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ABSTRACT OF THE DISCLOSURE 
The present invention discloses an arrangement for 

sorting imperfect sheets of material from a moving web 
of material, particularly a web of paper; the construction 
of the invention allowing a large number of sensors to be 
used either individually or in groups using OR-circuit 
linkages connected in parallel without the groups damping 
each other. 

Background of invention 
In a known arrangement of this kind, the web of ma 

terial is fully sensed for imperfections by stationary sens 
ing arrangement. This sensing arrangement has a plurality 
of photo-cells sensing adjacent sectors of the web, the 
output singals of which photo-cells are converted by a 
signal evaluating arrangement into fault signals indicat 
ing the positions of imperfections. The fault signals are 
then superimposed on a control device for controlling 
the sorting of the imperfect sheets discovered. This known 
arrangement has a relatively small number of photo-cells 
distributed across the width of the web, in order to main 
tain the technical resources within admissible limits. How 
ever, in this arrangement, only a relatively small number 
of faults is detected. In order to obtain a high rate of 
fault detection, it is necessary for the separate sensors to 
sense only a relatively small area of the web. However, 
with the conventional web widths, this requires the use of 
a great number of sensors. 

Summary of the invention 
According to the present invention an improved ar 

rangement for sorting imperfect sheets of material from a 
moving web of material, particulrally a web of paper, in 
which arrangement the web of material may be fully 
sensed for imperfections by a stationary sensing device 
having a plurality of photo-sensitive sensors adapted to 
sense adjacent sectors of the web; a signal evaluating de 
vice converts the said sensor signals into fault signals indi 
cating the positions of imperfections, which fault signals 
may be superimposed on to a control device for con 
trolling the sorting of the imperfect sheets indicated, 
wherein the improvement comprises the sensors, each 
provided with a pre-amplifier, being divided into a plu 
rality of sensor groups, a group OR-circuit for each group 
for combining the output signals of the associated pre 
amplifiers, a terminal OR-circuit responsive to output sig 
nals of these group OR-circuits and means for applying 
to the control device for controlling the sorting of im 
perfect sheets of material a signal derived from the ter 
minal OR-circuit. 
The construction of the invention enables a large num 

ber of sensor groups in OR-linkage to be connected in 
parallel, without the groups damping each other. For 
this purpose, diodes may be provided in the separate 
signal leads leading to the OR-circuits. The power ampli 
fication stage combines the output signals from the ter 
minal OR-circuits and gives out a defined output signal 
of specific amplitude. 

0 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

2 
The arrangement in accordance with the invention is 

advantageous in that that a very large number of sensors 
may be used. It is particularly advantageous for the sen 
sors to be constructed as photo-elements, particularly sili 
con photo-elements. A fault detection system suitable for 
sorting imperfect sheets of paper is generally obtained if 
the web sensing width associated with one sensor is a 
few millimetres, preferably 5-20 mm., particularly about 
10 mm. Example: Two hundred sensors are required for 
fully sensing a web width of 200 cm. when the sensing 
width is 10 mm. 
As stated, the sensors are combined in groups. It is ad 

vantageous if the number of sensors in each group is rela 
tively small, about ten sensors per group, for example. 
The sorting arrangement of the invention is also par 

ticularly advantageous in that it may be used up to the 
greatest web speeds, since its detection capacity with re 
spect to time is limited virtually only by the time con 
stant of the sensors. However, sensors of sufficiently low 
time constant are available. For example, silicon photo 
elements may be used advantageously as sensors, as al 
ready mentioned. 

Brief description of the drawings 
An embodiment of the invention will now be further 

described by way of example with reference to the ac 
companying drawings in which: 

FIG. 1 is a circuit diagram of a sorting arrangement 
in accordance with an embodiment of the invention, 

FIG. 2 is a side view, partly in section, of a sensor 
device for sensing imperfections in material webs, 

FIG. 3 is a front elevation, in longitudinal section, of 
a portion of the sensor device illustrated in FIG. 2. 

Description of the preferred embodiment 
In the drawings, corresponding parts carry the same 

reference numerals. 
The sensing device in FIGS. 2 and 3 has a plurality of 

silicon photo-elements 11 arranged in separate sensor 
compartments 10. The light reflected from the surface 
of the web of material 13 falls on the said photo-ele 
ments. The web of material is illuminated by the strip 
light 14 and conducted over a guide roller 16 provided 
with a black surface 15. 
The sensor housing 17 also has, apart from the com 

partments 10, compartments 18 for accommodating cir 
cuit components, and extends (in a manner not illustrated 
in detail) across the entire width of the web of material. 
Thus, the separate light admission gaps 19 extend in the 
form of a linear over-all gap across the entire width of 
the web of material, so that the latter is fully sensed. In 
order to obtain a high rate of detection of imperfections, 
the width of the gap is extremely small, preferably about 
0.3-1.0 mm. The length of the gaps in the separate sensor 
compartments corresponds virtually to the width of the 
Sensor compartments and, as previously mentioned, is ad 
vantageously 5-20 mm., preferably about 10 mm. Pref 
erably, the distance of the light admission gap 19 from 
the web 13 may be about 1-3 mm. 

In order to obtain the accurate coverage of each sepa 
rate Sensor and thus the accurate sorting of faulty sheets 
of material, despite the large number of sensor com 
partments, and to justify the attendant technical resources 
involved, the photo-sensitive sensors are combined into a 
plurality of sensor groups 20, as illustrated in FIG. 1. 
Preferably, each sensor group comprises five to fifteen, 
particularly ten, sensors. A pre-amplifier 21 is connected 
on the output side of each sensor, the pre-amplifier being 
constructed so that it not only amplifies but also trims 
the separate sensor signals, so that merely those sensor 
signal peaks corresponding to a faulty part of the web of 
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material appear on the output leads 22 of the individual 
preamplifiers 21. In the embodiment, these are dark sig 
nals corresponding to the dark places on the Web of mate 
rial. As a consequence of the dark background of the 
guide roller 16, tears or holes in the web 13 of material 
also produce dark signals. 

Further, the pre-amplifier is constructed so that when 
different working points are occasioned by fluctuations in 
the background brightness of the sensed web of material, 
approximately uniform signal amplitudes also appear on 
the lead 22 at uniform brightness fluctuations. Since the 
construction of the pre-amplifiers, having the character 
istics described, is known to the expert, it is not illus 
trated in detail. 
The fault signals appearing on the leads 22 of a group 

20 are superimposed on to a group OR-circuit 23 whose 
output signal is fed to a terminal amplifier 25 via a lead 
24. A terminal amplifier 25 of this kind is associated with 
each group 20. The output signals of the terminal ampli 
fiers appearing on the leads 26 are superimposed on to a 
common OR-circuit 27 on whose output lead 28 appears 
a fault signal indicating each flaw in the web of material. 
This fault signal passes through a pulse shaper stage 29, 
is power-amplified in a power amplifier 30, and Subse 
quently stored on an endless magnetic tape 31 rotating at 
the speed of the web. After covering a pre-determined 
distance corresponding to the distance covered by an im 
perfect sheet of material until it reaches the sorting posi 
tion, the stored signal is picked up by the pick-up head 32 
and fed as a control signal to the control arrangement for 
picking out the relevant faulty sheet. The erase head for 
erasing the fault signal is designated 33. 

In order to facilitate the adjusting of the sensitivity of 
the sorting arrangement of the invention, an individual 
optical fault indicating arrangement 35 is associated with 
each sensor group 20 and comprises a pulse shaper stage 
36 having an amplifier 37 and an indicator lamp 38 con 
nected on the output side. 
I claim: 
1. An improved mechanism for sorting imperfect sheets 

of material from a moving web of material Such as a Web 
of paper, said mechanism comprising a plurality of pho 
to-sensitive sensing means fixed relative to the moving 
web, said photo-sensitive sensing means being positioned 
adjacent to each other for sensing adjacent sectors of the 
web, a plurality of pre-amplifiers, each pre-amplifier being 
in circuit with a respective one of said photo-sensitive 
sensing devices for amplifying the signal therefrom, a 
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plurality of OR circuits, the number of such OR circuits 
being less than the number of said photo-sensitive sensing 
means and pre-amplifiers, means for conducting the out 
put signal of each of a group of said pre-amplifiers to a 
respective one of said OR circuits, a terminal OR circuit, 
means for conducting the output signal of each of said 
first mentioned OR circuits to said terminal OR circuit, 
and means for applying the output of said terminal OR 
circuit to a control means for controlling the sorting of 
imperfect sheets of material from the moving web in re 
sponse to a signal derived from said terminal OR circuit. 

2. An arrangement according to claim 1 in which a 
terminal amplifier is responsive to signals from the termi 
nal OR-circuit and said last mentioned means is respon 
sive to a signal from the terminal amplifier. 

3. An arrangement according to claim 1 in which a 
terminal amplifier provides an output signal in response 
to a signal from the terminal OR-circuit, which output 
signal is applied to said last mentioned means through a 
pulse shaping stage. 

4. An arrangement according to claim 1, in which the 
photo-sensitive means is comprised as silicon photo-ele 
ments. 

5. A mechanism according to claim 1 wherein the pre 
amplifiers include means for removing peaks transmitted 
thereto by said photo-sensitive sensing means in response 
to bright areas on the web of material. 

6. An arrangement according to claim 1, wherein an 
indicating device for indicating fault signals is associated 
with each of the first mentioned OR-circuits. 

7. An arrangement according to claim 1 wherein the 
number of pre-amplifiers and photo-sensitive sensing 
means connected to each of said OR circuits is in the 
range of about 5 to 15. 
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