Fiel'd of the, Invention The invention is directed to the field of cont

ous enbﬂsslng of. sheeting or webs and nore particularly to nethods an
dppar at us-of pr.oduci'ng | arge scale, flexi- ble, and generall cyllndr cal
‘enbossi-ng tools to em boss continuous plastic webs or the?[

‘hi ghhw accurate pattern of cube-corners .useful in the manufac- 10 ture of
retMdrefl ective sheeting. Description of the Prior Art Sone presently

enpl oyed techniques for the produc- tion of retroreflective sheeting

i ncl ude the casting of cube-corners on cylindrical druns, followed by an
appli.- 15 cation of secondary material, whereby the cube-corner elenents .
are adhered to a different back-up nateulal (e.g.,  Rowl and No. 3,935, 359).
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accurate pattern of cube-corners useful in the manufac-
| 10 ture of retroreflective sheeting.
" Description of the Prior Art
_ Some presently employed techniques for the produc-
tion of retroreflective sheeting include the casting of
cube- corners on cylindrical drums, followed by an appli-
15 cation of secondary material, whereby the cube-corner
elements are adhered to a different back-up material
- (e.g., Rowland No. 3,935,359).
Sequential embossing 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
one stroke of the press and then indexed to the next sta-
_ tion for a further pressing operation (Rowland Patent.
-K,/ No. 4,244,683). This procéss,_while operating on a con-
tinuous strip of material, is only sequential in nature
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25 and has all of the economic and manufacturing deficien-
cies inherent in such a process. Moreover, to be econ-
omically feasible, the widith of film or sheeting to be
produced, such as 48", requires extensive mold handling
capability not contemplated by the Rowland '683 structure

30 and process. '

small, rigid cyllndrzcal rolls also are available
t for the general continuous embossing of webs of sheet
material but, because of the high degree of optical



accuracy required in reproduci ng cube-corner elenents, this technique has
not been used to produce continuous sheeting. 5 Cont i'nuous .bel t type
~ enbossing tools al so have been disclosed for enbossi ng non- optically-

’ crltlcal patterns_ln t hernopl astic or other materials, suth as shown irr

: - al,  No. 3,966,383. It alsq is well known in the cube-cor ner

art to use el ectrofornmed tdbls 10 for ,produci | d elenentsw
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. Those seams in a final tool could produce stress risers,
flash or fins, leaving the assembled tool with possible
- fatigue areas. In accordance with the present invention,
20 the pieces are reproduced by eliminating the "fin" or
seam and then by producing a cylindrical mother and el-
ectroforming internally of the tool mother. A problem
then encountered is the removal of the cylindrical elec-
troformed tool from the tool mother because of the very
25 accurate but tightly interfitting male and female faces.

The present invention discloses techniques and apparatus
for producing a cylindrical embossing a tool by electro-
forms; and a method of separating the finished tool from \,/
the cylindrical tool mother.
30 o Suwmmary of the Invention

The present invention overcomes the difficulties
noted with respeét to prior art embossing tools by pro-
viding methods and apparatus for making 1afge scale,
flexible, generally cylindrical embossing tools for em-

35 bossing highly accurate cube-corner or other types of
patterns requiring extremely accurate precision forma-
tions continuously upon a moving web of plastlc or other
‘suitable material.
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3 one or nore highly accurate optical quallty master el errents Is cut into
sui tabl e substrates.” Fach master consists of a precision pattern which, in

the specific 5 di'sclosed enbodi nent, may take the form of tetrahed . or
the like farned when three series of paral | el grooves are scribed/ t he
substrat»e along each of three axes, each axis being- -spaced fromt her .
t wo. \,y 120 Each master el ement has a sies of nargl naI edges of a geo-
10 nmetric figure, such as a trian rectan: hexgqon, etc. so
that the masters can RP%] é‘!?qen Ut ‘&fn AEplity master

wi t hout any gaps é.’tenatts)eits/\mrt ifto mariitabdle Gubatratesqf EBachmmaster are

com bined in a cé &ed %ﬁoro q’%m o hl n i
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The electroformed strip is thin and flexible and with a
proper support could itself be used directly as an emboss-
ing or compression molding tool but in a non-continuous
manner, such as the sequential type embossing disclosed
20 _;n Rowland No. 4,244,683.
Alternately, a number of electroform copies can be
made from a szngle master and these copies combined as a
desired cluster in a fixture and an electroform strip
made of such copies. This electroform strip also can be
25 used as an embossing tool or in compression molding. In
"~ order economically to provide a continuous sheet of ma-
terial, it is desirable to continuously emboss the thermo-
plastic_substraté without indexing a plurality of molds.
'Method and apparatus for accomplishing this is disclosed
30 in copending application (No. 2127344y, '~ That appara-
tus may utilize a tool of the type produced by the pre-
sent invention, in which the tool pattern may be at least
48" wide and have a total circumference of 115",
~  wWhen producing cube-corner sheeting, the high opti-
35 cal gquality of the master required, permits only a rela-
tively small master to be produced, such as 5" on a side.
Accordingly, to produce an embossing tool of sufficient
size to permit embossing of wide webs from the electroform




35 cal quality of the nmaster required, permts only a rela- tively smal
master to be produced, such as 5" on a side. Accordingly, to produce an
- enbosSiRg tool of sufficient size to pernit embossing of wide webs f.romthe .
- el ecggJ/orm 4 produced fromthe el ectroformcopy of the masters or the
£gftorm copy of the copies of the ruled nmaster, it is necessary to
duplTCate and enlarge the copies until a Tool"  of the desired size is “l
achieved. 5 produceditff&ﬁrﬂ&oreléstmmhem;mfoi hehep mesctielrs wrerthieon to

produce an | o) t e the ji vention
to produce a éﬁgggﬁ'ﬁ@ ?éé# %&3 t#cﬁ%l%@éhﬁ% zlc}sstg wi de web
of material. iaonecessarYtt¢sdup&i¢n¢eoﬂm@cenkﬂrsentharnnnﬁeanunt;qomoduce a
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further object of this |nvent|on t'o provide a_ novel nmethod to produce an
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resul t ant cqp%gsofpﬁg WeEaplch an enbossing tool. A further object of- the
i nvention is rovide a novel nmethod of producing a | arge scale,
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cylindrical F@8t«not her. .
It is yet a further object of this 1nvention to

provide a novel method to produce an-improved embossing ﬁ;_)
15 tool for embossing cube-corner sheeting.

It is another object of the invention to provide a
novel method of producing a large scale, flexible, |
seamless cylindrical embossing tool employing a plurality
of individually formed masters,.replieating,sugh:masters.

20 and through successive_combination ang replieation of
such masters and the resultant copies, produce such an
embossing tool. | _ - '

A further object of the invention is to provide a
novel method of producing a large scale; flexible,

25 seamless cylindrical embossing tool employing a single
master,. replicating and combining such and resultant =
copies to produce such embossing tool, and a method of </
separating such a large tool from a cylindrical tool
mother. : _ _ : :
30 According to the present_invehtion there is
provided a methedﬁof making a seamless general;y
cylindrical embOSSing tool for continuous embossing of a
web of material with a precise pattern,_epmprising_the
steps of forming at least one master'element to the
35 precision pattern required; assembling a cbht;guous



meki ng a seam ess generally cylindrical enbossing tool for continuo

enbossi ng, of a web of material with a precise pattern, conprising t

of form-ng at | east ‘one master elenent to the 35 precision pattern

required; -assenmbl ihg a contiguous 4a cluster of master elenents, or

copleg.of one or nore naster el enents; repl48ating the assenbl ed Cluster to
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strips on a cyI| replicating such assenbl ed strips to
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base of said cubg LAMG Gl FaneriiyCeyRihA%ical embossing tool having
- the precision pattern therein.

15 The method may include the step of ruling such
master to provide a precise pattern of optical accuracy
therein whereby the'web of material to be embossed will
reproduce such precise pattern. '

The precise pattern may comprise an array of oube-

20 ‘corner type reflecting elements.

The cube-corner elements may be formed in said
master element by scribing said master element with 120°
offset grooves thereby to provide male tetrahedrons on

30 According to the present invention there is-provided a neéggﬁ of

St eps

said master element.

25 The parellel ones of said grodves may be located
; between 0.006" and 0.012" to adjacent grooves.
— ‘The base of said cube-corner elements may comprise

an equilateral triangle or alternatively an isosceles
triangle.

30 . Each master element arranged in the cluster may have
marginal edges defining a regular geometric shape thereby
permitting said master elements to be assembled in a
contiguous way without gaps between adjacent master
elements.: - '

35 " 8aid cluster may be provided by multiple replicating



an equilateral triangle or alternatively an isosceles triangle. 30

Each gres§ er el ement arranged i-n the cluster may have margi nal edges

4b of

g Ja regular geonetric shape thereby permtting said master elements _
enbled in a contiguous way w thout gaps betweeri adj acent master

. 35 Said cluster may be grOV|ded by multiple replicating
a single nmaster el enent, or al t erfi tively---said cluster may be q;;
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The net hodedementisl.ude the step of lifting one edge of said tool cylinder
avay from the moghgr cg&gbeﬂ% Ocoagﬂs,%hse S8TAL4HT Had o Pl O 001

of adj

cylinder fromthe not

er to permt r sal cyllnder

-The not Rer éVFPSdéFfﬁﬁyeBE pEeéshon. Pabterng. 0. 100" in thlckness and

the fl

t hi ckness

exi bl e enbna&hneaEGOJnagwrlélehenbe\ia?ema&b (H-Qnar”’é‘ﬂ':é)r 030" in
to a.furthe ect of the' invention,--.there is
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el errents the motherTB?IEHEErC%“ﬁérxﬁi@”?élﬁ&vé‘?%@%éﬁ ty¥gL by series. -

cylinder. _ _

The mother cylinder may be between 0. 050" and T .
0.100" in thickness, and the flexible embossing tool may N/

15 be between 0.010" and 0.030" in thickness.

According to a further aspect of the invention, -
there is provided a seamless,.generally ¢ylindrical
flexible embossing tool for continuous embossing of a
web of material with a precise pattern.

20 - Preferably said tool has a precise pattern of
optical accuracy thereon whereby the web~of material to
be embossed will reproduce such precise pattern—

The precise pattern may’ comprise an array of cube-
corner type elements. _

25 The cube-corner elements may be'defined by series
of first parallel grooves_iocated between 0.006" and _
0.012" to adjacent grooves, and intersecting second and - - -/
third parallel grooves at 120° measurement. | '

The base of each of said cube-corner elements may

30 comprise an equilateral triangle, or alternatively an
isosceles triangle. _ -

The cylinder element may have more thamn one precise
pattern formed therein, and the multiple precise_patterns
may be contiguously arranged. Each precision pattern mey ”

35 be defined by a rectangular perimeter, and each _ T



of first parallel grooves |ocated between 0.006" and 0.012" to adj agertss
grooves, and interséecgting second and -- third parallel grooves at %éé%é;}
-nmgasur enent. The .base of .each of said cube-corner elenments may 30 i'se
an equilateral triangle, or alternatively an isosceles triangle. The
cylinder element may have nore than--one precise pattern formed therein, -
and-3fe multiplé precise patterns may be con#fguously arranged. Each

preci sion pattergdEhgit a LA thaldy b8, 1865280 EA ] » p&siﬁet&g%e@nd each
4c rectangul ar pattern rraqvfrbe | ess than 1" on an edge. Preferably the -

l ength of the edge of PR Yarig dengih: efnthe adgetod 38idnch. An edge
of each adj acentrgrdrgiul drs pittfernalllsy abopesotl16nefichp have a different
angul ar position relative‘fo a -edgg aof..a_co tigggus pattern, OQther objects
and features of the i AYeR98Sh Q5 93°B: 33dARERY BRECFIN 112 FRFTHR
description &nd pxisditioned] td hester at dd ffereht angobaanyoesitibbrawi ngs which

di scl ose 10 by I ld QC| i tion and the best
modes whi ch have éﬁli‘?(;ﬁ:{%rf‘& ae?g% Pz, %?#‘3?%32’?%2%& B EF DESCRI PTI ON

OF THE DRAW NGS | n t hOthemiobgecits apdcfeatirearof| theninvention will beg
simlar referengid@Cuy In fthe followangi agserdption | &¥a dBdims and

illustrating the vari.ous sieps . in producing,a cylindrical enbossi tool 5
in accordance V\nitlﬂ'ﬁ&r%‘eé’tsgﬂ @ﬁFPﬁ'ﬁ.angf‘@ g\aygn%s ﬂg?jc?r;gl‘fjtsﬁglgﬁﬁ%n
view of a capl éyecvay of example, the principles of the invention and

the best modes which have been contemplated for carrying

them out.
BRIEF DESCRIPTION OF THE DRAWINGS
\_ . In the drawings in which similar elements are given



master for produci ng an enbossing tool for enbossing cube-corner sheeting,
i ch the master is prepared according to the nethod of the invention.
FIG 2 is an elevational view of the master .of FIG *1A, partly in
On, taken along the line 2 - 2 in FIG 1A FIG 3is a fragnentary top

-~

* . pNah Xiew of a partially conpleted master. 15 FIG 4 is a top plan

vi eyg~of a series of blank ele- nentsShaV|ng different geonetriC shapes &J
- sartable forgimelap p@Sépencenchacactiense mnth the nethod of the invention.
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i nuous syrf ggegcubt Bohke 0ADEn ! DRE SRLUERE. 1ibEhtfohs a perspect i ve

representation o man- ner 1 n Ich triangul ar nasters of the_type -
shown in FIG 25 FEGcahAbésoigBQFEbﬂltE°Be?%¥? Yh%"p? AR cEPBR %Feglectro-

form copi es ﬁésaefums pRSacEing! &n gmbésﬁlﬁéjheaallﬁofeém@é%lﬂél on of the
tech- nique to create seni-c Ilng cal nts_ac- corqéng to the -

englog L egnf
present inveREPBRCOSBEr SheeEipg, 1y shR% PRETHF oot BsRFSRADSS ti ons
and size of acebrdidgusedtﬂermeghodeoélEherbﬁmentngncreatlon of the

. sem - cyljgdrl cal FEgIRAlig ?heéle@\@io&gl'é%éx{:hggrﬁﬁgnthéé{:&’a&fpgg@ vi ew of

a tank anhd shiel d" defoistT expansion o oSl -
during eIectlbiopﬁthYointhecéyonndtakgn abongntheecting & - 1% in BIG.
schematic reppesentation of the arrange- nent of the sem.-cylindrical

segment copi es |nto a onpl et 6 cylinder
g P % ng gragmentgry top plan view of a partxally

completed master. . : _

15 ' FIG. 4 is a top plan view of a series of blank ele- N/
ments havxng different geometric shapes suitable for use
as masters in accordance with the method of the anentlon.

FIG. 5 is a top plan view of the ruled masters formed
of the blanks of FIG. 4, 1nd1cat1ng how each of the re-

20 gpective types of ruled masters can be organized into a
cluster with like masters to provide contiguous and con-
tinuous surfaces without gaps therebetween.,

FIG. 6 is a perspective representation of the man~
ner in which triangular masters of the type shown in FIG.

25 5 can be organized to permit the production of electro-
form copies of a ruled master. |

FIG. 7 is a schematic representation of the tech-
nique employed to create semi—cylindtical segments ac- -
cording to the present invention.

30 " FIGS. 8 to 1l show the progressive p051t10ns and
size of a shield used during the electroforming creation
of the semi~cylindrical segment copies.

FIG. 12 is a representational plan view of a tank
and shield'démonstrating expansion of the shield's posi-

35 tion during electroforming of the cjlindrical tool
master; ' _

FIG. 13 is a schematic representation of the arrange-
ment of the semi-cylindrical segment copies into a complete



FIG 14 is a schematic representation of the cylin- der produced by the
semi-cylindrical segnent copies. 5 FIG 15 is a.front perspegti
vieew of a-suction tool used to renove a conpleted cylindrical enbo

tool fromits nother. - FIG 16 is a sectional view of the tool " taken
along lines 16-16 in FIG 15, and 10 FIG 17 is a diagrammatic
repregsentation of a col- lapsed cylindrical tool prior to renoval fromits
not her.~'DESCRI PTI ON OF THE REFERRED EMB®@I MENTS Turning now to FIGS. 1 to
5:thére are shgéﬁ fﬁﬁépus aspects of a blank el ement which is the basic
buil ding 15 ele % or producing large scale, flexible, seanless .
cylindrical enbossi ngF¥@ol k4 abw & dighenar i gprasentadiiam o ftdee gy lin-

i nvention. The qu&F abkodGas by nthavi St afy 11118l RIe e giinth degaeE®s t he
ruled master gsual llan%ﬁi derg t£f M rﬁcgr@/t#eg% ét/cﬁ._g_\;og; 1 F devdiei jibsed to

cut the 20 naster, heel’eénent” nay der of one to seven

i nches on a si detoolrHesedt¥o eemayg e emplated cylipdricad erbassddd n FI G
4, may be triangeddl. fasm dtsGotdfiey € as at 23, or hexagonal as at 25..
The three shapes of the elepents as shown in FIG 4, as well as others, 25
for exanple, the rect%fﬁﬁ elgf & FaSianal Vigh&E s‘ﬁfp&?%d%&% nati ons
al so may be enplaleng bhinesprkf-€le iablBIg hd Shapel chosen shoul d be a regul ar
geonetric- figure whi cayl be, ' ' t | 11 fi S i, t_hout
permtting aigap to ebf(ilbs’t .etﬁ?egé;rgéicﬂ%ﬂ%%%e%%%ﬁ%&g?% ?’gj%‘eg\g G 5
i | lustrates how bapsederybindricalrtpalprinedoranavall from its mathered

into a cluster 22. Siggd@ilprfod WP REgHard BURH IR S 27 and
hexagonal masters 29 Tam pe positToned 0 formctusters 224 and 26

respectively. 35 Turning e FRSr & B0 3 iRFee s shawry vardous
sych ithat it rengspects ol lblidigk tdlemeH®wWHicd ietile Midie Wuiddieigng

generati on O{Strh éﬁ%é%‘f@?té¥oéﬂéﬁhg large scale, flexible, seamless
cylindrical embossing tools according to the process of
the present invention. The overall length and width of
.the element which becomes the ruled master usually is de-
termined by the type of ruling device used to cut the
20 master, and the element may be on the order of one to
seven inches on a side. The outline shape of the ele~-
- ment, as is.shown in FIG. 4, may be triangular, as at 20,
. square as at 23, or hexagohal as at 25. The three shapes
_ of the elements as shown in FPIG. 4, as well as others,
25 for example, the rectangle or the octagon, or other
. shapes and combinations also may be employed, but prefer-
k,/ _ ably the shape chosen should be a regular geometric -
' figute which can be combined with other similar figures
without permitting a gap to exist between adjacent sides
30 of such figures. FIG. S illustrates how a number of tri-
angular ruled masters 21 can be arranged into a cluster
22. Similarly a number of square ruled masters 27 and
hexagonal masters 29 can be positioned to form clusters
24 and 26 respectively. S
35 Each element such as 20 is chosen of a thickness
such that it remains rigid during the removal of metal
while undergoing generation of the ruled master and



_duriﬁg subsequent electro-formng processes. The ele- nment preferably is

of al ugg num or el ectro-deposited copper. 5 Ruli'ng machi nes used in
form ribing grooves to provide a ruled master to.nake a-tool far
cube-(Cpt™yer sheeting are well known in the art. Such nmachines are capable
of pagsi¥ioning the workpiece and a cutter within the optical tolerances

. nspsgsary to scribe the grooves 10 %o optical requirements including ﬂg}
proper dept uming esulspapient alkkctrrfamingistoceggrsal 'Jg're)mllfe-spam ngs

to formcub f ]sln%r{;gﬂ'} a&geﬁ o 0. 012",
with a de tehéé§é§¥%f%§§k H#gﬁ%?y rom Sc§'It {ﬁé; %?4¥£ As
used herm|1cQFR§¢Wwases "cube-corner", or "tri- hedral" or tetrahedron

are art rgcogni Z%if‘r@ﬁnééﬁn{é‘s dd&d @fd %Mﬁx@'ﬁﬁ@ﬁn&%dxﬁéé‘&d hree
nmut ual |y per pen-, ces wi t hout reference sl ze or shape of

I cular th
the faces orP"fch‘é’-‘fﬁrﬁ tﬁ"b’r‘F fm"‘l%"ee%p"c‘?d‘éﬁ &)a kel té‘i’let KPR Mer el ement
so forned. Séwéanihgs arf@atweil Nnowh 74k, tH afh‘tS.C| @fsh \nidhittes et i fic

I h f I : Th | i d b
PLeh t Pat o Gattd B tised odihd Whe B acd nd 4 Wi R PP,
length, 25 thlmmmwm@mmlm scsrxbenpmé yg:sqmml and
. uni form, 4 heti%é@fba{jfvf &&soflﬁéfuélvrpi %@%t 18, moved .

whil e the workpi'ece remal s stationary or i ece is
noved with reR3fkng tand amirmarsinishal |'-§m1eﬁ1arﬁmp\te ;ﬁmmseﬁo

Further, 30 fdin relbe\desine € eLypis tréﬂmlaaﬁemwﬁ{ﬁ Vel exi ng 1o the
Second and Bk P s il i eRPhang s HPIPHBALe Y R | oned
upon a morkxu&niaEnuunnGS(ﬁncheﬁmproprlate 35 ruling device (schenatical{y
g;r af\l e: ngl)(C)iveg) cgqfrarllﬁl éﬁlfegﬂfzta gal'f)éri1 he&aééléﬁ‘itﬁ L 3 v
hedral“ or "tetrahedron" are ‘art recognlzed terms for re-
troreflectlve elements comprising three mutually perpen-
cicular faces, without reference to the size or shape of
the faces or the position of the optical axis of the
20 cube-corner element so formed. Stamm U.S. Patent No.
3,712,706 discloses various scientific principles and

techniques for ruling a master.
The ruiing device must be such that a gfoove uniform
in angle and depth is created along its entire length,
25 and that each successive groove also is properly spaced
and uniform. The ruling device can be of the type where
the cutter is moved while the workpiece remains stationary o
or conversely, the workpiece is moved with respect to a /
stationary, usually a diamond tipped cutter. Further,
30 the ruling device must be capable of accuretely indexing
to the second and third or more cutting positions differ-
ent from the initial set of grooves.
The element 20 for the ruled master 21 of FIG. 3 is
positioned upon a workpiece support of an appropriate
35 ruling device (schematically at "A" in FIG. 1) and the
. cutter thereof set to cut a first series of parallel
'grdoves'31,.arbitrarily selected, along the axis in the
direction of the arrow 32, The cutter has a V-shaped



direction of the arrow 32. The cutter has.a V-shaped 8 cutting edge of ~\

desi red pitch.and dépth. I n accordance with one aspect of .the invention,_-\i

be; 'fore cutting of the second set of grooves 34, the first 5 set of
grooves 31 is filled along the-axis 32 with a na- terial of appropriate
hardness and nmachinéability to al- |ow a second set of grooves 34 to be cut
with@ut interrup- tion, as if the first set of grooves 31 did not exist.
This alltows the material being renoved dyring cutting to 10 be pushed

direc Iy ahead of u S nset of grooves at
each groove |ntefsé§¥n§ éagédbgheggikéﬁcg |stc§%|n t he

i ntersection§. The fiIn aﬁ:s@r@@m%swxﬁt sQWo?QPQ‘F]"e qfac‘&e SHnenEian « Aesr al
el enents being cggageduding ré’fef'ﬁé §$€éﬁddé§€%f'é¥bmﬂés FPOxhOI£ iy @bl e

pol yesters can be used as t e fi er not ed, secqnd set of
grooves 34 isSth8ftcAf SFefyet het ok sthﬂl?‘h fn‘?‘?%c‘itf%r?’@fs tf?e "lcj'b\ﬁ I The
remaining fill negeiadl ofi approphbdtPirdiestand mch:mirm&lnshctty aros aif- t he

. d 34 th th 2 1 '
material Chen i S1aB. appaane b, FF <THRSHE 34 N PEUE F IR intdrnyes
cut- ting of a thion,sas bf ghaoﬁesstTMQte¢énmw90@§B(1& disbInot exirt.
| ndexed to pfOpe&hgg%iiewsten&%a@ewq %éfﬂg%e@%ﬁrz}@f?%ﬁ{ﬁ Ed ng

of -the third_set 8rooves IS conple natem

renoved and ifle bel Bushedidiregtly akeay oFrthecweser s%‘bi)te%é’%uﬂ%l e
material is a caghbnNgipgtysstess @8 B CEAcK Ot odipd UL rited sk 1h Resco.

oot e ehony 3 BRI L T 0 L ST G ol
was cut along thfidleslsd, séovéswed Hypposectine Sateslofl ting tekrahedrdb
aﬂﬂ,e‘third set 8&eﬂ£89¥eﬁe§gga$9§9té&ea3&€§ré§%nts their distortion.
1S Epoxy or curable polyesters can be used as the fill ma-
terials. - As noted, a second set of_grooves 34 is then
_cut along the axis in the direction of the arrow 35.
'The'remaining'fill material (i.e., that portion not at
the intersections of the second grooves 34 with the first
20 grooves 31) then is removed. Fill material then is ap-
plied to both sets of grooves 31 and 34 prior to the cut-
ting of a third set of grooves. The element 20 (or
tool) is then indexed to proper position to cut a third
set of grooves., When the cutting of the third set of
25 _grooVes is complete, all of the £ill material is removed
' and the ruled master 21 is ready for the next step. One
- ~ suitable material is a casting polyester known as
' Decra-Coat manufactured by Resco. A suitable epoxy is
Hardman No. 8173,
“ 30 FIGS. 1A and 2 show a complete ruled master 27 having a
- square configuration. A first set of grooves 31 was cut
along the axes 32, followed by a second set 34 along the
axes 35 and a third set of grooves 37 along the axes 38.
‘The intersections of the three grooves creates a base 41
.35 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 elements 40. The intersection of the

\



The .intersections of the three grooves creates a base 41 35 for each of the -
. tetrahedrons or cube-corner elenments 40, while the.pi.tch of the cutting '
t ool detern1nes the slope of the three nutually perpendicul ar faces.42, 43
and 4 t he cube corner elenents 40. The intersection of the 9 planes

of t §§5 ces 42, 43 and 44 is the apex 45 of the tetrahedron 40. The ruling
devi presently available to cut s- 5 ters to the optical accuracx;;
requited for cube-corner retroreflecfors are not capable of cutting a

single mas- gtanéares eneughcks be,ussdafdrestiy theeapessih vebthé the

desired w dt é gﬁgth Iarge enough to permt. efficient operation.
Accordingly, t? Hﬁ Fep ¢h as 21 10 or 27 must be used to produce copies
whi ch ‘can be grouphe rngengedeVbcésrpréscgelyaaeaslmbléIta ¢tobl mas=-t he

desired dgmepglgng, 'Stﬁagggsﬂc?ﬂgfeg}aegtgégstgeﬁgrgke elBbfngkace. In

the first approac or not be
i dentical) aretpesefiedtand @ﬁ%nnaFecéPihhgeﬁflﬁuéténis§e$1§ﬁ f m3s22 24

or 26, and a&éﬁﬁlabbedehauanf tastyéeugéaaaléacéﬁyetsl Gnb8s aNdeB bhi Ck
ni ckel eIectroforn]s technlgues known to those,in the

el ectr of or ni hgeaf F§1rﬁ9 Yﬁggge §0° I%c¥?9€t§h tearaengReRIRHECSBEFBLEopi es,
the depositedffickehtceapebattontrohtedr@inglggdutheamasted sapk astRi out

loed 1o §ncP, 27 H0rErRH. hRES PE BRbaR8E PH en hEcR b8 SO pRac" P
clusters 22 tagetBepetdi farmekbrgeraadeascuntdl at heolcofif therdesdned The
first solid 898¥n§ﬂ8ﬁs“ﬁ§'cPSaﬂe&e”afﬁohéﬁtﬂgngeﬁge g?gggbiéogkatﬂmﬁbch Ps

the male masters 21. A second approach enploys a single naster
used to genef&B€ea nother copy 19 (FIG: 1) which then

In the first approach, a number of ruled masters 21 &~u)
15 (which may or not be identical) are produced and then are '
arrahged‘in a cluster such as 22, 24 or 26, and assem~-
- bled in a fixture as at 49 (See FIG. 6), and a thick
nickel electroform solid copy is made by techniques
known to those in the electroforming arts. By the se-
20 lective shielding of the solid copies, the deposited
nickel can be controlled to produce a solid copy with-
out interfaces and of uniform thickness throughout.
This solid copy then can be used to generate additional
copies needed for the next step, and the clusters 22 can
25 be disassembled and used for other configurations. The
first solid copy then will be a female having been -
formed from a number of the male masters 21. _ W,
A second approach employs a single master 21_which
is used to generate a mother copy 19 (FIG. 1) which then
30 is replicated to generate a number of electro-deposited
nickel copies 28 (shown at C on FIG. 1) and the copies
28 of the master 21 then are arranged in a cluster 22
and assembled into a fixture 49. A solid copy then is
made from the clustered copies of the ruled master 21
35 (steps D, E, F in FIG., 1). Two successive electroform
steps are performed so that strip 50 of male cube corner
elements corresponding exactly to the ruled master 21
is produéed, As noted, the solid copies 28 are used to



30 is replicated to generate a nunber of el ectro-deposited nickel s 28
(shown at C on FIG '1) and the copies 28 of .the master. 21 then ar rqanged
in a cluster 22 and assenbled into a fixture 49. A solid copy themns"nade
fromthe clustered coples of the ruled master 21 35 (steps D, E, . Fin FIG
1). ,Two successive electroformsteps are perforned so that strip 50 of
nale\Juhe\corner el enent s correspondlng.exactly to the ruled master 21 is
produged. .As noted, the solid copies 2 Gire used to ,

10. geherate the é&k&@é&%ﬁ@fmm CIBE 3o it ra:o‘i% oW%ttﬂlpw 5gtr i m@o thin

t hen enpl oyed to f plJurality of strjps 5
el ements as showht I-f 0|1igthep Egemq}foy;_qée °ﬁ’fb %t lg%yalo P'Féﬂ'péround

]9|1 thgl Ir rear susi as®sfémale &nm-fadrﬂdr céqrmtts)a@mhodm tahemjem aed J
exibility er epy, e tr p
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mandrel 53 ( ep K) ng steps exanpl €, our strlps
51, each approxmm%ﬁq/es..ot@ a rﬁﬂﬂa@-ﬂw Whigkness 1® inravdsd dhe desined

produced from thg I rétﬁ‘]iﬁfsd .ﬂb@a el Wdridd GRoute@mENt
copy 55 (FIG 1 ste hfh%ﬁ?’ﬁﬁ%éﬁ% ﬁ%hes wi de and 1;8 I nches | on Thr ee
dfeF

cylindri cal segmr%‘r%%e zangRe a@% &R oyled §B Susseeding
enbossing tool vhteds 15 Fer ?ékanlts]tw,s Soule ﬂﬁﬁowmlemelaypp&@xmyl n

bt oduce | ar gl 1 3ofadies cia ' Poad and % HRH Jondy Bt e proddieal T he
met hod by whi ch £iam ségmmlnbmqaéﬁ %&a@m@d 2bodcla cylliimdiriicall
segnent copy 55 égé“@‘ﬁytc%; PG Ciy r-ﬁmr ‘?Jiﬁ.%ft?flst %y flnrgﬁ).1 1ok ker
tool for generating the erposslng tooI er ent S|ze segnent s
coul d be made foAndpkd mq:h%ﬁ)plqnﬁumeesmwry%lsmﬁ@ GoPiRs [55ke.
segnment copyiipén Ctd elieldipste ddVigrctitbel [FEtHal Rindhd g nde Yooad wilizee
by outer fyppprtzgrlnches wide and approximately 54 inches in circum-
' ference, - Larger strips and more numerous strips 51 will
be used to produce larger tools. o '
" FIGS. 7 to 11 (and steps J - M of FIG. 1) show the
method by which the segment copies 55 are generated.
20 Each cylindrical seqmént'copy 55 is about 1/3 of the cir-
' éumference of the final mother tool for generating the
embossing tool. However, different sized segments could
be made for specific applications, such as 1/4 segments
or the like. The segment copy 55 could be made thin and
- 25 bent into its desired shape by an outer support or it
could be produced as a relatively thick member formed
\_/ in its desired shape in order to retain the optical ac-
' curacy and provide strength for later operations. 1In the
latter approach, the female strips 51 are placed about
30 mandrel 53 and both mandrel 53 and strips 51 are placed
in the electrodeposition tank 57 (see step L of FIG. l)
adjacent the nickel anodes 61. In such position, the
central portion of strips 51 are closer to the anodes 61 _
than are the ends of strips 51. As a result such ends
35 will be plated to a lesser degree, giving the cylindri-
‘cal segment copy 55 little strength at its ends. To ob-
viate this problem, a shield 60 (FIG. 7) of nonconductive
material (e.g. plastic), is placed between the nickel



coulzﬁgé;produced as arelatively thick nmenber forned in its desired shape

1 i i i.de strength for |ater
' : retain the optical ac- curacy and provi eng )
ggefr ngé In the |atter approach, the female strips.51 are placed about

[ : l'aced in the
- 53 and both nandrel 53 and strips 51 are p & _
2PegﬁpgagLosjtion tank 57 (see-sfep Ltpf Fggisgziggjgiegﬁetzfoggfkfg ?Egdii
61..1n such position, the centra portyl on oL Are C oser L0 g
‘ant t han e the ends of strips 51. As aresult
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support 13 per. With such an érrangement, the greatest nickel
' buildup would be about the central portion of the strips
51, As the electro-deposition progreéseé, it is.desir-
~ able to direct more and more of the nickel ions toward
the strip ends. Accordingly, the shield 60 is placed
20 over the central portion,qf_the strips 51, as is shown
in FIG. 9. The shield 60 is supported by two support
. rods 62 and 63, which also define the extent of the
shield 60, Since the nickel ions do not pass through
the shield 60, they travel towards the ends of the strips
25 51 which are furthest away from the electrodes, to build

up the thickness of the electro-deposition in such. areas.

FIGS. 10 and 11 show the further extent of the shield 60. \*/

‘A diagrammatic représentation of the shield 60 on succes-
- sive time periods 2, 3 and 4 is illustrated in plan view

30 in FIG. 12. During period 1, the strip 51 is fully ex-

- posed (no Shield). - _ o | o

When completed, the segment copies 55 (FIG. 1) with
their precision patterns on the inside, and each com-
Prising 1/3 of the circumference of a final cylinder,

35 are placed within fixtures {not shown) for support to
define a segment cylinder 65 (FIG. 14). Using the as-
.sembled segment-cyiinder 65 as the negative eléctrode
with an accurately positioned nickel anode in the center



rods 62 and 63, which also define the extent of the shield 60. Since the
ni ckel Tons do not ‘pass through the shield 60, they travel towards the ends
of ‘the strips 25- 51 which are furthest away fromthe electrodes, to b Vh?
up the thickness of the el ectro-deposition in such areas. FIGS. 10 anzég!
show the further extent of the shield 60. A diagranmatic representati f
the’@ﬁie d 60-on succes- sive tinme periods 2, 3 and 4 is illustrated in
plan vieéw'30 in FIG 12. During period 132the strip 51 is fully ex- posed
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e ot e 3 el 3300RR, R OBeRR RaSFige, By Yol bRe'”
ci rcunference of platedhlorcyiltisndevsides ddametleacéd genkiratei t thés fhexi- _
shown) for supporg]ﬁt %&%Q&,ﬁ@ QAR ﬁt&'s't@?ﬁEg?igggkﬁmlﬂhvih’&' RYakheoms-

senbl ed segnent %y as the negatlive el eCtr th an aCcurately

posi ti oned ni kelfidfoahiich an bengageund oEf E0 RO BFFPEGeF185KSt AESsegnent

glyl i Bder .6|5. \éw' Il %%r@ﬁétﬁ‘éd)ftd ttih.ei a&b&ggdﬁémm thi'hoc Qﬂﬁﬁgke]}:ﬁehhbﬁpihexi -
e but solid seanl ess jraster cyli.nder aving_f.lash or. ins.phich can
be ground of f so%ﬁb‘§¥¥£%? o 1ag PF&HSF?ngHL}BrtﬁgaﬁgQ?rBaW%gg°$Eis
-cylinder then codepeatimgeclds of rcheeprevipusdstepsi (skapscit-Nnder 8IGLt hout
repeating all of jt4he Vi eps, 16 - Nyl . e t
cylinder 65 thenﬁ)§ d?@%%ggﬁﬁf§§ ?%3%§?%Efﬁ§ ?géﬁeE%Ggéé%ggeﬁg?eﬁeggﬁﬁg the -
tool master AA ke sPOmemHe coRdes: SOy| ilea¥ingo thewteehsmassess cydiader

cubes which are sjguated on the outside di.ameter. This cylin- der 70 is
Identical in configuration to that _ which_is re- ' an_enbossi ng

) 15 quired_a
tool, however, tools prSdfested, cydiader: 94 nPHscRYsLSFs 9f g@ﬁﬁ%ﬁtg §s
joi ned together amixhrand aiftvared annitieeobutkidesddumeteges. Thisycydin~

N der 70 is identical in configuration to that .which is re-
15 quired as an'emboséing tool, however, tools produced by
this method (using several segments 55 joined together
as a mandrel) have a number of disadvantages. 'They re-
quire an intricate assembly and disassembly of the seg-
ment fixture which requires precision aliqnment.' Also
20 of concern is the interface between the thin segments
55 which contain extremely small fissures. Although
this disqonﬁinuity is almost non—detectable, it causes a
difference in the crystalline structure of the metal de-
posited over it. This change results in stress-risers
25 which become lineal imperfections causing early fatigue
! '~ failures in parts that will be flexed during embossing.
(% These problems of assembly and metallurgy are
' B avoided by the present invention. The tool master
cyiinder 70 will have surface imperfections such as
30 flash, due to the fissurés in the mother fixture, re-
moved by grinding. Once this flash is removed, subse-
quent copies made from such part will not contain stress
risers or alterations in the metallurgiCal structure,
although this cylinder 70, when used as a mandrel does
35 have these imperfections. '
' with proper fixturing (not shown), the tool master
cylinder 70° then is rotated during subsequent electoform-
ing, with nickel anodes adjacent its outer surface to



quire an intricate assenbly and dlsassenbly of the seg- nent fixture whi ch
.requires precision alignment. Al so 20 of concern is the interface between
the thin segnents 55 which contain extrenely small fi-ssures.” Al though this
di scoptinuity is al nbst non-detectable, it causes a dlfference inthe °
Crysy aP}p e structure of the netal de- posited over it. This change resubxs
I n sfirisers 25 which becorme |inggal inperfections causing early fatgle
. qyg in parts that will be flex during enbossi ng. These probl ens of
assenbt’y andoret al Itivigk slecdroifdeth mpthies syddaderi Aventhothe Tie too

master cylinder of0 gigsigwhqye oswofoaceas%hgsgteaor&a tHeh c8813Ratkagh. due to

the fissures in the ther fixture' re- by grinding: "ce this flash
i's renoved, cydigderyfdnwhishi ds phde thigkoess PAr ondl P-R80"céRtain stress

risers ors abtgmaW|ons in the netallurglcal structure, although this :
cylinder 70, mhen us ndrel h ese |np fections. Wth -
proper fixturing %o %g§ﬁ%wﬁf %ér%§§P| &8Pm?6 EnPEFA 0t at ed
during subseﬂuenbfebec@dhnuﬁnlqadg embbbsdmgk&bodn@@es adﬁhcmnthers out er

surface to &yltﬁid%‘if. g‘g,, atnla' 9:'& gr rc%”%%n@% ss ¥1' ' den 69 58%&? ® o eh

der of 0.05 Jt 1 cyl'i'nde
is of a thi endhe @mn@wlpu@f@g@ tb@rso@ eze" ccnwénmnm@kamétﬁeamdpﬁﬁnder 75

+ then beggnes themeg%refslem GhvRn®ion dridalze8M083RY ke¥hol0 toBot h nmot her
cylinder. 75 and the g%méndrlcal enbossing tool .80 faorned on the inner

surface theSSPRTALE ISGOEE S$n §TOOFF1BGs topd 80 from,&he, mother; nyention
utilizes a dndeet 18] Wd theRd damaglke ts:e&riitezes- errbm-&.arlg "saelatifghr om t he
A A
other by temperature dlfferentlal), cannot be employed "
15 because of the depth of the male cubes plated into the
female counterparts. To prov1de separatlon, the inner
cylinder is fixtured w1th a vacuum apparatus 90 (FIGS
15-17). The vacuum apparatus 90 consists of a tube 91
to which islaffixed'sevefal hollow suction cups 92. In-
20 dependently controlled hoses 93 and 94 are affixed one
to each cup 92 (see FIG. 16) to create a vacuum. Each
cup 92 is secured to the tube 91 by threaded rods 95 and
nuts 96, Mechanically raising_cup 92 by rotatiﬁg one nut
96 at one end of one cup, causes the cup to lift the un-
25 derlying cylindrical tool 80 from the mother 75. This
then lifts a pc:tion of the thinland flexible inner tool -
cylinder 80 away. from the rigid outer cylinder 75. Nor- W/
mally, the negative effect of a vacuum in this'difection
would be cancelled by the intimate.contact of the two
30 parts and“not allow separation. In this case, the break~
' ing force is initially applled mechanically at the very -
edqes of the cylinders which allows air to enter between
the two cylinders. Once the edges are separated, the ad-
ditional cup or cups 92 that run along the line of separa-
35 tion are mechanically adjﬁsted to continue to apply the
vertical vacuum force along a wider path, stripping the
inner tool part 80 along this line (FIG. 16)} Once the
‘length othhe cylinder 80 has been separated along this

L3




other by tenperature differential), cannot be enployed 15  because of the,
depth of the.male cubes plated into the female counterparts. To prm@
separations the inner cylinder is fixtured with a vacuum apparatus 9

(FI GS. "15-17). The vacuum apparatus 90 consists of a tube 91 to which TS

afflxed several hol'l ow suction cups 92. In- 20 dependently controlled .
_hoses 93.and 94 are affixed one to each p 92 (see FIG 16) to create a

vacuim  Each cup;3g, i EngegHasch Otﬂé'eiﬁ S0 Ve HERRICTHI Qs B AL S

96. Mechanically raﬁ5|ng by rotating one at one end of_ one
cup, causes the uppmeshﬂniea lué on- W‘MI%@Q%IY%%&PR%*‘% 20( om

tool oyl | nder (0% : 8"‘*“?2#’?“5??“’“%*"“‘5"%“ o “%‘ﬁé
negative effedt 8 Lcaﬁm‘?ﬁ t'hg g%.f%%’f ‘6%%% od%%%%l%

I ntimate contactcoinéheeleneﬁﬁs.parts and not aIIOM/separatlon In thIS
case, the break- ing C very
edges of the cyli nder%RE fn#nlér ?%ih%éi{ ?@ %gr{%%ﬁﬂ he ﬁV\K#JCE;ﬁI nders.
Once the edges afBISepiihiceither wwuymmbmme@rarcm eanss it

al ong the line okh3gPa6ent3oa thoR steeewémffﬁﬁlshamwt 40 Coiet wonte

ool part 8oLl oy ien 457 e %%e%d%?@@%feq ek vﬂ%{g% Mider 80
has been separ atexlindensg79 lang 80 td dnbuuree remdvel aridhoud dahaging redthenaurface.
Chparatus 90 remved TReLaEE heet oy LiRief oY dn b G A H I ¢
0.030") pernits Eromothecgutierhcylindergestand ceconnrs cikscshapenents. The
inner cylinder 80 thegpha tehdbbd Ceﬁéaﬁé £y héther 1911MideTs @I Adac Of
bwcham ca&sne%giueA%otglesugm nto r<t:dune ric.)zaieﬂrlveembfclassn}.rfuctoos I\é/ ar

( wor d > P ce s g

' at a rate of 12 to 48 hours per copy, depending on the
plating rate used.

The process dxsclosed herein can be varied along
the various steps if a smaller embossing tool is required.

20 Although the tool 80 is described as a cylinder during
its production, because of its ability to flex, it may
be employed in other forms. For example, it may be used .
as a belt having two long sides with short curved ends
where it passes over drive rollers (step T of FIG. 1).

25 It will be understood that while the present inven-
tion describes the making of a cylindrical tool for em-
bossing cube-corner sheeting, the principles of the in-
vention are applicable to any type of tool in which ac-
curacy of the embossed surfaces are desired for a speci-

30 fic-reasdn, and the noted'technique for separation of
the cylindrical tool from its mother is applicable to .
any cylindrical parts formed with an interfacing pattern
that prevents "sweating"” or other simple separation of
two seamless cylinders. -

35 While there have been shown and described and poznted
out the fundamental novel features of the invention as
applied to the preferred embodiments, it will be under-
stood that various omissions and substitutions and




10 "Mylar" is a Regi stered Trade Mark) is positioned between the two
cylinders 75 and 80 to insure renoval without damaging “ei t Her surface. The
z pol cylinder 80 then is pulled clear fromthe out er cyl i nder .?5 and

5 its shape. Once renoved, the heavy nother cylinder 75 can con-* 15
/70 be used to produce S|mlar enbossing tools 80 at a rate of 12 to

-48 hours per copy, depending on the pl<t8-hg rate used The process v

di scl dh I

enbose: ng t SUTATREE RIS 26 B AR 90 thes 03dgh, 110G
cylinder durandy in strmmtnnemiaremémﬂnades ba’bltholsp skiflled int they be
el oyed | n diiehyd ol ddfir fom | fhe™@H124 U920 AR aAnRRhiciRAVI ng two

| ong sides wth short curv ends ere it passes over drive rollers (step
Tof FIG 1). 25 Referqqc%qq W%n%@%%&@ﬂeﬁéti%l%ltiﬁ@tép&ent i nven-

tion descgi es, tMMmg eritotled i "MEtR] dn@olapb@iratiis Fegsi ng cube- cor ner
sheeti ng, the&: Ilcableto anytype of

‘tool in whi & "° c@: s%{ist'éﬂ%g\égé‘g'%e%ggg &f“é’%@é‘ief’é*& a speci -

30 fic reasdrgremd:h.he noted techni que for separation of the. cyI | ndri cal
tool fromits motlidedferifid!idahide 'O S W d1ividh opia! %gfpa&%% ¥l N an

interfacing pattern that prevents "sweati separati on of

two seam esINQS |%3322858524123 vend @ﬁm%é-h&%m $henfoddewdaecr i bed
and poi ngegd ﬂwedmﬁsjmﬁmmwl features of .the invention as appl i ed

oni 561 ohs and subd 1 RISALand e etiad b HRRard ng Anle B HT of ¢ ne
devices il | vetthtedrecise ptIEtermpmrmﬂmnmpibmamddzﬂm tomeseudled | ed in
ﬁrggeaig o\tljmrtcope’nmﬁ app |ca é}%lﬁg H%‘;ff%ﬁ]qeglﬁt\ﬁe Heorhlﬁgﬁrgaegﬁg |sr= _
appar at us f gjurface, such master to be used in the production of "’/
15 embossing tools, comprising the steps of forming a first
groove in a planar surface of a metal element; filling
said first groove with a synthetic material of appropriate
hardness and machinabili’-ty; positidning said metal element
to a second pbsition’; fomi‘ng a second groove in said
20 planar surface of said metal element, said second groove
intersecting said first groove, and removing said fill
material from the remainder of said first groove.
No. 8524123: A method for the electro-deposition of
a metal upon a substrate where the substrate is placed

25 upon a mandrel and connected to a source of negative
potential and'the metal to be deposited is placed
adjacent said substrate and connected to a source of
positive potential, the entire eléctro-deposition taking
place in a bath of electrolyte, the improvement .

30 comprising the steps of interposing a screen between such
substrate and such metal to be deposited; and successively
incrementally changing the width aof such screen to limit
and direct the metal ions to seleéted portions of said
substrate to provide for a uniform deposition of said .

35 metal upon said substrate,



produci ng enbossed sheeting” filed contenporaneously herewith. Reference is
made al so to.our di'visional application Nos. 8524122, 8524123 and 85241 "‘\
in which-the follrowi ng 10 inventions are clainmed:- No. 8524122: A net hgﬁf‘
preparing a ruled master with a precise pattern consisting of nore t hgfm e/
ruled line, froma'netal elenent having at |east one planar surface, s\
mastier to be used.in the production of 15 enbossing tools, conprising the
steps of formng a first groove in a planarlSarface of a netal el enent;
filling said first orggyegubhiiad: SyMheEhos IR Séddta ingRP RN 21 didiiness
and machi nabi | i t¥; g05| tioning said netal elenent to a Second position;
forming a seconfl@esB9forn Sgp@ within asubstrate AraAn Whichdity i farned

sai d second grogMeréefhesacat sG9sthatle f ardte IEOONEE o Bl hd v RO difirit driy |
material fromthe re in?ertof said f'r‘;{ggroove. No.. 8524123:. A nethod for
the el ect.ro-depﬁggf‘g R&ot S RERETR pﬁf)% o b%??’ao&je"mr%rt &b, MQvenedy s

pl aced 25 upsn mekatiivel tandneoanethen, tconpsising tie reteps \f dotsanttialg
and the nmetal tg QEEESP?SH%1h5s2iécﬂb§9+%@“tS§1ad.ds £ HeviHY one
connected to a source o £)05|t|ve potential, the entire el ectro-deposition
taki ng pl ace i n°8 Bare selectivelyererable | vao Wi AsHices Mpefing the
gt eps. ?f'di nt egI p@ﬁéﬂﬂtﬂpécléﬁﬂ_i _bs&mtndialaﬁwub@_tgﬁ;f ﬁi&_ég.l%‘]&tﬂmmf htdh be
eposited; and suggessj Vv i ncrenment a changi e Wi of .such scyeen
CoPITr ¢ ana i P BARSRERse "RORCED Stedref ol iRttt i & ¢
to provide £0r aubatfates depbiapsimgosatdisuidsStratenl inwaordlges carglibst r at e.
15a No. 8524124. ; gp b t
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Wi t hi n asubst rafe upon or med strate an
el ectrof orm have conpl enentary



engagi ng features precluding rotational or

seanl ess gen
web of material
5 | east one
cont i guous cF

el enent s;

cylindrical

cylindrical &8§REALLINE 8sEARE

conprising the steps of
port having one or

égg#ﬁ i d substrate. 16 CLAI
[ § cylindrical enbossing t

el enent s,
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axi al nmovenent 5 relative to one
inserting a support within said. substrate
nore sel ectively operable vacuum devi ces-
operating said vacuum devices to grip the el ectroformon sald

2t e and to separate said electroformfromsaid 10 substrate
coIIapslng sai d substrate inwardly;
conpl etely f

Pt
-

andié enovi ng said el ectroform g

M5 1. A net hod- of nmaking a

ool for continuous enbossing of a
W AhmethodcoSemphingra, seamiessigrneral ky eppl iridfimali ng at

§&§tng' ?.HS th? EQ&tPﬁ@&t‘xé' Sbdsd

bf LUdEbr "ix?eﬁ:%fFi'alng a

cop lesﬁé one or nore naster

- with aepree&sengat:hertassmws%m&st@ $%eRs RF dEormINg Y of

flexible gtripasef oﬁ@”&zhgt'@klsel@éﬁ\éﬁt Ngo AERE Hhé Es Sk Pt € 6 e red;
10 mandrel and regllcatln such assenbl ed strlégsto

Eixt?

R

desired di nery one @Q*hﬁﬁﬁﬂﬂdmﬁ@rtelbhenmsdth of vméplinémxngmmnssed

replicating igggmﬁgéhngf{xst&pfz % fdéeé‘

replicating sa

cylindrical
The nmethod s
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oduce a rela |ve@ thic sseant ess
and net al | ur gPBAELEYOUS| Péfiﬁﬁnﬂﬁ hessemlmrsa#@psmms r@s%u@lﬁncﬁércal

cylinder 160 pandees an&ekéblléhfiﬁ '§ucﬁeééééﬁ§ieé|§¥%fﬁéfté”Ekéﬁ%&gfﬂ|y
i sion pattern therein.

WREFER TR Eﬂeﬁf?ﬁiqﬁnlng
such naster wocplomndee efpthei despnéd edmaﬁszbqnﬁs oed»rmswmyng htxs etitre

5 VSRR ofhsh B 18 BfnSRbEar et iat GRE UGS SPEIRLEGoe
provide a seamless master cylinder; replicating said
master cylinder to pioduce a relatively thick seamless and

" metallurgically uniform mother cylinder; replicating said

mother cylinder to produce a relatively thin, seamless,
flexible, and generally cylindrical embossing tool having

the precision pattern therein.

2. The method set forth in Claim 1, and further
including the step of ruling such master to provide a
precise pattern of optical accuracy therein whereby the
web of material to be embossed will reproduce such precise

pattern.

3. The method set forth in Claim 1 or Claim 2 wherein

such precise pattern comprises an array of cube-corner

type reflecting elements.

4, The method set forth in Claim 3, wherein said cube-
corner elements are formed in said master ‘element by
sceribing said master element with 120° offset grooves

thereby to provide male tetrahedrons on said master

element.

5. The method set forth in Claim 4, wherein parallel
ones of said grooves are located between 0.006" and

0.012" to adjacent grooves.

| O A
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such preci se pattern conprises an array of cube-corner type reflecting
el ements. 4., Thé method set forth in Claim3, wherein said cube- /&Qr
el enments.are formed in said naster el enent by 30 scribing said nast
él.ement ‘with. 120" offset grooves thereby to provide nal e tetrahedrox

said naster elenent. 5. The method set forth in Caim4, whérein
pardllel ‘ones of said grooves are |ocated between 0.006" and 35 0.012" to
adjéﬁént gr ooves. 17 6. . The nethod set7forth in CCaim4 or daim5

wherein the bases of edite afetdmid setbfordhndn Elanmnésocofipnises wherein

equil ateral tri A L ; (o] s IR 8inBh 50k ofb AL SRS
~Wwherein 5 the bgtsr]’(r:e14 %aseea&f oefﬁzlai%? %%g'g?gngﬁe%ngg%e%s g}éﬁpr%g& aﬁb

i soscel'es triangire.egiilatemed ttiteg@leet forth in any preceding Caim
wherein each masjer elg{@ife HdPR@Rd floFthn@nCCuslifr 4h3s oRAYNNSI whdgesn
defining a regular %gfnetric shape, 10 th reby'ﬁernittingﬁsaid na

. . ter
el ements to De dNRRATY 9 2L FRIGs WRE ~FOFREE 2gaPer bt ﬁ@'@ﬂriﬁfﬁcent
master el enents.ard.isoscelesaidiethglet. forth in Caim1l wherein said cluster

i s provided by ltiplg replicating si,ngle. 1 r nt. 10.
The net hod set f Ttr1i§$?j %ﬁﬂég\ﬂégrgﬁﬁﬁgb%§ gﬁgsggfc?§§%208?%gﬂ?by

i ndependent | y r uhezkeias tesrche Imasdiers e lement direamgedodnséhef oluAten R&i m 1
wherein said 20 r &%§§i f | h ARS8 he®r§ R hapBavi ng

di fferent preci s“u‘%ﬁé%?tl?eer ns. f%ﬁr&'ljgg(yrreq‘t%%%d a°set§ for3t hind gi m 1,

wherei n eackP saj therehw Pamiiding said masfierare lepsntsuta: Pgnagsegbled

in a contiguous way without gaps between adjacent master

elements.
o v g. The method set .forth in Ciaim 1 wherein said
— cluster is provided by multiple replicating of a single
15 master element. _ _ _

- 10. The method set forth in Claim 1 wherein said
cluster is provided by independently ruled master
elements. )

11. The method set forth in Claim 1 wherein said
20 clusfer consists of adjacent master elements having

different precision patterns. _

12. Thé method set forth in Claim 1, wherein each

. said master element has a marginal configuration of a

. rectangle.

25 13. The method set forth in Claim 1, and including
R_/ N the step of lifting one edge of said tool cylinder away

from the mother cylinder and then continuing to collapse
‘said tool cylihder from the mother cylinder to permit
removal of said toocl cylinder. ‘

30 14, The method set forth in any preceding Claim,
wherein said mother cylinder is between 0.050" and
0.100" in thickness. '

15. The method set forth in any preceding Claim,
wherein said flexible embossing tool is between 0,010"
35 and 0.030" in thickness. |

: I
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9
rectangle. 25 13. The nethod set forth in daim1l1, and including the -
step’of lifting one edge of said tool cylinder away from tfe nother

cyli and then continuing to coll apse said toal cyllnder fromthe .mot her .
cyli to permt renoval of said tool cylinder. 30 14. The net hod’ set
forg any preceding Caim wherein said nother cylinder is between

0. 050" and 0.100" in thickness. 15. ThEB met hod set forth in any precedhgg

C'ai m wherepg,sai d Eeamibks eg&eéﬁamtéaaim&riwém:&w&" 35 and .
0.030" in thicknes eanl ess.. gener alclhé cyli nd%l cal flexible
t

enbossi ng toSPbpﬁﬁiBGnFPHg %greﬁﬁég Houg s erp &™eR Qi th a precise
pattern. 17. matép¢adniwvashi agprecisecpatverh. in Caim 16 mhereln 5 said too

has 2 breci sgopat{ahd She8LhaR! cB6EULEEYEL NN °A0 AHIEF e Wit O

material to De “enbdOssSe oduce such precise pa
embossi ngSt o§eidetopdr hasi a PJ‘&FWQ@%‘Ft@‘Palﬁlqptm AACURAYY preci se

pattern COWthhSQ-SoﬂnwﬁéE‘éﬁin:héoweSU@P ﬁ&fé‘ﬁ‘{ai YOS 68 afi¥ssed Vi1l The
enbossi ng tool set erein said cube-corner elenents are

defined by sEPPES BFe sPFbsPrﬁﬁiﬁfl%ﬁt Tdves | ocated between 0.006" and
0.012" to adi8cent Theoembessang tm:arsettfmttsennmani I6iow Clmipear al | el

orooves at 1200 RasuiRTEALY BRectsd 5aPORAT IO L0ls SE JAILN d O @i m 18

or daim 19, “wherern §2PEFCRRE e cor ner ‘el'e
conprlsetoancBQQrbaraﬂaltvpﬁaﬁge%enﬁa ' The enb053|ng tool set forth in

Caimil8 or ghai m e dMbYBEEIRENLLSE b@ﬁef&étﬁaﬁh Ol asfiii®h G ner

el ement s congrlses an |soscelef triang
aid cube-corner elements are defined by series of

first parallel'grooves located between 0.006" and 0.012" .
~ to adjacent grooves, and intérsecting second and third i~_J
15 parallel grooves at 120° measurement. |
20. The embossing tool set forth in Claim 18 or Claim
19, wherein the base of each of said cube-corner
elements comprises an equilateral trianglé.
21. The embossing tool set forth in Claim 18 or Claim
20 19 wherein the base of each df said cube-corner elements
comprises an isosceles triangle.
22. The embossing tool set forth in Claim 16, wherein
said cylinder element has more than one precise pattern
formed therein.
25 23. The embossing tool set forth in Claim 22, wherein
the multiple precise patterns are contiguocusly arranged.
24. The embossing tool set forth in any one of Claims /
16 to 23, wherein said tool is between 0.010" and 0.030"
in thickness. -
30 25. The embossing tool set forth in Claim 23, wherein .
each precision pattern is defined by a rectangular
perimeter.
26. The embossing tool set forth in Claim 25, wherein
each rectangular pattern is less 1" on an edge.
35 27. The embossing tool set forth in Claim 26, wherein

A



22. The enbossing tool set forth in O aim 16, wherein sai.d cylinder

el ement .has pore than one precise pattern formed therein. 25 23. The
errb035| ng tool set forth in Oaim22, wherein the nultiple precise erns
are conhtiguously” arranged 24. The enbossing tool set forth in .an he of

Claifs 16 to 23, wherein said tool is between 0.010" and 0.030" in
thickpess. 30 '25 The enbossing tool set gorth in Caim23, wherein each
preci.sion pattern is defined by a rect angullol perimeter. 26. The -
enbossi ng tool ddte flength wiCithienedBe aficsald eechangelamqpatfenmatisern is

| ess 1". on an eqd@Rutd®.1d’ inchlhe enbossing tool set forth in Caim 26, .
wher ei n 19the|enth of the edge of said_rectangular pattern is about
0.16-i nch. 28. 28phe §§ibi9§sf18§| toat FBFtFPthd-’g @6‘? Hrertieted® edge
of each adj acentarpaidge pf eaebSiadjecentt pabteenSia phéfeiomdd g tate

positi on rel &I e diG Al G0, 0,13 CRRLL OVGHS BRLLELD. +2%0 ofydBIQg of

maki ng an enb055|nc t ool y—as her ei nperore
reference to an¢ontiguens ipatitlegnacconpanyi ng draw ngs. 10 30. An

enbossing tool mafde by %xé%&o%faﬁaﬁ!lﬁF”'&H érﬂbé@é’i n%et&él @@és"%ﬁtﬂﬂﬂﬁ or

29. 31.  An enbossing tool substantially as ere| efore described wth

reference to an@"aé’mq fiorendeserdhRpdnyi iy BeLsFoRce to d. as shown

in the accompanying drawings.

10 30. An embossing tool made by a method as claimed in -
~any one of Claims 1 to 15 or 29. -
31. An embossing tool substantially as hereinbefore

- described with reference to and as shown in the
A accompanying drawings.
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