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SUMMARY OF THE INVENTION

According to one embodiment of the invention, a removal assembly for removing a
submaster from a master is provided. The assembly comprises: a housing; a curved
tooling surface arranged within the housing; a first array of vacuum cups attached to

the housing adjacent a first end of the curved tooling surface, the first array of vacuum
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conprises: a housing; a curved tooling surface
wa@eeoangRdd wi t hin t he housing; a first array of PORHUS2006/017531
cups attached to the housing adjacent a first end of
the curved tooling surface, the first array of
vacuuntups configured to provide a vacuumgrip on a
cupq ¢ansiguredrie poyvidd a vimusudrippst 2first pogimoai dhasubayastef; a second

a3 B b S Bl B ACBEEL b tihea
toolRigPRsabd) thé 8eddntiSdndedifposihf hes AER réﬁd,amge?s\éc&{d YRGS acuum

cups configured to provide a vacuumgrip on a second
cuppenfigaredde Provadey baarimegrip o @ second pattiamrofithe hzbmaster; and a

fi t 00t ational |. ort the master as th .
rotafi G Mty AEhh G Bl HP SGhport 38, METLCHy BRopger i
rollgdeditnpetht berved ool Biletrfadda6 @b vidtht suingddier enmbodi nent

of the invention, a nethod of renoving a subnmaster
froma master is_ provided. The nmet hod conpri ses: .
Accgrding, §¢ nRpofh srbbdimeq) (og GELIESID. thdPeiBRd A1 BeTqviRg a

subtfdr Mo Mabtlf YFrobRRET NBeSHEREE %bm?ﬂ%sﬁ i A b Qer
a first array of Vacuum cups to secure the tifst array
withofubyrster thetaopsat adirst egios onponrvedrtooling hiefasebappitieg yacuum
rotatin he master along the curved tqoling surface .
to o fisfheRe of heiR el Ft eSS 8Ry of Sgpaiin Giby LS fius
portiaof e Sudeldsfeg; Stitiha e Mhtdreal & Blived etilink Q6 fh@ fHdIR the
. first array of vacuum cups so that the submaster ]
flrstor@g@aﬁ@yalrc{ arfeeons regineel thaPuredsigpbieg sedaqsywhite vacuum is
0 ed t [ r ; [
spplfed 0Mhet 3L i B BB WO O ST, B dGEGHm e
mastaandiis suppsrted by thecaned polibg corfade; b ysighvaesiarto Whiebénd
vacuum continues to be appl/ied to the first array i
array of CPTUNGR BHRS TPiSPEHI RS S @Fad MeVaSHIRERIPE 0 a frpnd portion
o R o W o nth ORI IELE IR (b 26 D pitaf héXifing the
firstf pertion e e suhmagter sandt removeny thenmastet fdrac dine cagypd rtecling
rffromthe foll owi ng detail ed description, the
su %C&:onpanyi ng draw ngs, and the appended cl ai ns. BRI EF
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic
Thesd dndsdth@tdsperts) adRglites,aid salibivdsdteres of GRIHEdREt infeibn will

enbodi ment of the invention., o
become apparent from the following detailed description, the accompanying

drawings, and the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustrating a master and submaster according to an

embodiment of the invention.

Figure 2 is a perspective view illustrating a removal assembly according to an

embodiment of the invention.
Figure 3 are the front and back views of an end cap of the assembly of Figure 16.

Figure 4 are two side views of a handle of the assembly of Figure 2.
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Figure 2 is a perspective viewillustrating a renoval
assenbly according to an enbodi nent of the invention.
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vi ew of a vacuum generator of a vacuum source control
FiguRf5 isheviewofiblayu@h geh@utod oPa vhtgint sotfice sorsiod ef deassembly
sectional view of a cushioning sheet and nagnetic
of Fighiéé on a curved tooling surface of the assenbly of
Fi gure 2. DETAI LED DESCRI PTI ON OF THE PREFERRED

i i i '&%h?&éx%h%{%urd' &ic sheet
Flgu}r%g@ggr)g%g%? gébat\fgtﬂglr glglgle@il%nat e like or cor raggpg:n%l ieﬁgon :
curv@xhtoblng hurfaggbbtite astemidpweFure/Z.ews shown in the
figures. It is also understood that terns such as

! - 1 "o N . like are
perAiP D RESCR TN QR R R EFERTES R mOBRIAN oo’ o
limting terms. Figure 1 is a schematic of a subnaster
In th& 2310 wing dcstription, [HR2Qferdre @haliab@rst desipnatekie aspaedponding
the invention, the inventors have realj zed, thgt by
partsothaeushpwgtha exph Biss shawagp dha figurean gt Al gindemgigod that

st.er, 121 be at 0] : 1244
term\?\,hl e Jr% ntloé‘] z%r?gg%ﬁﬁe ?ugbl ng ?ﬁ%irg’egﬁdg&{%&g%%mens of
convehiensudnies¢ aot thdE@onsithedas lignitid@2@0ms.Such an appar at us

and nethod is particular beneficial in the case where

. the.master 1220 is, to . tr fer a mc ruct ug. 0
Figt o L oppenetiaor ashptieel A0 » Pafeh L2t ARGl 1 gnother
aspelPSt Bk idv@Afloh,Shé Shveares Have @8lidedC that By pheriéiap ahQippropriate

transfer to the submaster 1210, the mcrostructure on

apparsfes gred methorz fge srbynaster oA weaub® jengrater {108 Hechryerky20

whilte ?r(l)llninhi fng tﬁ%]ﬁlb%#%fa%‘a%ea&{acﬁ)ing%@&ﬁéeﬁ% sfu(BHaQM Tﬁl@arﬁl master
plranne ool " pa I'na mcromachi ni ng process such as

1226l Sotindn tapparatng add m&héd dsapartioulthbereefitial Tin¢heneest evhere the

1220 may be a hol l.ow al um num cylindrically sh
masigt 537 bls0 SN B IPRNBHITE UP AR SOBGD GG A asm@%zﬁ-, In the
casel ﬁ{at %@'m%f?er YORY € ) endvk ChRsbdutetudd ahéreo 86 NrREErOfd the
the outside dianeter surface of the drum The

subraasiterel2i 8 the 24iCroveyctise drothersahsten 12A@ nadreeprodyasd by bringing
a cutetﬁlagqgcl)lelhto%e Shrface 0P a Wt ;I)igc%t follow rgoacp %.nsne%il{&r)]l paaﬁl in a micro-

machining process such as diamond turning as is known in the art.

The master 1220 may be a hollow aluminum cylindrically shaped drum plated with
diamond-turnable copper or nickel, for example, where the microstructure is
machined on the outside diameter surface of the drum. The submaster 1210 may be
formed on the master, for example, by a micro-replication process such as
electroforming, for example, as is known in the art. The submaster 1210 having a
seam purposely produced in the electroforming process is then separated at the seam
from the master 1210 for further processing. During the separation, rubbing and
reattaching between the master 1220 and submaster 1210 would tend to damage the
delicate microstructure not only on the submaster but also on the master, causing

defects including scratches, dents, and loss of geometry definition such as prism angle
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el ectroform ng, for exanple, as is known in the art.
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1000 is for removing the submaster 1210 from the master 1220.

As seen in Figure 2, the removal assembly includes a housing 1010, and a rotation
mechanism, such as handles 1020, configured to rotationally support the master 1220
as the master 1220 is rolled along a curved tooling surface 1030 of the assembly 1000
to remove the submaster 1210. The curved tooling surface 1030, which may be semi-
cylindrical, is arranged within the housing 1010. The removal assembly 1000 also

includes a first array 1040 of vacuum cups, and a second array 1050 of vacuum cups.



master 1220 according to anot her aspect of the
i nvention. The renoval assenbly 1000 is for renoving
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1050®Ft®icuum cups are attached to the housing 1010. The first array 1040 of
vacuum cups is attached to the housing 1010 adjacent a first end of the curved tooling
surface 1030. The first array 1040 of vacuum cups is configured to provide a vacuum
grip on a first portion of the submaster 1210 during the process of removing the
submaster 1210 from the master 1220. The second array 1050 of vacuum cups is
attached to the housing 1010 adjacent a second end of the curved tooling surface
1030. The second array 1050 of vacuum cups is configured to provide a vacuum grip
on a second portion of the submaster 1210 during the process of removing the

submaster 1210 from the master 1220. The second end opposes the first end.



1220 on the tooling surface 1030. Returning to Figure
2, both the first array 1040 of vacuum cups and second
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1010. The first array 1040 of vacuum cups is attached
to the housing 1010 adjacent a first end of the curved
tooling surface 1030. The first array 1040 of vacuum
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and JG898,m supplied to the first array 1040 and the second
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R R R e R
loosalfyChtthBi5iAg Qlfle EE 0/ AE WPREVE Support bar Hmzuzﬁideﬂl&aﬁﬁg\@{edc@ to
rock back Va\gcrl forth. The lips of the vacuum cups are compliant to allow the vacuum
cups to conform to the curved surface of the master 1220, thus preventing vacuum
leaks, and may be made of Silicone, Neoprene, or Rubber, for example. These cups

are in position when the operator pushes the submaster against the cups.

The removal assembly 1000 may also include latches 1090 to latch respective of the
handles 1020 to the housing 1010, while still allowing the handles 1020 to be rotated
about the first shaft 1022 while supported by the shaft support 1070.

The curved tooling surface 1030 is shaped so that the master 1220 rolls along the
curved surface 1030 as the handles 1020 are rotated. The curved tooling surface

1030, may have a circular cross —section for example. Preferably the radius of the
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via the vacuum cup support bars 1042. For exanple, the

vacuum cups may be adjusted as follows. In the bottom
w@ewbae72¢3 each cup there may be a screw or boP€T/US2006/017531
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The removal assembly 1000 may also include a magnetic sheet 1034 (See Figure 20)

arranged on the cushioning sheet 1032 on the curved tooling surface 1030. The
magnetic sheet 1034 magnetically contacts the submaster 1210 as the master 1220 is
rolled on the curved tooling surface 1030 during the separation process, so as to
adhere to the submaster 1210 as its is being removed so that removed portions of the
submaster 1210 do not reattach to the master 1220. The magnetic sheet 1034 may be
a vinyl magnetic sheet for example. The cushioning sheet 1032 may be separate from

the magnetic sheet 1034 as shown in Figure 6, or the sheets may be a single sheet.



submaster 1210 and the curved tooling surface 1030 as
the master 1220 is rolled on the curved tooling

W@ 00bazR43030 during the separation process. TPET/US2006/017531
cushi oni ng sheet 1032 nmay be a foammaterial, for
exanpl e. The sheet of foam may be bonded to the curved
tooling surface 1030 to provide cushion for soft

A npatividaeft reenodtinfguthe lsebmastsiut 2 Ocfoom rths aiaster 1220 dsiag nh@rdimoval

sssegii, Y RGN 1 586 S0t 00 gie diaed Raeharstivs onbag the
masltefr 1|8m ByOb&itifs, Rfi‘réxaﬁitpfe RS chi® %Q%rzgd())d(f)g)t &‘é?éotw%nﬁg] of the

darrage not only thé naster
Inm@ﬂﬂﬁﬂ%ﬂéﬁugthﬁSIﬂﬁé renoval assenbly 1000 nmay al so
include a magnetic sheet 1034 (See Figure 20) arranged

e urve
oS BE I ML G O3 O 08 BV S o e
102¢ antoctehtingshB065U bThS hetidlds? 102 (egay figenBes hdd th2A20 ahs carry the
ollgggon t he curved toollng surface 1030 during the

masig J2F A9 &ie pRusEnes 1010 o The masten 4P} may dhembe guppgedias e first
reglég%@ the chxg/%d 'téolﬁfg' Qﬂ'ge{cg 46 dd fa%eﬁthlﬂé flr§StTRYARF 1608) f gg&um

of the su ster do not ttach to the nas
cupd.220. The magneti c sheet 1034 may be a vinyl nagnetlc
sheet for exanple The cushi oni ng sheet 1032 may be

o35 B0 PR TREN e 058l 1R T8  fapaeo

thatOthe IfR§FOskafiGis troQutishdI iR eSO led ®lfhef KRRINE N 1084t BE shaR Qupport
the renoval assenbly is now described. The

sing
1079a£¥éle Il%t?r 3220 iy P%tl!fwdtse that dhrevaquym @ipd of dhe firse array 1040
I O 060
o Lk 0 D REL B XL 5 Ry 0D A8 o
be ﬁd&&ﬂ fraihethé amdtee s122020The @adunen cdist eicthe dfifso airle 16401 of the

ca 1060 i.nser.t the second shaft 1024 into
VaC‘HBgFPWg@aX S% adiupicd fjﬁ feg b i@%ﬂrg&y the, ¥ Gamenpgrt bars
104 lad he RBGArFRS th¥ vaBirRapLore %%Prets&dtvbiﬁldﬁ? Yadufich g plied.
The master 1220 may then be arranged at a first g?
Thegnastérel 220rmaxi be pokitinged s fhat thel ©®PDfatie asentm chps 6f ﬁ&tﬁrst

oref AR kY HPOL D SR pPIaR 0 6 55 FURE Gt in e

firstspopst &f the Zebragstdrna10f fe ekhdhple. SMfvacihufin c@p 8k pam!»drylmz
coupl ed. to the housing 1010 gt t he shaft g%pp%rt 1070.

can glsg begpdivsted fo 2@3113’51119@ iin heightjthe Griak of vaeminy gapsuie the o of
the Qibntde, first array 1040

Vacuum is applied to the first array 1040 of vacuum cups to secure the first array
1040 to a first portion of the sub master 1210. The master 1220 is then rolled along
the curved tooling surface 1030 toward the second array 1050 of vacuum cups while
the vacuum is applied to the first array 1040 so that the submaster 1210 detaches from
the master 1220, and submaster 1210 is supported by the curved tooling surface 1030.
The rolling of the master 1220 is actuated by rotating the handles 1020 about the
rotation axis of the first shaft 1022. As the master 1220 is continued to be rolled, the
submaster 1210 continues to detach from the master 1220 to the point of contact

between the master 1220 and the curved tooling surface 1030, and the detached
8



of vacuum cups are conpressed against a first portion

of the submaster 1210 that is to be peeled fromthe
wor®@bae724220. The vacuum cups of the first arregT/LS2006/017531

of the vacuum cups may be adjusted forward or backward

on the vacuum cup support bars 1042 as necessary SO

t he vacuum cups are conpressed w thout vacuum being

portidR RS igdsubifaste@SIek allB20d nhehRaghetic sheenadp b cihvatl todimg
top of the vacuum cups of the first array 1040 are
surfagerl@3@ed about 0.25 inches bel ow the end of the
submaster 1210 in the first portion of the subnaster

Vacdint & ngghgﬁ&f?&gp Is@cong RGay a5y Uf CARUSURPOLS tHhRfR s%@(ﬁ%l array

can usted to easily match in height the
105G sacayes dlie mhennmh (seopsd porticng o the submaster KA10raasheemaster 1220

B SRR ALy e o SRR T i
the Rfst Ehe (ﬁ&ﬂoﬁ%ﬁ@fs sbdded bih@e MRSt ffayl A0, Whetdasthd thd eads

along t curved tooling surface 1030 toward the
wersssperateddry thy saosbefore the sepiationnecwitd-e the vacuumis
applied to the first array 1040 so that the subnmaster

k389 SERRLETIS AR S i Ao 12501

remodd ﬂrdﬁg tlodf hddsmgnm)&t).eﬂn 2@ fegarl, det la@hesdl 099 ar@te&dzaserg anfi ¢he

handl es 1020 about the rotati xi s of .the first )
handlfn 20, 2 rangeas oo b dico anisn g 228 Mag e 1t frot e housing

101(‘3 0 l’I*h%%agﬁlﬁ? 1850 ﬁﬁ%ttﬁén b2 10meRnt froiMase kRd 488 PlB0f drMnaster

he naster t0 the point of contact between the
122®r,eemtlehe dmmapa ﬂ:@b& ey thembedemowtd fgmdhe magfer 12990, and
the detachedportion of the subnaster 1210 is adhered

o U5, JUGOFH 6 LB} P UnSHDRE 05l 1924089

1nteM‘a et Mind URS sBlEmidiat 12(1bem352 Cthmﬂba lrdirﬂg'veﬂ%@nsthe woeedt toeling
er end (second portion) of the sggnaster 10, as

surfaw(}%&samérthelmmgs I daspreds thy sytmeasies d Hymay fhep fencd.

The other end of the submaster 1210 is opposite the
Durfﬂ&r b r?\ﬂfﬂﬁ(&%é ABkkr 1D, he 1i8€ 0¥ cEfalYortthe nfakics 11220 bAYhe

eas the two ends were separated by the seam
cur\badftoolmg heface pAIGatintrolobe separation fpntandithe cenitrids alavays in

210.1is separta f h t 1220,
BBt SR B, RTEN 280 oHBEETAES g
mastdre12bet anes, dhafige & ﬁhe%b@@@() r@d’m@hﬁghﬁ‘om unexpected separation

can be prevented.

The use of the vacuum arrays in securing the submaster 1210 minimizes human
factors in the critical process of separating the submaster 1210 from the master 1220,
thus greatly reducing operator-dependent variation and producing consistent quality.
As compared with manual separation where fingers are between an electroformed
submaster and master for gripping and peeling, vacuum cups provide consistent
gripping force and may operate on the non-textured side (away from the master) and
in a smaller area. This reduces the probability of contamination of the handled area.
Further, the compression at the line of contact of the master 1220 on the curved

tooling surface 1030 prevents rubbing and sliding between the submaster 1210 and
9



handl es 1020 are grasped so that the master 1220 may
be lifted fromthe housing 1010. The handl es 1020 may
w0 b@a/1b243 enoved fromthe end caps 1060 and nmaBCEUS2006/017531
1220, and the end caps 1060 may then be renobved from
the master 1220. The vacuum supplied to the first
array 1040 and the second array 1050 is then
the tha¥t&r 1200t @dd ane hdie dsmbsmed @fe HAdEr MBY0 cheved 1y unsnpeeed
fromthe curved tooling surface 1030 and the housing.
separpfiogesi red, the submaster 1210 may then be flattened.
During the rolling of the master 1220, the |ine of
t v [
The SRAARE 1280, M0 BpkEd FRP (Rbler E100) RO Ot curved
toolncg)emme 103306Hyl\ﬁlysf1rsmam‘rﬂD4£B sidpgcopd eweptliOhg of wbmmg cup
and sl i bet wee e bmast er 121 t he
locatgg gighe JPﬁ%Eg é\ﬁﬁe ad 9{)&? rellipg SeRaratics rbéfgﬁ‘f F}aﬁae Sy in
betwHAE X PR [EhnS SP 3E@HhE Th& AbnRRteR12Y6 Ahffk s @F’éﬁatid)‘ﬁ%)t@%ni%e
vacuum arrays in securing the submaster 1210 mni m zes
subnsten frofrarcaitachinigrio theemasten 1228]angd thysalemagingdepmestes hy0.
the submaster 1210 fromthe master 1220, thus greatly
The 8 ﬁ§ e gP £ %O% 11%@@9% ro‘f&ﬁginaﬂl{eaﬂﬁﬁ%nua 1&9{§Cdoﬂﬁfgured

are Separ at

to rowhlgjh@ll}f bﬁmﬁ?&hah&sﬂaﬁllmﬂs 31@ iseert 1200 as eolled adaitgnths tcerved
.and nmaster for gripping an n acuum c

tooling syLafe te GHEP %ﬁtsulgfl? % 119 nglﬁB@ g%%z%aé altépativg;or in
-t t r

addif i APMRL o e Gn ey KRN RlcL Son ﬁ%ﬂ‘j‘%ﬂ’wm‘e%ﬁ“’f

1220c olint thisi caset themrizé of the rhetod nagt dsive dhe 1otationef the ¢nsl caps 1060,
co ession at the Iine of contact of the master 1220

ﬁmeﬁﬁgg e curved tooling surface 1030 prevents rubbing
and sliding between the submaster 1210 andt he naster

Whilk28icapehbbdliusentyavd segeet Cortth €ornths tppipoke 2 illasatidnbihe
unexpect ed separation. The submaster 1210, once

foregnp&ﬂammtm éﬁ?‘tlﬁ @0k rdsemed 40 bej 2 ligitatip @nt thespepe of the

ved c tAgT

inve i CEALRENLEY, SHIGBO PO, S &R, B BRS may

occub&gl oirei skgllainth t‘h&darofwntbat depariimg fiwep dreaspinn andhdcdpe ohthe
magnetic sheet in between. This neans of securing the

P“”?HBH%%?@P 1210 during separation prevents the

submaster fromreattaching to the naster 1220 and thus
damagi ng the master 1220.
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The enbodi nent of Figure 2 illustrates the rotation
mechani sm which is configured to rotationally support
wo b@orrertier 1220 as the nmaster 1220 is roll ed pADO§20061@17531
curved tooling surface to renmove the submaster, to be
handl es 1020. As an alternative or in addition, the
rotati on mechani sm may include a notor configured to
WHADIS R AlMEDUSt er 1220. In this case the drive of the
notor may drive the rotation of the end caps 1060, for

exanpl e. Wile typical enbodjnents_have been set forth
L foh TEREV A tERdy 54T TPRPYBE AgupEASteR fremmagpasi; cRgnprising:
description should not be deened to be a limtation on
ahousify: scope of the invention. Accordingly, various
nodi fications, adaptations, and alternatives may occur
to one skilled in the art w thout departing fromthe
a curged taoling surfaceprangdd witkinphekasing nvent i on. WHAT | S
CLAIMED IS: 1. A renoval assenbly for renoving a
' r . :
o i YT SF FhahBRINE SRl 'o oROMREL Mot {E pilfor e curved
toolifig sfaces thafirsifarragof umuatpupacoafifiadd tooprohide omsiung grip on
~adjacent. a first end of the curved tooling surface,
a first partion o the;fybmAsSF: vacuum cups configured to provide a
vacuumgrip on a first portion of the subnaster; a

a secHRE WAy VT AYwRh UACHHEhED Qﬁth@t}foﬁﬁhg Gd}aRerithescdOmts bftbof the
adj acent a second end of the curved tooling surface,

curved ¢oddimgondfaceidthe spensidrandt epposingsthe divgl, end, dhes second array of
array_of vacuum. cups. .qgonfigured t oVi
vacaffi] S ool BEHITS BSUEY (RRE &b, Bhoy shond HAEHHTSr e

submiddtedidn@dn mechani sm configured to rotationally support
the master as the master is rolled along the curved

tqoling surface_to renove.the submaster. 2. Th )
a rotafioR ycharis fonfisged & Z0UAQnaTLyy RPBPH then masisy & fgmaster is

rolleﬁ%f&%r{hé eﬁ&eﬁmiﬁ SurfacBR RimGRhE Sibiksdedr0 rotate the
master. 3. The re

val assenbly of claim1, wherein
the rotation nmechani smconprises ) ) )
The removal assembly of claim 1, wherein the rotation mechanism comprises

a motor configured to rotate the master.

The removal assembly of claim 1, wherein the rotation mechanism comprises
a handle configured to be rotationally supported on the housing and to rotationally

support the master.

The removal assembly of claim 3, wherein the handle includes a first shaft
configured to engage with a shaft support of the housing and allow rotation of the
handle about a first axis of the first shaft, and a second shaft configured to rotationally
support the master and allow rotation about a second axis of the second shaft, the

second axis being offset from the first axis.

The removal assembly of claim 3, wherein the curved tooling surface has a

circular cross-section.
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a handle configured to be rotationally supported on
the housing and to rotationally support the nmaster. 4.

wab@ongmmyal assenbly of claim 3, wherein the PERUE®6/017531

includes a first shaft configured to engage with a
shaft support of the housing and allow rotation of the
handl e about a first axis of the first shaft, and a

6 sequpderRdad sseaibiy gldlgich 3, duntidrabimprisingy support the
master and allow rotation about a second axis of the

second shaft, the second axi bei offset fromthe
two rend aPsysach dnd o4pe COTETRIES) t0nB% HAMIFgio R IreipRsteye end of the

mast¥P &hainavinB S Kol %ergtaﬁgﬂ#gﬂ%uﬁlértg Ak, a circul ar
val

cross-section.6 The re assembly of claim 3,
further conprising: two end caps, each end cap

7. cofhegemevhl assepblyof claimed) fugher coappisingt ve end of the
master, and having a hole to rotationally couple to

| 8. 1L r%mv hly of claim 3,
atb%%?ngﬁa%gﬁéﬁF%gggﬁfé egég?ﬁ%ﬁgmﬁatch for |atching
the handle to the housing. 8. The renoval assenbly of

8. cl dihmr&novtalrabseribly ofglnins B ngrthevaonprisirgpal v scrumosotireelcontrol
onf'gyred to i degenqsgtl§ﬂfontrol th%ﬁy cuum sour ce
conlyggires & fndependgpily foRiFol VA YEFHUEL BATEhEP e sk agHORY Y™
cupLdnd4hE SetThE YRSy oPvachlify dupsoval assenbly of claim 8,
wherei n the vacuum source control conprises a first

vacuum gener at or forvgroyiding vacuumto the first
9. arrly wimavat asemshlpsofaghhin 8eddieeriv albguyacyume seitres copirol

r.ovi di. um t f '
conf AP AGHY Pt Bul PSSR P R Y UPScuur
cup<€ @i ai sebdigl vacubus BerRdtaigfcs eetidaier edugeth @nthe kecadr ey of
tooling surface for cushioning the contact between the
Vacwiph et er and the curved tooling surface. 11. The
renoval assenbly of claim 10, further conprising a

10. TRGRREHFA1SSleniHl o BGRES ] fﬁﬁhé%oﬁﬁﬂfsﬁfg@i ng the
submaster. 12. A nethod of renoving a submaster from a
mast er, conpri sing:

a cushioning sheet arranged on the curved tooling surface for cushioning the contact

between the submaster and the curved tooling surface.

11.  The removal assembly of claim 10, further comprising a magnetic sheet for

magnetically contacting the submaster.
12. A method of removing a submaster from a master, comprising:

arranging the master with submaster thereon at a first region on a curved tooling

surface;

applying vacuum to a first array of vacuum cups to secure the first array of vacuum

cups to a first portion of the submaster;

rotating the master along the curved tooling surface from the first region toward a

second region of the curved tooling surface while vacuum is applied to the first array

12



arrangi ng the master with submaster thereon at a first
region on a curved tooling surface; applying vacuumto
wa@2doengs24array of vacuum cups to secure the fiPGI/USIO&Y17531
of vacuum cups to a first portion of the submaster;
rotating the master along the curved tooling surface
fromthe first region toward a second region of the
of vauiiwe duposd thag tisugubacsteniethenes dcomthd maspphndcd suppdrteel by
first arrayof vacuum cups so that the subnaster
the gy W@L‘ng Yfi%€he master and is supported by the
curved tooling surface; applying vacuumto a second
appﬁﬁﬂéyaéﬁﬁny 85 HURESHIPSrrd P of 94dtfufh Eﬁlﬁ RLERAR B! R¥orRf array of
vacuum cups to a second portion of the submaster whil'e
vacyero ups ¢orat sasord pogidseofafiis] subthaster Midlef yacyumaganginues to be
ecurin he first. rtion of the,submster; and
appPERAN frs Al kTR Al S el PEund BRI ondl  ace.
13. The nmethod of claim 12, further conprising:
remdving s mgsttefodinake brvéd@ormg tiefackef ore t he arrangi ng
step. 14. The nethod of claim 13, further conpri sing:
renpvi ng. t he_handl es. fromthe yaster after renoving
13-thmﬁgi%@gpfaﬁﬁ%@fenﬁwanwam@hg surface. 15. The
met hod of claim 13, wherein the attaching handles to
attabiifg ARRAEY toThEMaGONMTbRaBe 1&g end caps to
opposi ng ends of the master; and attaching the handl es
to respective of the end caps. 16. The nethod of claim
14. 15 Thepethed ot elaisn il 3. faghercompyisig: t he end caps fromthe
master after renoving the master fromthe curved
renﬁgﬁg' the Iﬁiﬂ&lfeé‘cf m te mdifer TRED PQn@Jm li@d Walér .ff’éﬁ? Burved
the“rotating the master step conprises rotating the
toohmgstuefacelsi ng a not or.

15. The method of claim 13, wherein the attaching handles to the master step

comprises:

attaching end caps to opposing ends of the master; and
attaching the handles to respective of the end caps.

16. The method of claim 15, further comprising:

removing the end caps from the master after removing the master from the curved

tooling surface.

17.  The method of claim 12, wherein the rotating the master step comprises

rotating the master using a motor.
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