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[5 7 1 ABSTRACT 
Method and apparatus for detecting whether either or 
both of two given zones is occupied by one or the 
other of two opposite edge portions of a transparent 
sheet or ribbon having a predetermined spatial orien 
tation, the edge portions having a geometry ful?lling 
certain conditions, the method comprising the steps of 
supporting a sheet or ribbon with the aforesaid orien 
tation, projecting a beam of light rays into the zones in 
a direction across and at an acute angle to one side of 
the supported sheet or ribbon and detecting the exis 
tence of light rays emergent from the zones de?ected 
by edge portions therein and travelling across and at 
an acute angle to the other side of such supported 
sheet or ribbon; the apparatus comprising a support, a 
projector, and a detector for carrying out the afore 
said steps. 

20 Claims, 5 Drawing [Figures 
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PROCESS AND APPARATUS FOR DETERMINING 
THE PRESENCE, IN A GIVEN AREA OF THE EDGE 
OF A SHEET OR OF A RIBBON OF TRANSPARENT 

MATERIAL 

The present invention relates to a method of detect 
ing whether a given zone is occupied by an edge por 
tion of a transparent sheet or ribbon having a predeter 
mined spatial orientation, said edge portion having a 
geometry ful?lling certain conditions, and to apparatus 
for use in performing such method. 
The invention has particular, but not exclusive refer 

ence to detecting the presence of such an edge portion 
of a glass sheet or ribbon in a given zone during manu 
facture‘of the glass. This information is particularly im 
portant for purposes of quality control. 

It is known to project light beams along the bound 
aries of such a given zone so that if one of such beams 
is obstructed by an opaque sheet edge portion and the 
other is allowed to pass, then that edge portion is 
known to be in the zone. This method is clearly not 
suitable for use in connection with transparent sheet or 
ribbon edge portions, since both such beams would be 
allowed to pass. whether or not an edge portion lay 
within the zone. 

It is an object of the invention to provide such a 
method whereby the presence of such an edge portion 
in the given zone is detected without physical contact 
with the sheet or ribbon edge, since such contact might 
impair the quality of the edge, and because of the risk 
of damage to the detection apparatus should a sudden 
discontinuity in the edge be encountered. 
The method of the present invention is therefore 

characterized in that a beam of light rays is projected 
into said zone in a direction such that, when a sheet or 
ribbon having the aforesaid predetermined orientation 
and edge portion of said geometry is present in said 
zone, the light rays enter the edge portion after travel 
ling in a direction across and at an acute angle to one 
side of the sheet or ribbon and light rays emerge from 
said edge portion to travel in a direction across and at 
an acute angle to the other side of said sheet or ribbon 
after de?ection by said edge portion, and in that the ex 
istenceof rays which thus emerge is detected. 
The method according to the present invention has 

the advantage that it enables such detection in respect 
of transparent sheets or ribbons to be performed rap 
idly and accurately without physical contact with the 
edge portion if present. Also, the required detection 
may take place at positions well spaced from the sheet 
or ribbon, e.g., at a distance of several meters there 
from. The method can be applied in situations where 
the sheet or ribbon is very hot without overheating the 
apparatus used in performing the method. For exam 
ple, the method may be applied on a control factor in 
the manufacture of ?at glass, e.g., in the annealing lehr 
of a glass drawing machine. 

Preferably, the light beam is caused to scan the zone, 
so that regular indications of the presence of such an 
edge portion in said zone may be obtained. 
The method according to the invention also contem 

plates detecting whether either or both of two given 
zones is or are occupied by one or the other of two op 
posite edge portions of a transparent sheet or ribbon 
having a predetermined spatial orientation, such edge 
portions having geometries ful?lling certain conditions. 
This detection is achieved by causing the light beam to 
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2 
scan both said zones. In this way, information about the 
presence of the opposite edge portions of the sheet or 
ribbon can be obtained without duplicating the light 
beam projecting apparatus which is required. 
Arrangements where the method is applied for de 

tecting whether either or both of two given zonesvis or 
are occupied by one or the other of two opposite edge 
portions of a transparent sheet or ribbon having a pre 
determined orientation, such edge portions having ge 
ometries ful?lling certain conditions, and the ‘light rays 
which are projected into both said zones are emitted 
from a common source and the de?ected rays emer 
gent from both said zones are detected at a single posi 
tion, have the advantage that information about the 
presence of the opposite edge portions of the sheet or 
ribbon can be obtained without duplicating any light 
ray detecting apparatus which is required. 

Preferably, light rays which would otherwise pass 
straight to the detection position through a part of the 
sheet or ribbon located between said edge portions are 
screened off so that detection of the de?ected rays, if 
any, is not disturbed by the projected beam. 
When said light beam is displaced without interrup 

tion for scanning both said zones in succession and the 
time interval between successive detections of de 
?ected light rays is measured, the width of the sheet or ., 
ribbon may readily be determined, and this is therefore 
an especially valuable feature. 

Preferably, said beam of light is caused to scan, at ‘ 
least one said zone and a reference signal is generated 
at at least one predetermined point in such scanning 
movement, and ‘the time interval between generation of 
said reference signal and detection of the existence of 
light rays deflected by an associated edge portion is 
measured. 

It is advantageous if the method is continuously ap 
plied while a sheet or ribbon is in motion along a path 
comprising said zone or zones, since any changes in the 
position of one or both edges of the sheet or ribbon can 
be immediately indicated. 
Apparatus according to the invention for detecting 

whether a given zone is occupied by an edge portion of 
a transparent sheet or ribbon having a predetermined 
spatial orientation, said edge portion having a geometry 
ful?lling certain conditions, preferably comprises a 
support for supporting such sheet or ribbon with said 
orientation, a projector for projecting a beam of light 
rays into said zone in a direction across and at an acute 
angle to one side of a sheet or ribbon having said orien 
tation, and a detector arranged to detect the existence 
of light rays emergent from said zone de?ected by an 
edge portion and travelling across and at an acute angle 
to the other side of such sheet or ribbon. 
This apparatus has many advantages. It is extremely 

simple, and may be contained wholly within the pro 
jected plan areaof the sheet orcribbon, thus saving 
space. The apparatus is readily adaptable to detecting 
the presence of a sheet or ribbon edge portion in a large 
variety of given zones merely by pointing the projector 
and detector in the appropriate directions, without oth~ 
erwise moving them. 

Preferably, said projector comprises means operative 
to cause said light beam to scan said zone. The specific 
advantages of this and other preferred features of appa-v 
ratus according to the invention will readily be appreci 
ated from the advantages set forth above in relation to 
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corresponding preferred features of the method ac 
cording to the invention. 

Preferred embodiments of apparatus according to 
the invention, for detecting whether either or both of 
two given zones is or are occupied by one or the other 
of two opposite edge portions of a transparent sheet or 
ribbon having a predetermined spatial orientation, such 
edge portions having geometries ful?lling certain con 
ditions, are characterized in that said projector com 
prises means operative to cause said light beam to scan 
both said zones. 
Advantageously, said projector is operative to 

project light rays into both said zones, and said detector 
is arranged to detect the existance of deflected light 
rays emergent from both said zones. 

Preferably the apparatus comprises a screen located 
between the projector and the detector. 
Embodiments wherein said projector is operative to 

cause said light beam to scan both said zones in succes 
sion without interruption and said detector comprises 
timing means for measuring the time interval between 
successive detections of de?ected light rays, are pre 
ferred since they enable the width of the sheet or rib 
bon to be measured. 
Advantageously, said projector comprises means op 

erative to cause said light beam to scan at least one said 
zone and the apparatus further comprises a generator 
for generating a reference signal at at least one prede 
termined point in such scanning movement, there being 
further provided means for measuring the time interval 
between generation of such reference signal and detec 
tion of the existence of light rays de?ected by a said 
edge portion. 

Preferably, said support is a conveyor, and the appa 
ratus is adapted to operate continuously during move 
ment of a sheet or ribbon along the conveyor. 
. Various embodiments of the invention will now be 
described by way of example with reference to the ac 
companying diagrammatic drawings, in which: 
FIGS. 1 and 2 illustrate the course of a beam of light 

in the zone of an edge portion of a transparent sheet 
having a plane edge and a curved edge respectively; 
FIG. 3 illustrates one embodiment of apparatus for 

the performance of a method according to the inven 
tion; 
FIG. 4 shows another embodiment of apparatus ac 

cording to the invention; and ' 
FIG. 5 illustrates a further embodiment of apparatus 

according to the invention. 
FIG. 1 shows a glass sheet 1 having a rectilinear edge 

face 2 lying at right angles to the main, plane of the 
sheet 1. In FIG. 2 there is shown a glass ribbon 3 having 
an edge face 4 which is rounded off in the shape of a 
semi-circle and whose median perpendicular coincides 
with the main plane of the ribbon 3. 

In the case of both the sheet I and the ribbon 3, when 
an incident ray of light 5 enters the glass it is de?ected 
from its previous direction of propagation by refraction 
and passes inside the glass as far as the rectilinear edge 
face 2 of the sheet 1 or the curved edge face 4 of the 
ribbon 3. The ray of light 5 is substantially completely 
re?ected back into the glass at the edge faces 2 and 4, 
and the de?ected ray of light 6 passes to the next 
boundary between the glass and its surroundings and is 
there again de?ected from its direction of propagation 
in the glass by refraction. 
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4 
The existence of the de?ected ray of light 6 is de 

tected by the performance of the method according to 
the invention. The de?ected ray of light 6 is strongly 
de?ected in relation to the incident ray of light 5 can 
be detected without the risk of disturbance by the inci 
dent beam of light. 
FIG. 3 shows an apparatus according to the invention 

for detecting whether eachof two given zones 7 is oc 
cupied by one or the other of two opposite edge por 
tions 8, 9 of a ribbon 10 of glass in an annealing Iehr 
11. The glass ribbon 10 moves substantially in the main 
median plane of the annealing lehr ll perpendicularly 
to the plane of the drawing. The annealing lehr 11 has 
a bottom 12, side walls 13, and a roof 14. The bottom 
12 and roof 14 of the annealing lehr 11 have light 
transmitting regions 15 and 16 respectively through 
which an incident beam of light 5 and also de?ected 
beams 6, 26 of light can pass. Lying in the mid-plane 
l7 perpendicular to the glass ribbon l0 and below the 
ribbon is a rotary mirror 18 analogous to that of a mir 
ror galvanometer located at a transmitting point 19 on 
the path of a beam of light emitted by a laser 20. This 
beam of light 5 is caused to scan by the rotation of the 
rotary mirror 18 over a zone which extends to either 
side beyond the edges 8, 9 of the ribbon 10. 
The incident beam of light 5 is re?ected and re 

fracted at the inner surfaces of each of the edges 8, 9 
during the course of scanning and the de?ected beams 
of light 6, 26 pass back towards the vertical plane 17 
and form with the ribbon 10 angles substantially equal 
to the angle formed by the incident beam of light 5 with 
the ribbon 10 at those edges. 
A photo electric detector 21 which receives the de 

?ected beams of light 6, 26 at the moments when they 
pass through reference points 22, is also shown in the 
vertical plane 17 of the ribbon l0 and on reception of 
a de?ected beam of light, this detector delivers an elec 
trical impulse. 
The detector 21 is connected to a timing device 23 

which measures the interval of time between successive 
pulses. Connected to the timing device 23 is an indicat 
ing apparatus 24 which constantly ‘indicates the mea 
suring results. If the rate of rotation of the mirror 18 is 
known, the speed of scanning is known, and hence the 
indicating apparatus 24 may be calibrated to give a di 
rect reading of the width of the ribbon 10. 
Disposed between the glass ribbon l0 and the detec 

tor 21 is a screen 25 so wide that when the beam of 
light 5 is caused to scan, only the beams of light 6, 26 
re?ected by the edges 8, 9 can reach the detector 21, 
while the incident beam of light 5 passing through the 
rest of the glass ribbon 10 during intermediate portions 
of the scanning period, is screened from the detector. 
The screen 25 can be omitted if the roof 14 and/or the 
bottom 12 of the annealing Iehr 11 have a central por 
tion which is opaque and adequately screens the detec 
tor against the incident beam of light 5 during this pe 
riod of the scanning. ‘ 
The rotary mirror 18 is preferably pivoted backwards 

and forwards at constant speed, so that the incident 
beam of light 5 scans the ribbon 10 at a constant fre 
quency. As soon as the beam oflight 5 impinges on the 
edge 8, it is de?ected there and the beam of light 6 de 
?ected by the edge 8 passes to the detector 21 where 
a pulse is produced which starts the timing device 23. 
As soon as the incident beam of light 5 arrives during 
its scan at the opposite edge 9, it is again de?ected and 
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the beam of light 26 de?ected by the edge 9 also passes 
to the detector 21 and produces there a second pulse 
which stops the timing device 23. The interval between 
the two pulses is a measurement of the width of the 
glass ribbon 10, since the distance apart of the edges 8, 
9 can be determined from the measured interval in time 
and the known speed of rotation of the rotary mirror 18 
in conjunction with its distance from the main plane of 
the glass ribbon 10. 
The apparatus illustrated in FIG. 3 produces a pulse 

at its detector 21 when the beam of light 5 is de?ected 
at either edge 8, 9 of the ribbon 10, provided that the 
respective edge is located in one of the given zones 7. 
The position and extent of each of these zones 7 are de 
termined by the position and extent of the associated 
transparent regions l5, 16 of the annealing lehr 11, and 
of the screen 25. In order that a pulse should be pro 
duced at the detector 21, it is also necessary that the 
respective edge 8 or 9 of the glass ribbon 10 should 
have a geometry which will cause deflection of the 
beam to the required degree. Certain lenticular and 
prismatic shapes will not give rise to this de?ection, but 
these shapes are not encountered in practice in a rib 
bon travelling along an annealing lehr. 

In H6. 4 like elements have like references to those 
in FIG. 3, but only that part of the measuring apparatus 
which is associated with the edge 9 is shown. 
Shown in the drawing above the main plane of the 

glass ribbon 10 is a reference detector 27, arranged to 
receive light passing through a reference point 28 dis 
posed at such a distance from the vertical plane 17 that 
the beam of light 5 transmitted from the transmitting 
point 19 on the rotary mirror 18 impinges on the refer 
ence detector 27 without passing through the glass rib 
bon 10. Reception of this beam causes reference detec 
tor 27 to transmit a pulse to the timing device 23 to 
start the time measurement therein. In scanning from 
the reference point 27 to the edge of the ribbon 10, the 
incident beam of light 5 sweeps an angle alpha. As soon 
as the beam of light 5 has swept this angle alpha, it is 
deflected at the edge 9 as described above, and'the 
beam of light 26 de?ected by the edge 9 is received by 
the detector 21 which then transmits a pulse to the tim 
ing device 23 and terminates the time measurement. 
The interval in time measured by the timing device 23 
between the pulse from the reference detector 27 and 
the pulse from the measuring detector 21 is a measure 
ment of the value of the angle alpha, since both the dis 
tance of the transmitting point 19 on the on the rotary 
mirror 18 from the glass ribbon 10 and also the speed 
of scanning are known. Since the distance of the refer 
ence point 28 from the main plane of the glass ribbon 
10 and from the vertical plane 17, which is also the me 
dian vertical plane of the annealing lehr 11 are also 
known, the exact position of the edge 9 inside the an 
nealing lehr is given by the value of the angle alpha. 

lf with the apparatus illustrated in FIG. 4 the distance 
of the edge 9 from the edge 8 is also measured, the 
same measurement can vary accurately determine not 
only the presence of a glass ribbon 10 in given zones 7 
of the annealing lehr 11 and the width of the glass rib 
bon 10, but also the position of the glass ribbon 10 in 
side the annealing lehr. If the beam of light 5 periodi 
cally scans between the reference point 28 and the 
edge 8, the position of the glass ribbon l0 inside the an 
nealing lehr 11 can be constantly monitored and indi 
cated by the indicating device 24. 
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6 
Lastly, in the construction illustrated in FIG. 5, the 

laser light source 20 is disposed on a device 29 which 
can be pivoted around a point 30‘ analogous with the 
?xed transmitting point 19 of FIGS. 3 and 4. 

In the apparatus illustrated in FIG. 5 a reference 
point is given by a contact (not shown) which the pivot 
ing device 29 actuates at one limit of its pivoting move 
ment. As soon as the contact is made, a pulse is trans 
mitted to the timing device 24 (not shown in FIG. 5). 
When the beam of light 5 has been pivoted through the 
angle alpha and impinges on the edge 9, it is de?ected 
there and passes in the form of a de?ected beam of 
light 26 to the measuring detector 21 which, on detec 
tion of the beam of light 26, transmits a pulse to the 
timing device to terminate time measurement. The 
measured interval in time between the pulse from the 
contact and the pulse from the measuring detector 21 
is again the measurement of the angle alpha swept by 
the beam of light from the reference point to the edge 
9. Once again, as in the cases described hereinbefore, 
the angle alpha is a measurement of the position of the 
edge 9 of the glass ribbon 10 in relation to the refer 
ence point, (here given by the contact), since the dis 
tances between the pivoting point 30 of the pivoting de 
vice 29 and the vertical axis of the annealing lehr 11 
and also the main plane of the glass ribbon 10 are 
known. _ 

It thus will be seen that the objects of this invention 
have been fully and effectively accomplished. It will be 
realized, however, that the foregoing preferred specific 
embodiment has been shown anddescribed for the pur 
pose of illustrating the functional and structural princi 
ples of this invention and is subject to change without 
departure from such principles. Therefore, this inven 
tion includes all modifications encompassed within the 
spirit and scope of the following claims. 
What is claimed is: . 
l. A method of detecting whether a given zone is oc 

cupied by an edge portion of a transparent sheet or rib 
bon having a predetermined spatial orientation, said 
edge portion having a geometry ful?lling certain condi 
tions, said method comprising the steps of projecting a 
beam of light rays into said zone in a direction such 
that, when a sheet or ribbon having said predetermined 
orientation and an edge portion of a said geometry is 
present with its edge portion in said zone, the light rays. 
enter the edge portion after travelling in a direction 
across and at an acute angle to one side of the sheet or 
ribbon and light rays emerge from said edge portion to 
travel in a direction across and at an acute angle to the 
other side of said sheet or ribbon. after de?ection by 
said edge portion, and detecting the existence of rays 
which thus emerge after de?ection by said edge por 
tion. 

2. A method according to claim 1, wherein said light 
beam is displaced to scan said zone. , 

3. A method according to claim 2, wherein said beam 
of light rays is projected into a second zone during the 
scanning displacement in a direction such that, when 
said sheet or ribbon having said predetermined orienta 
tion and an opposite edge portion of said geometry is 
present with its opposite edge portion in said second 
zone, the light rays enter the opposite edge portion 
after travelling in a direction across and at an acute 
angle to one side of the sheet or ribbon and light rays 
emerge from said opposite edge portion to travel in a 
direction across and at an acute angle to the other side 
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of said sheet or ribbon after de?ection by said other 
edge portion, and the existence of rays which thus 
emerge after de?ection by said other edge portion is 
detected. , 

4. A method according to claim 3, wherein the light 
rays emergent after de?ection by both of said edge por 
tions are detected at a single position. 

5. A method according to claim 4, wherein the light 
rays which would otherwise pass straight to the detec 
tion position through a part of the sheet or ribbon lo 
cated between said edge portions are screened off. 

6. A method according to claim 5, wherein said light 
beam is displaced without interruption to effect the 
scanning of both said zones in succession and the time 
interval between successive detections of emergent 
light rays is measured. 

7. A method according to claim 6, wherein said sheet 
or ribbon is continuously moved along a path in which 
said zones are located during said projecting, detecting, 
and measuring steps. 

8. A method according to claim 5, wherein a refer 
ence signal is generated at at least one predetermined 
point in the scanning beam of said light displacement 
and the time interval between the generation of said 
reference signal and the detection of the existence of 
emergent light rays de?ected by an associated edge 
portion is measured. 

9. A method according to claim 8, wherein said sheet 
or ribbon is continuously moved along a path in which 
said zones are located during said projecting, detecting. 
and measuring steps. 

10. A method according to claim 3, wherein said 
sheet or ribbon is continuously moved along a path in 
which said zones are located during said projecting and 
detecting steps. 

11. A method according to claim 1, wherein said 
sheet or ribbon is continuously moved along a path in 
which said zone is located during said projecting and 
detecting steps. 

12. Apparatus for detecting whether a given zone is 
occupied by an edge portion of a transparent sheet or 
ribbon having a predetermined spatial orientation, said 
edge portion having a geometry ful?lling certain condi 
tions, said apparatus comprising support means for sup 
porting a sheet or ribbon with said orientation, projec 
tor means for projecting a beam of light rays into said 
zone in a direction across and at an acute angle to one 
side of a sheet or ribbon having said orientation sup 
ported by said support means, and detector means for 
detecting the existence of light rays emergent from said 
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8 
zone de?ected by an edge portion therein and travel 
ling across and at an acute angle to the other side of the 
sheet of ribbon supported by said support means. 

13. Apparatus according to claim 12 wherein said 
projector means includes means for causing said light 
beam to scan said zone. 

14. Apparatus according to claim 13 wherein said 
support means comprises a conveyor for continuously 
moving a sheet or ribbon along a path in which said 
zone is located. 

15. Apparatus for detecting whether either or both of 
two given zones is occupied by one or the other of two 
opposite edge portions of a transparent sheet or ribbon 
having a predetermined spatial orientation, said edge 
portions having a geometry ful?lling orientation, said 
edge portions having a support means for supporting a 
sheet or ribbon with said orientation, projector means 
for projecting a beam of light rays into said zones in a 
direction across and at an acute angle to one side of a 
sheet or ribbon having said orientation supported by 
said support means and detector means for detecting 
the existence of light rays emergent from said zones de 
?ected by edge portions therein and travelling across 
and at an acute angle to the other side of such sheet or 
ribbon supported by said support means. . 

16. Apparatus according to claim 15, wherein said 
projector means includes means for causing said light 
beam to scan said zones. 

17. Apparatus according to claim 16, including a 
screen located between said projector means and said 
detector means. 

18. Apparatus according to claim 17, wherein said 
scanning means is operable to cause said light beam to 
scan both said zones in succession without interruption 
and said detector means includes means for measuring 
the time interval between successive detections of de 
?ected light rays. 

19. Apparatus according to claim 17, including gen 
erator means for generating a reference signal at at 
least one predetermined point in the scanning move 
ment of said light beams, said detector means including 
means for measuring the time interval between the gen 
eration of such reference signal and detection of the ex 
istence of light rays de?ected by an associated edge 
portion. 

20. Apparatus according to claim 19, wherein said 
support means is a conveyor for continuously moving 
a sheet or ribbon along a path in which said zones are 
located. 

* * * >l< * 


