Apparatus for the transport of light emtted by a short-arc |lanp The

I nvention relates to an apparatus for the transport of light emtted by a
short - ar cvbang/tbsvough its light outlet hole to a desiredTIEPe@sionrco
according to the independent patent claim In light-induced processes, e.g.
the hardening of adhesive bonds or the manufacture of contact |enses, in
whi ch the pol ynerization and/or cross-linking of the starting material is
initiated through the exposure to light of a suitable wavelength (typically
in the UV-range) and in mhlc , ns is thus forned, it is
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transported to the target Iocatlon (the adheS|ve attachnent or the contact
lens nold, respectively, in which the starting material is contained).
Especi al I iinvehtion edistes ab ahhepparmtus foc the ganspoctoort @bt emitesidly @ shog-aknamp t o

i o | PEAHSTUER 1655 SulER ral e s ogRoH &l e rRRpo R Bk it o

| ocation where the nolds containing the starti ng material to be polynerized
and/ or cross-l.inke

Si nce to be .caont | ated. fo
are veryl %ﬂ%ﬂ%@%gc@ﬂﬁ%ﬁgﬁtgg H%/ %grdgg@prgb?dge[sg/eeé%d?hcgr t(':?fﬁar?\1 h@&tu?e urpose
produced c@ryca&thléﬂééé}lhﬁ vafeH e edlyrhérezatiomandsr goss- hatsmgaxfsth@lstartm@matémab IS
Cor f espoltaRs PP RARUIeo e b S g S evddbin SO Ee Teeng
gunber Ofag& Ilrgttftﬂtéh |tlhﬁ bérr\;cﬁbtl 86 isi thu€ frmed pio rsohqutréd tiatithesight emittdt froem lai l[g;ht
138, 1 or SeRpI 0. MR TIFHETSREI 2tbS FHpaocatcR teaeoHa Atg TR Dt e
shor gl i ghhtadtiend Rod, rés'bel:th/%lyr angiecipfne starong Maleramstoontiddim) , such an
arrangenment of a nunber ' of light entry surfaces in corresponding fixtures

i s inmpossible within the housing of the |anp because of the snall
di mensi op3p&iallynf thé @héa af the I@émﬁfbﬁtuﬁi bﬁtorh@dldenSeE it B feewi ol @upz e Itgha

| arge part of the quantity of I|i e |l sour.ce .t h

the | i gheowing &em rﬁall@tcﬁpUt%eln‘iOa%ﬁ f‘t’fﬂ%t Ea/%‘ﬁ "%'btthg%ﬁt) By Whigh fre 992#35

M rrors @len @ARPSMedid BROGShIreD I6d28oh Whefd b lﬂéldé Rentamityy the sbdrtifdnenaterial to
15  be polymerized and/or cross-linked. Since the UV-lamps to be contemplated for that purpose
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are very expensive components, it is desirable to use the quantity of light produced by the

light source of the lamp as good as possible. For this purpose, it is known for UV-lamps

comprising a light source having correspondingly large dimensions to arrange the light entry

surfaces of a number of liquid light guides in corresponding fixtures around the light source
20  and within the housing of the lamp, such as is shown in EP-A-1 212 188, for example.

When using short-arc lamps, i.e. lamps having a very short light-arc (e.g. in the range of”
from 0.8 mm to 3.0 mm'), such an arrangement of a number of light entry surfaces in
corresponding fixtures is impossible within the housing of the lamp because of the small
25 dimensions of the light-arc. On the other hand, it is possible to emit a large part of the
quantity of light produced by the light source through the light outlet hole of the lamp with the
aid of optical elements (e.g. mirrors or lenses) arranged in the interior of the housing of the
lamp, so that with a corresponding small light outlet hole (diameter of e.g. 30 mm) the
emitted light has a very high intensity. In general this is welcome, since a large quantity of
30  light can thus be transported with the aid of a light guide to a desired location, here to the
contact lens mold containing the starting material. The large quantity of light makes possible
a short polymerization- and/or cross—ltnking time, which in turn enables short clock-cycle
times in clock-cycled manufacturing processes. However, the short-arc lamps hitherto known
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15 of the apparatus according to the invention can be gathered from the features of the

dependent claims.

In particular, in the apparatus according to the invention multiple light guides are provided
the light entry surfaces of which are arranged at a predetermined location and a coupling
20 element, which is arranged at a distance from the light outlet hole of the short-arc lamp and
between the light outlet hole and the light entry surfaces of the light guides. The coupling
element is designed such that it collects the emitted light and couples it into the light guides
through the light entry surfaces of the light guides. Thus, a large quantity of light having a
high intensity is coupled into the single light guides. Due to the arrangement of the coupling
25 element at a distance from the light outlet hole, the cone of rays emitted through the light
outlet hole widens to a certain extent. The coupling element is now designed such, that it
collects a part of the cone of rays as large as possible and couples it into the light guides
through the light entry surfaces of the light guides, and at the same time effects a distribution
of the emitted light to the single light guides. It is thus possible to achieve short cross-linking
30 times in the manufacture of contact lenses, for example, so that in a clock-cycled
manufacturing process it is possible to save cross-linking stations and thereby increase the

efficiency of the manufacturing process.
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regard to the area to be
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rays before the respective optical element. It is thus possible to reduce the quantity of light
coupled into the respective light guide and consequently to reduce the quantity of light
emerging through the outlet end of the respective light guide, should it be too large or should
20 it be non-uniform over all light guides. An individual control aiming at a non-uniform intensity
is thus also possible. This can be achieved through a measurement of the light emerging
from the outlet end of the respective light guide and through either manual introduction of the
respective diaphragm, or automatically via a suitable control device and a motor driven
advancement of the diaphragm. The advancement of the diaphragm does not affect the

25 intensity distribution given a sufficient length and bending of the respective light guide.

in a further embodiment of the apparatus according to invention, a filter is provided which is
arranged in the path of rays before the light outlet hole of the short-arc lamp and the
coupling element. Using such a filter it is possible, for example, to block light having short

30 wavelengths (low pass filter) or to let pass light of a predetermined wavelength range and to
block light of wavelengths outside this wavelength range (band pass filter).

In a further embodiment of the apparatus according to the invention, following the light outlet
hole of the short-arc lamp a diaphragm is arranged for limiting the cone of rays emitted
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i nvent i onpe fighe glideht entry surfaces of the |ight guides are arranged

annul arly. is arrangenent enables specifically well to couple in a large

part 18f the | ight of the cone of rays into the respective |light guides. The
Further advantageous features of the apparatus result from the following description of

embodiments of the apparatus according to the invention with the aid of the drawings, in

which in schematic representation
20 Fig.1 shows a first embodiment of the apparatus according to the invention,

Fig. 2-4 show a view on the fixture of the apparatus of Fig. 1, in which three or five or seven

optical elements are provided, respectively, which are associated to respective light

guides,
25
Fig. 5 shows the fixture of Fig. 3 comprising five optical elements with a diaphragm each,
which can be introduced into the péth of rays before the respective optical element,
Fig.6 shows a second embodiment of an apparatus according to the invention comprising
30 a cone-type mirror,

Fig.7 a perspective view of the cone-type mirror of Fig. 6, designed as a constructive

entity with the fixture for seven optical elements,



arrangenment is particularly suitable, however, when the coupling el enent
conprises a conetype mrror or a segnented convex lens. Wth the aid of the
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opticgl ~element, Fig. 6 shows a second enbodi ment of an apparatus according
to the invention conprising a cone-type mrror, Fig. 7 a perspective view
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mrror 12udei ige 86 bahgebtaina tidre yiekhys high sk pgsgible @h thehautlet hole 13. In addition, a
shutter 14 is provided in lamp housing 10 which in its open position aliows light to pass, and
which in its closed position prevents light from passing through the outlet hole 13. Next to the
15  outlet hole 13 a diaphragm 15 is arranged for limiting the cone of rays emerging through the
outlet hole 13.

Following the path of the cone of rays (path of rays) there is arranged a filter 2 through which
it is possible, for example, to block UV-light of short wavelengths which can disadvan-
20 tageously affect the light guides arranged further behind in the path of the light rays and/or
the material to be exposed to the light. Alternatively, the filter 2 can be designed as a band
filter allowing light of a predetermined range of wavelengths to pass through and being
impermeable to light of other wavelengths. Combinations of filters are conceivable, too. The
filter 2 is arranged at a narrow point of the cone of rays, so that only one single filter 2 is
25 necessary for obtaining the respective desired filtering of the light. Moreover, in specific
applications the complete or an additional filtering of the light can be performed at each

individual light guide.

In order to enable the light of the cone of rays to be coupled into a plurality of single light

30 guides 5 the light entry ends 50 of the single light guides 5 are arranged in a cylindrical
fixture 6. With the aid of a coupling element 3, which in this case also comprises a cylindrical
fixture 30 having a number of — e.g. five — single optical elements 31, the light is coupled into
the light entry ends 50 of the light guides 5. The number of optical elements 31, e.g. lenses
or lens systems such as condensers, corresponds to the number of light guides 5.
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t he the good homogenlzatlon within the light guides also the lntenSIty) can be controlled One
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embodiment for such diaphragms is shown in Fig. 5 where a corresponding diaphragm 32
(which for the sake of better clarity is shown hatched) is associated to each optical
element 31, and which can be introduced into (advancement in the direction towards the
20 center) and removed from (advancement in the direction away from the center) the light

cone in the direction of the twin arrow.

The diaphragms 32 can be introduced into the cone of rays manually or in a fully automated

manner, which can be performed with the aid of an open loop/closed loop control 4 that can
25  be connected to respective motor drive units (not shown) for the single diaphragms which,

based on a measurement of the quantity of light at the light outlet end of the single light

guides 5, can cause an introduction of the diaphragms into or a removal out of the cone of

rays. Through the open loop/closed loop control 4 other components can be controlled too,

e.g. the shutter 14, the position of the concave mirror 14, the position of the diaphragm 15,
30 etc.

A further embodiment of the apparatus according to the invention can bee seen in Fig. 6.
Generally, this embodiment is similar to the embodiment of Fig. 1, however, the coupling
element 3 of the embodiment of Fig. 6 in addition to fixture 30 comprises a cone-type
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15 Fig. 5), with regard to this operation it is referred to the description of Fig. 5.

A further embodiment of the apparatus according to the invention is shown in Fig. 8. Also
the embodiment shown in Fig. 8 is similar to the embodiment of Fig. 1 or to the embodiment
of Fig. 6, respectively. However, the coupling element 3 comprises a segmented convex
20 lens 34 which is shown in Fig. 9 in a perspective view. The segmented convex lens 34
comprises a number of wedge-shaped lens segments 340 corresponding to the number of
light guides 5. The single lens segments 340 collect the light impinging on them and focus it
to the associated optical elements 31 arranged in fixture 30, which couple the light into the
light entry end 50 of the respective light guide 5. Accordingly, the single lens segments 340
25  also collect the light of the central area of the cone of rays, so that light of the central area of
the cone of rays does not get lost, but rather is guided at least partially to the optical
elements 31 arranged in the fixture 30. Thereby the quantity of light which is coupled into the
light guides 5 can be further increased. With respect to the remaining components of the
embodiment of Fig. 8, it is again referred to the description of the embodiment of Fig. 1. Of
30 course, also in the embodiment according to Fig. 8 corresponding diaphragms 32 (Fig. 5)
can be provided the arrangement of which and their way of working is already explained

further above.



A further enbodi nent of the apparatus according to the invention can bee
seen in Fig. 6. Generally, this enbodinent is simlar to the enbodi nent of
Fig. 1, hwoeverossisne coupling el enent 3 of the enbodi nerCTEP2065811460 i n
addition to fixture 30 conprises a cone-typemrror 33 having a cone 330 in
the center, which is surrounded by a coﬁklshaped annul ar space 331 . Wthin
this annul ar space the light is reflected by the respective inner walls, so
that the light of the central area of the cone of rays is not conpletely

| ost  but ThaNagHarat@e decbRiingd @d Itlye hvehBeh i ebpetidly sutablepfdrctab mbeafectuse 3f 1
arranged in the fixture 3
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the rgmai, aransl SRIRAREH SxBbsir8ao QiR dt WRRiemflofatdns Ssiidh bS i efierdase it ahd he
descrlptlon of the enbodinment of Fig. 1. In Fig. 7,a perspective view of an

enbodi neferdshing Qf@ﬁbest"ﬁ)@)'?ﬁsrqf@ihe:ﬁQoﬁtﬁ}gsbe seen, however, in this

enbodi ment the cone-type mirror 33 together mnth t he fixture 30 is designed
as one constructive entity, deviating fromthe enbodi nent of Fig. 6, and
the inner wall of the housing of the mirror is cylindrically shaped rather
than conically. Also in this enbodinent it is possible to control the
quantity of |ight coupled into the respective light guides 5 with the aid
of diaphragns 32 (see Fig. 5), with regard to this operation it is referred
to the description of Fig. 5. A further enbodi nent of the apparatus
according to the invention is showmn in Fig. 8. A so the enbodi nent shown in
Fig. 8 is simlar to the enbodinent of Fig. 1 or to the enbodi nent of Fig.
6 , respectively. However, the coupling elenent 3 conprises a segnmented
convex lens 34 which is shown in Fig. 9 in a perspective view. The
segnented convex |ens 34 conprises a nunber of wedge-shaped | ens segnents
340 corresponding to the nunber of |ight guides 5. The single | ens segnents
340 collect the light inpinging on themand focus it to the associ ated
optical elements 3 1 arranged in fixture 30, which couple the light into

t he



light entry end 50 of the respective light guide 5. Accordingly, the single
| ens segnents 340 also collect the light of the central area of the cone of
rays, so wbavoddsgiw of the central area of the cone of PayErd@sdinet get

| ost, but rather is guided at least partially to the optical elenents 3 1
arranged in the fixture 30. Thereby the fuantity of Iight which is coupled
into the light guides 5 can be further increased. Wth respect to the

remai ni ng conponents of the enbodinment of Fig. 8, it is again referred to
t he descrgigimeon of the enbodi ment of Fig. 1. O course, also in the

enbodi nent according to Fig. 8 correspondi ng di aphragns 32 (Fig. 5) can be
provi ded the arrangenent of which and their way of working is already

expl ai ned further above. The apparatus according to the invention is
especially suitable for the manufacture of contact |enses, in particular

for ]Ehet masg ?(pﬁbdﬂi@lﬁé Q{i thé tmsﬁflﬁd /beeh 3 mfeaachﬁu%d eysaeshg[rt-a\rim lampa(nmhrough its
manuf act ur e roma. po zable/cro i.nkabl e ar
containing a pABY BWﬁch‘i (Qé) pomgregﬁchtlgn,apswhghllpglhplg @& Cfa%r (5) are
l'i ght 5i nduced p%\ﬁ’&&ﬁ&%shgm(@htryls'ﬁﬁa@esPéBDf}ﬂdfQ\IrhldtﬂdelblglIdr:@hgb&mp@spredetecmineght
at different locations, such as is se in the Bardea n off ad%s, Ff\
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entry surfacedh ?k@b)t %*W\FéHrfé‘F?St{épﬁﬁftﬁ?r“&Pfg%gé]e&t(gb%) et pde%éhgﬁgetg{]ﬁ@k 325

a coupling el qupstis (H@emfﬂ/@u(ﬁ?ht'a?md&foﬁﬁl@g(ﬁdnt@tth@h%'lt@,lmé%)fthﬁmghhl&e lighg entry
outlet hole (13) of the short-arc n)g (1) and tween the |ight outlet

hol e 1013) and sHfaces Rt obhelightawdegdes (50) of the Iight guides (5), and
whi ch is designed such that it collects the emtted Iight and couples it
into the Iight guides (5) through the light entry surfaces (50) of the

| i ght guides (5). 2. Apparatus according to claim1l, wherein the optical
coupling el sme(safdhs S@é@ﬂlhéﬁclamwrml@éremfth@ﬁ ilcfaﬁbo liegrehsent &)comprises a

correspondi ng to the nunber  of gui des
P J number of optical elements (%1) correspondlng %o the number of light guides (5), and

15 wherein a respective optical element (31) is associated to a respective light guide (5)
and couples the light into the associated light guide (5) through its light entry surface
(50).

20 3. Apparatus according to claim 2, wherein each respective optical element (31) is

associated a respective diaphragm (32), and wherein the respective diaphragm (32)
is capable of being introduced into the path of rays before the respective optical

element (31).

25
4. Apparatus according to any one of claims 1 to 3, wherein a filter (2) is provided which
is arranged in the path of rays before the light outlet hole (13) of the short-arc lamp
(1) and the coupling element (3).
30

5. Apparatus according to any one of claims 1 to 4, wherein following the light outlet
hole (13) of the short-arc lamp a diaphragm (15) is arranged for limiting the cone of
rays emitted through the light outlet hole (13) of the short-arc lamp (1).



wherein a respective optical elenment (31) is associated to a respective

| i ght guide (5) and couples the light into the associated |ight guide (5)

t hrough iwe 2béeglassoent ry surface (50). 3. Apparat us accordirmpes/ocisaé m 2,
wherein each respective optical elenent (31) is associated a respective

di aphragm (32), and wherein the respecti‘I e di aphragm (32) is capable of
being introduced into the path of rays before the respective opti cal

el enment (31). 4. Apparatus according to any one of clainms 1 to 3, wherein a
filter (2) is provided which is arranged in the path of rays before the

l'i ght outlet hole of .the short and oupl i ng. el epent
(3). 5. Appk ré‘tpﬁgraé\ Qe 1cPHRNE Oﬁgfaérps gqglgné/hﬁre{rb%g?gﬁfv&{gryeﬁ T @&n ng
the Iight outleetheRheglidds (5)krd Aearsfedrdnnalady.l anp a di aphragm (15) is
arranged for limting the cone of rays emtted through the |ight outlet

hole (13) of the short-arc lanp (1).6. Apparatus according to any one of
claing 1 to 5 wherein the light entry surfaces (50) of the light guides

5) are arra ed annul ar arat us cordin wherei n the
((:oLpI ing el& a(%‘)'s %ﬁ?&%i‘%&c@ én‘@’t‘?fﬁ@a{ﬁ‘? FPB‘?"“&?H gbg]?‘l@prést?éoar g to
claim6, wherey hiprcoupling el ement (3) conprises a segrrent ed convex | ens
(34).

10 8. Apparatus according to claim 6, wherein the coupling element (3) comprises a

segmented convex lens (34).



