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1. 
This invention relates to a control device 

actuated by the change in transmission of radio 
frequency energy between a pair of electrodes 
due to the presence of a foreign body in the 
field between the electrodes. One application 
is as a safety device for a machine where the 
operator must reach through the field between 
the electrodes to get to a danger Zone. The in 
terception of the field by the operator changes 
the signal received at one of the electrodes caus 
ing operation of the control to prevent injury to 
the operator. Further objects and advantages 
appear in the specification and claims. 

In the accompanying drawing, Fig. 1 is an 
elementary diagram; Fig. 2 is a fragmentary view 
showing the electrodes arranged as a safety 
device for a molding press; and Fig. 3 is a control 
diagram. 
The control device is actuated by changes in 

the field between transmitting and receiving 
electrodes and 2 connected across a radio fre 
quency transmitter 3. The transmitter is dia 
grammatically illustrated as having a center 
tapped output inductance 4, one end connected 
directly to the transmitting electrode and the 
other end connected through a coupling con 
denser 5 to the receiving electrode. The cou 
pling condenser conducts an out of phase voltage 
to the receiving electrode substantially balancing 
the voltage received from the transmitting elec 
trode. Since the electrodes are closely spaced, 
only the induction field radiation is transmitted 
to the receiving electrode. When the field be 
tween the electrodes is disturbed, the net radio 
frequency energy at the receiving electrode is 
changed, and this change is fed through an am 
plifier 6, a detector T, to a relay 8 for performing 
the desired control function. 
The shape and position of the electrodes Will 

obviously vary with the control application. In 
Fig. 2 the control is shown applied to a molding 
press having a stationary platen 9 and a movable 
platen O. The electrodes are arranged in front 
of the press to interpose a curtain-like field be 
tween the press and the operator. The trans 
mitting electrode is in the form of a plate 
arranged edgewise to the press and spaced Suff 
ciently in front of the press So that the field 
between the electrodes is negligibly affected by 
the movable platen. The receiving electrode is 
in the form of a rod similarly spaced in front 
of the stationary platen. The electrodes have 
a height slightly greater than the height of 
the platens so that an operator reaching between 
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electrodes. In a practical application the elec 
trodes have been spaced about three inches from 
the press and the spacing between the electrodes 
has been eighteen inches. 
An operator reaching between the electrodes 

causes an increase in the radio frequency energy 
at the receiving electrode. This increase in en 
ergy is used to actuate the relay which may 
be a Solenoid having normally closed contacts 
12 connected in the control circuit for closing the 
preSS, and contacts 3 connected in the control 
circuit to open the press. The increase in radio 
frequency energy at the receiving electrode 
causes the closure of the contacts 3 and the re 
Sultant opening of the molding press. 

After the press is closed, the control is no 
longer necessary. The control is therefore dis 
abled by a limit Switch 4 mechanically connected 
With the movable platen so as to open contacts 
5 when the press is closed. The opening of the 

contacts 5 prevents opening of the molding press 
by the closing of the contacts 3. 
In the control diagram, the transmitter is 

shown as a three megacycle oscillator supplied 
by a full wave rectifier 6. The output circuit of 
the OScillator comprises a condenser T and the 
center tapped inductance 4, the center tap being 
connected to the high side of the power supply 
through an inductance f8. From one aspect the 

0 inductance 4, the condenser 5 and the electrodes 
and 2 comprise a bridge circuit having pairs of 

inductive and capacitative arms connected in 
parallel across the radio frequency output of the 
transmitter. The condenser 5 is preferably ad 
justed So that the bridge is normally nearly 
balanced. Sensitivity is greater if the bridge is 
slightly to one side of the balance point. Unbal 
ancing of the bridge caused by the operator reach 
ing between the electrodes results in an increase 
in voltage at the receiving electrode which is 
coupled to the control grid 9 of the amplifier. 
The amplifier output appears in a tuned circuit 
20 inductively coupled to a tuned circuit 2 in 
series with the detector 7. The detector output. 

5 is taken from the cathode circuit from a con 
denser 22 shunted by a resistance 23. An in 
crease in the radio frequency voltage at the re 
ceiving electrode 2 appears in the detector output 
as a positive voltage which is connected to the 
control grid 24 of a thyratron 25. The thyratron 
is connected in Series with the Solenoid release 

across the Secondary 26 of a transformer 
2. The cathode 28 of the thyratron is connected 
to an adjustable tap 29 on a voltage divider 

the platens must intercept the field beween the 55 30 across the full wave rectifier 6. An additional 
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alternating bias voltage is connected to the grid 
from an adjustable tap 3 on a resistor 32 acroSS 
an auxiliary winding 33 on the transformer 2. 
The tap 29 is adjusted so that the thyratron does 
not conduct under a normal condition of the 
control. 
There is some slight change in the radio fre 

quency energy at the receiving electrode due to 
changes in the position of the movable platen. 
The tap 29 is adjusted so that these changes do O 
not affect the thyratron. When the operator 
reaches between the electrodes, the further in crease in radio frequency energy at the receiving 
electrode causes a positive bias on the grid 24 
which overcomes the bias from the tap 29 and 
fires the thyratron. This actuates the Solenoid 
relay if opening the contacts 2 and closing the. 
contacts 3. The opening of the contacts 2 pre 
vents further closure of the preSS and the closing - 
of the contacts 3 opens the press. 
The control can be made very sensitive. With 

out becoming so. Sensitive as to result in nuisance 
operation. The control is made insensitive ex 
cept in the field between the electrodes. The con 
trol will be actuated as Soon as the Operator's 
finger reaches the field between the... electrodes. 
It will not be actuated by movement of the platen 
nor will it be operated if the operator's hand is 
placed quite close to thes outside of either of the 
electrodes. For example, the operator's hand. 
can be placed within a few inches of the trans 
mitting electrode. on the outer side.without mak 
ing any Substantial change in the radio frequency. 
energy received at the receiving electrode. This 
indicates that the control is almost wholly, re 
sponsive to the field between-the-electrodes. By 
increasing the positive bias at the adjustable tap 
29, the control may be made. less sensitive. As 
the sensitivity is decreased the area of response 
between the electrodes is decreased until finally 
the control will be actuated only if the operator. 
reaches through the center point. Of...the field be 
tween the electrodes. Under these conditions the 
operator can takehold of either. electrode with 
Out operating the control. - 
As the eiectrodes are Spaced further. apart, the 

operation is improved by connecting a condenser 
3 across the electrodes. The condenser 34, cou 
ples an in phase voltage to the receiving electrode 
partially balancing the out of phase voltage from 
the condenser 5. In the specific application the 
condenser 34 was found desirable when the elec 
trode spacing was increased from twelve-to-eight 
een inches. In the particular application the 
condensei 3 perimits the selection of: a practical 
value for the condenser 5. It is not necessary in 
all applications. - 
The intensity of the field-between the electrodes 

is greatest in the area bounded-by lines of sight 
connecting the outside edges of the electrodes. 
There is a field of less-intensity outside this area. 
By adjusting the sensitivity control it-is possible 
to nake tine device respond to interception of the 
field in the area, bounded by the electrodes; to in 
terception of only the field at the central part of 
the area, or to interception of the lower intensity 
field outside the area. The adjustment depends 
upon tie reguirements of the application. 
The shape of the electrodes also varies With 

the application. In the application illustrated, 
the receiving electrode is a rod because it is lo 
cated near the normal position of the operator. 
The Smaller area of the rod presented to the op 
ei'ator minimizes accidental operation of the safe 
ty device. If both electrodes were rods (or wires) 
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the sensitivity control would have to be adjusted 
for greater Sensitivity and the part of the field 
responding to interception by the operator would 
be thicker (Would bulge) at the center. This is 
not desirable for the application illustrated, where 
a ZOne of response of limited thickness is re. 
quired to prevent nuisance operation of the safety 
device. For other applications a thicker zone of 
response may not be objectionable and may even 
be desirable. 
By having the control respond to interception 

of the field between two electrodes rather than 
to interception of the field between one of the 
selectrodes and ground, the operation is substan 
tially independent of the intercepting body which 
may be grounded or insulated or isolated from 
ground Without affecting the operation of the 
control. - 

What claim as new is: 
1. In a control circuit, a bridge having a pair 

of inductive and a pair of capacitative arms, a 
radio frequency supply connected across the 
bridge, one of the arms comprising a pair of 
Spaced electrodes having a substantial impedance 
to ground &nd a radio frequency field onlines of 
Sight therebetween in which the presence of a 
foreign body is to be detected, and a control re 
Sponsive to the change in voltage across the elec 
trodes due to the presence of a foreign body in 
the field, 

2. In a control circuit, a radio frequency 
Source having a center tapped output coil, a ca 
pacity divider across the coil, said capacity di 
Wider having a center terminal and on one side 
of the terminal a pair of electrodes having a sub-. 
stantial impedance to ground and a field onlines. 
of Sight therebetween in which the presence of a 
conducting or Semiconducting foreign body is to 
be detected and on the other side of the terminal 
a balancing condenser, an amplifier for the volt 
age at the center terminal, and a control respon 
Sive to the amplifier output, said condenser be-, 
ing: adjusted. So the control is operated by the 
change in interelectrode capacity due to the 
presence Of: a foreign body-in said field. 

3. In a control circuit, transmitting and re 
ceiving electrodes. Spaced to provide a field inlines: 
of Sight therebetween affected by the presence of 
a foreign body... a radio frequency transmitter. 
Connected to the transmitting electrode, means 
Coupling a radio frequency wave to the receiving 
electrode of phase. Opposite to the wave from the 
transmitter electrode substantially balancing the 
transmitted wave, a. Condenser, coupling a radio. 
frequency wave to the receiving electrode in phase. 
With the transmitted wave, and means respOn-. 
Sive.to the change in the net radio frequency Wave. 
at the receiving electrode: due to the change in 
the transmitted wave caused by a : body inter 
cepting the field. 

4. In a control, circuit, spaced electrodes hav 
ing a substantial impedance to ground and en 
ergiz&d. by a radio frequency, power Source: pro 
ducing a radio frequency field on:lines of 1. Sight. 
therebetween in which the presence of a con 
ducting or semi-conducting foreign body is to 
be detected, a bridge, circuit, having an arm in 
cluding the electrodes, and a control responsive 
to change in the balance of the bridge caused 
by the presence of a foreign body in the field. 

5. A Safety device for a machine having...a...mov 
ing part, a pair of electrodes having a substan 
tial inlpedance to ground and to said part and 
energized by: a radio-frequency power. Source pro 
ducing a curtain like tradio frequency. field on 
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lines of sight between said electrodes and shield 
ing said part from the operator, the electrodes 
being to one side of said part so the field is 
negligibly affected by the position of the part, 
a bridge having diametral terminals for connec 
tion to a radio frequency Source and having an 
arm including the electrodes, and a control for 
the safety device responsive to the change in volt 
age at an intermediate terminal On the bridge 
due to the interception of said field by an oper 
ator. 

6. in a control circuit, transmitting and re 
ceiving electrodes having a Substantial impedance 
to ground and spaced to provide a radio frequency 
field on lines of sight therebetween affected by the 
presence of a foreign body, a radio frequency 
transmitter connected to the transmitting elec 
trode and energizing the electrode at a substan 
tially constant intensity and frequency, means 
coupling a radio frequency wave to the receiving 
electrode of phase opposite to the wave from the 
transmitter electrode, and means responsive to 
the change in the net radio frequency wave at 
the receiving electrode due to the change in the 
transmitted wave caused by a body intercepting 
the field. 

7. A safety device for a machine having a 
danger zone, transmitting and receiving elec 
trodes having a Substantial impedance to the ma 
chine and to ground and spaced to provide a radio 
frequency field on lines of sight between the 

is 

() 

5 

30 

danger ZOne and the operator, a radio frequency 
transmitter connected to the transmitting elec 
trode, neans coupling a radio frequency wave to 
the receiving electrode of phase opposite to the 
Wave frcinn the trainSinitting electrode, and means 
responsive to the change in the net radio fre 
(i.erity wave at the receiving electrode due to the 
clainge in the transmitted wave caused by a body 
intercepting the field for controlling the safety 
device. 
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