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[57] ABSTRACT 

A multiple sheet detecting system for use in a sheet 
feed path to provide a signal to a machine control 
when superposed sheets are fed past a detection sta 
tion. The detection system has a source of illumination 
and photosensitive elements at the detection station. 
Illumination is interrupted by the presence of a sheet 
or sheets in the sheet path and also by a sample sheet 
such that a comparison is made between the sample 
and fed sheets. An electronic circuit coupled to the 
photosensitive elements which experience a change in 
resistance depending upon the transmittance of a 
sheet or sheets in the sheet path generates an output 
signal when there is a multiple sheet condition. The 
circuit may be calibrated for varying circuit parame 
ters to accommodate different sheet weights and 
types. 

1 Claim, 5 Drawing Figures 
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DETECTION SYSTEM FOR SUPERPOSED SHEETS 

This invention relates to a multiple sheet detection 
system to detect the presence of superposed sheets ad 
vanced along a sheet path and to indicate to a machine 
control that a multiple sheet feed condition has oc 
curred. 

In feeding copy sheet material along a path, for ex‘ 
ample, through a copy processor, it is essential to ad 
vance one sheet at a time and to prevent the forwarding 

’ of multiple or superposed sheets. When multiple sheets 
are forwarded accidentally, jams occur at the process 
ing stations which result in a machine malfunction. 
With the advent of high speed reproduction machines 
incorporating complex sheet feed systems feeding dif 
ferent sheet sizes, weights, etc., problems associated 
with multiple sheets have become increasingly appar 
ent. 
Usually the detection of multiple or superposed 

sheets is accomplished by mechanical sensors as de 
scribed, for example, in US. Pat. No. 3,396,965. While 
these devices are suitable in somecases, they are not 
entirely satisfactory in many present day reproduction 
systems. . 

It is therefore the principal object of this invention to 
improve multiple sheet detection systems. 

It is another object of the present invention to enable 
detection of superposed sheets fed in a sheet path and 
to indicate this condition to a machine control irrespec 
tive of the weight or thickness of the sheet stock being 
fed. 

It is another object of the invention to enable detec~ 
tion of multiple sheets being fed past a detection station 
at very high rates. ‘ 1 

It is another object of the invention to detect the 
feeding of multiple sheets by measuring the light trans 
mission of sheet material and sensing differences in the 
transmission of sheets being fed and a reference trans 
mission provided by a sample sheet. 

It is another object of the present invention to utilize 
electronic circuitry to determine when multiple sheets 
are being fed along a sheet path. 

It is another object of the present invention to facili~ 
tate the detection of superposed sheets being fedgalong 
a sheet path in a manner more simple and more rapid 
than that used heretofore. 
The detection system of the invention, generally 

speaking, is accomplished by comparing the light trans 
mittance of each fed sheet with that of a sample sheet 
and utilizing an electronic circuit for comparing differ 
ences of the transmissions and generating appropriate 
signals to machine control to indicate the presence of 
superposed sheets. 
For a better understanding of theiinvention as well as 

other objects and features thereof, reference is had to 
the following detailed description of the invention 
which is to be read in connection with the accompany 
ing drawings wherein: 
FIG. 1 illustrates schematically a xerographic record— 

ing apparatus incorporating a multiple sheet detection 
system constructed in accordance with the present in 
vention; 
FIG. 2 is an enlarged view of the sheet detection sta 

tion of the apparatus illustrating the illumination as 
sembly and the detector photosensor assembly of the 
present invention and their relationship to the sheet 
feed path; 
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2 
FIG. 2A is a partial end view of the detection station 

of FIG. 2 illustrating details of the illumination assem 
bly and the detector and sample sheet photosensor as 
semblies; 
FIG. 3 is a circuit diagram of the multiple sheet de 

tection system; and v 

FIG. 4 is a diagram illustrating signal voltage varia 
tions indicative of single and multiple sheet feed condi 
tions. 
Referring now to FIG. 1, there is shown various com 

ponents of a xerographic recording machine which pro 
duces enlarged copies of microfilm aperture cards on 
cut sheets of different sizes and weights at high rates 
and which utilizes a multiple sheet detection system ac 
cording to the present invention. As in all xerographic 
recording systems, a light image of an original to be re 
produced is projected onto the sensitized surface of a 
xerographic plate to form an electrostatic latent image 
thereon. Thereafter, the latent image is developed with 
an oppositely charged developing material to form a 
powder image corresponding to the latent image on the 
plate surface. The powder image is then electrostati 
cally transferred to a support surface such as paper to 
which it is permanently af?xed. 

In the recording machine of FIG. 1, aperture cards 
are placed in a card feed section 16 from which each 
card is fed in seriatim in a path transverse to the optical 
path to scan a ?lm frame on the card in timed relation 
to the movement of a xerographic plate which is in the 
form of a drum 20. Xerographic drum 20 comprises a 
layer of photoconductive material on a conductive 
backing and is mounted in suitable bearings in a ma 
chine frame and driven by a suitable drive. The drum 
passes ?rst a charging station A at which a uniform 
electrostatic charge is deposited by a corona generating 
device 21. Next, at an exposure station B, the drum is 
exposed to a light image to discharge the photoconduc 
tive layer in the areas struck by light whereby there re 
mains on the drum a latent electrostatic image corre 
sponding to the ?lm frame on the aperture card being 
scanned. As the drum continues its movement, the 
electrostatic latent image passes through a develop 
ment station C at which a developing material includ 
ing toner particles having electrostatic charge opposite 
to that of the electrostatic latent image are cascaded 
across the drum surface whereby the toner particles ad 
here to the latent image to form a powdered image. As 
toner powder images are formed, additional toner par 
ticles are supplied to the developing material in propor 
tion to the amount of toner deposited on the drum. Po 
sitioned adjacent to the development station C is an 
image transfer station D at which the powder images 
are electrostatically transferred from the drum surface 
to sheet material supplied from a sheet feed station past 
a sheet detection station in a manner as will be ex 
plained more fully hereinafter. 
A sheet transport apparatus, generally designated 25, 

serves to transport the sheet material received from a 
sheet feed section 27 toward a transfer station D where 
a corona transfer device 29 similar to the corona charg 
ing device 21 is located to affect the electrostatic trans 
fer of the developed image onto the sheet material. 
After transfer, the powder image is permanently affixed 
to the sheet material by a heat fuser apparatus 31 and 
the sheet material conveyed onto a vertical transport 
33 for delivery to a copy tray 35. A drum cleaning sta 
tion E comprises a corona discharge device 37 and 
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brush 39 to remove residual toner particles remaining 
on the drum surface after image transfer, and a light 
source 40 to complete discharge of any residual elec 
trostatic charge remaining on the surface whereby the 
drum may be ready for another cycle to pass through 
the processing stations as just described. 

It is believed that the foregoing description of the Xe 
rographic recording apparatus is sufficient for purposes 
of showing a general operation of a typical recording 
apparatus using a multiple sheet detection system con 
structed in accordance with the present invention. For 
further details concerning the speci?c construction of 
the xerographic machine components previously de 
scribed, reference is made to copending applications 
Ser. No. 824,541 ?led on May 14, 1969, entitled Multi 
ple Output Electrostatic Recording System; and Ser. 
No. 824,542 ?led on May 14, 1969, entitled Copier 
Machine Feeding Multiple Size Copy Sheets. It should 
be understood. however, that the detection system of 
the present invention is not limited to use in copier ma 
chines and may ?nd use in many suitable environments. 

In FIG. 2, there is shown a sheet detection station lo 
cated at the exit side of sheet feed section 27 which 
feeds sheets of different sizes and/or types as selected 
from a conveniently located control panel. Sheets are 
fed desirably one at a time toward guide members 45 
which converge and terminate at the exit of the sheet 
feed sections where the multiple sheet detection station 
is positioned. It will be appreciated that the sheet feed 
section is modular and is of the type which can be easily 
pulled away from the rest of the xerographic recording 
machine as described more fully in the previously men 
tioned copending applications. 
At the multiple sheet detection station, there is posi 

tioned an illumination assembly 51 situated below the 
sheet feed path and a pair of photosensor assemblies 53 
and 55. Photosensor assembly 53 is located just above 
the sheet path while photosensor assembly 55 is 
mounted below the sheet path for comparing fed sheets 
with a sample sheet as will become more apparent. I1 
lumination assembly 51 includes a source of illumina 
tion DSl which may be an incandescent lamp or other 
suitable light source in a housing 57 formed with an ap 
erture 59 and an aperture 61 such that illumination can 
be sensed in two directions (FIG. 2A). A photosensi 
tive element V1 receives illumination through an aper 
ture 62 located in a housing 63 and photosensitive ele 
ment V2 receives illumination through an aperture 64 
in a housing 65. Photosensitive elements V1 and V2 
may be any suitable light sensitive device. Typically the 
photosensitive element may include a photocell, photo 
voltaic, photoconductor, phototransistor, photodiode, 
etc. It is preferred to use a cadmium sul?de or cad 
mium selenide photocell due to their increased sensitiv 
ity. Guide members 45 are notched or opened to pro 
vide an uninterrupted flow of illumination in a direc 
tion across the sheet path. Mounted on housing 57 is a 
leaf spring member 66 which is adapted to hold a sma 
ple sheet portion S in overlying relation to aperture 61 
(FIG. 2A). Source ofillumination D51 is adjustable rel 
ative to the housing as by screws 67 received in the 
housing against the action of springs 68. It will be ap 
preciated that the overall con?guration of the source of 
illumination and its apertures and the photosensitive 
elements and their apertures is such that any variation 
in sensitivity due to differences in the sheet path is min~ 
imized. 
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4 
In accordance with the invention as a sheet advances 

past the source of illumination and photosensor assem 
blies, illumination from DSl is interrupted in the direc 
tion of photosensitive element V1 which causes an in~ 
crease in the resistance of this element while photosen 
sitive element V2 remains unaffected. The photosensi 
tive elements are coupled to an electronic circuit which 
produces an output signal to machine control as will be 
described hereinafter. The photosensitive element re 
sistance level normally generated by advancing single 
sheets is such as to be the same or nearly the same as 
the light transmission of sample sheet portion S. How 
ever, when superposed or multiple sheets are fed past 
the detection station, the drop in light transmission 
causes the resistance of photosensitive element V1 to 
increase signi?cantly above that of V2. When this oc 
curs, the electronic circuit coupled to the photosensi 
tive elements utilizes this resistance change to generate 
an output signal to a machine control to indicate the 
presence of multiple sheets. 
A better understanding of the invention may be had 

in connection with the circuit illustrated in FIG. 3. The 
circuit has a regulated, well ?ltered power supply 
which is made up of a transformer T1, bridge recti?er 
CR1, resistors R1, R2 and R3, capacitors C1 and C2 
and zener diodes CR2 and CR3. It has been found that 
output voltages from such a power supply of about plus 
and minus 12 volts performs well for purposes of the 
present invention. Transformer T1 also provides a sup 
ply voltage for source of illumination DSl. A resistor 
R11 is used to provide an un?ltered power source for 
a relay Kl which is energized in a manner to be de 
scribed hereinafter. Photosensitive element V1, a trim 
pot R6 and a resistor R7 serve to make up a voltage di 
vider for sensing. To initially calibrate the circuit, a sin 
gle sheet is positioned at the detection station and trim 
pot R6 is adjusted to establish a voltage at point A of 
about one half the normal supply voltage which in this 
case is 6 volts. In similar fashion, photosensitive ele 
ment V2, a trim pot R14, a trim pot R4 and a potenti 
ometer R36 make up a voltage divider which generates 
an output representative of the light transmittance of 
sample sheet portion S. 

It will be noted that a resistor R15 provides a low re 
sistance path around photosensitive element V2, trim 
pot R4, and potentiometer R36. By this arrangement, 
it is possible to establish a suitable reference voltage at 
point B when a sample sheet portion S is in operating 
position and with potentiometer R36 set at its center of 
rotation by adjusting variable resistor R4. When this is 
accomplished, trim pot R14 is adjusted to establish a 
suitable offset voltage y between point C and point D. 
Offset voltage y should not be too low so that a dense 
single sheet will actuate the detection system to indi 
cate a double sheet condition or so high that very light 
or high transmittance superposed sheets being fed past 
the detecting station do not indicate a single sheet con 
dition. For a supply of 12 volts, it has been found that 
an offset voltage y is desirable which ranges from about 
0.5 volts to about 2 volts and preferably about 1.2 volts 
(FIG. 4). 

It will be noted that point A is connected to the nega 
tive input of a differential ampli?er Q1. It will be fur 
ther noted that point B is connected to the positive 
input of differential ampli?er Q1. When point B goes 
positive with respect to point A, Q] will be turned on 
which in turn will cause transistor G2 to turn on which 
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drives a relay Kl coupled to machine control. It will 
now be appreciated that the voltage at point B goes 
positive with respect to the voltage at point A when a 
multiple sheet feed condition occurs at the sheet detec 
tion station causing Q1 and ()2 to be turned on and 
relay Kl to be actuated. Relay Kl energizes'a suitable 
indicator for the multiple sheet condition and/or de 
energizes the machine processor before a malfunction 
can occur. 

In order to accommodate great differences in weights 
and types of sheet material in the detection system of 
the invention, the system is adapted for calibration to 
meet such varying conditions. To accomplish this, a 
calibration switch S38 is provided to be manually actu 
ated during the time that a single sheet of the material 
of the type to be fed is introduced at the detection sta 
tion. Switch S38 is held actuated until such time as po 
tentiometer R36 can be adjusted to turn on Q1 for the 
most dense sheet to be fed or when point B is about 1.2 
volts negative with respect to point A. When this oc 
curs, calibration is complete since the circuit previ 
ously described is adapted to turn on Q1 and Q2 and 
actuate relay Kl only when the transmittance indicates 
a multiple sheet condition is present. By this arrange 
ment, it is possible to use different types and weights of 
sheet material in a multiple sheet detection system. 

In order to ensure reliable operation at all times, a re 
sistor R10 and a zener diode CR4 are provided to indi 
cate multiple sheets are present if illumination source 
DSl fails. By this arrangement, Q1 will turn on when 
illumination ceases thereby providing a fail-safe opera 
tion. 
The invention described above enables multiple 

sheets to be detected in a rapid and simple manner 
without sacrificing reliability. The detection system is 
error free since a balanced condition is maintained in 
the circuitry despite aging of the illumination assembly 
or response of the photosensor assemblies. Thus, the 
detection system combines a stability of performance 
with speed of operation. Moreover, the great latitude 
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6 
of sheet weights and types that can be accommodated 
in the system of the invention is highly desirable. It will 
be appreciated that the sheet detection system of the 
invention is useful in environments such as the present 
day copier/duplicator machines. 
What is claimed is: 
l. [n a recording machine in which copy sheets are 

advanced through copy processing stations along a pre 
determined path, an improved detection apparatus for 
detecting multiple superposed sheets at a sheet detec 
tion station comprising 
means for feeding sheet material along a sheet path 
past copy processing stations. 

illumination means positioned along the sheet path at 
a sheet detection station, 

first photosensitive means for receiving illumination 
from said illumination means, 

second photosensitive means for receiving illumina 
tion from said illumination means, 

sample sheet material interposed between said illumi 
nation means and said second photosensitive 
means, 

?rst circuit means for generating discrete electrical 
signals representative of the transmittance of sheet 
material to be detected, 

second circuit means responsive to the transmittance 
of the sample sheet material for generating a signal 
representative of the transmittance of said sample 
sheet material, 

third circuit means for comparing the signals gener 
ated from said ?rst and second circuit means and 
determining the presence of multiple superposed 
sheets and generating an output signal to machine 
control to de-energize the machine when a multiple 
superposed sheet condition occurs at the sheet de 
tection station, and 

means for maintaining a multiple superposed sheet 
output condition in the event that a failure of said 
illumination means occurs. 

* * * =|< * 


