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This invention relates to a photo-electric relay, 
and particularly to such a relay adapted to Cons 
trol the movement of objects in spaced relation. 
In many automatic industrial processes, it fre 

quently becomes necessary to move objects from 
one station to another with an interval of time 
and space between each object. The moving 
process is usually an automatic One. If the 
objects become jammed on the conveyor or other 
track along which they are being moved, the 25 
moving means will, nevertheless, continue to 
operate and damage may becaused to the ob 
jects and their contents and, perhaps more im 
portantly, to the equipment. Delay may also be 
caused in shutting down the machinery for the , 
repairs which may then be necessary. 

It is, therefore, an object of the invention to 
provide an improved photo-electric relay adapted 
to control the movement of objects in spaced rela 

:2) tion. 
Another object is to provide means for auto 

matically rendering inoperative means for mov 
iing objects along a path in Spaced relation, when 
such objects become jammed together on said 
path. 

... An additional object is to provide an improved 
photoelectric circuit which will be energized when 
light passing to an element therein is interrupted 
for more than a predetermined period. 
A further object is to provide an improved 

photoelectric relay adapted to be operated by al 
ternating currents only, and including a time 
delay circuit. 
. A still further object is to provide an improved 
and compact photo-electric relay for the purposes 
aforesaid from which connections need be made 
Only to a source of alternating currents and to 
the means for moving such objects. 
These objects are achieved in accordance with 

the invention by providing a photo-electric de 
vice connected to a gas tube and a relay, the 
latter being connected to a circuit which controls 
the movement of objects along the conveyor of 
other path in Spaced relation. Both the photo 
electric device and the tube. are operated by al 
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circuit, although the passage of light to the photoe 
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electric device, is intermittently interrupted by 
the normal passage of the objects along the cont 
veyor. If, however, the passage of light to the 
photoelectric device should be interrupted for a . 
period greater than the delay caused by the time 
delay circuit (for example, because the objects 
have become jammed against each other on 
the conveyor), the gas tube is extinguished; this 
opens the relay which in turn stops further 
movement of the objects along the conveyor. 
From time to time in this specification refere 

ence will be made to, automatic apparatus for 
the processing of bottles containing beverages. . 
In such apparatus, filed bottles are moved autos 
natically in an upright position, and in Spaced 
relation to each other along a conveyor from a 
machine at which they are inspected for the 
detection of foreign particles. Which may be con 
tained in the beverage, to another machine at 
which the bottles are leapped. The references 
to such apparatus are inserted for purpose. Of ill 
lustration only, since the invention is applicable 
to any apparatus in which any light-impeding 
objects are moved in spaced relation, ... and no 
limitation of the scope of the invention is in 
tended by Slich references. 
The invention may be better understood from 

a consideration of the following description 
thereof. When read in conjunction with the ac 
companying drawings in which: . . . ; 

Figure 1 is a plan view of apparatus embody 
sing the invention, showing the relation of the 
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ternating current. A beam of light is directed 
to the photo-electric-device in Such manner that 
each object cuts the beam in its passage along 
the conveyor. Light passing to the cathode of 
the photo-electric device causes current to flow 
therefrom to the grid of the gas tube, fires the . 
latter and keeps the relay closed. A time delay 
circuit connected to the grid of the gastbe 
keeps that:grid at its firing potential for a period 
dependent On the time constant of the time delay 

SO 
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photo-electric control of the invention to ob 
jects moving along a conveyor, 

Figure 2 is a circuit diagram of apparatus in 
One embodiment of the invention, and 

Figure 3 is a VieW in elevation along the con 
veyor illustrating adjustment of the path of the 
light from its source to the photo-tube. 

Figure 1 shows apparatus 14 which may be the 
inspection machine, before referred to, and a 
conveyor 2. Objects Oa, Ob, etc. (for example, 
bottles) are moved by any appropriate means, 
such as the electric motor 8, from the machine 
t; along the conveyor 2 in the direction of the 
arrow. Adjacent to the conveyor. 2 is the photo 
electric control 6 of the invention. The con 
trol includes a Source of light such as the ex 
citer lamp f8; in a preferred embodiment, a 21 
candlepower, single contact, 6 to 8 volt auto 
bulb has been used as the source of light. Light 
from the lamp 8 is directed to a photo-tube 
20. Light from the lamp 8 passes to a mirror 22 
and is reflected therefrom, as indicated by the 
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dash lines 82, 84, respectively, to the photo-tube. tube, open the relay 62 and, therefore, prevent 
If desired, the light Source may be on One side the continued movement of the objects. The time 
of the conveyor and the photo-tube on the other, delay circuit, however, is able to maintain the 
so that the objects a, 3b, etc., moving along grid 46 above its extinguishing potential for a . 
the conveyor 2 cut the beam of light passing 5 period dependent on its time constant. If the 
to the photo-tube. A special method of adjust- time which it takes an object to cross the light 
ment of the transmitted and reflected beams beam passing to the photo-tube is less than the 
is described hereinafter. i:. . . . . . . . . . period corresponding to the time constant of the 

Referring now to Figure 2, the photo-tube 20 delay circuit, light again passes to the cathode 
(which may be an RCA type 868) has an anode 24 of the photo-tube and causes the grid 46 to re 
and a cathode 26, connected by conductor 30 and main at a sufficiently positive potential to main 
by resistor 54 and conductor 64, respectively, to tain the gas tube in a conductive condition. S. 
the respective ends 68 and 70 of a secondary wind- If, however, light is prevented from passing 
ing S2 of a transformer 28. The primary wind- ....: to the photo-tube for a period greater than that 
ing 34 of this transformer is connected to a source before referred to (due, for example, to the of alternating current (not shown) which may jamming of the bottles one against the other), 
have an R. M. S. value of, for example, 220 volts.gi the potential of the grid 46 will fall and extin 
An auxiliary secondary winding 36 of the same guish current in the gas tube, thereby opening 
transformer provides voltage to heat the filament the relay and preventing further movement of 
38 of the lamp 8; alternatively, the secondary the objects along the conveyor. Removal of the 
winding 32 may be tapped for this purpose. ... impediment to the passage of light to the photo 
''. The photo-tube is connected to a gas tube 40, tube automatically makes the control operative 
having an anode 42, a cathode 44 and a control again, closes: the relay, and sets the objects in 
grid 46. In a preferred embodiment, a tetrode motion along, the conveyor. Other circuits which 
RCA type 2051, having a screen grid 48 connected 2 have been proposed for this purpose require re 
to the cathode 44 by a conductor. 50, has been setting by hand. ... . 
used. The cathode 26 of the photo-tube 20 is The period, therefore, during which light paSS 
connected to the control grid 46 of the gas tube ing to the photo-tube may be interrupted with 
by a conductor 66 and resistor 52; the latter may out extinguishing the current in the gas tube, is 
have a value of 5.6 megohms. - - - - a dependent on the values of the elements in the 
The anode 42 of the gas tube is connected time delay circuit. In a preferred embodiment 

through an energizing coil 60 of a relay 62 to the of the invention, the resistor 54 and capacitor 56 
end 68 of the secondary winding 32; a conductor had values of 1.2 megohms and .5 microfarad, re 

. . 2, extends from a tap 74 on the secondary Wind- spectively, for an effective time delay of approxi 
ing to the cathode 44 of the gas tube. A capac- 85 mately 5 second; the time. may be doubled or 
itor. 55 is connected across the resistor 54 in the quadrupled by increasing the value of the capac 
cathode lead of the photo-tube 26. - itor to 1 microfarad, or to the 2 microfarads, re 
... The secondary winding 32 between its end 68 spectively. . . . . . . . . . . . . 
-and tap 74 provides an alternating potential, ... Ordinarily, the values of the elements of the 
which may have a value of 125 volts, between the 40 time delay circuit will be chosen to provide for 
(anode and cathode of the gas tube. Similarly, continued firing of the gas tube during a period 
the smaller portion of the secondary winding equal to the interruption of light by the passage 
ibetween the tap 14 and 8 provides an alternat- of an object across it, but longer delays may be 
'ing-current. bias (through resistor 54, condenser obtained...if necessary. Thus, it may not be de 
.56 and resistol 52) for the control grid-46. . . . . . 4.5 sired to shut down the conveyor during the Oc 
- The respective polarity of the various windings currence of short jams which automatically clear 
at a given instant is shown by the drawing, SO themselves, and values of the resistor 54 and 

...that the anode of the gas tube is most positive capacitor 56 will then be selected to provide for 
when its control grid is most negative, and vice the delay desired. In the three examples just 
-versa. The parallel combination of resistor. 54 50 given, the value of the resistor was 1.2 megohms 
and condenser 56 constitutes a time. delay cir- in each case; it is not desirable to increase the 

- cuit, tending to oppose any change in the po- value of the resistor above: 5 megohms, because 
...tential of the grid, as will appear more fully here- in electronic circuits the charge on the condenser 

inafter. The whole of the secondary winding may then tend to leak off through other chan 
provides an alternating potential between the 55 inels. - - - . . . . . 

: anode and cathode of the photo-tube, but the The resistor 52 matches the low impedance of 
voltage drop through the resistor 54 serves to the gas tube when conducting, with the com 
-limit the value of this potential. - . . . paratively high impedance of the resistor-capac 

. . . The relay 62 contains the energizing coil 60 litor combination 54-56, which would otherwise 
and an armature 76, which cooperates, with a 60-be ineffective for delaying the extinguishment of 
switch. 8 in a circuit 80 connected to the electric the anode current of the tube. . . . . . ; 
motor 8. ... - Y - . . . . . It has been proposed to provide a photo-elec 

... The operation of the circuit is as follows: The tric relay operated by alternating current with 
bias on the control grid 46 is of such a value means for maintaining a positive voltage on the 
'as to prevent the gas tube from firing. Light 65. grid of an electron discharge amplifier during 
from the lamp 8 passes to the cathode 26 of the part of the negative-half-cycle of the Supply 
photo-tube 26; current flows therefrom to the voltage. The present invention differs from that 
control grid 46 and raises its potential sufficiently proposal in that the:grid is held positive. Over a 
to fire the gas tube. Current then flows in the large number of complete cycles. 
anode circuit of the gas tube, energizes the coil 70 Certain variations in the embodiment described 
60 and therefore closes the switch 78 and the will suggest themselves to those skilled in the 

i circuit 86. As each object moves along the con- art. For example, the objects moving along the 
tveyor 2, it interrupts the beam of light passing conveyor have been described as interrupting 
to the photo-tube; and this, but for the time completely the passage of light to the cathode of 

Sidelay circuit, would extinguish current in the gas 75'the photo-tube, but a similar control effect may 

  



2,418,595 
s 

be obtained by a reduction or other variation in 
the intensity of light passing to the tube, or a re 
fraction of light by the objects, it being necessary 
only that the objects should in some way in 
pede or vary the passage of light to the tube. 
In the embodiment described, current in the 

anode circuit of the gas tube has been employed 
to control the movement of objects along the:COn 
veyor; but, in some cases, it may be desirable to 
use this current to sound an alarm, or flash a 
warning light, or otherwise to indicate that the 
passage of objects along the conveyor is abnor 
mal. The current may also be used to actuate 

O 

a combination of the movement-terminating and 
indicating means. 
When the objects passing along the Conveyor 

are of irregular outline, the use of a beam paSS 
ing to a mirror and reflected therefrom to the 
photo-tube, as before described, has special ad 
vantages. For example, in Figure 3 the object 
is shown as a bottle f Oa of the type which is ordi 
narily used for carbonated beverages, and which 
has a neck 86, a wide portion 88, and below that 
a narrower waist-like portion 90. The trans 
mitted beam 82 may then be made substantially 
horizontal, and adjusted to such a height that if 
the bottles are jammed against each other in a 
horizontal position, the neck 86 of a bottle will 
be bound to interrupt the passage of light to the 
mirror, and thence to the tube. The beam may 
also be reflected upwards (for example, by in 
clining the mirror 22 at an angle to the vertical) 
So that it passes through the wide portion 88 of 
the bottle; if the bottles become jammed in a 
vertical position, the reflected beam 84 will be 
bound to be interrupted. 
There has thus been described a control sys 

tem for the movement of objects along a path 
in spaced relation, including a photo-tube and a 
gaS tube operated by alternating current, and 
in which a time delay circuit is employed to pre 
vent the Operation of the control on a variation 
in the energizing light for a predetermined 
period. 
I claim as my invention: 
1. A control System for apparatus adapted to 

move light-impeding objects along a path in 
Spaced relation, including in combination a light 
sensitive device, terminal means for applying 
alternating currents to said device, a source of 
light passing to said device acroSS Said path, and 
means responsive to the flow of current through 
Said device and including a time delay circuit 
and a gas tube for terminating the movement of 
said objects on a variation of said light passing 
to said device for a period dependent on the time 
constant of said circuit. 

2. In combination, means for moving light-in 
peding objects along a path in Spaced relation, a 
light-sensitive device, terminal means for apply 
ing alternating currents to Said device, a Source 
of light passing to said device across Said path, 
and means responsive to the flow of Current 
through said device and including a time delay 
circuit for rendering said moving means inopera 
tive on a variation of Said light passing to Said 
device for a period dependent on the time con 
stant of Said circuit. 

3. In combination, a circuit including a lor 
mally closed relay and means for moving light 
impeding objects along a path in Spaced reiation, 
a control system for said circuit including a light 
sensitive device, terminal means for applying 
alternating currents to said device, a Source of 
light passing to said device across said path, and 
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a connection between said device and said relay, 
said connection including a time delay circuit 
and means responsive to the flow of current 
through said device for opening said relay on a 
variation of said light passing to said device for 
a period dependent on the time constant of said 
time delay circuit. 

4. In combination, a circuit for moving light 
impeding objects along a path in spaced relation, 
a light-sensitive device having at least an anode 
and a cathode, a source: of light passing to said 
cathode. acroSS Said path, a gas tube having at 
least an anode, a cathode and a grid and a nor 
Inally closed relay with its energizing Winding 
connecting the anode and cathode of Said gas 
tube, a connection including a time delay circuit 
and a resistor in series between the Cathode of 
said device and said grid and, a connection for 
applying alternating currents to said device and 
said tube, said relay being operatively connected 
with said first-mentioned circuit, whereby said 
first-mentioned circuit is rendered inoperative 
on a variation of said light passing to the cathode 
of said device for a period dependent on the time 
constant of said time delay circuit. 

5. A control System for apparatus adapted to 
move light-impeding objects along a path in 
spaced relation, including in combination a light 
sensitive device, terminal means for applying 
alternating currents to said device, a Source of 
light passing to said device across Said path, 
and means responive to the flow of current 
through said device and including a time delay 
circuit, for indicating a variation of said light 
passing to said device for a period dependent on 
the time constant of said circuit. 

6. A control system for apparatus adapted to 
move light-impeding objects along a path in 
spaced relation, including in combination a light 
sensitive device, terminal means for applying 
alternating currents to said device, a source of 
light passing to said device acroSS Said path, an 
instrument having at least two conditions, means 
for maintaining said instrument in One of Said 
conditions, and means responsive to the flow of 
current through said device and including a time 
delay circuit, for conditioning said instrument to 
another of said conditions on a variation of Said 
light passing to said device for a period de 
pendent on the time constant of Said time delay 
circuit. 

7. A control System for apparatus adapted to 
move light-impeding objects along a path in 
spaced relation, including in combination a light 
sensitive device, terminal means for applying 
alternating currents to Said device, a Source of 
light, means defining a transmitted and a re 
flected path for said light from said source to 
said device, the path of said objects intersecting 
both said transmitted and said reflected paths, an 
instrument having two different indicating con 
ditions, means initiated by the passage of light 
to said device for maintaining Said instrument 
in one of said indicating conditions, and means 
responsive to the flow of current through said 
device and including a time delay circuit, for con 
ditioning Said instrument to another of Said in 
dicating conditions on a variation of said light 
passing to said device for a period dependent on 
the time constant of Said time delay circuit. 

8. In combination, a light-sensitive device hav 
ing at least an anode and a cathode, a source of 
light passing to Said cathode, a gas tube having 
at least an anode, a cathode and a grid, a con 
nection for applying alternating currents to said 
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device and said tube to maintain the anode of 
said device and the anode and cathode of said 
tube at at least their respective operating po 
tentials and to maintain said, grid at below its 
firing potential, an electro-responsive instrument 
connected to the anode of said tube and having 
at least two indicating conditions, a connection 
between the cathode of said device and said grid 
whereby said light passing to said cathode causes 
current to flow to said grid to fire said tube, and 
thereby to maintain said instrument in one of 
Said indicating conditions, and a time delay cir 
cuit and a resistor in series therewith in the cir 
cuit of said grid for maintaining said grid at 
above its extinguishing potential for a period 

8 - 

dependent on the time constant of said time de 
lay circuit, notwithstanding interruption of said 
light passing to said cathode. 

s 
JAMES H. REYNOLDs. 
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