within said
L - 30 substrate, sald support having one or more selectively
L% _ 0perable vacuum devices thereon; operating said vacuum

f devices to gr1p the electroform on said substrate and. to-

separate said electroform from said substrate; collapsing
said electroform inwardly; and removing said electroform

35 completely from said substrate. .
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1. A nethod of preparlng a ruled naster mnth a preC|se paLtern con5|st|ng
of .nore than one ruled line, froma netal el ement having at | east one

o pl surface, such 5 naster to pe used in the production of enmbossing

o mocnl otement: i Ting sara tiest orONDIIINALETS ot er o

of ~appropriate hardness and machi nahigl ity; pdSlﬁlohlng s&i d* netal el enent.

- to.a 10 second position; formng a second groove. in said planar surface of

sai d mSI#HIME enent, said second groove intersecting said first groove, and

. renoving saiad sedhoamize xazlpafzrﬁ@ tah&ua%aama@&rezoi»iw & forledis@ oove.. 2.

- The nethod of Claim1, r?&h
LT n@AHEFs SoRsdisting, r & ki ra EEPM Reti ¢ rmt er i al

|S|n the 15.additional steps of

of appmmﬂallate’iémﬂ:nemmgi artad!elatsablohlet plamm swﬁamg,sambhrret al el ement
% Q{asq._,_m)% lh%n grg:lnzg._h% yyvrd(&cqr Qe @m%%'g 3, 3ur face of -said

enent _sald & ot er sect in t dnd said second:

__"groovemsr'é’mom s&eDs ﬁﬂ formiag & firem UFF@qVGm;FIn@er of said first
~and se raﬁha&r WMFacedof thee nEtalod1ehmeRtal @ﬁnwtgerss';a $air@ef i rst, second”
~and thlr rooves are forned b§FFUttlgg into said Ian%P 25. surface wth a
cutting Q9ﬁ% &Jﬁh texded. ofc ePBRORRdrsBy hERENPERd bet ween the
- said fumﬂ,m&nhﬂmabﬁmﬁtanpuiuyﬂmmﬂug Balﬁnmbhalsbap&eat e QQU|IateraI y
~ . triganhgl t h | d ond. 30" ‘and
i ]]?61 s%coﬁ“xd o-l.;ll '3% ggbz% gft% @e%bn\tgman_'%o e h sfa H‘lag’gg:

grooves are I Nng 1 nto~sal anar wth a CUttl

"t ool hanrrfgmf \Pfsﬁésddﬂlﬁt@dsm mdelgychnd Igéme\@et ween said first,

- second sad Adaictd ngf RAUES Fig st grRve)2asaoedvi s 581i@S giihangl e. 35 5.
A met hod of preparing.a ruled nast er_-frqm

tal llehmem rmwngat'
| east SRESFIAa IO £hee reppipdersof sald furst groove. . |
2. - The method of. Claim 1, further comprising the

15 additional steps of filling both said first and said
_second-groovés:with“a-Synthéfiq-matérial of appropriate'_
hardness and machinability;epositioning:said'metal “
element to a ‘third position; fbrming'a third groove in
said planar surface of said metal element, said third

. 20 groove intersecting said first and said second grooves;
| - and removing said fill material from the remainder of
said first and second grodves. ' ' |
3. The method of Claim 2, wherein said first, second |
and th1rd grooves are formed by cutting into said planar

25 surface with a cutting tool having a triangular

' cross-section whereby the land between the said first,
second and third grooves is in the shape of an '
equilateral triangle. |
4. The method of Claim 2, wherein said first, second

30 and third groéves are formed by cutting into said planar
surface with a cutting tool having a v-shaped . &
cross-section whereby the land between said first, second
and third grooves is in the shape of an 1sosce1es '
triangle. - ' S

35 5. A method of preparing a ruled master from a metal




in the productlon of enb055|ng tools conpr|5|ng the steps of forn1ng a
first series of uniformy spaced parall el grooves In a planar surface of
the netal etement; filling 5 said first series o synt h

mat eri al of appropriate hardness and machi nabil i mﬁmmﬁnlmmu el en@
to a position 120.0 fromsaid first series of groeves; €orfrfig & secon
serkgs of uniformy spaced grooves in said pLanar surface of sai d net al . .
el erent, 10 sai e ! rg es of .
G oves. and reaBonanCe PaviRE S SantropeoLERIEE LAGeELD OB GSCAPT O
seties -of groovén. tbe Prvﬁﬂcﬁépnoefoﬁmépﬁﬁhﬂs tPEth@PmEBhﬁ%Pglh@etﬁéeBﬁeps

of : filking bOthsaEthhh§taaEQr§EcgeglésrbESuQifefﬁdespéée&ﬂﬁQr&lﬂ@lerla"
~of appropei ate hardness,and chlnabllltx aé n d ilene t %

Sosi i on 1200 f PoRPYERa iBaBoRaBar, Burseet, 6, Bue Hefatngianenrs dtfing of
uniformy qupedagdoﬁncstlsesaed pEagaoosasfatehod sgnﬂhet}almatenﬁal ofai d
third grooves i ghgraeehbig AR-83bds’ bha! ndBHiREEPITeSST LE2aPlng" o0YES: and

renmpving said fi e remaln d second
series of groovedemgnt tpha peshbdonf 1208 firem sabdefirsti geriestofsaid

seeond and said EBb’if@sseEbﬁﬁuﬁ srge&szaaaéeriegnsﬂ buleérﬁmytsﬁace@to said
pl anar ‘surface of sai d Féﬁa pgent wth_a cut a v shaped
S

cr@ss-section mﬁﬁ?@ﬁ?stﬁﬂ
thrrd serieqf sgidosesopdodecdes 5mlgrpbvestynbérsettﬁhgdsahs £8Ps8. The

et 52t O RokBeqesOBesBle <, Sy 1 B1ER i Lhtl by

I'n_any one 0 :
Caims 1to 7, ﬁheréenasaﬂsrfpflsnadefnastcsﬁp¢e§e@fagrepﬁgy 10 A net hod

of preparing a gyl edwﬁasmefhéabéraenaﬁhly,B&aénéﬁrebﬁaeigisgdeﬁsrs@égswth-
reference to the acgggglﬂé'ﬂgth saiggilrst and second serles of grooves.
15 with a material of. appropriate hardness and
‘machinability; rotating:said_élement'tO'a position'120°
- from said second series of grooves; forming a third
. series of uniformlyfspaced grooves in said planar surface f
_ of said metal element, said third grooves ihtérSecting"
.20 said firsf_andgsecond-series of grooves; and'rembving-
said fill material from the remainder of said first.and. 
second series of grooves{' N '
7. The method of Claim.6, wherein said first, said
W '_second.and said third series of grooves are formed by
o 25 ‘cutting into said planar surface of said metal element
. with a cutting.tool having a v~-shaped cross-section
whereby the lands defined by said first, said second and
said third series of grooves_prbduceafmultiplicity of
tetrahedrons. _ ' '
30 8. The method set forth in any one of Claims 1 to 7,
wherein said fill material comprises a casting polyester.
9. The method set forth in any one of Claims 1 to 7,
wherein said fill material comprises an epoxy.
10. A method of preparing a ruled master substantially
35 as hereinbefore described with reference to the
accompanying drawings.
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