;wxe3deoM D'6 TALQEF METHOD AND APPARATUS FOR DETECTI NG DEFECTS I N A
CONTI NUOQUSLY MOVI NG STRI P OF TRANSPARENT MATERI AL BACKGROUND OF THE
I NVENTION 1. Field of the Invention The present invention relates to a

met hod and apparatus for detecting defects or faults liuousl y
moving strip of t mmmm“gt erial, especially a tmﬂmﬂum""ﬂwmu"mmﬂ p or

band, by neans of “m‘mm ht beam conduct ed through &hgsStrip
transverse to its notjgmedi rection, whose scattered light originating from
the defect or defects Is detected, evaluated and processed to produce a
control signal. 2. Description of the Related Art Testing for faults or
defects is of considerable inportance in the manufacture of thin glass.
Defects with a si METHODAND ARRBARATUSIFORRETECTINGCREFEATSYNtAe consuners
and nust thus beCOMTINIJOYSLYIMOVING STRIROF TRANSBARENIXMATERMIChi ne testing
met hods, which are nore econom cal and reliable) are used beside the still
conventional visual inspection bﬁ trai ned '_Fersonnel. It has been shown that

transmitted |ight nethods, BACKBRONWNDLGFHHE INVENTHQ8sed bet ween a |i ght

transmtter and a |light receivef,.. t et .the requirements at higher
strip speeds. These strip speed{s Fﬂ%ﬁé‘z?%re "B n nodern production

plants, in whi ch e, BLOASHIS b TBIal ot HondiRAS WM Eflard s, 14} uibabge of 150

m croseconds. Also |im are placed on the on-I1ne-de 'ng~by the
useabl e | i ghfefdcts SMBLtd PSa caitmBolidly mdvinhlship eMedrspateptimatinial, tddpedigint | 1 ght

I's introduced edge-wise into the strip and the strip is used as a |ight
gui de. The lathimglass stép breledneld by epeas etld pawow light beam conducted through the
strip transverse to its motion direction, whose scattered light originating from the
defect or defects is detected, evaluated and processed to produce a control
signal.
2. Description of the Related Art
Testing for faults or defects is of considerable importance in the
manufacture of thin glass. Defects with a size of more than 100 um are not
accepted by the consumers and must thus be reliably detected. To an increasing
extent machine testing methods, which are more economical and reliable, are
used beside the still conventional visual inspection by trained personnel.
it has been shown that transmitted light methods, in which the strip is
passed between a light transmitter and a light receiver, do not meet the
requirements at higher strip speeds. These strip speeds reach 10 m/min in
modern production plants, in which the exposure time for the measurement is in a
range of 150 microseconds. Also limits are placed on the on-line-defect testing by
the useable light intensities.

Also it is often overlooked that the test light is introduced edge-wise into

the strip and the strip is used as a light guide. The light is reflected repeatedly on



t he boundary surfaces of the strip with the surroundi ng at nosphere, as in a
glass fiber used as a |light guide. A nethod of this type, for exanple, is
di scl osed in Japanese Patent Publication H 10-339705 of Decenber 22, 1998.
According to this reference the defects to be detected in a glass panel
continuously noving at about 4 mMmn are neasured. Light is coupled into
bot h | ongi tudi nal edges of the panel and the resulting scattered |ight
originating fromthe defect or fault is acquired or captured by nmeans of
vertical linear sensors arranged above and bel ow the glass. Signals from
the |linear sensors are processed in an electronic analysis device. In order
to exclude uninteresting particles adhering to the surfaces fromthe defect
det ecti on, theebdunghty sinfacésioftbe istriprwittuthedurnahding dtrasphbee, as drea giiges and
conducted further fromthe outside to the inside by internal reflection at
t he boundar fibsnused@s ddightvgaide.t he gl ass and t he surroundi ng at nosphere. Wen
usi ng hal ogen lanps as the light source, that the intensity of the input
test |ight strondl yettexr efidds,tytes clau sxampleabs afisiidsed iat JagapeseRatentof t he
strip for exanple with a 1.2 mwidth strip to 5 %of the value at the edge,
must be con$ubiratidn ¢ 10-3RETOS oft Deceoden 22, 19981Acdardimptoathisl nefdrencenthexpensi ve
conput ati onal conpensation is required in order to correctly judge the size
of the def edefectsvterbetdeteated inreeglassipdned cottimeioesly endvingrattabeutad aquiininedte
scattered light. The known nethod is Iimted to certain strip w dths and
strip speedsmedsecdutght iee coamjed ritd bath torggitudinbleedadsyofothet pamell rodt theest

i ght nust be greatly increased with increasing strip width and speed and
finally reacésitingrscettered dighti ariginating from2he defecaddiatit @addoezed novaptmedcess
presupposes trimed side edges, because a definite input of the test |ight

i S not possibgineeanistdi vehiealrimeadszhsedg@sarmed aboeoahd bEloadthp rotassc8igoals

condi tions. Because the glass fractures or splits uncontrollably starting
from t he cufropothetiinedr sensersdire pricesseddppasldatrohicamatykis devicei Imuayder toot | on
direction and thus produces waste, the trimmng of the |ong edges of the
strip i s notexgods ulihterestihg patticiesradherirgaiortbe sbdaaesdbm theaddfect eeteetionn,ng of a
continuously noving strip. Besides the known nethod al so was not conceived
for defect thstighighbaldebecintrbdumeduintlineddtuithg sider eqgeshband ¢amdugted Sertianel s
with trimmed | ong edges and a starting edge and an end edge, which are

det ect ed durfiong tHeoouiside totheoinsize pyontenal Irsflestion \ethitbd ouedaryesurfasepr oduce
control signals for starting and stopping the testing process. SUVWARY OF
THE | NVENTI Okltweeni the @ifass linddhe stirrvdreliny eteesphénay @ttenarsirtgohglogean depa et hod
and apparatus of the above-described kind, in which the test |light can be

i nput to thasdbatighusaste; thatvihagntehsitypofothetinputstestr kght strahgy ideicreass,hout
requiring the prior cutting off or trimmng of its production-dependent
uncont r ol | edetatserafl absdgption afdhe bentemolethet stiisfoarexamele with act.2oh widitb pr esent
invention to provide an apparatus and nethod for detecting material defects
> 50 um i n siripetoi ;1 %aof the valyiecaishe edge mistibeacansideretesrstaken ito apgminbf 0.3 to
2 mMand a strip width of at least 2 mat a production speed up to 10
msec. 3  Abosrdiring analysisean ewpensivencemprdaliorial compensatioglhis regurediis used
and is coupled into the strip by nmeans of a transparent |iquid arranged

bet ween t he ordagho ceuecttydudgelthehsizes ot thp. defeste pdérrthe tentive Widtrsof betmsdenent of
the invention the light beamis coupled into the strip inclined to a
surface of o §ter agguirad sealtérgdilight. sTheslswwihoethddniddimited toegariain stip i s

| arger than that of the atnosphere surrounding the strip, which is normally
air. Thus t hddthaghe stip spaedsi bacausefthe rasuired initiah sdensitw of the inpitéest dightso t hat
the light is coupled into the upper side of the strip by neans of a liquid
regi on bor denushget geeatly da¢reassd wite ivcieaping Tstdp | wigtht anéfdpeed eandf fioatlyt he

| ower side of the strip strikes the upper side of the strip or sheet, but
on a regi on readhies aniesgiveeringlimibf the |iquid region. Thus this light is

refl ected back and not coupled out of the strip. In other words, when the

| ight beamis coupled into the transparent material under a sufficiently

| arge angle O to the normal to the strip surface across a liquid with a

| arger index of refraction than that of2the surroundi ng atnosphere, it is
possible to make the reflection angle in the strip of-material so |arge
that the light reflected at the underside of the strip inpinges or strikes
on a region of the upper side of the strip outside of the |iquid boundary.
The light thus is "held captured"” in the strip anal ogous to the total
reflection occurring in a light guide. Thus it is guided further
transversely to the continuous notion direction of the strip. Tests have
shown that the |light power that is required for defect detection can be
coupled into the strip in this way with the above-descri bed boundary
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According to a second enbodi nent of the inventive concept the |ight beamis
coupled into the strip parallel to the surface of the strip across its side
4 edges and a liquid is used whose index of refraction substantially
corresponds to the index of refraction of the strip of material. The
decision for this is based on the know edge that the difficulties involved
in coupling in the test Iight due to production-conditioned irregularities
and rounded si de edges can be overcone, when a liquid is arranged between a
|l ight source and the strip, which conpletely fills the space between the
| ight source and the running strip so that the |light can be continuously
coupled into the side edges of the strip without refraction at the boundary
surface between tihadtitiouthe lavosnt grecessrpresupbusdshteimnket sidé edgds, bbeayseef er r ed
enbodi nents of the nethod are described in nore detail in the dependent
met hod cl ai s defintenidpat betred tdsellight isFoot passid eyitht the tdupbéed sageseandnd t he
noving strip may be spaced at a predeterm ned di stance from each other so
t hat the transparaiatl proguctibn onditiamsie Becsuseheheri glase tfyaohires her |aptitst beam
passi ng through the transparent liquid by surface tension of the
t ranspar ent uncoptraflalblly osterting hfram dhst @ gmshliehweea difeetidri @ppositeufrom thed t he
strip may be kept constant by suitable nechanical neans, such as rollers or
sl i d nmenmber sonflruope rmhatfom diteztisre @and dhesrpducentvaste, tHeetrimarhihg df thdéongi ght
source may be equi pped with a U shaped gui de surroundi ng the edge side of
t he novi ng sdyepof theatridhiswiut pbsditle. Thughttimbeagcarmot bapised in odlilettbstingovi ng
strip and the U shaped guide has | egs extending over the top and bottom
si des of thefeawohtiguositlyinmovi $that the transparent liquid is retained
bet ween the U shaped guide and the noving strip by surface tension of the
transparent |i quiBksileernike kbown Aletlerdnaiso wab yoticareelved Jorddefect desting i@ used to
assist in retaining the transparent |iquid. However portions of the
t ranspar ent contipuotdslganovieg stipaypubiortdiessnmanetsgwith tiimmed o edged and ahed from
a reservoir in both enmbodi nents of the nethod. In both enbodi ments of the
met hod t he rstarthodhedgatand dn ehd dagamwhicaf are adstectéd sluangdoralash gtdtion roya r ange
from400 to 1000 nm The wavelength is selected within this range so that a
m ni mum anoyhbtoséiisnatbwhicio aed used tb ghdduce cabisalrsiyndisifor sthring mad Stgpegt
material of the nmoving strip. It is advantageous when the nonochromatic
| i ght beam itlse testimpplogesonver gent | aser |ight beamw th a convergence angl e
such that a focal point of the laser Iight beamis in the vicinity of an
edge of the noving strip opposite another edge into which the Iight beamis
coupl ed and/or light absorption along a neasurenent path is mnimzed.
According to the invention t8UYNMMRY OFUTHEMNVENTON | ng defects in a
continuously noving strip of transparent material, especially a thin glass
strip, conprises Ihsamnsotfjent of thet prased shventiantoegrovide talreetbod iapd @ppanatuss par ent
material in a notion direction;

of the above-described kind, in which the test light can be input to the

continuously moving strip of transparent material, without requiring the prior
cutting off or trimming of its production-dependent uncontrolled lateral edges.
Furthermore it is another object of the present invention to provide an
apparatus and method for detecting material defects > 50 um in size in a thin
glass strip with a thickness in a range of 0.3 to 2 mm and a strip width of at least 2

m at a production speed up to 10 m/sec.



a light source for generating a nonochromatic |ight beam a |ight guide
systemfor guiding the |ight beam by which the |ight beamis guided to an
edge region of the noving strip; a transparent |iquid arranged between the
| i ght source generating the nonochromatic |ight beam and the noving strip
so that the light beamis coupled into the noving strip; 6 a light
receiving device for |ight scattered fromthe |ight beam by defects in the
noving strip, the light receiving device extending over an entire w dth of
the nmoving strip in a direction transverse to the notion direction of the
noving strip; and neans for electronically analyzing the |ight scattered
fromthe |light beam according to size and position of the defects and neans
for processing tAecordigigt tosthat ihesrdidn fa aranbbieromiatitatlightebsarh ds used ame isont r ol
signals for marking the defects on the noving strip and for controlling
devi ces w t cowbled intd the sty bygneans opa itranéparemnttiineid aanged beigveen thdigtdef ect s.
According to a preferred enbodi nent of the apparatus according to the
i nvention tReufceandas strip. | i quid is arranged between an edge side surface
of the nmoving strip and a stationary end part of the |light guide system
whi ch ext ends paaakoreingtto asfirstf emiestiménttdieheripvemtipnsthe llight Heant Bicdupleodi nent
the transparent liquid has an index of refraction greater than that of an
at nospher e dnio troustep frgelinduk tona gurferesdfthe striptanal ssliguid sl usgd svlsprindex aind t he
transparent liquid is arranged between the prism and the edge side surface
of the novi nefregtion ps latgarethandhgitr &f the ratchosptiene isoeroundifg thee stipp ahichuis
according to the invention includes a U shaped gui de enbracing the edge
regi on of t mermallyiaig Thtis the,angledftiruidencaios iherlight béangoarnibée selactedsgaichtbet ween
the noving strip and the Ushaped gui de, whose | egs enbrace an end part of
t he |ight guhedégisyisiceopled intd hhes uppdrosiderenthet step thyansasy ehé liquiguediohas an
i ndex of refraction about equal to that of the transparent material of the
novi ng stri pordEnag theghiddeeafine strip OThE ligght refiectet frenmibeilovgerside ¢f thdistoipgh an
edge surface of the nmoving strip. 7 BRI EF DESCRI PTI ON OF THE SEVERAL
VI EWN5 OF THistrRB&\MdNappEn eide lof #et strip bestiaat, it anad ragivanwkige s aitsitidef thevent i on
wi |l now be

liquid region. Thus this light is reflected back and not coupled out of the strip. In

other words, when the light beam is coupled into the transparent material under a
sufficiently large angle A to the normal to the strip surface across a liquid with a
larger index of refraction than that of the surrounding atmosphere, it is possible to
make the reflection angle in the strip of-material so large that the light reflected at
the underside of the strip impinges or strikes on a region of the upper side of the
strip outside of the liquid boundary. The light thus is "held captured” in the strip
analogous to the total reflection occurring in a light guide. Thus it is guided further
transversely to the continuous motion direction of the strip. Tests have shown that
the light power that is required for defect detection can be coupled into the strip in
this way with the above-described boundary conditions.

According to a second embodiment of the inventive concept the light beam

is coupled into the strip parallel to the surface of the strip across its side
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illustrated in nore detail with the aid of the foll ow ng description of the
preferred enbodi nents, with reference to the acconpanying figures in which:
Figures 1 a and 1 b are diagrammatic sectional views, illustrating the
principle for coupling light into a strip of transparent material according
to a first enbodi nent of the invention; Figure 2 is a cutaway sectional
view of the coupled-in region according to figure 1 show ng features of the
apparatus according to the invention; and Figure 3 is a schenmatic
cross-sectional view of the coupled-in region for coupling light into the
side edges of a strip of transparent material according to a second
enbodi nent of the nethod according to the invention. DETAILED DESCRI PTI ON
OF THE | NVEdbe®sntma Hquitliseuséd avhasd indels df hefraztige sulegardiallyp tormespoadststrip 1
to be tested is shown, which noves continuously perpendicular to the plane
of the drawhainhdek .o refiastidrhef tte seriptof omateralt Tree décisiorsfonthighistbiasegomthect i on
speed. The X-axis extends transversely to the notion direction in the
di recti on dofnoeziget thap thé ddifficultiés lievolved B coupling in the test light due to
production-conditioned irregularities and rounded side edges can be overcome,
when a liquid is arranged between a light source and the strip, which completely
fills the space between the light source and the running strip so that the light can
be continuously coupled into the side edges of the strip without refraction at the
boundary surface between the liquid and the strip.
Further details of the preferred embodiments of the method are described
in more detail in the dependent method claims appended hereinbelow.
For example, the light source and the moving strip may be spaced at a
predetermined distance from each other so that the transparent liquid is retained
in the vicinity of the light beam passing through the transparent liquid by surface
tension of the transparent liquid alone. This distance between the light source and
the strip may be kept constant by suitable mechanical means, such as rollers or
slid members.
To perform the second embodiment of the method -the light source may
be equipped with a U-shaped guide surrounding the edge side of the moving strip
through which the light beam is coupled into the moving strip and the U-shaped
guide has legs extending over the top and bottom sides of the moving strip so that

the transparent liquid is retained between the U-shaped guide and the moving

strip by surface tension of the transparent liquid alone.



Z-axi s extends perpendicular to the upper surface of the strip. Accordingly
the defect or fault positions to be detected are | ocated according to the
coordi nate system shown in Fig. 1 a and are processed for production of
control signals. A transparent liquid 2 is arranged between the end of an

i nconpl etely shown |ight guide system (Figs. 2, 3) and the upper surface of
the noving glass strip 1, whose index of refraction al is greater than the
i ndex of refraction a3 of the surroundi ng at nosphere 3, which is usually
air. The nmonochromatic |ight beam 11 froma laser 14 is coupled into the
glass strip 1 with an index of refraction a2 through the liquid 2. The

| ight beam 11 is defracted toward the perpendicular to the glass surface
and reflected atAkdreativelyed SsulingadeviceUmagcise hebieenagishsh @Rshidg rthe as shown
in Fig. 1 a. The part of the |light beam 11', which reaches the upper
boundary sufrdmspardr@liesis/ Mowgved pyaids bhtherfdrisparent ifiliearbiyd bvay lbydre d, does
not energe or pass out of the glass strip 1, but is again reflected and
subsequent | phovidig Gt @ehyf be FéRenisHedt fiem>a dsep®iin ANbdth drittbap@asidfehedge of
the glass strip 1 by repeated reflections. Thus the glass strip 1 acts as a
| i ght gui demetHodwhi ch the |ight beam 11 remai ns captured on account of
internal reflection at the upper and | ower boundary surface between gl ass
and air. In thisinagtH Renbo@rtertd @it theamelrddC eepIneshdchitomatiBelight aseanst ri p at
the | ateral edge regions for defect or fault detection or measurenent,

Wi t hout f ur plegdraly ch@e%s\hmmfgtﬁ inGa RNQEURInk 200 eeperTlemt The Wegelkagthasige
surfaces. If light is coupled into the glass strip 1 through a nedi um

(air), whickeleGedvatin BRAtaBge WOdASEt & Menigduas anuhi Bf mohecHrbbtic hgans 11
coupled into the strip is not 9 reflected at the | ower boundary surface,

but conpl et ghyoripabinaRe Gahspkert Meatsidl optheafiowh®eiipl B iFhdiantageoud whes
apparent fromthe cutaway viewin Fig. 2 that the glass strip or sheet 1 is
conveyed or theuppasdhesmatic lighteam R a tWeriklyi dohverteat ldsehligittubeken sttt £m 5
includes a prism4 with a surface parallel to the upper surface of the

gl ass stri pcdnvefyencanangiersuioh thdt @bkl Doint obtheaags dighebese i inhe picingyn 4 and
the glass strip 1 according to the invention, which has a greater i1ndex of
refraction bhaneddecofabe hiuvindi siip OBddsite ahowepBegeLintd wilioe thd ight Bedmhas a
certain surface tension, by nmeans of which it is held between the
stationary péugset dndidrdighhsbsprpins atdngl poméasivenBat meel pandinigédr to the pl ane
of the drawing. In so far as it is required al so sealing neans can be

provi ded sl i di ngAetordingbiongheotinvehtiorpltas sapplardtis fdhelerdfes defedtdhangd ass
strip are cut away and thrown out during shaping so that scratches caused
by foreign bertinasusiy nidvihgbtAp Sof ttdnsparahe maltdria ogdpasiblly bnthinhglags tseipnat i ve
enbodi nent shown in Fig. 3 the nonochromatic |light beam 11 fromthe | aser
14 is coupl esmprides t he gl ass strip 1 parallel to its upper surface through
t he unwor ked edge surface. Also a U shaped guide 8 is provided, in which

t he end portion nleaas lforgtdntiguoudty syrslegify tha dttp of taasparertemnsterial i aount ed.
The guide 8 enbraces the edge region of the glass strip 1 with legs L and
encl oses a motjon dirégtionhi ch has about the sane index of refraction as the

gl ass of the glass strip. Because of that no light refraction occurs at the
i rregul arly for nmadight spurad/fot garerdtingracaoyochwrhatidighobédmat t he test |ight can
be coupled practically lossfree into the glass strip in a direction
transverse to it a ligbt guidesystem dor guiding the Ijhs bearebyglisists thet ligh beamss as a

| i ght guide here. No |light can escape fromit into the surrounding

at nospher e @aided to dihedde rgyiodl of tHesmagag strisept in the stationary guide 8
because of surface tension. Understandably al so seals can be provided in
addi ti on. O her aednspaenofiqtitcaregngad dietweat ttid1dighthsante @enaratinglts@ shown
in Fig. 3. Alight-receiving device 17 detects light scattered fromthe

| i ght beam tibnbyhrdmbtic tight Beam dridethg Inasdngsstrip po tAdiehe lighttbearcisicouplgd devi ce
17 produces el ectronic signals containing information regardi ng size and
posi ti on of intdthedadviad stripwhi ch are input into an el ectronic anal ysis device
21 coupled with a control device 22. The analysis device 21 processes the
el ectronic signals fromthe |ight-receigvi ng device 17 and the contro

devi ce 22 produces signals for marking the defects and or controlling
formatting of the continuously noving strip during subsequent worKking

oper ati ons.



Finally in both enbodiments it can be provided that amobunts of the
transparent liquid 2 conducted away fromthe apparatus by the noving gl ass
strip can be replaced by liquid froma reservoir. The disclosure in Gernan
Pat ent Application 102 21 945.1 of May 13, 2002 is incorporated here by
reference. This German Patent Application describes the invention described
her ei nabove and clainmed in the clains appended herei nbel ow and provi des the
basis for a claimof priority for the instant invention under 35 U S. C
119. 11  Wiile the invention has been illustrated and described as
enbodied in a nethod and apparatus for detecting a defect or defects in a
continuously traveling strip or band of transparent material, especially
glass, it is ridlighttresetddy devidecfol light seattered from thetightlbeashosfects irce
various nodifications and changes nay be nade wi thout departing in any way
from t he spheintovirfg $thip, thedighhteceivingrdavize. exXi¥ridirgubdver ant érdire avidth wéittss t he
foregoing wll so fully reveal the gist of the present invention that
ot her s can, mbying piipyin rRgdicactior randveosd dthe, motadlitegtiadafptheirmovimg stvipr i ous
applications without omtting features that, fromthe standpoint of prior
art, fairlyagionstitute essential characteristics of the generic or specific
aspects of this invention. What is clained is new and is set forth in the
fol |l owi ng appendadans far @tectrdicallyGinalyiinglthe Aighesdatidreal frate tiies tightbedef ect s i n
a continuously noving strip of transparent material, said nethod conprising
t he steps ddccoriing:tonsizes bind @ositiono nbthar defedts and ingdensfemprotéssinggthedight!
continuously noving strip transverse to a notion direction of the noving
strip; b) csmapéieddrdnh¢heniighnbeamntdt proddidegddntriobsignalstfar maskingothe idetexts | y
novi ng

on the moving strip and for controlling devices with which the moving strip is

formatted according to the defects.

According to a preferred embodiment of the apparatus according to the
invention the transparent liquid is arranged between an edge side surface of the
moving strip and a stationary end part of the light guide system, which extends
parallel to surfaces of the moving strip. In this embodiment the transparent liquid
has an index of refraction greater than that of an atmosphere surrounding the
moving strip. It also includes a prism and the transparent liquid is arranged
between the prism and the edge side surface of the moving strip.

A second preferred embodiment of the apparatus according to the
invention includes a U-shaped guide embracing the edge region of the moving
strip, and the transparent liquid is arranged between the moving strip and the U-
shaped guide, whose legs embrace an end part of the light guide system. In this
embodiment the transparent liquid has an index of refraction about equal to that of
the transparent material of the moving strip. The light beam is coupled into the
moving strip through an edge surface of the moving strip.
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strip by a transparent |liquid, said transparent |iquid being .arranged
between a |ight source generating said nonochromatic |ight beam and said
continuously noving strip so that the |ight beam passes through the
transparent liquid into the noving strip; c) detecting light scattered from
t he nonochromatic |ight beam by defects present in the noving strip; and d)
evaluating said light scattered fromthe nonochromatic |ight beamin step
c) and processing said |light scattered fromthe nonochromatic |ight beamto
produce a control signal. 2. The method as defined in claim1l, wherein said
monochromatic |ight beamis coupled into said continuously noving strip of
said transparent material through an edge region of said continuously
noving strip. BRIEFDESCRIPTION OF RSE SEVERAL VIEWS OMTHE DRAWING sai d | i ght
beam propagates in a direction parallel to an upper surface of said
continuously noViHY objdctsy feBtirgaSnaSadvaneigel & tedgeentisrd agr ww & d
continuously moving strip in said edge region. 4. The method as defined in
claim2 or ifystiafer i@l Morkadetail Wilihthesaiti 1ot éhd follewing RGBriptiohof ahdpedierpey] gui de
enbraci ng said edge region of the continuously noving strip, said U shaped
gui de has |&fBodmEntsAlvith tfgened © the acchgangify digles isiwdighand bott om si de of
sai d continuously noving strip so that said transparent liquid is retained
between sai d U skigped i acbr_aa&id?mnﬁétmugeaibmmww@g iBistratingoyhes ur f ace
tension of said transparent liquid alone. 5. The nethod as defined in claim
4, further siEpld forGupRYRght Gad bYstimO6f trakypardht SRitéridia¢targingtto ipfilget ween
the I egs of the U shaped guide by a nechanical device.

embodiment of the invention;

Figure 2 is a cutaway sectional view of the coupled-in region according to
figure 1 showing features of the apparatus according to the invention; and

Figure 3 is a schematic cross-sectional view of the coupled-in region for
coupling light into the side edges of a strip of transparent material according to a

second embodiment of the method according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

In figure 1a and 1b the edge region of a glass strip 1 to be tested is
shown, which moves continuously perpendicular to the plane of the drawing, i.e.
in the direction of the Y-axis with the production speed. The X-axis extends

transversely to the motion direction in the direction of the strip width, while the



6. The nethod as defined in claim5, wherein said nmechani cal device
conprises rolls or slid nenbers. 7. The nethod as defined in any one of
claims 4 to 6, further conprising providing a sealing device between said
U shaped gui de and said continuously noving strip for additional sealing of
said transparent |iquid between said U shaped guide and said continuously
nmoving strip. 14 8. The nmethod as defined in any one of clains 1 to 7,
further conprising providing a sealing device between said noving strip and
said light source for further sealing to additionally help retain said
transparent liquid between said |ight source and said noving strip. 9. The
nmet hod as defined in any one of the preceding clains, wherein said
nmonochr omatZ-axis iextendb geenpersliduiat | to ribel upperasurtgepesf therstripc Aasbrdirgiyd the
continuously noving strip through which said nonochromatic |ight beam
passes. 10.defént andadibdositiordetbi e detiented rgre domated atdoedipg déc ¢k ngordinatens,
wherein said transparent liquid has an index of refraction that is greater
t han t hat ofystem stiowrsiptg. € asundravel poticessesidfordprodadtionwod ashtyol sigmaleg strip. 11.
The nethod as defined in any one of the preceding clains, wherein said
| i ght source andA smindparentt liquitb @sik yarramgied petweerp ther end ph@adineordplsteynce from
each other such that the transparent liquid is retained in the vicinity of
the |ight bsreawmndightgude shstemgfigshe, 8y antsthargper surfadedoflie snovirgcglagsensi on of
said transparent liquid alone. 12. The nethod as defined in claim11,
wher ei n saidriglil Siitosedndsxt ofeefractian @, |si grbatesthian dite iadex stxeflactiontd;rofithes| y
noving strip i s kept constant by suitable nechanical neans. 15

surrounding atmosphere 3, which is usually air. The monochromatic light beam 11

from a laser 14 is coupled into the glass strip 1 with an index of refraction o,
through the liquid 2. The light beam 11 is defracted toward the perpendicular to
the glass surface and reflected at the lower boundary surface between glass and
air, as shown in Fig. 1a. The part of the light beam 11', which reaches the upper
boundary surface (glass/air) beyond the part contacted by the liquid, does not
emerge or pass out of the glass strip 1, but is again reflected and subsequently is
guided further in the X-direction to the opposite edge of the glass strip 1 by
repeated reflections. Thus the glass strip 1 acts as a light guide, in which the light
beam 11 remains captured on account of internal reflection at the upper and lower
boundary surface between glass and air. In this way the test light can be coupled
into the glass strip at the lateral edge regions for defect or fault detection or
measurement, without further processing of the production-dependent irregular
edge surfaces.

If light is coupled into the glass strip 1 through a medium (air), which is

also located under the glass strip, the light beam 11 coupled into the strip is not



13. The method as defined in any one of the preceding clainms, wherein said
light source is supported by rollers or slide pieces on said noving strip
and said noving strip rests on rolls. 14. The method as defined in any one
of the preceding clains, wherein said transparent |iquid has an index of
refraction that is about equal to that of the transparent material of said
continuously noving strip. 15. The nethod as defined in any one of the
preceding clains) further conprising replacing portions of said transparent
liquid carried off by notion of the continuously noving strip relative to
the light source by other portions of said transparent liquid froma
reservoir. 16. The nethod as defined in any one of the preceding clains,

wher ei n sai @flesied ahithenaweérddungiy shfass, Gansirpletenf paseaooltrainme steip) aght
havi ng a wavelength in a range from400 to 1000 nm 17. The nethod as
defined in sHowinh Fi. 1bherei n sai d wavel ength is selected so that a m ni mum
anount of said nonochromatic light is absorbed in said transparent nateri al
of said noving sitIsigppaidht frémmeheetitandy aiswde Figi@dhatth@glaseBeipair shb& pr ecedi ng

cl aims, wherein said nonochromatic |ight beamis a weakly convergent | aser

| i ght beam s t6nveyed or supported on rolls 6 or the like. The light guide system 5 includes a
prism 4 with a surface parallel to the upper surface of the glass strip 1. A
transparent liquid 2 is arranged between the prism 4 and the glass strip 1
according to the invention, which has a greater index of refraction than the
surrounding (air) atmosphere 3. The liquid 2 has a certain surface tension, by
means of which it is held between the stationary prism 4 and the glass strip 1
moving perpendicular to the plane of the drawing. In so far as it is required also
sealing means can be provided sliding or rubbing on the glass strip. The edges of
the glass strip are cut away and thrown out during shaping so that scratches
caused by foreign bodies on the glass strip are unimportant.

In the alternative embodiment shown in Fig. 3 the monochromatic light
beam 11 from the laser 14 is coupled into the glass strip 1 parallel to its upper
surface through the unworked edge surface. Also a U-shaped guide 8 is provided,
in which the end portion of a light guide system, in this case a lens 7 is mounted.
The guide 8 embraces the edge region of the glass strip 1 with legs L and
encloses a liquid 2, which has about the same index of refraction as the glass of
the glass strip. Because of that no light refraction occurs at the irregularly formed
liquid/glass boundary surface so that the test light can be coupled practically loss-

free into the glass strip in a direction transverse to its

10



19. The method as defined in claim18, further conprising selecting a
convergence of said weakly convergent |aser |ight beam so that |ight
absorption along a neasurenent path is conpensated and/or a focal point of
said laser light beamis in the vicinity of an edge of said noving strip
opposi te anot her edge into which said |ight beamis coupled. 20. The nethod
as defined in any one of the preceding clains, wherein said |ight beam has
a wdth of from0.5to 3 nmat a point where said |ight beamis coupl ed
into said-nmoving strip, as neasured in said notion direction of said noving
strip. 21. The nethod as defined in any one of the preceding clains,
further conprising providing a wi ndow for scattered |ight observation

havi ng a wimbtion directioandésootheldladd siripagctsrmasaiight guids diede.ndd ilight damr ect i on
of said noving strip. 22. The nethod as defined in any one of the preceding
cl ai ms, whessape famdt iatcatha auirogndirgnatniosplserel(aicit r oni cal | y anal yzi ng sai d

| ight scattered fromthe light beamin regard to intensity and defect

| ocation and sai Thetiqde ssisnagairakept! inghe statmwnber guidé Bobedause |af gatfateam
conprises producing at | east one of a marking signal for defect marking and
a cutting stegsiah. Uroterstamdabby aled seals cari bergrodieled dgreaddiffon. 23. The net hod as
defined in any one of the preceding clains, further conprising conpensating
| i ght absor pt i onOthec teaturegotibe apparatusarithe iaventivhlarefilse ahow omEigndidus| y
nmoving strip during processing of said |light scattered fromthe |ight beam
as needed. |Rht-rédevingeddving Hsdetedts figlot scatteney flonetheflighhibegm dd dyi defeatd ai ns,
wherein said continuously noving strip of transparent material is a thin

gl ass stri pD i@3he Ayasapstep.alies lifokredetviag tdaviged€l @oddices etectronici sigrals| y
noving strip of transparent material, especially a thin glass strip, said
appar at us coonpainiag iriformation regarding size and position of the defects, which are input

into an electronic analysis device 21 coupled with a control device 22. The
analysis device 21 processes the electronic signals from the light-receiving device
17 and the control device 22 produces signals for marking the defects and or
controlling formatting of the continuously moving strip during subsequent working
operations.

Finally in both embodiments it can be provided that amounts of the
transparent liquid 2 conducted away from the apparatus by the moving glass strip
can be replaced by liquid from a reservoir.

The disclosure in German Patent Application 102 21 945.1 of May 13,
2002 is incorporated here by reference. This German Patent Application
describes the invention described hereinabove and claimed in the claims
appended hereinbelow and provides the basis for a claim of priority for the instant

invention under 35 U.S.C. 119.
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means for continuously conveying the strip of the transparent material in a
notion direction; a light source for generating a nonochromatic |ight beam
a light guide systemfor guiding the nonochromatic |ight beamto an edge
region of the continuously noving strip; a transparent |liquid arranged

bet ween said |ight source generating said nonochromatic |ight beam and said
nmoving strip so that the nonochronmatic |ight beamis coupled into the
continuously noving strip; a light receiving device for |ight scattered
fromthe nonochromatic |ight beam by defects in the continuously noving
strip, said light receiving device 18 extending over an entire wi dth of
the continuously noving strip in a direction transverse to the notion
direction of thewamtienimosrtion HERWerd ifdstrafsd &tldéseabed Boenflogiidriard cal |y
anal yzing said light scattered fromthe |ight beam according to size and
posi tion ofméthod aflepparatarier aaedtmgidefedtef asricRUn 2adoftihiduily th&dlidger ed from
the Iight beamto produce control signals for marking said defects on said
cont i nuous| gfrigney ibagid Sof rtrahspardnt AiateraNt dspetinmg gdey, it &s rivl infendebab dehe
continuously moving strip is formatted according to said defects. 26. The
appar at us it ion®e detaill ShdWwr?SincaheirRUs mediftatiom aRa@cBBhgds Aldlytbd S
arranged between an edge side of an upper surface of the continuously

novi ng st r i padéditRo iddparling inyargwhayPiderh tiY sgifiteof kiegfrbsghtimlensorst em  sai d
stationary end part extending parallel to said upper surface of the

conti nuously mOWwWhiBo@tfukRer &llsi) elie Fdteddify WIlPES Raly aBled| ithB!igfét BRshean | ndex
of refraction greater than that of an atnosphere surrounding the nmoving
strip. present invention that others can, by applying current knowledge, readily adapt it

for various applications without omitting features that, from the standpoint of prior
art, fairly constitute essential characteristics of the generic or specific aspects of
this invention.

What is claimed is new and is set forth in the following appended claims.

12



27. The apparatus as defined in claim26, further conprising a prism and
wherein said transparent liquid is arranged between said prismand said
edge side of said upper surface of the continuously noving strip. 28. The
apparatus as defined in claim26 or 27, further conprising neans for
mai ntai ning said stationary end part at a predeterm ned di stance from said
continuously noving strip, said neans for maintaining conprising rollers or
slid nenbers. 19 29. The apparatus as defined in any one of clains 25 to
28, further conprising a U shaped gui de enbracing said edge region of said
continuously noving strip, and wherein the transparent liquid is arranged
bet ween the continuously noving strip and the U shaped gui de, the end part
of the light guide systemis positioicfiM$ the U shaped gui de, the
transparent liquid has an index of refraction that is about equal to that
of the trangpamesthodaf @etealindtiefeble iaCntomtinuEasly mawnd gtript dfi ttardparehhe |1 ght
beamis coupled into said edge region of the continuously noving strip
paral | el t omateritppsit nsathddcsamsrisirigtae e@psiotuousl y noving strip. 30. The
apparatus as defined in claim29, wherein said U shaped guide has a |eg
ext endi ng above #heommiting as hidnpclirothadd dight beb@g thealighndaidgcdreinagudihe novi ng
strip and is kept at a predeterm ned di stance fromsaid noving strip by
neans of r ombeihg sBib tRinsverse e rdtiod directibr offreanavingstéip; defined in any one
of clainms 25 to 30, further conprising a liquid reservoir for replenishing
sai d transparentb) eslpling ties mopaehroedtic Aght. B&8m into the continuously moving
y.A y.A@e. A ,e. A5, e. Al @ A5, e. AHGR AHy. AH, R AHy. AH@GR. AH@R Al , e. AH@R. Al @R. A
S5@. A, e. Al strip\lyes @Bdsparent liquid, said transparent liquid being arranged between a
LU T #Y(MN(}xsnid_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca
] ca] ca] ca] cight abarkCgdrpdfingad ddnecidchdtie UlghebeRe amp'said) Sontinlidiisgly 80000B11
12C222) 3} 3350: 5: 8>@BYF_F3H{ vgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] cal] cape®hg alripadcciabttbdiahtisdant pasdesahabh ¢rd tadspatan)igall ¢ato 3l 111 I[ JJJ
K, LMLLLMNMMVWNPPQBQr QQRRSSI TT#UZU| wr mhc”Y] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cameahgairipa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca! ZUW=
VWOWOWNAK] XXXYAZZZZB[ [ [[\]]]] R*™"6_" "abTb}xsnid_Z] c]]]ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ce) dsagating tightcsthtteded Fopatreahoadahadmalcight béara lbyaletedts a] ca] caj
a] ca] ca] ca] prekertlic tHeand g steipcaridca) ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal c
a]calcadf Gs109& ()- 10%& ()-109%& ()- @O%& () -
109&' () - S10%& () d DelBnY $8iidighd scattd R 1B MdASEkr¢maticliifi&béamfin
10%&' ()- @109 ()-d |b@, mO%& ()-"*, mlO%& ()- *

step ¢) and processing said light scattered from the monochromatic light beam to

produce a control signal.

2. The method as defined in claim 1, wherein said monochromatic light beam is
coupled into said continuously moving strip of said transparent material through

an edge region of said continuously moving strip.

13
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3. The method as defined in claim 2, wherein said light beam propagates in a
direction parallel to an upper surface of said continuously moving strip and
passes through an edge surface of said continuously moving strip in said edge

region.

4. The method as defined in claim 2 or 3, wherein said light source is equipped
with a U-shaped guide embracing said edge region of the continuously moving
strip, said U-shaped guide has legs and said legs are spaced from a top side and
bottom side of said continuously moving strip so that said transparent liquid is
retained between said U-shaped guide and said continuously moving strip by

surface tension of said transparent liquid alone.

5. The method as defined in claim 4, further comprising mechanically positioning
said moving strip between the legs of the U-shaped guide by a mechanical

device.

6. The method as defined in claim 5, wherein said mechanical device comprises

rolls or slid members.

7. The method as defined in any one of claims 4 to 6, further comprising providing
a sealing device between said U-shaped guide and said continuously moving strip
for additional sealing of said transparent liquid between said U-shaped guide and
said continuously moving strip.

14
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10!, F10% h h& ()- 10B 10B
10By8s109B&' () -! &Z109BB& () -m'! &Z1098B&' () - m'! &Z109%&' () -m' X)) **, -. }[ <dY7
10!, Y10% h& () - !'F10%h& ()-F10% h& ()-! Y10%h& () - Y10%
h& ()-!, F10%h& ()-..... [YI'/bC 10!,10% h& ()-9F10% h& ()- F nl0%
h& ()-@10% h& ()- 10 h 10 h 10 hy8s10% h& ()-/80000B11dEbC 10! nl0% h& () -
10% h& ()- 0% h& ()-, 10% h& ()-&F10% h& ()- 3Z10% h&' ()-112C222) 3dEbC
10! *310% h& () - (F10% h& ()- &mM0% h& ()-$10% h& ()-!y10% h& ()-F10%
h& ()-)3}333330459_ @
8. The method as defined in any one of claims 1 to 7, further comprising providing
a sealing device between said moving strip and said light source for further
sealing to additionally help retain said transparent liquid between said light source

and said moving strip.

9. The method as defined in any one of the preceding claims, wherein said
monochromatic light beam is inclined to an upper surface of said continuously

moving strip through which said monochromatic light beam passes.

10. The method as defined in any one of the preceding claims, wherein said
transparent liquid has an index of refraction that is greater than that of an

atmosphere surrounding said continuously moving strip.

11. The method as defined in any one of the preceding claims, wherein said light
source and said continuously moving strip are spaced a distance from each other
such that the transparent liquid is retained in the vicinity of the light beam passing

through the transparent liquid by surface tension of said transparent liquid alone.

12. The method as defined in claim 11, wherein said distance between said light

source and said continuously moving strip is kept constant by suitable .

mechanical means.
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13. The method as defined in any one of the preceding claims, wherein said light
source is supported by rollers or slide pieces on said moving strip and said

moving strip rests on rolls.

14. The method as defined in any one of the preceding claims, wherein said
transparent liquid has an index of refraction that is about equal to that of the

transparent material of said continuously moving strip.

15. The method as defined in any one of the preceding claims, further comprising
replacing portions of said transparent liquid carried off by motion of the
continuously moving strip relative to the light source by other portions of said

transparent liquid from a reservoir.

16. The method as defined in any one of the preceding claims, wherein said
monochromatic light beam consists of monochromatic light having a wavelength

in a range from 400 to 1000 nm.

17. The method as defined in claim 16, wherein said wavelength is selected so
that a minimum amount of said monochromatic light is absorbed in said

transparent material of said moving strip.

18. The method as defined in any one of the preceding claims, wherein said
monochromatic light beam is a weakly convergent laser light beam.
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19. The method as defined in claim 18, further comprising selecting a
convergence of said weakly convergent laser light beam, so that light absorption
along a measurement path is compensated and/or a focal point of said laser light

beam is in the vicinity of an edge of said moving strip opposite another edge into

which said light beam is coupled.

20. The method as defined in any one of the preceding claims, wherein said light
beam has a width of from 0.5 to 3 mm at a point where said light beam is coupled

into said-moving strip, as measured in said motion direction of said moving strip.

21. The method as defined in any one of the preceding claims, further comprising
providing a window for scattered light observation having a width in a range of 10

pm, as measured in said motion direction of said moving strip.

22. The method as defined in any one of the preceding claims, wherein said
evaluating comprises electronically analyzing said light scattered from the light
beam in regard to intensity and defect location and said processing said light
scattered from the light beam comprises producing at least one of a marking

signal for defect marking and a cutting signal for control of a cutting device.
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23. The method as defined in any one of the preceding claims, further comprising
compensating light absorption occurring across an entire width of said
continuously moving strip during processing of said light scattered from the light

beam, as needed.

24. The method as defined in any one of the preceding claims, wherein said

continuously moving strip of transparent material is a thin glass strip.

25. An apparatus for detecting defects in a continuously moving strip of
transparent material, especially a thin glass strip, said apparatus comprising

means for continuously conveying the strip of the transparent material in a
motion direction;

a light source for generating a monochromatic light beam;

a light guide system for guiding the monochromatic light beam to an edge
region of the continuously moving strip;

a transparent liquid arranged between said light source generating said
monochromatic light beam and said moving strip so that the monochromatic light
beam is coupled into the continuously moving strip;

a light receiving device for light scattered from the monochromatic light

beam by defects in the continuously moving strip, said light receiving device
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extending over an entire width of the continuously moving strip in a direction
transverse to the motion direction of the continuously moving strip; and

means for electronically analyzing said light scattered from the light beam
according to size and position of said defects and means for processing said light
scattered from the light beam to produce control signals for marking said defects
on said continuously moving strip and for controlling devices with which the

continuously moving strip is formatted according to said defects.

26. The apparatus as defined in claim 25, wherein said transparent liquid is
arranged between an edge side of an upper surface of the continuously moving
strip and a stationary end part of the light guide system, said stationary end part
extending parallel to said upper surface of the continuously moving strip, and
wherein the transparent liquid has an index of refraction greater than that of an

atmosphere surrounding the moving strip.

27. The apparatus as defined in claim 26, further comprising a prism and wherein
said transparent liquid is arranged between said prism and said edge side of said

upper surface of the continuously moving strip.

28. The apparatus as defined in claim 26 or 27, further comprising means for
maintaining said stationary end part at a predetermined distance from said
continuously moving strip, said means for maintaining comprising rollers or slid
members.
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29. The apparatus as defined in any one of claims 25 to 28, further comprising a

U-shaped guide embracing said edge region of said continuously moving strip,

and wherein the transparent liquid is arranged between the continuously moving

strip and the U-shaped guide, the end part of the light guide system is positioned

in the U-shaped guide, the transparent liquid has an index of refraction that is

about equal to that of the transparent material of the continuously moving strip

and the light beam is coupled into said edge region of the continuously moving

strip parallel to an upper surface of the continuously moving strip.

30. The apparatus as defined in claim 29, wherein said U-shaped guide has a leg
extending above the moving strip and another leg extending below the moving
strip and is kept at a predetermined distance from said moving strip by means of

rollers or slid members.

31. The apparatus as defined in any one of claims 25 to 30, further comprising a

liquid reservoir for replenishing said transparent liquid, as required.
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