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My invention relates to improvements in con 
trol devices and more particularly to improve 
ments in devices for controlling the application 
of potential to the anode of an electric discharge 

5- Valve of the thermionic cathode type in accord 
ance with the thermal characteristic of the 
Cathode. 
Where electric valves of the thermionic cathode 

type, Such for example as those having incandes 
cent cathodes or those provided with electron 
emitting cathodes activated from an independent 
heater, are used, it is essential to the satisfactory 
Operation of the Valves that the cathode attain 
the normal operating temperature before a valve 
is energized to carry the load current of the trans 
lating circuit in which the valve is used and 
that the current in the valve be interrupted 
whenever the cathode temperature drops below 
the normal operating value. This is particularly 
true With electric valves of the vapor electric dis 
charge type, whose operation depends on the 
ionization of the contained vapor. If a valve of 
this type is energized to carry the current of the 
translating circuit before its cathode reaches 
the proper temperature, an abnormally large part 
of the potential of the translating circuit will be 
Consumed in the Valve. The effect of this is to 
destroy the electron emitting properties of the 
Cathode by positive ion bombardment. Inasmuch 
as the heating time of a cold valve may be any 
Where from two or three minutes up to thirty 
minutes or more, it will be obvious that where 
thermionic cathode valves are used intermittently 
at intervals less than this time, much delay would 
result if it were necessary each time the cathode 
circuit is interrupted to wait the full period be 
fore energizing the anode circuit. The delayin 
wolved follows whether the cathode circuit is pur 
posely interrupted, or accidentally as in case of 
an overloaded circuit breaker. Even if such 
delay could be tolerated in some industrial appli 
cations, it is absolutely out of the question under 
more critical conditions, such as are involved in 
gunfire control. Inasmuch as the heating and 
cooling characteristics of the cathode of a valve 
of the thermionic cathode type may differ ap 
preciably, it is necessary to correlate the valve 
control with such differences in order to mini 
mize the loss in operating time and insure safety. 
.Accordingly one object of my invention is to 

provide an improved control device whereby the 
normal flow of current from the anode circuit of 
an electric valve of the thermionic cathode type 
can be prevented until the cathode reaches the 

is proper operating temperature. Another object 
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of my invention is to provide an improved con 
trol device whereby an electric valve of the ther 
mionic cathode type can be prevented from oper 
ating in a translating circuit when the cathode of 
the valve falls below its proper operating tem- 5 
perature. A further object of my invention is 
to provide an improved control device which 
Operates on the basis of the heating and cooling 
characteristics of the cathode so as to take care 
of differences between such characteristics. A still 0 
further object of my invention is to provide an 
improved control device whereby the time in 
which the anode circuit can be re-energized may 
be reduced in accordance with the heat storage 
Or thermal condition of the cathode. These and 
other objects of my invention will appear in more 
detail hereinafter. 
My invention will be better understood from 

the following description when considered in con 
nection with the accompanying drawing, and its 
Scope will be pointed out in the appended claims. 
The single figure of the accompanying draw 

ing illustrates in expanded perspective a control 
device 5 embodying my invention and shown as 
arranged for controlling the anode circuit of 
electron discharge apparatus which is assumed to 
include one or more electric valves of the ther 
nionic cathode type. The cathode circuit of the 
electron discharge apparatus may be energized 
from an A. C. bus 6, 7, 8 through the contacts 
of any Suitable switching means 9. The anode 
circuit may also be energized from the bus 6, 7, 8 
through the contacts of any Suitable Switching 
means, such as a contactor 0, whose energizing 
circuit if, f2 is under the control of the control 
device 5. For this purpose, the control device 
may include any suitable SWitching means 3, 
examples of which are well known to the art. 
The particular switching means illustrated is of 
the vacuum type wherein a fixed electrode or 
contact 4 is mounted in an evacuated chamber 
5, to which is secured a bellows device 6. This 

device supports the movable contact which is 
operated by the device 5 in accordance with the 
heating characteristic of the cathode of the valve 
to be controlled, as will hereinafter appear. 
For operating the switching means 3, the con 

trol device 5 includes a movable element, such 
as a rotatable member 8, which is arranged to be 
driven in the forward direction, indicated by the 
full line arrow 9, by any suitable means, such 
as a motor 20 through the intermediary of a 
gear mechanism 2. In order that the control 
member 8 may rotate in the reverse direction, 
indicated by the broken line arrow 22, independ 
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ently of the motor 29, the gear mechanism 2 is 
preferably of a differential type. As shown, the 
gear mechanism 23 includes a reducing gear train 
Such as the pinion 23 on the motor drive shaft 
24, gears 25 and 26 On a shaft 27, which is free to 
turn in and with the differential gear 28 and a 
gear 29 which is secured to the shaft 3 to which 
the control member 3 is secured. The differen 
tial gear 28 is free to turn on the shaft: 30. 

In order to insure the reverse rotation of the 
control member 8, I provide means such as a 
spiral spring 3 in which energy is stored While 
the member 8 is being rotated in the for Ward 
direction. Since the Spring 3 while being Wound 
constitutes a load on the motor 26 the differential 
gear mechanism must be held to insure forward 
rotation of the shaft 3. For this purpose, I pro 
vide means such as an escapement mechanism 32 
which comprises a suitable gear train including 
gears 33, 34, 35, 36, and 3, an escapement gear 
38, a ratchet 39, and a pawl 46. The pawl 36 
may be locked to prevent escapement by Suitable 
means, such as a locking bar 4 actuated by an 
electro-magnet 42 which is energized Simultane 
ously with the motor 2. 
In order that the reverse rotation due to the 

dissipation of the energy of the Spring 3 may 
drive the escapement 32 without reversing the 
motor 29, this motor may be of any suitable type 
having, for example, an irreversible drive Shaft. 
For definite timing characteristics and simplicity 
in operation, the motor may be self-starting and 
operate at practically uniform Speed. I have 
chosen to illustrate such a motor which is dis 

- closed, for example, in United States Letters Pat 
ent 1,495,936, issued May 27, 1924, the drive shaft 
of this motor being practically irreversible be 
cause of its high gear reduction ratio, 
Inasmuch as the switching means 3 is to Con 

trol the application of potential to the Cathode 
circuit, the circuit of the motor 20 is energized 
simultaneously with the closure of the cathode 
supply switch 9, which also energizes the magnet 
A 2 to lock the escapement mechanism. So as to 
insure forward rotation of the control member 
8. This member carries a projecting crank 43 

which, upon forward rotation to an intermediate 
position a, engages a resilient operating arm 44 
attached to the movable contact A and prefer 
ably insulated therefrom by Suitable means such 
as an insulating washer 3 and bushing 4. The 
engagement of the arm 44 and the crank 43 oc 
curs an interval of time after the energization 
of the motor sufficiently long to insure the heat 
ing of the cathode to a temperature at which it 
is safe to apply the anode voltage. The member 
53 may be eccentrically mounted, as shown, to 
provide for adjustment of the pressure between 
contacts i? and . As shown, the control mem 
ber 8 may be arranged to operate through a 
further range to a final position b. During this 
range of movement from a to b, the Crank 43 
keeps the Spring alm 44 in a position to main 
tain the switching means 3 actuated to the cir 
cuit, closed position. When the controlling men 
ber reaches its final position, the circuit of the 
motor 28 is interrupted by an arm 45 on the 
control member 8, which engages contact 46 to 
separate it from contact 47. 

Since in many valves of the thermionic cathode 
type, the time-temperature curve or rate at Which 
the cathode is heated differs from the rate at 
which it cools, I make the forward langular 

5 
velocity of the control member 8 different from 
the reverse angular velocity. Generally Speaking, 
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the cooling of the cathode is more rapid than the 
heating, and consequently the reverse angular 
velocity should be greater than the forward. 
This is accomplished in my device through Suit 
able proportioning of the ratio drive of the dif 
ferential gear mechanism and the escapement 
gear mechanism. In order to vary the time of 
moving the control member 8 in the forward 
direction from the initial position shown in the 
figure to the intermediate position d, the control 
member may be provided With an adjustably posi 
tioned arm 48 which engages a suitable stop 49. 
The operating range b to a over Which move 
Inent of the control member takes place While 
the cathode temperature is falling from the nor 
mal operating temperature to the safe operating 
temperature may be varied by having the Switch 
ing arm 45 adjustably positioned, as shown. The 
time during which the reverse motion of the 
control member occurs can be varied by con 
trolling the initial tension of the spring 3 
through suitable means indicated, for example, 
as an adjustable collar 50 secured to the shaft 30 
and the Spring. 
ASSuming the parts positioned as shown in the 

drawing and that the electron discharge appara 
tus is to be started with the cathode of the valve 
cold, then the cathode Supply Switch 9 is closed. 
This energizes the cathode, the motor 20, and 
the magnet 42 of the escapement lock 4t, since 
they are all connected in parallel as shown. The 
energization of the electromagnet 42 puts the 
locking bar 4 in the path of the pawl 40, thereby 
locking the eScapement mechanism 32. Conse 
quently, the operation of the motor through the 
reduction gear mechanism 23, 25, 26, and 29 ro 
tates the shaft 30 in the forward direction indi 
cated by the full line arrows on the gear 29 and 
the control member 8. The control member 
8 is therefore moved from the initial position 
shown until the crank 43 thereon has moved to 
the position a, Where it engages the switch op 
erating arm 44. The time interval for this an 
gular movement to take place is that required by 
the cathode to attain a temperature safe for 
Operation of the valve. Upon engagement be 
tween the crank 43 and the arm 44, the switch 
F3 is actuated to close its contacts f4 and 7, 
thereby completing the energizing circuit f and 
A2 of the contactor 10, which closes and com 
pletes the anode circuit of the electron discharge 
apparatus. From the intermediate position a, 
the control member continues to turn in the for 
Ward direction, indicated by the full line arrow 
f3, until the crank 43 attains the position b, 
Which corresponds to the point where the thermal 
input to the Cathode is balanced by the heat 
losses. At this point the Switch arm 45 operates 
the contacts 46 and 47, thereby de-energizing the 
circuit of the motor 20. As long as the arm 43 
is positioned anywhere between the intermediate 
position d and the final position b, the switch 3 
Will be maintained closed to keep the cathode 
circuit energized and the potential on the anode 
circuit. 
During the forward rotation of the control 

member 8 the spring 3 is wound for the reverse 
movement and tends to turn the member 8 in 
the reverSe direction indicated by the broken line 
arrow 22. Movement in the reverse direction, 
however, cannot take place until the pawl lock 

is released, Since this lock prevents the es 
capement from operating and also since the drive 
Shaft 24 of the motor 20 is irreversible. If now 
for any rea,Son, Whether accidental or inten 
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2,180,901 
tional, the cathode circuit is interrupted, as for 
example by opening the switch 9, then the elec 
tromagnet 42 is de-energized and the locking bar 
4 is retracted by the spring 5, whereupon the 
escapement mechanism is free to operate. Then 
under the bias of the spring 3, the control mem 
ber 8 is turned in the reverse direction, indi 
cated by the broken line arrow 22, at a rate 
which corresponds to the cooling time-tempera 
ture characteristic Of the cathode. 

If before the crank 43 has moved sufficiently in 
the reverse direction to get beyond the inter 
mediate position a, potential is restored to the 
cathode circuit, then no interruption in opera 
tion of the electron discharge apparatus will oc 
cur because the magnet 42 will be re-energized 
to lock the escapement mechanism 32 and from 
the range b to a the switch arm 44 is maintained 
in position to keep the switching means 3 ac 
tuated and the contactor O energized. In this 
case, the control member 8 will begin to turn in 
the forward direction to the final position b as 
before. 

If, however, the cathode potential is off for 
a time greater than it takes the arm to move 
from position b to position a, then the Switch 
f3 will open and drop out the contactor f0, there 
by de-energizing the anode circuit. In the mean 
time, the control member 8 continues to turn in 
the reverse direction, at a rate Substantially 
proportional to the initial cooling rate of the 
Cathode. If the cathode potential is off long 
enough for the cathode to return to the cold 
condition, then all the parts will return to the 
position shown in the drawing. Suitable biasing 
means such as a Spring 52 may be used to insure 
positive Separation of the contacts 4 and 7 
when the crank 43 releases the arm 44. Assum 
ing, however, that at Some point prior to the 
cold condition the cathode potential is restored, 
then the escapement mechanism is again locked 
and the control member 8 is caused to turn in 
the forward direction immediately. In other 
Words, without Waiting for the cathode to get 
cold, timing is started at a point corresponding 
to the then existing temperature of the cathode 
So that it is unnecessary to wait the amount of 
time from the cold condition of the cathode to 
the thermal condition in which it was at the time 
the cathode potential was restored. Thus, it is 
merely necessary for the control member 8 to 
turn through an angular range corresponding to 
the thermal loss of the cathode for the interval 
that the cathode potential was removed less the 
time in turning from b to a. In other words, 
it is not always necessary to aWait the full 
amount of time from the cold condition of the 
cathode to the safe Operating temperature be 
fore starting operation. This is highly impor 
tant in many specific applications of electric 
valves in Critical Situations. 
While I have shown and described my inven 

tion in considerable detail, I do not desire to be 
limited to the exact arrangement shown, but 
seek to cover in the appended claims all those 
modifications that fall within the true Spirit and 
scope of my invention. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. A control device comprising a movable 

member, driving means operative when energized 
for a predetermined time to move Said member 
in one direction through an intermediate posi 
tion to a final position, means operative on failure 
of energization of said driving means to move 

3. 
said member in the opposite direction, means en 
ergized concurrently with said driving means 
Operative only while energized to prevent move 
ment of said member in said opposite direction, 
means actuated by said member when it reaches 
the intermediate position and maintained in the 
actuated condition while the member is in the 
range of movement between and including Said 
intermediate and final positions regardless of 
the direction of movement of the member, and 
means for deenergizing only said driving means 
When the member reaches the final position 
Whereby to retain the member in said final posi 
tion until said preventing means is deenergized. 

2. A control device comprising a movable 
member, driving means operative when energized 
for a predetermined time to move said member 
at a given velocity, in one direction through an 
intermediate position to a final position, means 
operative on failure of energization of said driv 
ing means to move said member in the opposite 
direction at a different velocity than in the one 
direction, means energized concurrently with 
Said moving means operative only while ener 
gized to prevent movement of said member in 
Said opposite direction, means actuated by said 
member when it reaches the intermediate posi 
tion and maintained in the actuated condition 
While the member is in the range of movement 
between and including Said intermediate and 
final positions regardless of the direction of 
movement of the member, and means for de 
energizing only said driving means when the 
member reaches the final position whereby to 
retain the member in Said final position until 
Said preventing means is deenergized. 

3. A control device comprising a rotatable 
member, means comprising a constant speed 
motor for rotating said member at a given an 
gular Velocity in one direction through an inter 
mediate position to a final position when ener 
gized for a predetermined time, means in which 
energy is stored during the rotation of said mem 
ber in Said one direction operative on failure of 
energization of said motor to rotate the member 
in the opposite direction at a greater angular 
velocity than in the one direction, electromag 
netic means energized concurrently with said 
motor operative only while energized to prevent 
the rotation of Said member in said opposite di 
rection, SWitching means actuated by said mem 
ber when it reaches the intermediate position 
and maintained in the actuated condition while 
the member is in the range of movement between 
and including said intermediate and final posi 
tions regardless of the direction of movement of 
the member, and other switching means for 
deenergizing said motor when the member 
reaches the final position whereby to retain the 
member in said final position until said electro 
magnetic means is deenergized. 

4. A control device comprising a movable mem 
ber, driving means operative to move said mem 
ber in one direction through an intermediate 
position to a final position when energized for a 
predetermined time, means operative on failure 
of energization of said driving means during the 
movement of said member in said one direction 
to move the member in the opposite direction, 
means effective concurrently With the energiza 
tion of said driving means to prevent movement 
of Said member in said opposite direction, means 
actuated by said member when it reaches the in 
termediate position and maintained in the actu 
ated position while the member is in the range 
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4. 
of movement between and including Said inter 
mediate and final positions, and means for de 
energizing only said driving means when the 
member reaches the final position and leaving 
said preventing means effective whereby to retain 
the member in said final position until said pre 
wenting means is rendered ineffective. 

5. A control device comprising a rotatable con 
trol member, a notor, a differential mechanism 
between said motor and said member, means for 
locking said differential mechanisin to effect ro 
tation of said member at a definite angular ve 
locity in a forward direction, Switching means 
actuated to a circuit controlling position by Said 
member at an intermediate point of its movement 
and maintained in said circuit Controlling posi 
tion during a predetermined range of movement 
of the member, means controlled by said member 
for stopping the member at the end of Said range 
of movement and maintaining it stationary Uintil 
the differential mechanism is released by Said 
locking means, and means Operative upon the 
release of Said locking means for rotating Said 
member in the reverse direction at a greater angu 
lar velocity than in the forward direction in 
cluding means in which energy is stored While the 
member is being rotated in the for Ward direction. 

6. A control device comprising a rotatable con 
trol member, a motor having an irreversible drive 
shaft, a differential mechanism between the drive 
shaft of Said notor and Said member, an eScape 
ment mechanism coupled to said differential 
mechanism, means for locking Said eScapement 
mechanism to effect rotation of said member in 
a forward direction when said motor is energized, 
Switching means actuated by said member at al. 
intermediate point of itS in OWement and main 
tained in the actuated condition during a pre 
determined range of movement of the member, 
means controlled by said member for de-energiz 
ing the motor at the end of Said range Of move 
ment whereby to stop the forward rotation of the 
member at the end of said range of movement, 
and means operative upon the release of said lock 
ing means for rotating said member in the reWei Se 
direction including means in Which energy is 
stored while the member is being rotated in the 
forward direction. 

7. A control device comprising a rotatable con 
trol member, a constant Speed motor haWing an 
irreversible drive shaft, a differential mechanism 
between the drive shaft of said motor and Said 
member, an escapement mechanism coupled to 
said differential mechanism, electromagnetic 
means for locking said escapement mechanism to 
effect; rotation of said member at a definite angul 
lar velocity in a forward direction. When said 
motor is energized, Switching means actuated to 
a circuit controlling position by Said member at 
an intermediate point of its movement and main 
tained in said circuit controlling position during a 
predetermined range of movement of the member, 
means controlled by said member for de-energiz 
ing the motor at the end of said range of move 
ment whereby to stop the forward rotation of the 
member at the end of said range of movement, 
and means operative upon the release of Said 
locking means for rotating Said member in the 
reverse direction at a greater angular Velocity 
than in the forward direction, including a 
resilient means in which energy is Stored While 
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the member is being rotated in the forward di 
rection. 

8. A control device comprising a rotatable Con 
trol member, means for rotating said member at 
a definite angular velocity in a forward direction 
through an intermediate position to a final posi 
tion, Switching means actuated to a circuit con 
trolling position by said control member When it 
reaches said intermediate position and main 
tained in said circuit controlling position while 
said control member is in and between its inter 
mediate and final positions, means for Stopping 
the member in said final position, means for ro 
tating said control member in the reverse di 
rection at a greater angular Velocity than in the 
for Ward direction including means in Which en 
ergy is stored while the member is being rotated 
in a for Ward direction, and means for preventing 
Said reverse rotation energized simultaneously 
With said rotating means but releasable upon 
de-energization to permit said reverse rotation. 

9. A control device comprising a movable con 
trol member, a notor, a differential mechanisin 
between said motor and said member, means fo!' 
locking said mechanism to effect novement Of 
Said member from an initial position in One di 
rection at a definite Velocity, means actuated by 
Said member at an intermediate point of its 
nowenent and maintained in the actuated State 
during a predetermined range of movement of the 
member, means for Stopping the nenbei at the 
ead of Said range of movement and maintaining 
it stationary until said differential mechanism is 
released by Said locking means, and means Opera 
tive upon the release of Said locking means for 
moving Said member in the opposite direction at 
a different velocity. 

10. A control device comprising a movable con 
trol member, a motor, a differential mechanism 
between Said notor and said menber, means for 
locking Said mechanism to effect movement of 
Said member in One direction, means actuated by 
said member at an intermediate point of its 
InOWennent and maintained in the actuated State 
during a predetermined range of movement of 
the member, means for Stopping the member at 
the end of Said range of movement and main 
taining it Stationary until said differential mech 
anism is released by Said locking means, and 
means. Operative upon the release of Said locking 
means for moving said member in the opposite 
direction. 

1. A control device comprising a novable con 
trol member, a motor, a differential mechanism 
between said motor and said member, means for 
locking Said mechanism to effect movement of 
said member from an initial position in one di 
rection at a definite Velocity, means actuated by 
Said member at an intermediate point of its 
movement, and maintained in the actuated State 
during a predetermined range of movement of 
the member, means for stopping the member at 
the end of said range of movement and maintain 
ing it stationary until said differential mechanism 
is released by saidlocking means, and means oper 
ative upon the release of said locking means for 
moving said member in the opposite direction at 
a greater velocity than in the One direction in 
cluding means in which energy is stored while 
the member is being moved in Said one direction. 
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