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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 nf ﬁ%“‘#&ﬁaﬁﬂ " oducti on plants, in which

‘the exposure timgnd QredoRE iBASIH RIREL 6% h2td and apparatus for detecting
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




range of 150 microseconds. Also limts are placed on the on-1|ine-defect
testing by the useable light intensities. Also it is oftentdwerli®oéked 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 1 the boundary
surfaces of the strip with the surroundi ng 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 mMmn are neasured. Light is coupled into both

| ongi tudi nal edges of the panel and the resulting scattered |ight

ori gi nat i ngiferkanndary syefaeas ofdhe Stipl with teaaqainding amasaperer aslin dylaseans of
vertical linear sensors arranged above and below the glass. Signals from
the linear Heardised agpdight@mddssed in an el ectronic analysis device. In order
to exclude uninteresting particles adhering to the surfaces fromthe

def ect detecti onA methed| ¢fgihis &psulfdr lssaipler ¢ diseldsedidh i Japdnése Phensi de
edges and conducted further fromthe outside to the inside by internal
reflection Bublicaiorhdutiddi9708 of Resemblee 2Ret998t Recatiagdo and réfeenssitieoundi ng
at nosphere. Wen using hal ogen |anps as the light source, that the

i ntensity ofefeels to hp detecledtin higias paneboyitinuclstr mages at abket #usenivtre
absorption at the center of the strip for exanple with a 1.2 mwidth strip
to 5 % of tMeasuedelight isheouplgeintonbsth legibwtirsl delges obrthd Psasl amt heaccount .

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.




Thus during anal ysis an expensive conputational conpensation is required in
order to correctly judge the size of the defects over the edffune2086dt h of
the edge fromthe acquired scattered light. The known nmethod is limted to
certain strip wdths and strip speeds, because the required initial
intensity 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
uncontrol | ed pro?ucti_on conditions. Because the glass fractures or splits
uncontrollably s %F‘W'W thedsronRregess possiuppesssitimaedisidecddges, mqpposd te from
the continuoys notion direction and thus produces waste, the trinm ng of
the long e8gednde ippd oft theptest lighit is paa spdsiible Wihiudhe mbundedgedymsnaid be used
inonline testin of a continuously noving strip. Besides the known nethod
al so was noP"%WgE‘?C{/e‘HO@‘&t'OBeF@@QIUQf@stEGH:@UB@ the glassi fractueky onostilieg stri p,
but for glass panels with trimed | ong edges and a starting edge and an
end edge, wHCAtrgliably stasting drogu then guf pesitiord inmat dicactiby oppbsiteorehd theand whi ch
are used to produce control signals for starting and stopping the testing
process. SLﬂEﬂQRV"‘G:mPPE‘ NSO a4 thwe preliucgs masten taes risarhingfof tthe Igiges ent
invention, there is provided a

edges of the strip is not possible. Thus trimming cannot be used in online festing

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;




met hod of detecting defects in a continuously noving strip of transparent
material, said nethod conprising the steps of: a) conducti nglame 2006
nonochromatic |ight beam through said continuously noving strip transverse
to a notion direction of the noving strip; b) coupling the nonochromatic

| ight beaminto the continuously noving strip by a transparent |iquid,
said transparent |iquid being arranged between a |ight source generating
sai d nonochromatic |ight beam and said continuously noving strip so that
the |light beam passes through the transparent liquid into the noving
strip; 3 6 Junec)2fditing ligetRakénrd flohbite MéRichRintdicligRMBddiepyaeReRr onati ¢
I'i ght beam by defects present in the noving strip; "and d) eval uating said
| i ght scatpresad if thermdvivgg stapmiar omatic |ight beamin step ¢) and
processing said |ight scattered fromthe nonochromatic |ight beamto
produce a cont rdjl ewsilupting .saithight scatterbe fpmothedadnechi@hatindlight beampiar at us of
t he above-described kind, in which the test light can be input to the
cont i nuousHEp abancherosessing esfid light snattered fromrtae endnathromiatit bght beaoputor i ng t he
prior cutting off or trimmng of its production-dependent uncontrolled

| ateral edﬁ'@gqc%??ﬂﬁ@l‘ﬁ'ﬁﬁﬂ-there can be provided an apparatus and net hod

For 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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detecting material defects > 50 pmin size in a thin glass strip and a
thickness in a range of 0.3 to 2 mmand a strip width of aéJuea2i062 mat a
production speed up to 10 nisec. 6 June 2006 A nmonochromatic |ight beam
can be used and is coupled into the strip by nmeans of a transparent |iquid
arranged between the |light source and the strip. According to a first
enbodi nent of the invention the light 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 |ight beam can

be sel ected so thamoroBBromiddibllighb&RH RaE b i ' fstd e strip
by neans of a liquid region bgrderi ng tﬂjg umegid%@}e'(‘;’;&tgﬁ{gdzﬁaﬁggﬁﬁg | i ght

reflected frymmehes lobeeirarspdeneiiqlib rfingen t§ét\hb¥f?$héf ﬁ@ﬁ%ﬂﬁ{e Shdenepf the
e

strip or sheet, but on a region, which i's outside o I qui d region.
Thus this lisilin. is reflected back and not coupled out of the strip. In
other words, when the |ight beamis coupled into the transparent nateri al
under a suffici éwepylingogefiratraghteodonerd df Ite Nesritdh the g Bearlit Bogiied ace
across a liquid with a larger index of refraction than that of the
sur roundi ng i@ st inglingd to s swtrssiditie 4tdp andleiqulteis Webd aRbidMdaRgl e in the
strip of-material so large that the light reflected at the underside of
the strip i fRjfasties ivlargerrthredhabrof dhe atimesphefe bieouHING thei sk, Abnitie  Strip
outside of the liquid boundary. The light thus is "held captured” in the
strip normally air. Thus the angle of incidence of the light beam can be selected so that
the fight is coupled info the upper side of the strip by means 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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anal ogous to the total reflection occurring in a light guide. Thus it is
gui ded further transversely. to the continuous notion direghire2006 the

"~ strip. Tests have shown that the |ight power that is required for defect

detection can be coupled into the strip in this way with the
above-descri bed boundary conditions. According to a second enbodi nent of
t he i nventive concept the light beam is coupled into the strip parallel to
the surface of the strip across its side 4 edges and a liquid is used whose
i ndex 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 light due to
pr oduct i on-edsediandenkaid isrusgd vdnose iinstexanf defrastionl edbstardieliye dyespords the
overcone, when a Ii?ui d is arranged between a |ight source and the strip,
whi ch conpl e édex of reftastiermef thp attip df materéah THecddcisigintforsibisris asettort the 1 unni ng
strip so that the light can be continuously coupled into the side edges of
the strip vknomtadger tat dbe i difficulties firvolMeduindeoyplisgrrinathe test wekin dudeol i qui d
and the strip. Further details of the preferred enbodi nents of the nethod
ar e ‘descr i byadudtinngonditienedairegilaritigseartbpandech sidesddyes cah aiensveagpesded
her ei nbel ow. For exanple, the |ight source and the noving strip may be
spaced at awhgsrzleuidindmygedibstwerrea fightraosaeharat the rstripp wihivht compdettlyanspar ent
liquid is retained . in the vicinity of the |light beam passing through the
t r anspar entfillb ithpuspacepetvgendbe lightesmsiraenaraf the renringastsip aodindt the dghtdaal one.
Thi s di stance between the |ight source and

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 strip may be kept constant by suitable nechanical neans, such as
rollers or slid nenmbers. To performthe second enbodi nent 6funeiddOfet hod
-the light source may be equipped with a U shaped gui de surrounding the
edge side of the noving strip through which the Iight beamis coupled into
the noving strip and the U shaped guide has | egs extending over the top
and bottom sides of the noving strip so that the transparent liquid is
ret ai ned between the U shaped guide and the noving strip by surface
tension of the transparent liquid alone. 5 6 June 2006 Alternatively a
seal i ng devi ce be used to assist in retaining the transparent |iquid.
However portions ‘JEmatiely, a resling: device auayd beausddeth assist Iy ratdifing Ry Ng
strip may be replenished froma reservoir in both enbodiments of the
method. In §@Pﬁ AR floweyer @%omfrﬂmﬁram@ammqmu@mteucawakgiytth@eam
preferably has.a V\ﬁvel en%th in arange from400 to 1000 nm The wavel ength
is sel ect ed™WMIhPHPAFY Pedgglenished fram a resanvoiuin bobuarhbafimemsaghremat i ¢
light is absorbed in the transparent material of, the noving strip. It is
advant ageouén%%ﬁ t he monochromatic |ight beamis a weakly convergent

| aser |ight beamwitt]ha convergence angle such that a focal point of the
| aser |ight beam!l PO arhodimentsi afytheofethmde trage nodndch@naiy | Ijft BeahP

opposi te angt ?er e?lge into which the |light beamis
preferably has 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;




coupled and/or |ight absorption along a rrea'surerre_nt path is mnim zed.
According to another aspect of the present invention, t hereﬁbmeaﬂﬁ@l ded an
apparatus for detecting defects in a continuously noving strip of
transparent material, especially a thin glass strip, conprises means for
continuously conveying the strip of transparent material in a notion
direction; a light source for generating a monochromatic |ight beam a
l'i ght guide systemfor guiding the |ight beam by which the light beamis
gui ded to an edge region of the noving strip; a transparent |iquid arranged
between the Iight source generating the nonochromatic Iight beam and the
nmoving strip so that the light beamis coupled into the noving strip; 6 6
June 2006 a | i gha lighdcedeivingdelses foelighirschttarbd fromethe dgtedebimosy ddiects irght  beam
by defects in the nmoving strip, the |ight receiving device extending over
an entire wihdtrhovifg stig, thedighhgecsivinigndévicesesdéndiref bt dnr @misey @idtle of ehd he
notion direction of the noving strip; and means for electronically
anal yzi ng tmevihg ghip iscaditestied trensversend thisghétiobedirectiac oiothdimgringPsteipze and
position of the defects and nmeans for processing the light scattered from
the light bswmto produce control signals for marking the defects
means for electronically analyzing the light scattered from the light beam
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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on the nmoving strip and for controlling devices with which the noving strip
is formatted according to the defects. According to a pref 8/H&2®8bodi ment
of the apparatus according to the invention the transparent liquid is
‘arranged between an edge side surface of the noving strip and a stationary
end part of the light guide system which extends parallel to surfaces of
the noving strip. In this enbodinent the transparent |iquid has an index
of refraction greater than that of an atnosphere surrounding the noving
strip. It also includes a prismand the transparent liquid is arranged

bet ween the prismand the edge side surface of the noving strip. A second

preferred enbodi S ording to the invention includes
a U shaped gui g%%‘?%%?%@%ﬁ@%gbgr%%?%?ﬁbylgﬂﬁ QR THRPRAMING  and t he
transparent liquid ig.arrapged between the noving strip and the U- shaped
gui de, whose IegZH%noz%’%Fése Q?%FLE% aﬁ‘gre?g@”t@% pi i "@(Wg@ swillt 8w hen this
enbodi nent ﬁhr} arent . uid has an index of refraction about equal to

that of the ?e‘Féé‘% %318'{% d%‘[ \Ié{&'i’ ite g qfiibe flloving deseiigfionafdhe prgferrdsbam i s

coupl ed int h Vi trip through an edge surface of the noving strip.
7 6 June 20%‘#’%?9?“@&@0%@%%?%‘?1‘%\?0 ?g@f@@mmﬂigweamwmphTHE DRAW NG The

- obj ect s, featur\t/a\f. and gdv%gt es of the invention will now be illustrated
in nore detail wPHhE & FRedipglamyiaticy serdionali yewan illgstrating pheef er r ed

principle for coupling light 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




enbodi mrents, with reference to the acconpanying figures in which: Figures
la and I b are diagrammatic sectional views, illustrating th&eJuner206&i ple 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 showi ng 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 enbodi nent of the

met hod according to the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON In
figure la and | b the edge region of a glass strip 1 to be tested is shown,
whi ch novesZ-egntaxtands Heypgraiiqueardioctbe appensafepifahe stip. tAveodirami the, 1. e.

in the direction of the Y-axis with the production speed. The X-axis
ext ends t rdaiestar Jally postiarisetonine idetectiidraetldaated acddadinglits ¢ied cemdinftet he strip
width, while the 8 Z-axis extends perpendicular to the upper surface of the
strip. Accosysdtenysiowrhs Figidhentd ave pfaebieddosprodoniontod cheralieigeaised are
| ocat ed according to the coordinate systemshown in Fig. la and are
processed for prAduaospaventoliquidt ischrraiggd dletweeh theamspaf @antintdneplétdly2 i s
arranged between the end of an inconpletely shown |ight guide system
(Figs. 2, 33howndighhguidppwtemuFigace, 8 andheruppenguriicass the triovipg flasshose
index of refraction a, is greater than the index of refraction a3 of the

strip 1, whose index of refraction «, is greater than the index of refraction o3 of the

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




surroundi ng atnosphere 3, which is usually air. The nonochromatic |ight
beam 11 froma laser 14 is coupled into the glass strip 1 @ilupe 26 ndex of
refraction a2 through the liquid 2. The Iight beam 11 is detracted toward
t he perpendicular to the glass surface and reflected at the | ower boundary
surface between glass and air, as shown in Fig. la. The part of the |ight
beam 11', which reaches the upper boundary surface (glass/air) beyond the
part contacted by the liquid, does not energe 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
1l acts as a lig gui de, in which the

refl ections Ias str
i ght bean{e{'fhﬁear‘?&ﬂt?s'gt@'ﬁb QRSB TRER St CoBPIofalt @ﬁtsﬁats opbgfitee siriprasat t he

upper and Io! ti:oun ary surface between glass and air. In this way the
test |ight e g into the glass strip at the |ateral edge regions

for defect or fa Lt detectlon or nmeasurenent, w thout further processing
of the productio So%ﬁ%rﬁrto"] thecytanay V'e@ﬂgé:'%@rtf‘é@ég glass stripgiisheet tcoupl ed
into the glass strip 1 through a nedi umé% which is also | ocated under
the gl ass strPBYeYeH@r sHpparted s ols 6 enhigilike Titetlight sidde system Fdnakestesa

refl ected at the onlve boundary surface, but conpletely passes out of the
strip, as W F"i'gs'*’rf%e pefalles t%H}?aPEPﬁ" syrtaeet ofetheuglaomptipi 4wAn Fig. 2

t hat the gl ass strl eet 1 is conveyed or supported on rolls 6 or the
like. The ff 3'8 'ngt'énﬁ“?‘tgﬁélttﬂﬂ‘@%erhthe prism 4 and the glass strip 1

accord:ng to the invention, which has a greater index of refraction than the
surrounding (air) atmosphere 3. The liquid 2 has a certainA 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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prism4 wth a surface parallel to the upper surface of the glass strip 1.
A transparent liquid 2 is arranged between the prism 4 and6fiime 2§04ss strip
| ~according to the invention, which has a greater index of refraction than
the surrounding (air) atnmosphere 3. The liquid 2 has a. certain surface
tension, by neans of which it is held between the stationary prism4 and
the glass strip 1 noving perpendicular to the plane of the drawing. In so
far as it is required also sealing nmeans 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 uni n’Portant. In the alternative enbodi ment shown in
Fig. 3 the WBHILAIesRNI Alsoi YRt olassesiip1acts e fight guide herpd Nas lighfuganed i nt o
the glass strip | parallel to its upper surface through the unworked edge
surface. Al 2%2age flogHbipiadhg stdeurgliingsatmosptietedair). i n whi ch the end portion of
a light guide system in this case a lens 7 is nounted. The guide 8
enbraces the edgEe g sfagairekeptdn dhetstationaryvguide Berpsauseantisudavel oses a
liquid 2, which has about the sane index of refraction as the glass of the
gl ass stri pengarddndergandahbtalstosqalgytan heprovided mradsiitonr s at the irregularly
formed |iquid/glass boundary surface so that the test |ight can be coupl ed
practical | y | ossOther gatures of théyapraratys of theiipventiomarti alsx shiawm it Fn$vAr se to
its 10 6 June 2006 notion direction. Also the glass strip acts as a |ight
gui de her e.ligRbracping dexise 17 detects light scattered from the light 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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escape fromit into the surroundi ng atnosphere (air). The liquid 2 is again
kept in the stationary gui de 8 because of surface tension.tUmsil®dbandably
al so seals can be provided in addition. O her features of the apparatus of
the invention are also shown in Fig. 3. A light-receiving device 17
detects light scattered fromthe |ight beam 11 by defects D in the glass
strip. The light-receiving device 17 produces el ectronic signals
containing information regardi ng 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 Héfledbe inyaatias hascbean Bustrated fiod dasaribag asferstmsliaxbinta nuous| y
nmoving strip during subsequent working operations. Finally in both
embodi nent sMethadandmprarais e deterting adefent or dsfectshie a ¢canéinsmehyetravelingui d 2
conducted away fromthe apparatus by the noving glass strip can be
repl aced byStipdHii kpndr efniranspasst wsiterial, Tespediadly lobser & i$ noGnteratedRat Bnt
Application 102 21 945.1 of May 13, 2002 is incorporated here by
ref erence. Mimited tfheadetpila shawmmindecvariovn madtatiphe snd hdahgese ntaydse
descri bed herei nabove and clainmed in the clains appended hereinbel ow and
provi des th@agayitgoytsiepartiog i anyosayirorothe spifitef thenmesend iraetitiori.nvent i on under
35 US.C 119. | |

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 or 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 Wiile the invention has been illustrated and described as
enbodied in a nmethod and apparatus for detecting a defect ®©Juef@6ts in a
continuously traveling strip or band of transparent material, especially
glass, it is riot intended to be l|imted to the details shown, since
various nodifications and changes may be nmade w thout departing in any way
fromthe spirit of the present invention. Wthout further analysis, the
foregoing will so fully reveal the gist of the present invention that

ot hers can, by applying current know edge, readily adapt it for various
applications wthout omtting features that, fromthe standpoint of prior
art, fairly constitute essential characteristics of the generic or specific
aspects of this invention. Wat is @AIMEd is new and is set forth in the
foll ow ng appended clains. 12 6 June 2006 CLAIM5S 1. A nethod of detecting
defects in & Sonethod ofisetechimy defgctst ini 9 corftinuoasly pacving stripadf dranaparestai d

nmet hod conprising the steps of: a) conducting a nonochromatic |ight beam

t hr ough sai watedat said methgd corawising the siepsiof:ansverse to a notion direction of
the nmoving strip; b) coupling the nonochromatic |ight beaminto the
~conti nuously novangondictiicp abnoaochramstiadight blaamuthdoughasaidtcrcmnsmmrs@'nt liquid
bei ng arranged between a

: 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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I i'ght source generating said nonochromatic |ight beam and said continuously

moving strip so that the |ight beam passes through the tranéparesi®6l i quid
into the nmoving strip; c) detecting light scattered fromthe nonochromatic
| i ght beam by defects present in the noving strip; and d) eval uating said
|l ight scattered fromthe nonochromatic |ight beamin step c) and
processing said |ight scattered fromthe nonochromatic |ight beamto.
produce a control signal. 2. The nmethod as defined in claiml, wherein said
nmonochromatic |ight beamis coupled into said continuously noving strip of
said transparent material through an edge region of said continuously
moving strip. 13 3. The nethod as defined in claim2, wherein said |ight
beam pr opagat €% Mmethed af defineddn qrima?.| whereip said lighidreasu pfopegates isai d
continuously noving strip and passes through an edge surface of said
cont i nuous|direqtivn pryakal te an uppessiitacsigisaid eqpitionously, mdvieg steplaod as defined in
claim2 or 3, wherein said light source is equipped wth a U shaped guide
enbr aci ng d@sgeeiyeudtedn edgesurere ebsaid wantinioysiyoviving step in paidsedge U- shaped
guide has legs and said | egs are spaced froma top side and bottom side of
said contif8#@8ly noving strip so that said transparent liquid is retained
bet ween sai d U shaped gui de and said continuously noving strip by

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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surface tension of said transparent liquid alone. 5. The nethod as defined
in claim4, further conprising nechanically positioning sabdumpil08g strip
bet ween the | egs of the U shaped guide by a nechanical device. 6. The

met hod as defined in claim5, wherein said nechani cal device conprises
rolls or slid nenbers. 7. The nethod as defined in any one of clains 4 to
6, further conprising providing a sealing device between said U shaped
gui de and said continuously nmoving strip for additional sealing of said
transparent |iquid between said U shaped guide and said continuously
noving 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 sai d | i §hihewmathed af definad inrany oneediciaings 1 & daithdr enaipriying rqyidiret ai n sai d
transparent liquid between said |ight source and said noving strip. 9. The
met hod as dafsaabiog idevigspedwrerosaidhmopine civif agd claid fight sdweceifor Bather
nmonochromatic light beamis inclined to an upper surface of said

cont i nuousl| §ealingie additanaliypheln retaiyhsaivhiratspaeentliquithbetveonahiddight gphcdoeam
passes. 10. The nethod as defined in any one of the preceding clains,
wher ei n sai @d saidmowimgeirip. 1 i qui d has an index of refraction that is greater
than that of an atnosphere surrounding said continuously noving 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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11. The method as defined in any one of the preceding clains, wherein said
light source and said continuously noving strip are spaced6dumi2d0ance from
each other such that the transparent liquid is retained in the vicinity of
the |light beam passing through the transparent |iquid by surface tension
of said transparent liquid alone. 12. The nmethod as defined in claim 11,
wherein said distance between said |ight source and said continuously
noving strip is kept constant by suitable mechanical nmeans. 15 13. The

met hod as defined in any one of the preceding clains, wherein said |ight
source i s supported by rollers or slide pieces on said noving strip and
said noving strip rests on rolls. 14. The nethod as defined in any one of
t he precedi %%‘) Thednethod @e cleBined zany onerefieppiieseding clgimsl wheseinsaidrigek of
refraction that is about equal to that of the transparent material of said
cont i nuous| SPHRES i §URRAEM. by sollerh or rRtige dibcas afefaidadioving stip ene seid t he
precedi ng clains, further conprising replacing portions of said

t r anspar ent MPYIRE SEPIastEoBdOM f 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
clainms, wherein said nonochromatic |ight beam consists of nonochromatic

1i ght havi nif* ahgaethedgat definedyin apyene rof el Poeceding0g@imsmwherein 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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17. The nethod as defined in claim16, wherein said wavelength is sel ected
so that a mininmm anount of said nmonochromatic |ight is ab8dwisedbn said
transparent material of said noving strip. 18. The nmethod as defined in any
one of the preceding clains, wherein said nonochromatic |ight beamis a

. weakly convergent |aser |ight beam 16 6 June 2006 19. The nethod as
defined in claim 18, further conprising selecting a convergence of said
weakly convergent |aser |light beam so that |ight absorption along a
measurenent path is conpensated and/or a focal point of said |aser |ight
beamis in the vicinity of an edge of said noving strip opposite another
edge into X@iﬁh said light beamis coupled. 20. The nethod as defined in
any one of the 'PPelBHIqy &S Lefiged Vipeflainh Wi furihey eompsising selectingnialt h of
from0.5 to 3 mmat a_point where said |ight beamis coupled into

sai d- novi ngCUVEIgence of RRid WRakly sorvergert Iassrilight Bkanacaa that kght ebsaiptimvi ng
strip. 21. The nethod as defined in any one of the preceding clains,
further confPPSPAELSHFIVEHIRRE i camparTdiedandens fasabpoint efiseiddasasright i on
having a wwdth in a range of 10 m as neasured in said notion direction of
sai d movi ngPe&m jsgn the viciniy ofah geee aksairbmonivg stiip epgosie@nether edgepintecedi ng
clainms, wherein said evaluating conprises electronically analyzing said

li ght scat t'¥pelseifdahkhren isgerlédeam in regard to intensity and defect

| ocation and said processing said |light

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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scattered fromthe |ight beam conprises producing at | east one of a marking
signal for defect marking and a cutting signal for control 8ffuge2096ting
device. 17 23. The nethod as defined in any one of the preceding clains,
further conprising conpensating |light absorption occurring across an
entire wwdth of said continuously noving strip during processing of said

|l ight scattered fromthe |ight beam as needed. 24. The nethod as defined
in any one of the preceding clainms, wherein said continuously noving strip
of transparent material is a thin glass strip. 25. An apparatus for
detecting defects in a continuously noving strip of transparent material,
especially a thin glass strip, said apparatus conprising neans for

cont i nuousl 43-dbRvesthed)as Hefinedrin pny Pne ieétherriaesstingetiaimsatustheatorprising not i on
direction; a light source for generating a nonochromatic |ight beam a

| i ght gui decosgRansatincorliiogtii alisatplion e opeimdithr asrass car i gritire beilth tof asaidcedge
regi on of the continuously noving strip; a transparent |iquid arranged

bet ween sai @ntinYMslsBaying serdiriagintecessing of maitblight eeattered fromhthe lighim and
'said nmoving strip so that the nonochromatic |light beamis coupled into the
cont i nuous|Bearb@Eshgeded-i p; a |ight receiving device for light scattered
fromthe nonochromatic |ight beam by defects in the continuously noving
strip, said |ight receiving device

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 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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18 6 June 2006 extending over an entire width of the conti nuouslzy novi ng
stripin a direction transverse to the notion direction of©6 e 2006
continuously noving strip; and nmeans for electronically analyzing said
| ight scattered fromthe |light beam according to size and position of said
defects and neans for processing said light scattered fromthe |ight beam
to produce control signals for marking said defects on said continuously
noving strip and for controlling devices with which the continuously
noving 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 noving strip and a
stationary ENENYRY OVeF ap ratire Yidth qiithe coptinuseslysapdng tskip itnardirestion par t
extending parallel to said upper surface of the continuously noving strip,
and wher ei Fangyerserte Higgaetian difscien ef the soatinupugle moyingrstrt; andi on great er t han
that of an atnosphere surrounding the noving strip. 27. The apparatus as
defined in clai ningans fof elaskpnisdivanabizing seidlidht aratietedirendhe lighidiedm
transparent liquid is arranged between said prismand said edge side of
sai d upper 3E@FiRE P e ankbesdion o seidsdafedipenthgesns foy prax@ssifipeaiddight at us as
defined in claim?26 or 27, further conprising neans for maintaining said
stationary efierpsdrftorathelight beamde wrodsge dioatrel signafsrfonmasdiing saiddiefastsous| y
moving strip, said means for maintaining conprising rollers or slid

- 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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menbers. 19 6 June 2006 29. The apparatus as defined in any one of clains
25 to 28, further conprising a U shaped gui de enbraci ng saf duned§€6r egi on
of said continuously noving strip, and wherein the transparent liquid is
arranged between the continuously noving strip and the U shaped guide, the
end part of the light guide systemis 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 noving strip and the
| ight beamis coupled into said edge region of the continuously noving
strip parallel to. an upper surface of the continuously noving strip. 30.
‘The apparatus as defined in claim?29, wherein said U shaped guide has a | eg
ext endi ng a¥bJVéctanpearaing aydefineddn any oadof bleimd 29 tel8 dudhergobgrising she novi ng
strip and is kept at a predetern ned distance fromsaid noving strip by
means of ridishepes evidelentbracing saidl. ek, reJion ofpgid soniuassidaddvingdstiip, any one
of claims 25 to 30, further conprising a liquid reservoir for replenishing
sai d t r anspivdeMtereindhe dranggareailifuiceid. an2092BEFMAET tMNETEIDIDUANDY ARRIRBATUS FOR
DETECTI NG DEFECTS I N A CONTI NUOUSLY MOVI NG STRI P OF TRANSPARENT MATERI AL

' 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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To detect defects in a continuously noving strip of transparent naterial,
especially a wide thin glass strip, a narrow nonochronatic §7@H2096am i s
gui ded 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 liquid arranged between the noving strip
and the |ight source producing the nonochromatic |light beam In a first
enbodi ment” the nonochromatic light beamis inclined to an upper surface of
the noving strip through which it passes and is coupled into the noving
strip by a transparent |iquid whose index of refraction is greater than
that of the atnosphere surrounding the noving strip. In a second

enbodi ment the nonochromatic |ight ABEFRAET parallel to the upper surface
of the strip and is_coupled into an edge surface of the continuously
moving strip by aMETHWLANBAPRARATY OETREINGDERAGTEEIN 8n i s  about
equal to that ofCONENHWUAEY MOUNGPTRIPAOFIRANSRARENDMATRRIALL he | i ght
guide systemfor the light beamincludes a prism whose |ight outlet

surface is parallel to the upper surface of the glass strip. The
transparent |iquil@ deéechdetestseld eenimeausly meoving strip of transparesitanatessl; i p,

which is supported on rolls. (Figure la) 21
especially a wide thin glass strip, a narrow monochromatic light beam is guided

transverse to the motion direction of the moving strip and is coupled into the
moving strip, preferably through an edge region of the moving strip, by a
transparent liquid arranged between the moving strip and the light source )
producing the rﬁonochromatic ight beam. In a first embodiment the
monochromatic light beam is inclined to an upper surface of the moving strip
through which it passes and is coupled into the moving strip by a transparent
liquid whose index of refraction is greater than that of the atmosphere surrounding
the moving strip. In a second embodiment the monochromatic light beam is
parallel to the upper surface of the strip and is coupled into an edge surface of the
confinuously moving strip by a transparent liquid whose index of refraction is
about equal to that of the moving material. In the first embodiment the light guide
system for the light beam includes a prism, whose light outlet surface is parallel to
the upper surface of the glass strip. The transparent liquid is arranged between

the prism and the glass strip, which is supported on rolls.

(Figure 1ta)
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