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This invention relates to control apparatus and 
it has for an object the provision of a Simple, re 
liable, inexpensive and improved device of this 
character. 
Another object of the invention is the provisio: 

of improved apparatus for enabling an electro 
valve oscillator to control an electroresponsive 
device such as a relay of the chai'acter in which 
operation of the relay is effected by movement of 
a magnetic vane between two coils. A full ther 
and more specific object of the investion is the 
provision of improved apparatus of this chai'acter 
utilizing a single electric valve in which the relay 
drops out when the vane is moved to a position 
between two index coils and in Which the Operar 
tion is 'fail safe.' By “fail safe' is meant that 
if the valve burns out or for any reason becomies 
nonconducting the relay is operated to the S&ine 
position as it is when the vane is moved to the 
position between the index coils, i.e., it is dropped 
out. 
A still further object of the invention is the 

provision of apparatus of the character described 
in which drop out of the relay is effected without 
necessarily varying the turning of the electric 
valve circuits. 
For a better and more complete understanding 

of the invention reference should now be had to 
the following specification and to the accompany 
ing drawing of which the single figure is a simple 
diagrammatical illustration of an embodiment of 
the invention. The invention has general appli 
cation to electrical control Systems for various 
purposes. It is especially applicable to instal 
lations such as weighing devices, float controlled 
devices and limit or flag switch controlled devices 
in which a movable member or element is pro 
vided and in which a control operation is to be 
affected in accordance with the movement or 
position of this element. The control operation 
may be initiated, modified in some manner or 
terminated upon the arrival of the element at 
a predetermined position with respect to another 
element which may be either movable or Sta 
tionary. 
In carrying the invention into effect in One 

form thereof, an oscillator electric valve is pro 
vided having an input circuit and an output cir 
cuit. The operating coil of an electroresponsive 
device such for example as a relay is connected in 
the output circuit of the Oscillator valve. A 
balanced feedback from the output circuit to the 
input circuit is provided. In this feedback is in 
cluded a coupling which tends to generate (S- 
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Second coupling is provided which tends to pre 
went the oscillations. Normally these two feed 
back couplings balance each other and the circuit 
is nonOScillatory. Means are provided for render 
ing ineffective the coupling which inhibits oscil 
lations thereby deenergizing the relay coil and 
causing the relay to drop out. 

Referring now to the drawing an electric valve 
is Supplied with alternating voltage from a 

Suitable Source which is represented by the two 
Supply lines 2 and 3 to which the valve is con 
nected through a suitable transformer 3. 
The valve is provided with an anode a, a cath 

ode b and a control grid c. As shown the out 
put circuit of the valve is connected across the 
Secondary Winding of the transformer and the 
Operating coil 5a of an electroresponsive device 5 
Such as a relay is included in the circuit. The 
relay is illustrated as having normally open con 
tacts 5b. A choke coil 6 of suitable dimension is 
connected in the output circuit. 
A balanced feedback is provided between the 

output and input circuits. This feedback in this 
case comprises two inductive couplings which is 
proVided by a coil connected across the anode 
and Cathode of the valve and two index coils 8 
and 5. Other forms of feedback coupling such 
as resistive or capacitative couplings may be 
used. 
These two index coils are connected in series 

relationship with each other in the input cir 
cuit between the cathode and grid. They are 
mounted in spaced apart relationship on any 
Suitable supporting means which may be movable 
or stationary. 
In the space between the index coils 8 and 9 

is mounted the coil 7 which is connected between 
the cathode and the anode of the valve and is 
thus effectively connected with the output cir 
cuit. Coil is mounted in inductive relationship 
With the index coils 8 and 9. 
The coupling between the coils 7 and 8 is in 

Such a direction as to initiate and support oscil 
lation of the valve. On the other hand the coil 
9 is connected in opposition to the coil 8 and 
the coupling between it and the coil 7 tends to 
inhibit oscillations. These feedback couplings 
balance each other and normally the valve is not 
oscillating. When the valve is oscillating, the 
capacitor in the grid circuit is charged by 
grid rectification. The polarity of the charge on 
the capacitor is negative at the grid. This nega 
tive bias voltage on the grid reduces the plate 
current to a very low value. During the condi 

cillations in the oscillator valve circuits. A 55 tion of non-oscillation, the charge on the capaci 



fails Safe. 

2,505,577 
3 

tor leaks of through the grid leak resistor, there 
by decreasing the negative bias on the grid and 
increasing the plate current to a relatively large 
value. 
The coupling between coils 7 and 9 is inter 

rupted by means of a vane member O. This 
vane may be made of a suitable electrically con 
ducting material Such as copper. When this 
vane is interposed between these two windings 
they are electrically isolated from each other. 

in a practical embodiment of the invention the 
valve and coils 7, 8, and 9 or the vane, or both 
may move. The control is responsive to the rela 
tive positions of the coils and the vane. In one ap 
plication which has large use, the vane is carried 
on the moving element of an indicating device 
such as the needle of a meter, and it is required 
that a controlling operation be effected When the 
needie reaches a predetermined position. For ex 
ample, the meter may be measuring and indicat 
ing furnace temperatures, and it may be re 
quired that the current supply be discontinued at 
a predetermined maximum value which is repre 
sented by the position of the coils. 
With the foregoing understanding of the ele 

ments and their organization the operation Will 
readily be understood. 
With the vane withdrawn from the Space be 

tween the coils, the oscillation “turn off' coul 
pling between the coils 7 and 9 balances the oscil 
lation “turn on' coupling between the coils 7 
and 3. Consequently the valve is not oscillating, 
the anode current is large, and the relay 5 is 
picked up and its contacts closed. 
Assuining the coils 7, 8, and 9 to be stationary 

and the vane to be mounted on the needle of a 
furnace temperature indicating instrument, the 
vane will move into the space between the coils 
1 and 9 as the furnace temperature rises to the 
maximum permissible value as determined by 
the position of the coils. This isolates coils 
and 9 from each other and destroys the oscilla 
tion turn off coupling between them. As a re 
sult the oscillation “turn on' coupling between 
cois and 8 becomes fully effective and the valve 

generates radio frequency oscillations which 
are sustained by the feedback through the in 
ductive coupling of coils 7 and 8. 

in consequence of the OScillations, the D. C. 
component of the anode current decreases, there 
by deemergizing the relay 5. In response to de 
energization, the relay 5 drops out and opens its 
normally open contacts thereby to effect a con 
trolling operation such as to discontinue the Sup 
ply of current to the furnace. 

it will be noted that the valve control System. 
If the Waive burns Out or becomes 

non-conducting for any reason, the relay 5 be 
comes deemergized and drops out. In other words 
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the relay is operated to the position to which it is 
operated when the vane reaches the limiting () 
turn off position between the Coils 7 and 8. 

Although in accordance with the provisions of 
the gatent statutes this invention is described as 
embodied in concrete form and the principle 
thareaf has been described together with the best 
mode in which it is now contemplated applying 
that principle. It will be understood that the 
apparatus shown and described is merely illus 
irative and that the invention is not limited there 
ig, since alterations and modifications will readi 
ly Suggest themselves to persons skilled in the art 
withoti, departing from the true spirit of the in 
ventiox of frcia the scope of the annexed claim. 

at claiii as new and desire to secure by 
3i.el's Fateht of the United States is: 
In a control System, an oscillator comprising 

an electric valve having an anode, a cathode and 
a control grid, means to apply operating voltage 
between said anode and said cathode, a first in 
ductance coil and a first capacitor in parallel 
therewith connected in series with a second ca 
pacitor between said anode and said cathode, 
Second and third inductance coils and a third 
capacitor connected in series between said con 
trol grid and Said cathode, Said first and second 
coils being arranged in regenerative feedback 

- mutually indictive relation thereby tending to 
cause electrical oscillations, said first and third 
coils being arranged in degenerative feedback 
mutually inductive relation thereby tending to 
prevent such osciliations, means for varying the 
mutual inductance between said first and third 
coils to cause or prevent such OScillations Selec 
tively, and a grid-leak, resistol effectively coin 
nected between said control grid and Said cathode 
whereby said valve is self-biasing and conducts 
less current when OScillating than when not OS 
cillating. 

THEODOREA. RICH. 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Nine i:a:3 Date 
1838,084 Drake ---------- a m-- Dec. 29, 193i 
2,031,224 Moullin ------------ Feb. 18, 1936 
2,162,470 Kalutter ------------June 13, i939 
2,234,184. MacLaren ---------- Mar. 11, 1941 
2,234,895 Gerveny ----------- Mar. 11, 1941 
2,411,247 Cohen -------- - - - - Nov. 19, 1946 

FOREIGN PATENTS 
Nibel Country Date 

349,496 Great Britain ------ May 22, 1931 
178,903 Switzerland.----------Nov. 1, 1935 

  


