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6 June 2006: METHOD AND APPARATUS FOR DETECTI NG DEFECTS IN A CONTI NUOUSLY
MOVI NG STRI P OF TRANSPARENT MATERI AL BACKGROUND OF THE | NVEBTu@N2006. Fi el d
of the Invention The present invention relates to a method and apparat us
for detecting defects or faults in a continuously noving strip of
transparent material, especially a thin glass strip or band, by nmeans of a
narrow |ight beam conducted through the strip transverse to its motion
direction, whose scattered light originating fromthe defect or defects is
det ect ed, eval uated and processed to produce a control si gnal . 2.
Description of the Related Art Testing for faults or defects is of
considerable inportance in the nmanufacture of thin glass. Defects with a
si ze of nore t hanMEGHOR AND ARPARATUSHGR DETBECTENGDERECTSSINAD nust thus be
reliably detect GONTINUQUSKHYE MOUINGSTRIR O TRANSPARENEMATERIAR! hods, whi ch
are nore economcal and reliable, are wused beside the still conventional
visual inspection by trai ned ersonnel. It has been shown that transmtted

light methods, in which t NBAGKGROUND QRIHEINNENTION a |ight transnitter

and a |ight receiver, do not e ui rements at higher strip speeds.
These strip speeds reach 10 m ﬁ%“‘#&ﬁaﬁﬂ " oducti on plants, in which

the exposure ti m? (fteﬂﬁu{@ﬂt?é” Bl t(')saf }n% H%d ér?(pggpeﬁ'ftu% O lanet%ctoseconds

Also limts arep on the on- ned
defects or faults in a continuously moving strip of transparent material, especially

a thin glass strip or band, by means of a narrow 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 pm 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




the useable light intensities. Also it is often overlooked that the test
light is introduced edge-wise into the strip and the strip6oigna2d¥d as a
light guide. The light is reflected repeatedly on 1 the boundary surfaces
of the strip with the surrounding atnosphere, as in a glass fiber used as
a light guide. A nethod of this type, for exanple, is disclosed 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 mmn are neasured. Light is coupled into both |ongitudinal
edges of the panel and the resulting scattered |light originating fromthe
defect or fault is acquired or captured by neans of vertical |inear
sensors ar r Hisfeyndayseirfages ¢fdhe atriphwitigihassimroSidimpanoshhene) ahim 4 blasar
sensors are _processed in an electronic analysis device. In order to
excl ude uni fibeussd pag lightrauidd.es adhering to the surfaces fromthe defect
detection, the light should be introduced inclined to the side edges and
conduct ed furthef metheeh efhihisoditpsi der esample, ingisdieséy in ntapanade Pafehect i on at
t he boundary surface between the glass and the surroundi ng at nosphere.
When usi ng ﬁalpi@g@n Halh$39788 of ieceimblet 28,01898e Actdrdingtth ehis méfersdice yheof t he
input test light strongly decreases, because of absorption at the center
of the stripeffes tekadplestediin b glass. anel eérdinbousst mbying at Sbdet @fminfie areal ue at
the edge, nust be considered or taken into account. Thus during analysis
an expensi v@eagirpiit ghtois atouplsdipiates &btrolonpitudired widges! df nhe @ader atdtteor rect | y
judge the size of the defects over the entire width of the edge

resulting scattered light originating from the defect or fault is acquired or captured

- by means of vertical linear sensors arranged above and below the glass. Signals
from the linear sensors are processed in an electronic analysis device. in order to
exclude uninteresting particles adhering to the surfaces from the defect detection,
the fight should be introduced inclined to the side edges and conducted further
from the outside to the inside by internal reflection at the boundary surface
between the glass and the surrounding atmosphere. When using halogen lamps
as the light source, that the intensity of the input test light strongly decreases,
because of absorption at the center of the strip for example with a 1.2 m width
strip to 5 % of the value at the edge, must be considered or taken into account.
Thus during analysis an expensive computational compensation is required in
order to correctly judge the size of the defects over the entire width of the edge
from the acquired scattered light. The known method is limited to certain strip
widths and strip speeds, because the required initial intensity of the input test light
must be greatly increased with increasing strip width and speed and finally

reaches an engineering limit.




fromthe acquired scattered light. The known nmethod is limted to certain
strip wdths and strip speeds, because the required initiabJumt206ity of
the input test light nust be greatly increased with increasing strip width
and speed and finally reaches an engineering limt. 2 In addition the
known process presupposes trimred side edges, because a definite input of
the test light is not possible with the rounded edges and uncontrolled
production conditions. Because the glass fractures or splits

uncontrol lably starting fromthe cut position in a direction opposite from
the continuous notion direction and thus produces waste, the trinmm ng of
the long edges maﬁqﬂﬁorsthrei'wowg Phefesp pesiuppeses Tiiramet sidenadygs Clastaote be used
inonline testing of a continuously noving strip. Besides the known nethod
al so was nof CiieiigRy efotheqiost ightt is snatnapssibleawitic dhé irouales| ydgesvamy Stri p,
but for glass panels with trimmed |ong edges and a starting edge and an
end edge, \AHF%CEW&F@ durdéstion sandilinnst oBevause nibei glasby fragthesooe! $itand whi ch

are used to produce control signals for starting and stopping the testing
process. SLNR%QVO@'YI'I-‘%@W’IW@NTN the sotcoeslionyint @ directiopexposife fom freesent
invention, there is provided a nethod of detecting defects in a

conti nuous| §PHBYPYMetien girgetion: anesihas emeduceamestealthe smirdingedfhbel Ishgnpr i si ng
the steps of; a) conducting a nmonochromatic |ight beamthrough said |
cont i nuous| §49es of the strip is not possible. Thus trimming cannot be used in online testing

of a continuously moving strip.

Besides the known method also was not conceived for defect testing in a
continuously moving strip, but for glass panels with trimmed Ioﬁg edges and a
starting edge and an end edge, which are detected during forward motion by

photocells and which are used to produce control signals for starting and stopping

the testing process.

SUMMARY OF THE INVENTION
According to an aspect of the present invention, there is provided a
method of detecling defects in a continuously moving strip of transparent
material, said method comprising the steps of:
a) conducting a monochromatic light beam through said continuously
moving strip transverse to a motion direction of the moving strip;
| b) coupling the monochromatic light beam into the continuously moving
- strip by a transparent liquid, said transparent liquid being arranged between a
light source generating said monochromatic light beam and said continuously

moving strip so that the light beam passes through the transparent liquid into the

moving strip;




noving strip transverse to a notion direction of the noving strip; b)
coupling the nonochromatic light beaminto the continuousl y6immei20§6 strip
by a transparent liquid, said transparent |iquid being arranged between a

| i ght source generating said nonochromatic |ight beam and said continuously
noving strip so that the |light beam passes through the transparent liquid
into the noving strip; 3 6 June 2006 c) detecting light scattered fromthe
nmonochromatic |ight beam by defects present in the noving strip; and d)
eval uating said light scattered fromthe nonochromatic |ight beamin step
c) and processi g)dietddtidg ik catiéal Rt ehe hEHBchndR TR BRb] Befebght beam to
produce a control signal. There can be provided a néthod and apparatus of

t he above-pgresantirbthé mdvimgstrip;ranghi ch the test |ight can be input to the
continuously noving strip of transparent material, w thout requiring the
prior cutting of)fewwluating saidnight fscattesed roadthet inonodhegrasatiteight beamninr ol | ed

| ateral edges. Furthernore there can be provided an apparatus and net hod
for det ecilemg) and processingesaid tight scaiteredifrom thé renoohranmalic ighdlbeam tet ri p and a
thickness in a ran%e of 0.3 to 2 Mmand a strip width of at least 2 mat a
product i orPreHER EIoHSiaNd. n sec. 6 June 2006

There can be provided a method and apparatus 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 there can be provided an apparatus and method for
detecting material defects > 50 pm in size in a thin glass strip and 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.
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A nmonochromatic |ight beam can be used and is coupled into the strip by
means of a transparent liquid arranged between the |ight sobfae 20 t he
strip. According to a first enbodi nent of the invention-the Iight beamis
coupled into the strip inclined to a surface of the strip and a liquid is
used whose index of refraction is larger than that of the atnosphere
surrounding the strip, which is normally air. Thus the angle of incidence
of the Iight beam can be selected so that the light is coupled into the
upper side of the strip by neans of a liquid region bordering the mddle
of the strip. The light reflected fromthe |ower side of the strip strikes
t he upper side ofA imoshioniatieni t j P i si de of
the 1liquid region. Thus this ??g%?ggbe%e%ﬁeﬁggﬁug% u?]ljétthgosgrng ed out
of the stripy meansbohertravspeent GG drithdet HHtwb&R Md ﬁgrﬁ%ﬂk%d%ﬁd“ﬂ% t he

transparent material under a sufficiently large angl® o to the normal to
the strip swtfiace across a liquid with a larger index of refraction than
that of the surrounding atnosphere, it is possible to make the reflection
angl e in the striAscordingstoer irsll ensmdineef theinvérntenlthgidht bebmastsshiad  the
underside of the strip inpinges or strikes on a region of the upper side of
the strip #ie heedripindined to asirtich b ttdostyip afibe lguafit Jsbdahbse inhsk df
captured” in the strip analogous to the total -reflection occurring in a
li ght gui defefrastien iis largerdthanl dhht fotfither etmodphans vatasidhg the sHie st iuous
motion direction of the strip. Tests have shown that the light power that
i s requi redn®rgrally @fre Ehusdibe eogle ohincidandzsofahel pdie hebimt @ntHaeeflciddysd fat thi s way
‘Wi th the above-described boundary conditions. According to a second
embodi ment @ light is coupted ink tenppet sidbeoflthgRtripdBRMeans of a liquid region
bordering the middle of the strip. The light reflected from the lower side of the strip
strikes the upper side of the strip or sheet, but on a region, which is dutside of the
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 paralie! to the surface of the strip across its side
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is coupled into the strip parallel to the surface of the strip across its
side 4 edges and a liquid is used whose index of refractionétdus08atially

" 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 light source and the strip, which conpletely fills the space between the
| i ght 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 egfdgsdianda kuid istused weiole dndexef deficaction edbstantiatipcaredpordd toi n t he
dependent nethod cl ai ns appended herei nbel ow. For exanple, the light source
and t he novthadndsexof pefragiiorbef the atripdf material. pFrediscisiom foettisds Sasetten faeom each
other so that the transparent liquid is retained . in the vicinity of the
| i ght beam igwedadeg that dog Hiffindties amopadeint couplog dnbihestast diget duensi on of
the transparent liquid alone. This distance between the |ight source and
t he strip ngdintioReprditenest inagulastiesuandatriueded sidanddgab caparsovesttie, as
rollers or slid nmenbers. To performthe second enbodi nent of the nethod
-the |ight Wisira bquidjs aanged eppesh adlight swutdesdraiptbd strip, cdichtongletalyng t he
edge side of the noving strip through which the Iight beamis coupled into
t he novi ng fils thepspase bebwea-thh dightcsoums atel thasuhregs steip tserichirte tyftrcahhe t op
and bottom sides of the noving strip so that

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.




the transparent liquid is retained between the U shaped gui de and the
moving strip by surface tension of the transparent |iquid alemes2008 6 June
2006 Alternatively a sealing device nmay be used to assist in retaining the
transparent |iquid. However portions of the transparent liquid carried away
by the noving strip may be replenished froma reservoir in both
enbodi nrents of the nethod. In both enbodi nents of the nethod the
nonochromatic |ight beam preferably has a wavel ength in a range from 400
to 1000 nm The wavelength is selected within this range so that a m ni num
anount of rmnochrlﬂ{’rati_c light is absorbed in the transparent material of,
the moving stri p. MANGREl g Seale daycateay beheseto to absistniat fetaihing the beam i s
a weakly convergent |aser |ight beamw th a convergence angle such that a
focal point @PS%HS“H liquid). Homger prstionsi of thentramspaverdiliguiti carrieft away @gaRe of t he
nmoving strip o\%gggsi.te anot her edge into which the I'ight beamis coupled
and/ or | i ght™ PHPiMAY Redepleaished fameaseserpat in bstnembatimests ohagser di ng t o
anot her aspec% of the present invention, there is provided an apparatus
for. detecti ects in a continuously noving strip of transparent
material, especially a thin glass strip, conprises neans for continuously
conveyi ng ‘the sttl F’J)%HT abadipenteral thet meliwid e anommhioaatidi iggetiean; a | i ght
source for ener tihn a nonochromatic |ight beam

y ha$ a wavelength in a range from 400 to 1000 nm. The wavelength is

selected within this range so that a minimum amount of monochromatic light is
absorbed in the transparent material of the moving strip. It is advantageous when
the monochromatic light beam is a weakly convergent laser light beam with a
convergence angle such that a focal point of the laser light beam is in the vicinity
of an edge of the moving strip opposite another edge info which the light beam is
coupled and/or light absorption along a measurement path is minimized.
According to another aspect of the present invention, there is provided an

apparatus for detecting defects in a continuously moving strip of transparent

material, especially a thin glass strip, comprises

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

a light source for generating a monochromatic light beam;

a light guide system for guiding the light beam by which the light beam is
guided to an edge region of the moving strip;

a transparent liquid arranged between thé light source generating the

monochromatic light beam and the moving strip so that the light beam is coupled

into the moving strip;




a light guide systemfor guiding the |ight beam by which the light beamis
guided to an edge region of the noving strip; a tran;pargnt6 hingi0€6 ar r anged
between the Iight source generating the nonochromatic |ight beam and the
noving strip so that the light beamis coupled into the noving strip; 6 6
June 2006 a light receiving device for light scattered fromthe Iight beam
by defects in the noving strip, the light receiving device extendi ng over
an entire width of the nmoving strip in a direction transverse to the
notion direction of the noving strip; and means for electronically
anal yzing the light scattered fromthe Iight beam according to size and
position of the defects and nmeans for processing the light scattered from
the light beam talightaeeaiving deniceolor Egigsabtteréd fromethiiiglg bebm tsledefedts in on the
noving strip and for controlling devices with which the noving strip is
formatted abednaimystrip, thedigitfeseiving deer eitargiingover pnedrire aditiembad ment  of
the apparatus according to the invention the transparent liquid is
arranged benwdag sltip isdydirestide transvease toothetrhationndineictigh it th maviely stript at i onary
end part of the light guide system which extends parallel to surfaces of
the moving &tdip. In this enbodinent the transparent Iiquid has an index
of refraction greater than that of an atnpsphere surrounding the noving
strip. It also imeadnsies eecponisatyearchiyizing the dightiosuativited| frammitisk light deamnged

according to size and position of the defects and means for processing the fight

scattered from the light bearh to produce control signals for marking the defects

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 quuid 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 ftransparent 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 ecjual 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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between the prismand the edge side surface of the noving strip. A second
preferred enbodi nent of the apparatus according to the invEd#Ro#H%ncl udes
a U shaped gui de enbracing the edge region of the noving strip, and the
‘transparent liquid is arranged between the noving strip and the U shaped
gui de, whose | egs enbrace an end part of the |light guide system In this
enbodi nent the transparent liquid has an index of refraction about equal to
that of the transparent material of the noving strip. The |light beamis
coupled into the noving strip through an edge surface of the noving strip.
7 6 June 2006 BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The

obj-ects, featur t invention will now be illustrated
in more detail %W@%@@%ELF Ny VIS QHTHE DRAWING preferred
enbodi ments, with referenc 0 the acconpanying figures in which: Figures
la and I b are di EB? a?%c‘t??'ci%gh‘@?ﬁ Y| agyarirgesi pi ke rinsentien twill now i beci pl e f or
coupling |iﬁ1h§t i.nto a stri%l of transparent material according to a first
enbodi ment  SFoHATRT [MDETR Feial With dif aidzofjtee following\gapcrntioni afitae prafevedbf t he
coupled-in regian cor di to, fjgure 1 showi ng features of the apparatus
accordi ng t%'%?%“ﬁmﬁﬁ@ewﬁ‘ @E&ea%tolihgai:%or@wma figetes imwhichcr oss- sect i onal

- view of the coup'l_..ed-i n,regi,on for coupling light into the side edges of a

‘strip of transpar@HESni allt £EoHagrRgVeRiicasedisrdndewnbiusimating 8t t he

met hod accoyr di n 0 the invention. .
pnnc:pge For cou&mgqlgﬁp into a strip of transparent material according to a first

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 acco'rding 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-axisr extends

transversely ta the maotion direction in the direction of the strip width, while the




DETAI LED DESCRI PTION OF THE INVENTION In figure la and | b the edge region
of a glass strip 1 to be tested is shown, which noves conté hneéD§

per pendi cular 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
nmotion direction in the direction of the strip width, while the 8 Z-axis
ext ends perpendicular to the upper surface of the strip. Accordingly the
defect or fault positions to be detected are | ocated according to the
coordinate systemshown in Fig. la and are processed for production of
control signals. A transparent liquid 2 is arranged between the end of an

i nconpletely shown |ight guide system (Figs. 2, 3) and the upper surface
of the noviAgxglextands parpgndiculathiostbe i upgex safaceedfriaetsttm Accoidinglyr et er t han
the index of refraction a3 of the surrounding atnosphere 3, which is

usual |y ai rdefatterfauibpbsitiorst focbd idgtertedesa lddated notording as ¢hie ddbrdinateoupl ed
into the glass strip 1 with an index of refraction a2 through the liquid
2. The | i ghsystesashoh in§igldiaract ard ptavessad fohgropestipand conttaksighals. t he gl ass
surface and reflected at the | ower boundary surface between glass and air,
as shown in Fi g.A Imnsferentpliquid &f ist dreariged Hetdossanthblend whianhinteemsdtely t he
upper boundary surface (glass/air) beyond the part contacted by the

| i qui d, doeshonotlightguideeysdemp&iss. aus) afd thbappbaswfaskrdfghd mobing gisssagai n
reflected and subsequently is guided further in the X-direction to the
opposi t e edgdp bfwiidse irgleass reftactipn &, BygredtenBah 8@ in@dl &TGbiradldn o Bithet he gl ass
strip 1 acts as a light guide, in which the |ight beam 11 remains captured

on account gkroundieg BiadospRédeeS; iwihdh iBLslANg alHPPIRY mBRSCHrOWESic 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 surfacé 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




boundary surface between glass and air. In this way the test |ight can be
coupled into the glass strip at the lateral edge regions f8fuget®et or
fault detection or nmeasurenent, w thout further processing of the

producti on-dependent irregular edge surfaces. If light is coupled into the
gl ass strip 1 through a nmedium (air), which is also |ocated under the
glass strip, the light beam 11 coupled into the strip is not 9 reflected at
the | ower boundary surface, but conpletely passes out of the strip, as
shown in Fig. 1b. It is apparent fromthe cutaway viewin Fig. 2 that the
glass strip or sheet 1 is conveyed or supported on rolls 6 or the |ike.
The fight gui.de system5 includes a prism4 with a surface parallel to the
upper sur f aEeéle‘étPataﬁh"egl%@E Q%‘fr}dlﬂﬁ’ surfage, hut sereplatebnpasses gitiofhe strigr asanged

bet ween the _prism4 a1nd the glass strip | according to the invention,

whi ch has aS’gor"\ng'é:ﬂg'i Pdex of refraction than the surrounding (air)

at nosphere 3. Thﬁ.l i%d 5 has a. certain surface tension, by means of
which it is hel d"5eIRBERNTIOE e Shfauiay MewdniRign24halihe gless giripss sbeetith 1

movi ng perpendicul gr to the plane of the drawing. In so far as it is
required al @&Ong%fgai%jun%%{m Rl FhS\l'F%ié"d‘ed'lgﬁbELﬂ‘ée gistera Btinalegles t he
glass strip..The ec{ es of, the glass strip are cut away and thrown out
during shap?H§ oWMtHag Ldree cfﬁéag'e’ Ealfseyresr sfasegel thedoless sipt he Agl ass
strip are uni ort?r}t., In the alternative enmbodi mnent shown in Fig. 3 the
monochr omat TESPRGRE AWidas, i8 1arrangRd citweens die pashs4 casdplhed gless slithd gl ass

strip | paralle] t?its_uppe_r .
| 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 fransverse to its
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surface through the unworked edge surface. Also a U-shaped guide 8 is
provided, in which the end portion of a |light guide systen¢ Jine 2006s case a
lens 7 is nmounted. The guide 8 enbraces the edge region of the glass strip
1 with legs L and encloses a liquid 2, which has about the sanme index of
refraction as the glass of the glass strip. Because of that no |ight
refraction occurs at the irregularly formed |iquid/glass boundary surface
so that the test light can be coupled practically loss- free into the gl ass
stripin a direction transverse to its 10 6 June 2006 notion direction.
"Also the glass strip acts as a light guide here. No light can escape from
it into the surroundi ng atnosphere (air). The liquid 2 is again kept in the
stati onary 'galiefe dgegiopadlse be dass sicie ademsiatightUpdde dewenditblightatesio seal s
can be provided in addition. OQher features of the apparatus of the

i nvention #%28¢ §emdhiptethe surpynding atmosphesa{ailecei vi ng devi ce 17 detects
light scattered fromthe [ight beam 11 by defects D in the glass strinp.
The 1ight - recei vItRyligiadi2cle agpipkeriiio dbe stasionanyrguide Bgreshgse obaurfdasi ng
information regarding size and position of the defects, which are input
into an el depsiomiUndgriandably alen/sends can eoprplided ini additencont rol  devi ce 22. The
anal ysi s device 21 processes the electronic signals fromthe

| i ght - r ecei vi ng @&er Eaturasyoidhelappasaies of thelinvemior erepdispshasunda §igisgAal s f or
mar ki ng the defects and or controlling formatting of the continuously

novi ng st r iighk@cENiosiaise di«deteaipligit sgattased frami the ght beam 11 by defects

D in the glass strip. The [ight-receiving device 17 produces electronic signals
containing informatioh 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 fhe electronic signals from the light-receiving device
17 and the control device 22 produces signals for marking the defects and or
cpntroiling 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 reservaoir.

The disclosure in Gemman 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.5.C. 119.
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Finally in both enbodinents it can be provided that anpunts of the
transparent liquid 2 conducted away fromthe apparatus by thdumndfidhg gl ass
strip 'can be replaced by liquid froma reservoir. The disclosure in German
Pat ent Application 102 21 945.1 of May 13, 2002 is incorporated here by
reference. This German Patent Application describes the invention

descri bed herei nabove and clained in the clainms appended herei nbel ow and
provi des the basis for a claimof priority for the instant invention under
35 US.C 119. I | 6 June 2006 While 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 naterial,
especi al | y gl assWhilg the inveglion hascbermdillugirated and desaided @stdwbatiddinl s shown,
since various nodifications and changes may be nade w thout departing in
any way froffethas ansianperads fondetgetingem defeniamieiasts in\W ¢dntiotousty travefinganal ysi s,
the foregoing will so fully reveal the gist of the present invention that
ot hers can, SH) dppangi efgtranspawnt matenidl celspeciatly gttishyy it aglsipt iriténdetioto bear i ous
applications without omtting features that, fromthe standpoint of prior
art, fairl yliniaekiq the details shawnl sindsavatiovermedificadiond antiehgages mydse speci fi ¢
aspects of this invention. Wat is clained is new and is set forth in the
fol | owi ng afpeauébow|depating irpany way from the spirit of the present invention.

Without further analysis, the foregoing will so fully reveal the gist of the
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 o-r specific aspects of

this invention.

What is claimed is new and is set forth in the following appended claims.
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6 June 2006 CLAIM5 1. A nethod of detecting defects in a continuously
noving strip of transparent material, said nethod conprisifdudel?008t eps of :
a) conducting a nonochromatic |ight beamthrough said continuously noving
strip transverse to a notion direction of the noving strip; b) coupling the
nmonochromatic |ight beaminto the continuously nmoving 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 fromthe nonochromatic
| i ght beam by defects present in the noving strip; and d) eval uating said
i ght scattered fromthe nmonochr omat@lcAIM§ht beamin step c¢) and
processing said |ight scattered fromthe nonochromatic |ight beamto
produce a cbnfirrogthed ghaktecting Thfecisein o dortgudasly meavingn sicip aif irabspaveetr ei n sai d
nmonochromatic light beamis coupled into said continuously noving strip of
sai d transpastenal, paid erdthdd cdmpisgiy thastepdgé regi on of said continuously
nmoving strip. 13 3. The nmethod as defined in claim2, wherein said |ight
‘beam pr opagat es @&ncendudiingeat mnemogaombtiellighio baanuﬂmmghsaalﬂ amatiodousli d
continuously noving strip and

moving strip transverse to a motion direction of the moving strip;
| b) coupling the monochromatic light beam into the continuously moving

strip by a transparent liquid, said transparent liquid being arranged between a
light source generating said monochromatic light beam and said continuously
moving strip so that the Iigh;[ beam passes through the transparent liquid into the
moving strip;

c) detecting light scattered from the monochromatic light beam by defects
present in the moving strip; and

d} evaluating said light scattered from the monochromatic light beam in
step c) and processing said light scéttered 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.
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passes through an edge surface of said continuously noving strip in said
edge region. 4. The nethod as defined in claim2 or 3, wheb&me208bd |ight
source is equipped wth a U shaped guide enbracing said edge region of the
continuously noving strip, said U shaped guide has |legs and said |l egs are
spaced froma top side and bottom side of said continuously noving strip
so that said transparent liquid is retained between said U shaped gui de
and said continuously noving strip by surface tension of said transparent
liquid alone. 5. The nmethod as defined in claim4, further conprising
mechani cal ly positioning said noving strip between the |legs of the
U-shaped guide by a nechanical device. 6. The nmethod as defined in claim
5, wherein Saihe methiedms defingdvip caimodprherein said lightdreas! pebpapatberima 7. The
met hod as defined in any one of clainms 4 to 6, further conprising providing
a seal i ng difgctien prralléhar uprersugaemeitailcardneeuslysnodng stipiendous| y nmovi ng
strip for additional sealing of said transparent |iquid between said

U- shaped gutageesoudinpi) cdas surieesuel saidneentingously inmovingdstdp imiseidnaxigeod as
defined in any one of clainms 1 to 7, further conprising providing a

seal i ng -devFP@ienbet ween said noving strip and said |light source for further
sealing to additionally help retain said transparent |iquid between said

| ight source and said noving strip.

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.
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9. The nethod as defined in any one of the preceding clains, wherein said
monochromatic |ight beamis inclined to an upper surface of 6Jaia006
continuously noving strip through which said nonochromatic |ight beam
passes. 10. The nethod as defined in any one of the preceding clains,
wherein said transparent |iquid has an index of refraction that is greater
than that of an atnosphere surrounding said continuously noving strip. 11.
The nethod as defined in any one of the preceding clains, wherein said

| ight source and said continuously noving strip are spaced a distance from
each other - such that the transparent liquid is retained in the vicinity of
the Iight beam passing through the transparent liquid by surface tension
of said trafBsps @gtholljaggetined ibrany ohg.of Thimsrktchd durdiser defriprisidg iprovidirgy m 11,
wherein said di stance between said |ight source and said continuously

nmovi ng strip $eslike sevie hetwean bgidsooviab| strip mod reaid Gght smaos forlfurth&: The

nmet hod as defined in any one of the preceding clains, wherein said |ight
source is s&galiogieaddifonaty help setain sid tlanspaentiquithbsaviedn waidilight sturéep and
said nmoving strip rests on rolls. 14. The nethod as defined in any one of
t he precedi agd sdidmesingwhix ei n said transparent liquid has an index of
refraction that is about equal to that of the transparent material of said
continuously noving strip. 15. The nmethod as defined in any one of the
preceding clains, further conprising replacing portions of said

t r anspar ent 91 Thaineetoed e atbfioéd ibyanyotnowf die preeeding 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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continuously noving strip relative to the Iight source by other portions of
said transparent liquid froma reservoir. 16. The nethod a&Jeefa08éd i n any
one of the preceding clains, wherein said nonochromatic |ight beam

consi sts of nonochromatic |ight -having a wavelength in a range from400 to
1000 nm 17. The method as defined in claim 16, wherein said wavelength is
selected so that a m ninmum anount of said nonochromatic light is absorbed
in said - transparent material of said noving strip. 18. The nethod as
defined in any one of the preceding clainms, wherein said nonochronatic

i ght beamis a weakly convergent |aser |ight beam 16 6 June 2006 19. The
met hod as defined in claim18, further conprising selecting a convergence
of said weakiyIhednetbpgendefinadin anygne ddbmpreseding glaing, gviereibsaiddighion  al ong
a measurenent path is conpensated and/or a focal point of said |aser |ight
beam i s in $ECE, i PrpRAFtedf by olissy or ¢ilide dietesn agid smevipg ajend sadnot her
edge into which said |ight beamis coupled. 20. The nethod as defined in
any one of MAYNGFERLBFAGNEPES ms, wherein said |ight beamhas a width of
fromO0.5 to 3 mmat a point where said |ight beamis coupled into
said-noving strip, as nmeasured in said notion direction of said noving
strip. 21. The nethod as defined in any one of the preceding clains,

furt her confftidengethodods defigechinnkag one fobrthe precedingdcltimgh whetme saigt | on

having a wdth in a range of 10
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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m as neasured in said notion direction of said noving strip. 22. The

met hod as defined in any one of the preceding claims, wherefpursadd96

eval uating conprises electronically analyzing said |ight scattered fromthe
light beamin regard to intensity and defect |ocation and said processing
. said light scattered fromthe |ight beam conprises producing at |east one
of a marking signal for defect marking and a cutting signal for control of
a cutting device. 17 23. The nethod as defined in any one of the preceding
clainms, further conprising conpensating |ight absorption occurring across
an entire wdth of said continuously noving strip during processing of
said |ight iﬁa%ered fromthe |light beam as needed. 24. The nethod as
defined in Ay 18Re M5thqd sy defigedl ey elpim niS, fustberi eonapiising selettinuausl y
moving strip of transparent nmaterial is a thin glass strip. 25. An

appar at us fgﬁ‘m’ﬁﬁe@b}? ioh §3ifl drsktysconkergertdasar digbliesam.asvthatlight ebsorpfion
‘transparent material, especially a thin glass strip, said apparatus

conpri si ng HE3HE MeRsuEIRRNtgbLISicoMpe ﬁ@ﬂf@m@fcmaqujnt(ﬁf seiddasardigbbar ent
material in a notion direction; a |ight source for generating a

monochr onat P€2M iSghtthe Mgty 8f pp grge glsaik moyisgetil eppagiie anefher édge into
nonochromati c | ight beamto an edge region of the continuously noving
strip; a tr4heharidightbeam i§ corplafged bet ween said |ight source generating
said nonochromatic |ight beam and said noving strip so that the ‘
nmonochromatic |ight

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

um, 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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beamis coupled into the continuously noving strip; a |light receiving
device for light scattered fromthe nonochromatic |ight befdm20€fects in
the continuously noving strip, said light receiving device 18 6 June 2006
extendi ng over an entire width of the continuously noving strip in a
direction transverse to the notion direction of the continuously noving
strip; and nmeans for electronically analyzing said |light scattered fromthe
| i ght beam according to size and position of said defects and nmeans for
processing said light scattered fromthe |ight beamto produce control
signals for marking said defects on said continuously noving strip and for
controlling_devices with which the continuously noving strip is formatted
accor di ng t&-Jdaednetbedas defineg in Fry opp phihe recetingiddimsetirthar cdrapnisindp,
wherein said transparent liquid is arranged between an edge side of an
upper surf aEREMNSalNG Jight i FhseRiPy pesuMRg 8erpsH amdendirest widttonefr ysaehd part
of the light quide system said stationary end part extending parallel to
sai d upper @ftpyuslyomoying skipriuring dietepsing\af rsgidslight poattenetl fromeheilight he
‘transparent liquid has an index of refraction greater than that of an

at nospher e k@ dgmgeded-t he noving strip. 27. The apparatus as defined in
claim 26, further conprising a prismand wherein said transparent |iquid
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, further2dedigringiheg aredefinetlgn 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 fight 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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mai ntai ning said stationary end part at a predetermned di stance from said
continuously noving strip, said means for maintaining conpr®dinegd0sl | ers or
slid nmenbers. 19 6 June 2006 29. The apparatus as defined in any one of
claims 25 to 28, further conprising a U shaped guide enbracing said edge
region of said continuously noving strip, and wherein the transparent
liquid is arranged between the continuously noving strip and the U shaped
gui de, the end part of the light guide systemis positioned in the

U shaped gui de, the transparent liquid has an index of refraction that is
about equal to that of the transparent material of the continuously noving
strip  and the |ight beamis coupled into said edge region of the

cont i nuousl 9Xtﬁ6¢i‘%§’versﬁ?i%'t'fﬁaw&1tﬁ?&f the .coptinuppplgrmeving sbip i5r atdiesction
continuously noving strip. 30. The apparatus as defined in claim?29,

wher ei n sai éarﬁﬂi"ﬂ?& @ thegnotipn diepstien pllpe centtneindsin grosivgwstrips Bed novi ng strip and
anot her | eg extending below the noving strip and is kept at a

predet er ni ned di ¥eanclr elestpraigalty ansbizing said ight Beatiesechsomfthe light| twam or sl i d
menbers. 31. The apparatus as defined in any one of clainms 25 to 30,
further conPfGoEdingtossize anglipepitioasd saisi defécis andpiesns fonipresessing saiddigbpar ent
liquid, as required. 20 ABSTRACT METHOD AND APPARATUS FCOR DETECTI NG DEFECTS
IN A : scaftered 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 fransparent 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 fransparent 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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CONTI NUOUSLY MOVI NG STRI P OF TRANSPARENT MATERI AL To detect defects in a
continuously nmoving strip of transparent material, especiaffyne220@bde thin
gl ass strip, a narrow nonochromatic |ight beamis guided transverse to the
notion direction of the noving strip and is coupled into the noving strip,
preferably through an edge region of the noving strip, by a transparent
| i quid arranged between the noving strip and the |ight source producing
t he nonochromatic |light beam In a first enbodi nent the nonochronmatic
light beamis inclined to an upper surface of the nmoving strip through
which it passes and is coupled into the noving strip by a transparent
liquid whose index of refraction is greater than that of the atnobsphere
sur r oundi ng29-tThe appeialss a3 defined|in any sae ohdaismb 2T to@dt futther cvopdsihg anat i ¢
|ight beamis parallel to the upper surface of the strip and is coupled
into an eddésbapgdageidefembnacing saidi edgsursgipnnafvsaidy centiriupudly neovingastspar ent
| iquid whose index of refraction is about equal to that of the noving
mat eri al . |andtwhrereinrtbe tianserreninuid seananged bgiwede ths gebtemmwbigly ntdvimgl i ght
beam includes a prism whose light outlet surface is parallel to the upper
surface of .Qtﬂiféa@f{)ﬁ@sU§haﬁ>€fﬂ gdike the end part ehthel lightigdide systemas gesitidnetinveen  t he
prismand the glass strip, which is supported on rolls. (Figure la) 21

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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