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United States Patent Office 3,242,341 
Patented Mar. 22, 1966 

3,242,341 
ELECTRICAL SAFETY CONTROL 

Benjamin W. Woodward, Tonawanda, N.Y., assignor to 
Sperry Rand Corporation, New York, N.Y., a corpora 
tion of Delaware 

Filed June 10, 1965, Ser. No. 463,000 
10 Claims. (C. 250-221) 

The invention relates to electrical safety control mech 
anisms responsive to the presence of physical objects with 
in a predetermined guarded area, and is a continuation 
in-part of my copending application Serial Number 165,- 
995, filed January 9, 1962, now abandoned. 

It is common present day practice to utilize a power 
driven conveyor mechanism to transport articles, upon 
which work operations are to be performed, from and 
to a work area. In certain such installations, the articles 
are removably secured to the conveyor mechanism the 
movement of which is under the control of an operator. 
Mechanical shields are normally provided along sub 
stantially the entire path of travel of such a conveyor 
mechanism in order to physically prevent obstructions 
from being inadvertently placed into the path of travel 
of the conveyor mechanism and the work articles car 
ried thereby to obviate damage to either and to the ob 
struction. However, when the conveyor is not in motion, 
it is desirable to provide access at the work area to the 
articles being conveyed without necessitating the prior 
removal of a mechanical shield and its subsequent re 
placement into guarding position. It is also desirable, 
while providing such free access at such work area, to 
detect, under conditions where the conveyor mecha 
nism is in motion, the movement of any potentially ob 
structing object into such work area. 

In the prior art, various safety controls utilizing de 
tecting mechanisms of either the mechanically actuated 
or electrically operating type have been provided and ar 
ranged to operate in response to detection of an obstruct 
ing object in the area being guarded from a first con 
dition to a second condition to stop the conveyor mecha 
nism. However, in order properly to protect the trans 
ported articles and conveyor mechanism from damage 
by obstructing objects and obviate injuring such inter 
ferring objects, as for example, the operator's arm, it 
is desirable that failure of the safety control or mal 
function of its circuit components results in the con 
trol being operated to the condition which effects stop 
ping of the conveyor mechanism, notwithstanding that 
the path of travel of such conveyor mechanism is then 
unobstructed. Such operation of a safety control may 
be termed “fail safe' operation. In addition, it is also 
desirable to arrange such safety controls to indicate mal 
functions of its own circuit components and prevent 
restarting of the conveyor mechanism until Such malfunc 
tions have been remedied. 

It is therefore an object of this invention to provide 
an improved electrical safety control for detecting ob 
structing objects in a predetermined guarded area. 
A further object is to provide an improved electrical 

safety control which, in the absence of detection of ob 
structing objects, is operable from a first certain to a 
second certain control condition and, in response to such 
detection, automatically operates back to such first cer 
tain control condition. 
Another object is to provide an electrical safety con 

trol for guarding a predetermined area by detecting and 
responding to the presence of obstructing objects in such 
area and, in addition, indicating malfunctions of its own 
circuit components. 

Still another object is to provide such an electrical 
safety control which, in addition to indicating malfunc 
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2 
tions of its own circuit components, prevents reactiva 
tion of the control until such malfunctions are remedied. 
The invention contemplates providing an electrical 

safety control which utilizes object detecting means for 
an area to be protected, which detecting means are 
adapted for detecting obstructing objects within such 
area. In the absence of such a detection, the detection 
means produce a signal in an electrical circuit, which 
signal is amplified and utilized thereby to allow the actu 
ation of main control means from a first certain con 
dition to a second certain condition. Upon detection of 
an obstructing object, the main control means auto 
matically are actuated back to first certain condition. 
The signal amplifying and utilizing circuit arrangement 
of one embodiment is such that any malfunction of the 
electrical circuit components, including the circuit wir 
ing, results in the control being actuated back to its 
first certain condition. 

In carrying out the invention, according to such em 
bodiment, which will be described in detail hereinafter, 
two transmitters of radiant energy are mounted at one 
side of an entranceway to a work area in position to 
project two beams of radiant energy across such entrance 
Way and upon corresponding receivers mounted at the 
opposite side thereof. The transmitters and receivers are 
mounted in such fashion that a physical object posi 
tioned or moving into such entranceway must interrupt 
either or both energy beams and normally interrupts 
both. 
Under conditions where the respective beams are un 

obstructed, each of the receivers produces an individual 
signal in a first stage of an electrical control circuit. 
Such first stage is arranged to respond to the simul 
taneous presence of both input signals by producing a 
signal amplified output signal. This amplified output 
signal is applied simultaneously to two electrically iso 
lated output amplifier stages which independently re 
spond thereto. The output amplifiers stages, therefore, 
are individually responsive to the simultaneous presence 
of both the receiver input signals, and, in turn, to inter 
ruption of either of the energy beams. 
A main control is provided and is arranged to respond 

to the simultaneous presence of the individual amplified 
output signals from both of the second stage amplifiers to 
operate from a first certain to a second certain condition, 
indicating that the work area is presently clear of obstruct 
ing objects. Under conditions where either or both the 
receiver input signals are not simultaneously present, or 
both the second stage output signals are not simultaneous 
ly present, the main control is automatically actuated back 
to its first certain condition, signifying that an obstructing 
object is present in the work area, notwithstanding that 
such may not be the case. The circuit arrangement is such 
that failure of either of the radiant energy transmitters or 
their associated receivers, or an open circuit in the control 
circuitry results in the main control being actuated to its 
first condition, indicating that an obstruction has been 
detected. In addition, various possible malfunctions of the 
electrical components of the first and second stage ampli 
fiers causes the control to operate back to its first condi 
tion. This is accomplished by the provision of Supervisory 
means in the amplifier circuits, which means responds to 
certain “short circuits' thereof, and is also effective to pre 
vent reactivation of the main control to its second certain 
condition, until the fault has been remedied. 

Features and advantages of the invention will be seen 
from the above, from the following description when con 
sidered in conjunction with the drawings, and from the ap 
pended claims. 

In the drawings: 
FIGURE 1 is a schematic representation of an entrance 



8,242,341 
3. 

Way with two object detectors of the radiant energy beam 
type mounted in position to detect objects standing in 
or passing through the entranceway; 
FIGURE 2 is a simplified schematic wiring diagram 

of a portion of one embodiment of the subject electrical 
safety control with the circuits arranged in "across-the 
line' form; 
FIGURE 3 is a simplified schematic wiring diagram of 

the remaining portion of the electrical safety control 
shown in FIGURE 2 also with the circuits arranged in 
'across-the-line' form; and 
FIGURE 4 is a simplified schematic wiring diagram of 

a portion of another embodiment of the subject electrical 
safety control. 
For convenience, the invention will be described as an 

electrical safety control for a power driven conveyor of 
work articles for detecting and indicating the presence of 
physical objects in an entranceway or access way to the 
path of travel of such conveyor, and as utilizing two object 
detecting mechanisms mounted in such entranceway; it be 
ing understood that without departing from the scope of 
the invention only one, or more than two, detecting mech 
anisms may be provided and the subject control used 
wherever it is desired to detect and indicate the presence 
of physical objects in a given area; the physical dimen 
sions of the area to be guarded dictating the number of 
object detecting mechanisms of a particular type which 
must be actually utilized in a given installation for proper 
protection. 

Referring to FIGURE 1, two radiant energy transmit 
ters LP1, LP2 are mounted on entranceway structure 13 at 
one side of an entranceway, generally designated 11, in 
position to project their respective energy beams 15, 16 
across entranceway 11 and onto oppositely disposed cor 
responding receivers PC1, PC2 mounted on entranceway 
structure 14. Radiant energy transmitters LP1, LP2 are 
indicated in the circuitry of FIGURE 3 as being two 
incandescent lamps bearing the same letter and numeral 
designations, while their corresponding radiant energy 
receivers PC1, PC2 are similarly indicated in the circuitry 
of FIGURE 2 as being photoconductive cells of the RCA 
7412 type; it being understood that appropriate optical 
systems (not shown) are provided for focusing light rays 
generated by lamps LP1, LP2 onto light sensitive areas 
of their corresponding photoconductive cells PC1, PC2 
which are excited thereby. Cells PC, PC2, when un 
excited by light energy, characteristically exhibit a rela 
tively high resistive impedance to current flow, which 
impedance quickly and substantially decreases whenever 
the cells are sufficiently excited by light energy. Such 
substantial impedance reduction is maintained so long as 
sufficient excitation of the cells persists. 

Unidirectional power from any suitable source (not 
shown) is supplied over supply line B-, Bo to the cir 
cuitry of FIGURES 2 and 3. 

Electromagnetic switches employed in one embodimen 
of the electrical safety control are designated: first detec 
tor switch A, second detector switch B, supervisory switch 
S, main control switch C and auxiliary main control 
switch CX. In the wiring diagrams, the foregoing identi 
fying letters are applied to the coils of the electromagnetic 
switches, and, with reference numerals appended thereto, 
are applied to the contacts of the switches to differentiate 
between different sets of contacts on the same Switch; all 
contacts being shown for the unoperated condition of the 
switches. 

In the circuitry of FIGURE 3, KS designates a manual 
ly operated switch of the knife switch type, while PB 
designates a push button type switch, spring biased to 
normally open condition. 
The circuitry of FIGURE 2 basically comprises a two 

stage direct resistance coupled amplifier arranged to pro 
vide two independent amplified signal outputs in response 
to simultaneous excitation of both photoconductive cells 
PC1, PC2 by light beams 15, 16 of FIGURE 1. An 
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4. 
NPN transistor T1 is provided in the first stage of the am 
plifier and, in the second stage, two complementary PNP 
transistors T2, T3 are utilized; each of such transistors 
!having base b, emitter e and collector c electrodes. In one 
tested embodiment of the amplifier satisfactory operation 
has been obtained by using a RCA 2N35 transistor for 
T1, and RCA 2N109 transistors for T2 and T3. 

Base electrode b of transistor T1 is connected through 
series connected photoconductive cells PC1, PC2 to supply 
line B+, and through adjustable biasing resistor R4 to 
its emitter electrode e and supply line Bo. Collector elec 
trode c of transistor. T1 is connected through coil S of 
the Supervisory switch to the respective base electrodes b 
of output stage transistors T2, T3 by means of coupling 
resistors R7, R8, respectively. Coupling resistors R7, 
R8 are selected of equal and sufficient ohmic value to 
apply the amplified output signal from the first stage am 
plifier equally to second stage transistors T2, T3, while 
effectively isolating the output transistor circuits one from 
the other. 
The respective emitter electrodes e of transistors T2, 

T3 are connected to their corresponding base electrode b 
by biasing resistors R5, R6, respectively, and in common 
directly to supply line. B+. The respective collector elec 
trodes c of transistors T2, T3 are connected to supply line 
Bo through coil B of the first detector switch and coil A 
of the second detector switch, respectively. 

In order to describe the operation of the subject safety 
control mechanism, assume that power is applied over 
Supply lines B+, Bo to the circuitry of FIGURES 2 and 
3. Under such conditions, lamps LP1, LP2 (FIGURE 3) 
are in extinguished condition, and photoconductive cells 
PC1, PC2 (FIGURE 2) present a relatively high resistive 
impedance to current flow in the base circuit of first stage 
transistor T1, which impedance is conjunction with the 
nonconducting bias applied to base electrode b through 
biasing resistor R4 from supply line Bo is sufficient to 
maintain transistor T1 in nonconducting condition. Also 
assume that adjustable biasing resistor R4 is adjusted to 
a certain ohmic value such that, under conditions where 
transistor T1 is caused to conduct through its emitter 
collector circuit, as will be described hereinatfer, the col 
lector current is of a certain magnitude, say of approxi 
mately 2 milliamperes, for purposes to be explained here 
inafter. 

Also assume that biasing resistors R5, R6 of transistors 
T2, T3, respectively, are selected of such ohmic value that, 
in the absence of an amplified signal to their respective 
base circuits from first stage transistor T1, they are biased 
to nonconducting condition from supply line B--. 

Next assume that the entranceway is clear of any 
obstructing objects, and the operator depresses push but 
ton switch PB (FIGURE 3) to closed condition, com 
pleting a circuit for coil C of the main control switch; the 
circuit extending from supply line B-- through contacts 
B1, A1, S1 and CX1 (all presently engaged), coil C and 
push button PB to supply line Bo. Switch C operates, 
engaging its Self-holding contacts C2, C4, enabling the 
operator to release push button PB which, under the in 
fluence of its biasing spring (not shown), returns to open 
condition. Switch C also engages its contacts C1, com 
pleting an energizing circuit for lamps LP1, LP2 which 
illuminate, projecting light beams 15, 16 (FIGURE 1) 
onto photoconductive cells PC1, PC2 respectively, there 
by exciting such cells. Control switch C, in addition, 
engages its contacts C3 (FIGURE 3), preparing a circuit 
for coil CX of the auxiliary main control switch, for pur 
poses to be explained hereinafter. 
Such simultaneous excitation of both photoconductive 

cells PC1, PC2 and the consequent relatively substantial 
reduction of their respective characteristically high resist 
ance impedance reduces the impedance to current flow in 
the base circuit of transistor T1 sufficiently to cause such 
transistor to conduct current through its base-emitter cir 
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cuit, and, in turn, cause a greater conduction of current 
(of the aforementioned assumed 2 milliampere magni 
tude) through its emitter-collector circuit; the latter circuit 
extending from Supply line B-- through the parallel emit 
ter-base circuits of transistor T2, T3, respectively, coil S of 
the supervisory switch and through the collector-emitter 
circuit of transistor T1 to supply line Bo. 

Supervisory switch S is selected so as to be insufficient 
ly energized for operation by the flow of current of such 
magnitude through its coil, and therefore remains in re 
leased condition. For purposes to be explained herein 
after, switch S is selected so as to operate only under con 
ditions where it is energized a substantially greater 
amount, say by a current flow through its coil in excess of 
10 milliamperes, which current was found to yield the de 
sired operation in one tested embodiment. However, the 
aforementioned current conduction through the respective 
emitter-base circuits of transistors T2, T3 causes corre 
spondingly larger currents to flow in their respective col 
lector-emitter circuits (extending through coils B and A), 
and is of sufficient magnitude to cause output transistors 
T2, T3 to conduct at saturation. 

In recapitulation, the circuit components are selected 
so that, under conditions where both photoconductive 
cells PC1, PC2 are simultaneously excited a predetermined 
amount, current of insufficient magnitude to cause opera 
tion of switch S flows in the collector-emitter circuit of 
transistor T1, but of sufficient magnitude to cause out 
put transistors T2, T3 to be driven to saturation. 
With saturation current flowing through the respective 

emitter-collector circuits of transistors T2, T3, it may 
be noted, for purposes to be explained hereinafter, that 
substantially negligible impedance, approximating a "short 
circuit” condition, appears across their respective emitter 
collector electrodes. First detector switch A and second 
detector switch B are selected so as to operate under con 
ditions where saturation current flows in the emitter 
collector circuits of their respective transistors T3, T2 
and, consequently, through their associated energizing 
coils. Therefore, upon sufficient simultaneous excitation 
of photoconductive cells PC1, PC2 and the consequent 
conduction at saturation of transistors T2, T3, both 
switches A and B operate, engaging their respective con 
tacts A2, B2 (FIGURE 3) and separating their respec 
tive contacts A1, B1 in the circuit of main control switch 
C, thereby indicating that entranceway 11 (FIGURE 1), 
adjacent to the path of travel of the conveyor mechanism 
(not shown) is clear of obstructing objects. 
Next assume that the operator closes manual switch 

KS (FIGURE 3), completing the previously prepared 
circuit for coil CX of the auxiliary main control 
switch through presently engaged contacts C3 of the 
main control switch. Switch CX, upon operation, Sepa 
rates its contact CX1 but without effect, since the hold 
ing circuit for coil C is maintained presently engaged 
contacts A2, B2. 

Operation of auxiliary main control switch CX may 
be utilized, in any well known manner, to effect ener 
gization of motive mechanism (not shown) for driving 
the aforementioned work conveyor mechanism. Release 
of auxiliary main control switch CX may likewise be uti 
lized, in any well known manner, to effect stopping of 
the power driven work conveyor mechanism. 
Next assume that, with the conveyor mechanism in 

motion and the object detecting mechanism in operation, 
guarding entranceway 11 from potentially obstructing ob 
jects, an interferring object interrupts light beam 16 of 
photoconductive cell PC2. Such interruption of light 
beam 16 removes the excitation from photoconductive 
cell PC2, causing it to substantially increase the resistive 
impedance in the base-emitter circuit of transistor T1. 
This relatively substantial increase in resistive impedance 
is sufficient to cause current conduction in the collector 
emitter circuit of transistor T1 to be reduced to substan 
tially zero, removing the "conduct' signal applied to the 
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6 
respective emitter-base circuits of output transistors T2, 
T3, thereby, in turn, causing them to be returned to non 
conducting condition by the nonconducting bias applied to 
their respective base electrodes b through their associated 
biasing resistors R5, R6 from supply line B-. As cur 
rent through the collector–emitter circuits of output tran 
sistors T2, T3 falls below saturation value, switches B 
and A return to released condition. 

First detector Switch A and second detector switch B, 
upon releasing, separate their respective contacts A2, B2, 
(FIGURE 3), interrupting the circuit through coil C of 
the main control switch, and reengage their respective 
contacts B1, A1, without effect at this time. Switch C re 
leases, separating its self-holding contacts C2, C4, in 
preparation for subsequent operations, and its contacts 
C1, interrupting the circuits for lamps LP1, LP2 which 
deenergize and extinguish. Lamps LP1, LP2, upon ex 
tinguishing, remove excitation beams 15, 16 (FIGURE 
1) from photoconductive cells PC1, PC2. Control switch 
C, in addition, separates its contacts C3, interrupting the 
circuit for coil CX of the auxiliary main control switch 
which releases, stopping the conveyor mechanism to obvi 
ate impact between the conveyor mechanism or the work 
articles carried thereby with the obstructing object. 

In order to reactivate the safety control and conveyor 
mechanism, the operator must reopen knife switch KS 
and then depress push button PB to reenergize control 
switch C through contacts B1, A1, S1 and CX1. Control 
switch C, upon operation, reengages its contacts C1, re 
activating lamps LP1, LP2, and its self-holding contacts 
C2, C4. Switch C also reengages its contacts C3, pre 
paring an energizing circuit for coil. CX of the auxiliary 
main control switch for restarting movement of the con 
veyor mechanism upon subsequent reclosing of knife 
switch KS. 
Next assume that light beam 16 (FIGURE 1), is still 

obstructed, causing photoconductive cell PC2 to remain 
in unexcited condition. Under such circumstances, tran 
sistors T1, T2 and T3 (FIGURE 2) remain in noncon 
ducting condition and output switches A, B remain in 
released condition, maintaining their respective contacts 
A2, B2 (FIGURE 3) separated. Next assume that switch 
KS is closed, causing Switch CX to operate and separate 
its contacts CX1, thereby interrupting the self-holding cir 
cuit for coil C of the main control switch which releases. 
Switch C separates its contacts C3, interrupting the cir 
cuit for coil. CX of the auxiliary main control switch to 
prevent movement of the conveyor mechanism. It is 
thus seen that the Subject electrical control allows the 
conveyor mechanism to be reactivated only under condi 
tions where, when knife switch KS is reclosed, contacts 
A2, B2 of the first and second detector switches, re 
spectively, are engaged, indicating that the entranceway 
is presently clear of obstructing objects. 

It is also seen that both photoconductive cells PC1, 
PC2, must be sufficiently excited by light simultaneously 
in order to cause output switches A, B to operate and 
allow the conveyor mechanism to be put into motion. 
Stated in another manner, it is necessary only to block 
either one of beams 15, 16, thereby removing excitation 
from one of photoconductive cells PC, PC2 to raise 
the resistive impedance of the base circuit of transistor 
T1 sufficiently to cause the deenergization and release of 
output relays A, B, and, in turn, stopping and disabling 
of the conveyor mechanism. 

In order to demonstrate the "fail safe' characteristics 
of the subject safety control mechanism, assume that 
either one of the light sources LP1, LP2, say LP2, ceases 
to function. In such a case, excitation is removed 
from photoconductive cell PC2, resulting in the release 
of first and Second detector Switches A, B, and in turn, 
control switches C and CX to effect stopping of the con 
veyor mechanism, as has been previously described. 
A "fail safe' operation is similarly obtained, under 

conditions where an "open circuit' occurs in the circuitry 
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of FIGURE 2 or 3. For example, assume than an "open 
circuit” occurs in coil S of the supervisory switch. Under 
such conditions, the emitter to collector path of tran 
sistor T1 is interrupted, resulting in output transistors 
T2, T3 returning to nonconducting condition with the 
consequent deenergization and release of first and sec 
ond detector switches A, B, respectively. These detector 
switches, upon releasing, as has been previously described, 
cause control switches C and CX to release to extinguish 
lamps LP1, LP2 and effect stopping of the conveyor 
mechanism. The same “fail safe” operation is obtained 
should an “open circuit' occur in the energizing or hold 
ing circuits of the coil C of the control switch, or in 
the circuit of coil. CX of the auxiliary main control 
switch. The safety control also "fails safe' should an 
“open circuit” occur in the emitter-collector circuits of 
either of output transistors T2, T3 (FIGURE 2) say, for 
example, in the circuit of coil A of the first detector 
switch. In such a case, switch. A releases and separates 
its contacts A2 (FIGURE 3), interrupting the self 
holding circuit of coil C of the main control switch to 
effect, as has been previously described, extinguishment 
of lamps LP1, LP2 and the release of auxiliary main 
control switch CX to stop the conveyor mechanism. 
To further demonstrate the "fail safe' characteristics 

of the subject electrical safety control, as for example, 
in response to "short circuit' type malfunctions which 
may occur in the circuitry of FIGURES 2 and 3, assume 
that a “short circuit' occurs between the respective emit 
ter e and base b electrodes of either of output tran 
sistors T2 or T3, say of transistor T3. This causes tran 
sistor T3 to be biased from supply line B-- to noncon 
ducting condition, notwithstanding that the entranceway 
is presently clear of obstructing object. As transistor T3 
ceases to conduct through its emitter-collector circuit, ex 
tending through coil A of the first detector switch, switch 
A releases and separates its contacts A2 (FIGURE 3) 
in the circuit of coil C to effect stopping of the conveyor 
mechanism, as has been previously described. 
Next assume that a "short circuit' occurs between the 

emitter-base electrodes of transistor T1. In such a case, 
the transistor becomes biased from supply line Bo to 
nonconducting condition, removing the amplified signal 
previously applied through its emitter-collector circuit 
to the respective base circuits of output transistor T2, 
T3. This causes the latter transistors, in turn to cease 
conducting through their respective emitter-collector cir 
cuits, causing switches A and B to release and effect stop 
ping of the conveyor mechanism, as has been previously 
described, 

Further assume that either one or both of photo 
conductive cells PC1, PC2, say cell PC2, becomes "short 
circuited' to present substantially zero impedance. In 
such a case, notwithstanding that light excites both photo 
conductive cells PC1, PC2, the resistive impedance in 
the base circuit of transistor T1 is reduced to a point 
where the current conducted in its emitter-collector cir 
cuit, extending through coil S of the Supervisory switch, 
increases sufficiently to cause switch S to operate. The 
suprevisory switches utilized in one tested embodiment 
of the subject control was selected to operate when cur 
rent in excess of 10 milliamperes flowed through its coil. 
Switch S upon operation, separates its contacts S1 (FIG 
URE 3), interrupting the self-holding circuit of coil C 
of the main control switch; which circuit extends from 
supply line B-- through contacts C2 (presently engaged), 
contacts S1, contacts A2 and B2 (both presently en 
gaged, indicating that the entranceway is clear) coil C 
and contacts C4 (presently engaged) to supply line. Bo. 
As has been previously described, switch C, upon re 
leasing extinguishes lamps LP1, LP2 and causes the de 
energization and release of auxiliary main control Switch 
CX to effect stopping of the conveyor mechanism. In 
addition, main control switch C cannot be reenergized to 
allow restarting of the conveyor mechanism until the 
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8 
fault has been corrected. This is so, since contacts S1 
remain open, preventing completion of the energizing 
circuit for coil C through contacts B1, A1, CX1, coil C 
and push button PB. 

Likewise, a "short circuit' occurring between the 
emitter-collector electrodes of transistor T1, or between 
its base-collector electrodes causes sufficient current to 
flow in the emitter-collector circuit of transistor T and 
through coil S of the Supervisory Switch to cause oper 
ation of such switch, causing, as has been previously 
described, stopping of the conveyor mechanism, extin 
guishment of lamps LP1, LP2, and preventing the sub 
sequent reactivation of the detector and conveyor mecha 
nism until the fault has been corrected. A "short cir 
cuit' occuring between the base-collector electrodes of 
either of output transistors T2, T3, likewise, causes suffi 
cient current flow in the circuit of coil S of the Super 
visory switch to cause it to operate to stop the conveyor 
mechanism and extinguish the lamps. 
Next assume that a “short circuit" occurs between the 

emitter-collector electrodes of either of output tran 
sistors T2, T3 say, for example, between the emitter 
collector electrodes of transistor T2. Under such circum 
stances, switch B, whose coil is connected in the emitter 
collector circuit of transistor T2, remains operated, not 
withstanding that excitation is removed from either or 
both photoconductive cells PC1, PC2 by interruption of 
their respective energy beams, or otherwise, and the con 
sequent return of transistors T1 and T3 to nonconducting 
condition. As transistor T3 ceases to conduct, switch A 
releases, separating its contacts A2 (FIGURE 3) thereby 
interrupting the circuit for coil C of the main control 
switch to effect stopping of the conveyor mechanism and 
extinguishment of the lamps, as has been previously de 
scribed. In addition, switch. A reengages its contacts A1, 
preparing an energizing circuit for coil C of the main 
control switch. However, since, as has been stated, switch 
B is inadvertently maintained in operated condition, its 
contacts B1 remain separated, preventing completion by 
means of push button PB of the prepared energizing 
circuit for coil C of the main control switch and the 
consequently reactivation of both the conveyor mecha 
nism and the object detecting mechanism, until the fault 
has been remedied. It may be noted that such a "short 
circuit' of the emitter-collector electrodes of either of 
transistors T2 or T3 appears to be normal conduction 
of the transistors. This is so, since, as has been previously 
explained, the transistors T2, T3, when both photocon 
ductive cells PC1 and PC2 are fully excited, conduct at 
Saturated current, in which saturated condition the im 
pedance between their respective emitter-collector elec 
trodes are substantially negligible. Therefore, a "short 
circuit' between such electrodes increases the emitter 
collector current only a negligible amount above the 
normal saturated current. 
FIGURE 4 shows a schematic circuit diagram of a 

portion of a second embodiment of the subject electrical 
safety control. In carrying out the invention according 
to such second embodiment (described in detail herein 
after), the circuit shown in FIGURE 4 is interrelated 
with the circuit arrangement of FIGURE 3 in the same 
general manner as the FIGURE 2 circuitry is interrelated 
with the circuit arrangement of FIGURE 3, as described 
hereinabove with respect to the first embodiment. In 
the Second embodiment, as in the first embodiment, two 
transmitters of radiant energy are mounted at one side 
of an entranceway to a work area in position to project 
two beams of radiant energy across such entranceway 
and upon corresponding receivers mounted at the opposite 
sides thereof. The receivers, PC1'. and PC2, correspond 
to receivers PC1 and PC2 and operate in conjunction 
with radiant energy transmitters LP1 and LP2, shown in 
FIGURES 1 and 3. It should be noted that although 
only two transmitter and receiver pairings are illustrated 
in the second embodiment, the novel control arrangement 
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lends itself to operation with any number of pairs, as 
will be evident from the following description. The de 
scription is directed to a two pair arrangement to provide 
an analogy with the first embodiment which shows two 
pairs and which also lends itself to operation with any 
number of pairs. 
More specifically, the second embodiment is directed 

to a circuit including detector switches A and B' and 
Supervisory switch S' which operates in conjunction with 
the control mechanism components shown in FIGURE 3 
in the same logical manner as detector switches A and B, 
and supervisory switch S, respectively cooperate there 
with as discussed hereinabove. The logical operating 
sequence for the components of FIGURE 3, as described 
with respect to the first embodiment, also applies to the 
second embodiment. Further, photoconductive cells PC1 
and PC2 function when energized by rays from radiant 
energy transmitters LP; and LP2 in the same general 
manner as photoconductive celis PC and PC2 of the 
first embodiment function when energized by rays from 
the transmitters. Thus, electromagnetic switches em 
ployed in the second embodiment of subject electrical 
Safety control, which are designated as first detector 
switch A, second detector Switch B, supervisory switch 
S', main control switch C and auxiliary main control 
Switch CX, are distinguished in some instances from 
the switches of the first embodiment by prime super 
Scripts; however, the same identifying letters without 
prime Superscripts identify the associated contacts shown 
in FIGURE 3, which identifying letters have reference 
numerals appended thereto to differentiate between dif 
ferent sets of contacts on the same Switch. Therefore, 
in the Second embodiment first detector switch A' has 
contacts A1 and A2, second detector switch B" has con 
tacts B and B2, etc. 
The circuitry of FIGURE 4 basically comprises a sig 

nal detecting and amplifying circuit for each photocon 
ductive cell employed and which circuitry is arranged to 
provide simultaneous independent amplified signal out 
puts in response to excitation of both photoconductive 
cells (PC1 and PC2) by light beams 5 and 16 (see 
FIGURE 1). Each signal detector and amplifier in 
cludes one stage of amplification having a pair of tran 
sistors. The output signal from each signal detector and 
amplifier is associated with a corresponding output relay 
(A and B'), the contacts of which control a motive 
mechanism in the manner described above with respect to 
output relays A and B. Referring, for example, to the 
amplification stage comprising transistors T4 and T5, the 
components values are selected such that transistors T4 
and T5 are biased to saturation when photoconductive 
cell PC1' is in its excited condition. In one tested ar 
rangement of the second embodiment, amplifier operation 
has been obtained by using Amperex 2N2429 PNP tran 
sistors for T4 and T5 and a collector voltage of approxi 
mately 25 volts. Output relay A, connected in the col 
lector circuit as shown, is selected to operate in response 
to a saturation current of approximately 25 milliamperes, 
which is determined by the 500 ohm impedance of the 
energizing coil of relay A and the substantially "short 
circuit' saturation condition of transistors T4 and T5. 
When photoconductive cell PCE' is in its nonexcited state 
its impedance increases to a level much in excess of that 
required to provide the signal level necessary to switch 
transistors, T4 and T5 to a nonconducting stage. Transis 
tors T4 and T5 operate independent of each other by 
virtue of isolating diodes D3 and D5, thus even if one 
transistor experiences a short circuit between its collector 
and emitter electrodes the remaining transistor will con 
tinue to operate and only prevent flow in the output re 
lay A' in response to the nonexcited condition of photo 
conductive cell PCE. 
The amplification stage comprising transistors T6 and 

T7 is substantially identical to the stage comprising trans 
istors T4 and T5 explained above. When both stages of 
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amplification are operating in saturation in response to 
photoconductive cells PC1 and PC2' in their excited 
State, the simultaneous operation of relays A and B' 
permits operation of the motive mechanism. To this 
end manual switch KS (FIGURE 3) is closed in sequence 
with the associated logical switching in the same manner 
as described for the operation of the first embodiment. 

Similar to the first ebodiment, supervisory switch S is 
Selected such that it remains in the released condition 
in response to the flow of current present when the photo 
conductive cells are not energized. Switch S operates 
only under conditions where such current exceeds a pre 
determined level, e.g., 15 milliamperes was found to 
yield the desired operation in the abovementioned tested 
arrangement in which R9 is 470 ohms, R13 is 1000 ohms, 
and R11 is 235 ohms. Thus, in the event that the cur 
rent flow through either photoconductive cell (PC1' and 
PC2') increases to the extent that the current flow through 
S' exceeds 15 milliamperes, even though all the trans 
istors remain in saturation, supervisory switch S' provides 
deemergization of the motive mechanism and prevents 
reenergization of same until the circuit malfunction (e.g. 
a shorted cell) is corrected and proper current flow is re 
stored. 
From the above description of the second embodiment 

of the instant invention it is seen that certain unique "fail 
safe' features are demonstrated with respect to the par 
ticular controlled mechanism. In addition to those "fail 
safe' features common to the first embodiment, the sec 
ond embodiment is specifically concerned with a safe fail 
condition in which operation is not interrupted by failure 
of either transistor of each pair. As pointed out above, 
when a short circuit exists between the emitter and col 
lector electrodes of any transistor, safe operation is main 
tained by virtue of the supervisory switch and the iso 
lated condition of the remaining transistor in the stage in 
which failure occurs. 

It may thus be seen that the subject electrical safety 
control utilizes one or more object detecting means to 
detect the presence of obstructing objects within an area 
being guarded thereby, and responds to such detection by 
any one of such detecting means by operating to a cer 
tain control condition. In addition, while the safety con 
trol is of simple and economical design, it contemplates 
automatic response to malfunctions of its own circuit 
components by operating to the aforementioned certain 
control condition, thereby maximizing its ability to con 
trol other mechanisms safely. 
As changes can be made in the above described con 

Struction and many more apparently different embodi 
ments of this invention can be made without departing 
from the Scope thereof, it is intended that all matter con 
tained in the above description or shown on the accom 
panying drawing be interpreted as illustrative only and 
not in a limited sense. 
What is claimed is: 
1. An electrical control comprising: 
(a) a two stage direct resistance coupled amplifier hav 

ing a first stage amplifier and at least two electrically 
isolated independently operating amplifiers in its out 
put stage for producing independent isolated output 
signals in response to a signal from the first stage 
amplifier; 

(b) object detecting means responsive to the presence 
of a physical object within a predetermined guarded 
area for applying a certain signal as an input to said 
first stage amplifier when the guarded area is free of 
objects; 

(c) main control means going from a first to a second 
control condition responsive to the simultaneous 
presence of the independent isolated output signals, 
and in the absence of said simultaneous presence of 
said independent signals automatically being re 
turned to said first control condition; and 
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(d) supervisory means connected to the first stage am 
plifier to actuate said main control means back to 
said first control condition and preventing actuation 
of said main control means to said second control 
condition when the first stage signal exceeds a pre 
determined amount. 

2. An electrical control as set forth in claim 1 wherein 
said two stage direct resistance coupled amplifier includes 
a source of unidirectional power having a positive termi 
nal and a negative terminal, an NPN transistor having 
base, emitter and collector electrodes, a photo-conductive 
cell having a resistive impedance of a certain ohmic value 
and adapted when excited by at least a predetermined 
magnitude of light energy for substantially reducing its 
resistive impedance, said cell being series connected be 
tween said positive terminal and said base electrode of 
said NPN transistor, the emitter electrode of said NPN 
transistor being connected directly to said negative termi 
nal and through an adjustable biasing resistor to its asso 
ciated base electrode, a pair of PNP transistors, each hav 
ing base, collector and emitter electrodes, the latter being 
electrically connected to each other and in common to 
said positive terminal, a pair of biasing resistors, one for 
each of said PNP transistors connecting the emitter elec 
trode of its associated transistor to its respective base 
electrode for biasing said transistor to nonconducting con 
dition, a pair of isolating resistors, one for each of said 
PNP transistors connecting the base electrode of their 
respective associated transistor to the collector electrode 
of said NPN transistor, said isolating resistors being of 
sufficient ohmic value to resistance couple their respective 
PNP transistors to said NPN transistor while effectively 
electrically isolating said PNP transistor one from the 
other, the collector electrodes of said PNP transistors be 
ing connected to said negative terminal, said adjustable 
biasing resistor being adjusted to a certain ohmic value 
for biasing said NPN transistor to nonconducting condi 
tion when said photo-conductive cell is in unexcited con 
dition and for causing, under conditions where said photo 
conductive cell is excited by at least predetermined mag 
nitude of light energy, conduction through the emitter 
collector circuit of said NPN transistor of an amplified 
signal of at least a certain magnitude to cause said PNP 
transistors to conduct saturation current through their 
respective emitter-collector circuits, and wherein said 
supervisory means includes an electromagnetic switch 
having an energizing coil connected in the collector cir 
cuit of said NPN transistor, said electromagnetic switch 
being actuated to operated condition only under condi 
tions where said first stage signal exceeds said predeter 
mined amount. 

3. An electrical control as set forth in claim 1 wherein 
said supervisory means consists of an electromagnetic 
switch having an energizing coil electrically connected 
in the common input to said output stage amplifiers from 
said first stage amplifier, said electromagnetic switch be 
ing actuated to operated condition under conditions where 
said first stage signal passing through said energizing coil 
exceeds a predetermined magnitude. 

4. An electrical control responsive to the presence of 
physical objects within a certain guarded area, said con 
trol comprising: 

(a) input signal producing means having object detect 
ing means for detecting the presence of such objects, 
said input signal producing means in the absence 
of such detection producing an input signal of at 
least a certain magnitude and in the presence of such 
detection attenuating its input signal to less than 
certain magnitude; 

(b) at least two independently operating signal produc 
ing means for producing independent output signals 
in response to a signal of at least said certain mag 
nitude from the input signal producing means when 
the guarded area is free of objects; 
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(c) main control means going from a first to a second 

control condition responsive to the simultaneous 
presence of the independent output signals, and in 
the absence of said simultaneous presence of said 
independent signals automatically being returned to 
said first control condition; and 

(d) supervisory means connected to the input signal 
producing means to actuate said main control means 
back to said first control condition and preventing 
actuation of said main control means to said second 
control condition when the input signal exceeds said 
certain magnitude by at least a predetermined 
amount. 

5. An electrical control as set forth in claim 4 wherein 
said input signal producing means includes at least two 
object detecting means for individually detecting the pres 
ence of said objects. 

6. An electrical control responsive to the presence of 
physical objects within a certain guarded area, said con 
trol comprising: 

(a) input means including object detecting means for 
detecting the presence of such objects, said object 
detecting means including at least two radiant energy 
transmitters mounted at one side of said guarded 
area in position to project beams of radiant energy 
across said guarded area to the opposite side thereof 
and at least two corresponding radiant energy receiv 
ers mounted at the opposite sides in alignment respec 
tively with said transmitted beams of energy and 
responsive thereto for operation from an unexcited 
state to an excited state; 

(b) at least two independently operating signal pro 
ducing means connected to said input means for 
producing independent output signals in response to 
a certain signal level present when said radiant 
energy receivers are in the excited state; 

(c) main control means going from a first to a second 
control condition responsive to the simultaneous 
presence of said independent output signals, and in 
the absence of said simultaneous presence of said 
independent signals automatically being returned to 
said first control condition; and 

(d) supervisory means connected to the input means 
to actuate said main control means back to said first 
control condition and preventing actuation of said 
main control to said second control condition when 
the input signal level exceeds said certain level by 
at least a predetermined amount. . . . . . 

7. An electrical control as set forth in claim 6 wherein 
said supervisory means consists of an electromagnetic 
Switch having an energizing coil electrically connected to 
a parallel circuit arrangement having branches which each 
includes a radiant energy receiver connected in series with 
an independently operating signal producing means. 

8. An electrical control as set forth in claim 6 wherein 
each independently operating signal producing means in 
cludes two series connected signal amplifiers having input 
signal terminals, isolation means connected to each input 
signal terminal for electrically isolating each from the 
other, and a common input terminal connected to said 
isolation means, said common input terminal connected 
in series with a radiant energy receiver and said super 
visory means. 

9. An electrical control comprising: 
(a) a source of unidirectional power; 
(b) input means including a common terminal and a 

plurality of photoconductive cells each having a cer 
tain ohmic value in its unexcited condition and 
adapted when excited by a predetermined magnitude 
of light energy for reducing its resistance to a pre 
determined value, said photoconductive cells being 
connected to said common terminal; 

(c) a plurality of radiant energy transmitters each asso 
ciated with a particular photoconductive cell and 
adapted for energization, by said power source; 
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(d) independently operating signal producing means 
connected in series with each photoconductive cell 
for producing an output signal when the associated 
photoconductive cell is in its excited condition; 

(e) control means comprising an electromagnetic 
switch having an energizing coil connected to the out 
put of each independently operating signal producing 
means, said control means adapted to deactuate said 
source of power in the absence of said output signal; 
and 

(f) supervisory means comprising an electromagnetic 
switch having an energizing coil connected to the 
common input terminal in series with said photo 
conductive cells for monitoring the presence of a 
predetermined input signal level and preventing ener 
gization by said source of power when said level is 
exceeded. 
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10. An electrical control as set forth in claim 9 wherein 

said independently operating signal producing means in 
cludes; two transistors in which the emitter of one is con 
nected to the collector of the other, means for biasing 
both transistors to operate in saturation, isolation means 
for connecting the bases of said transistors to said com 
mon input terminal, said isolation means including diodes 
for isolating one base from the other, and means for 
connecting the associated energizing coil of said control 
means in series with said transistors for energization 
when saturation current flows through both of said tran 
sistors. 

No references cited. 
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