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ELECTRON DESCHARGE DEVICE SYSTEM 
Didier Journeaux, Wauwatosa, Wis., assignor to Allis-Chalmers Manufacturing Company, Mil 
waukee, Wis., a corporation of Delaware 
Application July 31, 1933, Serial No. 682,969 

(C. 175-363) 16 Claims. 
This invention relates to improvements in Sys 

tems employing electron discharge means and 
more particularly to means for controlling the 
foW of current, through the discharge means 
during normal operation thereof and for inter 
rupting such flow upon occurrence of abnormal 
conditions in the Systern. w 
The operation of electron discharge devices 

may be regulated and controlled by the action 
of suitable discharge controlling means which 
may be electrostatic, electromagnetic or mechan 
ical in nature and which act in response to 
periodic energization thereof effected at Suitable 
times. In ceitain types of electron discharge 
devices such as devices of the vapor type con 
trolled by means of control electrodes, it is gen 
erally preferable to apply a negative potential 
to the discharge controlling means and to in 
stantly substitute for such negative potential, 
at Suitable times, a positive potential of Suitable 
magnitude. Such substitution may be advan 
tageously obtained by means of discontinuously 
controllable auxiliary electron discharge devices 
for the reason that such devices may be made 
to pass instantly from a non-conductive condi 
tion to a fully conductive condition by a Small 
change in the potential of their control elec 
trode, such devices thus operating as switches 
Without appreciable operating time. The ener 
gization of the control electrodes of the auxiliary 
devices may be varied to regulate the flow of 
Current through the main device, such variation 
being preferably controlled by means responsive 
to the Value of the quantity to be regulated. To 
obtain accurate regulation, the control means 
should preferably amplify the variations of the 
quantity to be regulated by static means such 
as variable resonant means inserted in an alter 
nating current circuit. The protection of the 
System against disturbances is preferably ef 
fected by controlling the discharge controlling 
ineans through electron discharge means discon 
tinuously responsive to the magnitude of direct 
current flowing through a circuit which is part 
of the system. 

It is therefore among the objects of the present 
invention to provide a system employing an elec 
tron discharge device in which system the dis 
charge controlling means of the discharge means 
are energized through discontinuously control 
lable auxiliaty electron discharge means. 
Another object of the present invention is to 

provide an electron discharge device System in 
which the discharge controlling means of the 

O 

20 

23 

3) 

35 

40 

50 

discharge means are energized at potentials 
which are instantly reversed by auxiliary elec 
tron discharge means. 
Another object of the present invention is to 

provide a system employing an electron dis 
charge device in which the discharge controlling 
means of the discharge device are Severally 
energized at a negative direct current potential 
for which an alternating current potential is 
substituted by auxiliary electron discharge 
means. 
Another object of the present invention is to 

provide an electron discharge device System in 
which the discharge controlling means of the 
discharge device are energized through means 
amplifying the variations of a quantity to be 
controlled. 
Another object of the present invention is to 

provide a system employing an electron dis 
charge device in which system the discharge con 
trolling means of the discharge device are 
energized at a negative potential upon occur 
rence of a disturbance by auxiliary electron dis 
charge means. 
Another object of the present invention is to 

provide an electron discharge device System in 
which current supplied thereto from an alternat 
ing current circuit is interrupted by discharge 
controlling means and current supplied thereto 
by a direct current circuit is interrupted by cir 
cuit interrupting means, 
Objects and advantages other than those above 

set forth will be apparent from the following 
description when read in connection. With the 
accompanying drawings, in which: 

Fig. 1 diagrammatically illustrates one em 
bodiment of the present invention applied to 
the control of an electron discharge device 
operable as an alternating current rectifier which 
is regulated in response to the magnitude of the 
current in the direct current output circuit 
thereof; 

Fig. 2 diagrammatically illustrates a modified 
embodiment of the present invention in which 
the discharge device is regulated in response to 
the magnitude of both the voltage and the cur 
rent of the direct current output circuit thereof; 

Fig. 3 diagrammatically illustrates the portion 
of another modified embodiment of the present 
invention differing fron the embodiment illus 
trated in Fig. 2 in the method of controlling the 
Operation of the discharge controlling means in 
response to the occurrence of abnormal condi 
tions; and 

Fig. 4 diagrammatically illustrates another 



2. 
embodiment of the present invention to control 
an electron discharge device operable as a direct 
current inverter which is regulated in response 
to the magnitude of the voltage of the alternat 
ing current output circuit thereof. 

Referring more particularly to the drawings by 
characters of reference, reference numeral 6 des 
ignates an alternating current line or circuit 
herein represented as a three phase line and 
which, in the embodiment illustrated in Fig. 1, 
constitutes the source of Supply for the System. 
Line 6 is connected with the primary winding 
of a transformer having a secondary Winding 
8 divided into a plurality of phase displaced por 
tions connected to form a neutral point. The 
direct current output circuit of the Syster COIn 
prises a conductor 9 connected with the neutral 
point of winding 8 and a second conductor 
connected with the cathode 2 of an electron dis 
charge device 3. The potential of cathode 2 
will be used as datum and all potentials Will 
hereinafter be referred thereto unless other 
wise stated. Any source of electromotive force 
having a terminal connected with the cathode 
will then have the other terminal thereof at 
a potential equal to such electromotive force 
and the source therefore also functions as a 
source of potential for any circuit connected 
therewith. Device 3 may be of any type through 
which the discharge may be controlled by Suit 
able discharge controlling means and is herein 
represented as being of the vapor type provided 
With control electrodes. For the sake of brevity, 
such device will hereinafter be referred to as 
rectifier 3. Rectifier 3 is provided with a plu 
rality of anodes 3 severally connected with the 
different portions of winding 8 and each provided 
With a control electrode . The connection be 
tween winding 7 and line is preferably made 
through a circuit breaker : operable, as shown, 
to interrupt such connection upon occurrence of 
an excessive flow of current therethrough. Cath 
Ode f2 is preferably connected with conductor 
through another circuit breaker 8 provided with 
a polarized latch 9 operable to cause opening 
of the circuit breaker 8 upon occurrence of a 
flow of current from conductor to cathode 2. 
Rectifier 3 is provided with the usual discharge 
igniting means (not shown) and With Current 
maintaining means comprising excitation anodes 
2 energized from line 6 through a transformer 
22 and resistors 23. The secondary winding of 
transformer 22 is provided with a midtap con 
nected. With cathode 2 through a reactor 24 and 
a resistor 26. Reactor 23 causes the flow of cur 
rent through resistor 26 to be maintained at a 
Substantially uniform value, such action being 
aided if necessary by means of a capacitor 27 
connected in parallel with resistor 26. 

In the embodiment illustrated in Fig. 1, each 
control electrode 6 is connected With the asso 
ciated anode 4 through a discontinuously con 
trollable auxiliary discharge device of any suit 
able type herein shown as an electric valve of the 
vapor type 29. Each anode 4 is connected with 
the anode of the associated valve 29 either di 
rectly or through a source of direct current such 
as a battery 3 . The cathode of each valve 29 
is connected with resistor 26 through a resistor 
32 and is connected with the associated control 
electrode 6 through another resistor 33. Re 
sistor 26 is connected through a resistor Si and 
a capacitor 33 with the neutral point of the star 
Connected Secondary winding of a control trans 
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2,265,602 
from line 6. The different secondary winding 
portions of transformer 3 are severally con 
nected with the control electrodes of valves 29 
through resistors 28. Transformer 3 may be 
So constructed as to have the voltages of the 
Secondary winding thereof in invariable or in 
variable phase relation. With the voltages of the 
primary Winding thereof and is therefore rep 
resented as having the primary winding thereof 
adjustable in Space. Resistor 34 receives a vari 
able flow of direct current from line 6 through 
a transformer 39 having the secondary winding 
thereof provided with a neutral point connected 
With resistor 34 through a current smoothing re 
actor 40 and through a suitable rectifying device 
Such as Valve is . The flow of such current is 
controlled by means of a capacitor 52 and a 
reactor Á3 inserted in series with the primary 
Winding transformer 33. The inductance of re 
actor 43 may be varied by means of a saturating 
direct current Winding i4 Connected across a 
shunt 6 and receiving current from line con 
ductor . . A flow of alternating current by trans 
former action from Winding 43 through winding 
44 and shunt 36 is prevented by means of reactor 
4 in Series thereWith. Reactor 63 is so adjusted 
as to be in resonance with capacitor Á2 for the 
frequency of the Voltage of line 6 when the cur 
rent flowing through shunt 46 is approximately 
at the desired value, or is preferably at a slightly 
higher value. The different control electrodes 
f6 of rectifier 3 are severally connected through 
resistors & 8 with the anode of another discon 
tinuously controllable auxiliary electron dis 
charge device such as a valve 49 which is simi 
lar to valve 29. The cathode of valve 49 is con 
nected With the control electrode thereof through 
a Suitable bias battery 6 and through a re 
Sistor 52. Resistor 52 receives a continuous flow 
of direct current from a current transformer 53 
inserted in One of the connections of winding 

with circuit 6, the current of such current 
transformer being rectified through a suitable 
rectifying device such as a valve 54 and ren 
dered substantially uniform by means of a re 
actor 55. It will be understood that the rectified 
Current Supplied to resistor 52 could also be ob 
tained from all the connections between winding 
and circuit 6 by providing the system with 

additional current transformers inserted in the 
remaining connections connected with additional 
anodes of Valve 54. The connection between the 
anode of valve 4S and resistors 48 is preferably 
effected through a time delay relay 57 which in 
terrupts such connection after current has passed 
therethrough during a predetermined length of 
time. The operation of valve 49, when in the 
Conductive condition, may be stabilized by per 
Initting the flow therethrough of current iiOWing 
Over a resistor 58 of high resistance value. 

In a System connected as above described, the 
Current maintaining means for rectifier 3 there 
fore comprise transformer 22, resistors 23, anodes 
2, cathode É2, resistor 26 and reactor 24. Re 
Sistor 26, being connected with cathode 2 and 
as a result of the flow therethrough of excitation 
current, constitutes a source of negative poten 
tial With respect to the potential of cathode 2, 
Such potential being applied on control electrodes 

- 16. by means of resistors 32 and 33. Circuit 6 is 
utilized as a Source of alternating current con 
nected with control electrodes of valves 29 
through transformer 39, resistor 34 and a num 
ber of other circuit elements to be hereinafter 

former 3 having a primary winding energized 75 specifically mentioned. Winding 8, which is con 
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nected with cathode 2 through circuit 9, t , is 
also used as a source of alternating current for 
the control electrodes. Walves 29 constitute dis 
continuously controllable electron discharge 
means connected with all the above Sources and 
with the control electrodes, Such valves being 
periodically operative to sequentially connect the 
several control electrodes with the respective 
anodes associated thereWith and with the aSSO 
ciated portions of winding 8 to regulate the fiOW 
of current through rectifier 3. Such action is 
controlled by the application of potential on the 
control electrodes of valves 29 by means of re 
sistor 26, resistor 34 and transformer 37 which 
each constitute sources of potential, with the re 
suit that the potentials of Winding 8 are periodi 
cally caused to sequentially Overcome or Suppress 
the action of the potential obtained from re 
sistor 26 and applied on the several control elec 
trodes S. The potential of Winding 8 is in 
stantly impressed on a control electrode 6 each 
time a valve 29 becomes conductive, thereby in 
stantly reversing, in sequence, the potential of 
the several control electirodes in response to the 
voltage cycle of circuit 6. Capacitor 42 and re 
actor 43 constitute variably resonant means con 
trolling the operation of control electrodes 6 to 
regulate the flow of current through rectifier 
f3 and, therefore, through the system. Such 
resonant means are disproportionally or non 
linearly responsive to the flow of the current in 
conductor due to the action of shunt 46, re 
actor 47 and coil 44. Walve 43 operates in re 
sponse only to the abnormal flow of direct cur 
rent in resistor 52 to cause the flow of current 
from circuit 6 through rectifier i3 to be inter 
rupted, such direct current resulting from the 
production of an alternating current proportional 
to the current flowing in rectifier 3 in current 
transformer 53, which current is rectified in valve 
54 to cause appearance of a potential propor 
tional to all of Such currents at the terminals 
of resistor 52. Any current flowing through rec 
tifier f3 from conductor is then interrupted 
by circuit breaker 8. 

In Gperation, assuming line 6 to be energized 
and the System being connected as shown, the 
discharge in rectifier 3 is first ignited by the 
ignition means usuaily provided and therefore 
not shown. A current then flows from line 6 
through transformer 22, resistors 23 and anodes 
2 to form a direct current flowing from cathode 
2 through resistor 26 and reactor 24 back to 

transformer 22. Transformers 3 and 39 also 
receive current from line 6, transformer 39 sup 
plying current which is rectified in valve 41, such 
rectified current flowing through resistor 34 and 
causing the appearance of a voltage across the 
terminals thereof. The flow of such current is 
given the desired degree of uniformity by means 
of reactor 40 and capacitor 36. Control elec 
trodes 6 are generally maintained at a negative 
potential from resistor 26 through resistors 32 
and 33. The control electrodes of valves 29 are 
generally maintained negative with respect to the 
asSociated cathodes by the amount of the direct 
current Voltage drop across the terminals of re 
sistor 34 and receive in addition alternating po 
tentials from the secondary winding of trans 
former 37. 
ASSuming that Gne of the anodes 4 is brought 

to a positive potential by the associated por 
tion of winding 8, the fiow of current through 
Such anode may then be released. At the time 
now considered, the anode of the associated valve 
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3 
29 is positive with respect to the Cathode of 
valve 23 by the amount of the positive potential 
of anode 4, plus the voltage drop in resistor 26 
and the voltage of battery 3. Such valve 29 is 
therefore positively operable to cariy current and 
transfornier 37 is so adjusted that, at the time 
coinsidered, the control electrode of Valve 29 be 
connes positive with respect to the cathode of 
the Waive. Waive 29 instantly becoines fully con 
ductive and the associated control electrode 6 
instantly receives a positive potential equal to 
the potential of ancde 4 plus the voitage of 
battery 3 less the discharge drop in valve 29, 
from winding 3 through battery 3, valve 29 and 
resistor 33, such potential instantly overcoming 
or suppressing the potential previously received 
by control electrode 5 from resistor 26 through 
resistors 32 and 33. Anode therefore then 
carries current and, after a predetermined length 
of time, anode it becomes negative with respect 
to cathode 2 and the flow of current there 
through ceases to be then transferred to another 
anode of rectifier 3. Control electrode 6 also 
ecoines regative and ceases to carry current So 

that the control electirode of waive 29 may reinder 
Such valve nonconductive upon being again nega 
tively energized with respect to the associated 
Cathode from resistor 34 and transformer 3. 
The above process of operation is periodically 
repeated for the Several anodes and control elec 
trodes of rectifier i3 in sequence to thereby con 
trol tine flow of current from circuit 6 to circuit 
9, . 
The fow of current through shunt, 45 causes 

Winding 48 to give a predetermined degree of 
Saturation to the coi?e of reactor 3 and thereby 
controls the degree of resonance of reactor 43 
With capacitor 62 for the frequency of the voitage 
of line 6. if the current through rectifier 3 
decreases below the desired value, tine current in 
coil is likewise decreases and the combined im 
pedance of capacitor i2 and reactor 43 increases, 
Such increase being in much greater proportion 
than the decrease of the current in conductor , 
S0 that a Smail change of current in conductor 
A will cause a large change in the flow of cur 
rent through capacitor 2 and reactor 3. The 
direct current flowing through resistor 34 and the 
voltage across the terminals thereof decreases 
Correspondingly, and the positive energization 
of the control electrodes of valves 23 is advanced. 
The energization of control electrodes i G is there 
fore similarly advanced and the flow of current 
through rectifier i3 inci'eases, such action con 
tinuing until Such flow of current is restored to 
the desired value. If the current flowing in rec 
tifier 3 is greater than the desired value, such 
current is returned to the desired value by an 
Operation opposite to that above described. 

During Such operation, the foW of current 
through current transformer 53, waive 54 and re 
Sistor 52 is Small and the voltage across resistor 
52 is insufficient to render the control electrode 
of valve 9 positive and such valve remains non 
Conductive. Upon occurrence of a disturbance 
Such as a short circuit in line 9, it or of a back 
fire in rectifier 3, a large current flows in the 
connection between line 6 and Winding and a 
correspondingly high current flows through re 
sistor 52. The control electrode of valve 9 is 
thereby made positive with respect to the cath 
Ode of the valve and establishes a second connec 
tion of resistor 25 with the control electrodes 6 
by Way of valve 49, relay 57 and the several re 
Sistors 48. By virtue of this second connection 



4. 
of the resistor 25 with the control electrodes 6 
the negative potential impressed on the con 
trol electrodes is no longer overcorne by the pos 
itive potential sequentially impressed on the con 
trol electrodes from winding 8 through valves 29 
and resistors 33. Control electrodes 6 do not 
carry current and, in order to stabilize the dis 
charge in device 43, a flow of current there 
through is caused to occur due to the connection 
of resistor 58. As pointed out above resistor 58, if 
used at all, is of high value and the foW of Cur 
rent therethrough is limited to such a low Value 
as to be without material effect on the operation 
of the control electrodes 6. The negative ener 
gization of control electrodes i6 causes the flow 
of current in rectifier 3 received from line 6 to 
be interrupted before circuit breaker has time 
to open. Should the control electrodes fail in 
such action for any reason, circuit breaker Will 
then interrupt such flow of current. When the 
disturbance is a backfire in rectifier 3, and if 
line 9, it is connected with generators, a flow of 
current will then occur from conductor to 
cathode 2, one of the anodes 4, winding 8 to 
conductor 9. Such flow of current cannot be in 
terrupted by control electrodes 6 and is inter 
rupted by opening of circuit breaker 8. After 
the flow of current in rectifier i3 is interrupted, 
the control electrode of valve 69 again becomes 
negative with respect to the associated Cathode 
but current continues to flow through such valve 
until relay 5 opens the contacts thereof there 
by, interrupting such flow of current. The Con 
trol electrode of valve 49 then regains control of 
the valve and returns such valve to the non-Con 
ductive condition. During a disturbance in rec 
tifier 3, the filow of current through excitation 
anodes 2 may be accidentally interrupted, but 
the negative potential of resistor 26 is main 
tained for a sufficient length of time by the dis 
charge of capacitor 2 to permit control elec 
trodes 6 to complete the interruption of the cur 
rent through rectifier 3. 
In the embodiment illustrated in Fig. 2, rec 

tifier 3 is again operable to convert current from 
line 6 to line 9, , but the anodes of Valves 29 
are no longer connected with the associated 
anodes 4. The anodes of three of the valves 29 
are connected with one terminal of the Second 
alry winding of transformer 22 and the anodes 
of the other three valves are connected with the 
other terminal of such winding. The connection 
is effected in a manner such that the anode of 
each valve 28 receives, from the transformer 22, 
a positive potential when the associated anode 
f4 becomes positive. Such result is possible be 
cause each terminal of the secondary Winding of 
transformer 22 is positive during substantially 
one-half cycle of the voltage of line 6 and is 
therefore positive while three of the anodes 4 
successively become positive at intervals of One 
sixth of the cycle of the voltage of line 6. The 
positive terminal of resistor 34 is connected with 
conductor i, the current flowing therethrough 
being converted into alternating Current by 
means of a transformer 6 and of a valve 62 hav 
ing the operation thereof controlled by means of 
control electrodes and having a cathode connect 
ed with conductor 9. The output circuit of 
transformer comprises an adjustable load 
resistor 63, a capacitor S4 and a reactor 65. The 
core of reactor 65 is at a degree of Saturation 
such that reactor 65 and capacitor 64 become 
resonant for the frequency of the output voltage 
of transformer 6 when such voltage is at a value 
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2,265,603 
corresponding to a value of the direct current 
voltage of line 9, which is somewhat greater 
than desired. The operation of transformer 
and waive 62 is well known in the art and may be 
varied by varying the value of the inductance of 
reactor 65 bridging the control electrodes of waive 
62 to thereby change the frequency of the out 
put voltage of transformer 6. Such variation 
is preferably obtained by providing the core of 
reactor 66 with a Saturating Winding 6 receiv 
ing direct current from shunt 68 in conductor 9, 
thereby effecting such variation in response to 
the value of the fow of current through conduc 
tor 9. Such variation of the frequency of the 
voltage of transformer 6 causes reactor 65 and 
capacitor 54 to become resonant at different Volt 
ages depending upon the value of Such frequency. 
In the present embodiment, resistor 52 receives 
current from a transformer 69 energized from 
any Suitable source of alternating current Such 
as transformer 3. The flow of current through 
resistor S2 is controlled by reactor provided 
With a Saturating winding 2 connected with a 
shunt 3 in conductor through a reactor 3. 
ihe anode of valve 39, relay 57 and resistor 58 
are Serially connected With the control electrodes 
of Walves 29 through resistors 6. The cathode 
of Walve 39 is connected with a resistor in 
Serted in Series with resistor 26 in the excitation 
circuit of rectifier 3. 

In the present embodiment therefore, trans 
forfiller 22 is utilized for supplying alternating 
Current potentials to the control electrodes of 
rectifier 3 through valves 29. Transformer 6 
and valve 62 convert direct current from line 9, 

into alternating current and also supply cur 
rent to Valves 29. Capacitor 64 and reactor 65 
constitute variably resonant means having the 
Same function as the means 42, 43 in the em 
bodiment of Fig. 1. In the present embodiment, 
however, such means are responsive to the volt 
age of line 9, because the output voltage of 
transformer 6 is proportional to the voltage of 
the line. Such means are also responsive to the 
magnitude of the current flowing through recti 
fier 3 by being responsive to the value of the 
frequency of the Voltage of transformer 6 which 
in turn is controlled by the magnitude of the 
Current in rectifier 3. Shunt T3 provides a di 
rect current potential proportional to the cur 
rent flowing through rectifier 3 and valve 49 is 
discontinuously responsive to the magnitude of 
such potential. Transformer 69 constitutes a 
Source of alternating current connected with 
Valve 49 and causing such valve to operate when 
the current in shunt 73 reaches a predetermined 
Value, due to the controlling action of reactor 7 
On the flow of current in resistor 52 in response 
to the flow of current through shunt 3. 

In Operation, rectifier 3 is controlled by means 
of Valves 29 in a manner similar to that above 
described for the embodiment illustrated in Fig. 
1. The Voltage of transformer 6 is proportional 
to the voltage of line 9, and reactor 65 and 
condenser 64 are tuned to resonance for a volt 
age of transformer S. corresponding to a voitage 
of line 9, slightly higher than the desired 
Voltage. If the voltage of line 9, f is too low, 
reactor 65 and capacitor 64 depart from the 
resonant condition and their combined imped 
ance increases. The flow of current through re 
sistor 34 and transformer S therefore decreases, 
the Voltage drop across resistor 34 also decreases, 
With the result that the times of energization of 
the control electrodes of valve 29 and of rectifier 
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3 are advanced, thereby causing the output volt 
age of rectifier 3 to be increased. Such action 
continues until such output voltage is restored to 
the value desired therefor. If the voltage of 
line 9, f f is higher than desired, a controlling 
action opposite to the above action takes place. 
Such action is modified in response to the flow 
of current through shunt 68 and in winding 6. 
When Such current increases, winding 67 Satu 
rates the core of reactor 66 and the voltage im 
pressed on the control electrodes of valve 62, 
which is equal to the voltage drop in reactor 66, 
is thereby advanced. The frequency of the volt 
age of Winding 6 accordingly becomes higher 
and capacitor 64 and reactor 65 becomes resonant 
to a higher voltage of transformer 6, thereby 
imparting a compounding effect to the regulat 
ing system. It will be understood, however, that, 
by suitable modifications of the connections, the 
frequency of transformer 6 may be made to de 
crease at increasing values of a current in shunt 
68 to impart to the System a drooping voltage 
characteristic. 

During such operation, the flow of current ill 
winding 2 is insufficient to saturate the core of 
reactor 7 f, so that the reactance of reactor 
is high and only a small current flows through 
resistor 53. Bias battery 5 then maintains the 
control electrode of valve 49 negative relative to 
its associated cathode, and valve 9 remains non 
conductive. Upon cocurrence of an excessive 
flow of current in shunt 3, winding 72 satu 
lates the core of reactor 7 and transformer 69 
produces a large flow of alternating current 
through resistor 52. 
valve 3 therefore becomes intermittently posi 
tive with respect, to the cathode of the Valve and, 
having once become positive, causes valve 49 to 
become conductive and to impress on the con 
trol electrodes of valves 29 a negative Voltage 
equal to the voltage drop in resistor TT which 
overcomes the voltage drop of resistor 34 and the 
voltage of transformer 3. As in the embodiment 
of Fig. 1, current then flows through resistor 58, 
relay 57 and valve 49 and is interrupted upon 
opening Cf the contacts of relay 5. All valves 
2S become non-conductive, so that all control 
electrodes 6 remain negatively energized from 
resistor 26 and the flow of current from line 6 
thi'ough rectifier 3 is interrupted. Circuit 
breaker 9 then interrupts the flow of current 
from conductor to cathode 2. 
The embodiment illustrated in Fig. 3 is identi 

cal with the embodiment of Fig. 2 with regard 
to the elements controlling the normal operation 
of rectifier 3 which are therefoire not shown. 
In the present embodiment, the control electrode 
of valve 49 is connected with the aSSociated 
cathode through battery 5 and a current trans 
former 78 inserted in conductor f f, such current 
transformer being so connected that the control 
electrode of the valve becomes positive with re 
spect to the cathode when a flow of current from 
conductor f to cathode 2 is established at a 
rate exceeding a predetermined value, Such as 
would occur upon occurrence of a backfire in 
rectifier 3. A second valve 79 is connected in 
parallel with valve 49 and has the control elec 
trode thereof connected with the aSSociated 
cathode through a battery 8 and a Second cur 
rent transformer 82. Transformer 82 is so con 
nected that the control electrode of Valve 9 be 
comes positive with respect to the associated 
cathode when the current flowing from Cathode 
2 to conductor increases at a rate exceeding 

The control electrode of 
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a predetermined value such as would occur upon 
occurrence of a short circuit in line 9, f. Valves 
49 and 9 may be adjusted to be responsive to 
different rates of increase of current in the re 
Specti; a directions through conductor it. The 
anode of valve 9 is connected with the anode of 
valve 49 through auxiliary contacts 83 of circuit 
breaker 8 so that, when current is first estab 
lished through the System by the closure of cir 
cuit breaker S, such current has reached the 
steady state value thereof before contacts 83 
have closed and valve 79 is therefore not per 
initted to negatively energize the control elec 
thodes of valves 2S in response to the rate of in 
crease of the current established by closure of 
circuit breaker 3. If the current flow through 
the System is established instead by closure of 
circuit breaker , it will be understood that con 
tacts 83 will be transferred to circuit breaker . 
In the embodiment illustrated in Fig. 4, recti 

fier 3 is assumed to be operable to convert en 
ergy from line 9, to line 6. To obtain this 
effect, it is a SSurned that line 6 is connected with 
Suitable frequency determining means as is well 
lknown in the art. Transformer 3 is then so 
adjusted as to cause energization of the control 
electrodes 5 during the suitable part of the 
Woltage cycle of line 6. In the present embodi 
ment, control electrodes 16 receive alternating 
potentials through valves 28 from the secondary 
Winding of a control transformer 84 having the 
primary winding thereof energized from line 6. 
Ihe connections of transformer 39 and valve 4 
With resistor 34 are herein reversed from the con 
nections illustrated in Fig. 1 and the voltage drop 
aci'oss resistor 33 therefore opposes the voltage 
drop, in resistor 26 to form a resultant bias volt 
age for the control electrodes of valve 29. In the 
present embodiment, current flows in line 9, if 
only in one direction aind the latch. 9 is therefore 
adjusted to be responsive only to the flow of ex 
cessive currents from conductor to cathode 2. 
The cathode of valve 49 is connected with the 
associated control electrode through battery 5 
and through shunt 73 inserted in conductor 
in such a nanner that the control electrode be 
connes positive when the flow of current through 
shunt 73 becomes excessive. Upon occurrence 
of a short circuit in line 6 or of a backfire in 
rectifier 3, transformer 22 is no longer available 
as a source of potential for the System and the 
potantial to be innpressed on the control electrodes 
through valve 49 is preferabiy Supplied from a 
separate source such as a battery 86. In the 
present embodiment, reactor 43 is not provided 
With a Saturating Winding and the resonant con 
dition of capacitot 42 and reactor 43 varies only 
in response to the magnitude of the voltage of 
line 6, and the source of alternating potentials 
for the control electrodes 3 is constituted by 
transformer 84 but the functions of the other ele 
ments of the figure are the same as for the em 
bodiments illustrated in Fig 1. 
In operation, valves 29 impress on the control 

electrodes 6 positive potentials from transformer 
84 instead of from winding 8 or from transformer 
22, but the operation of such valves is otherwise 
Similar to the operation of the valves illustrated 
in the other figures. Rectifier 3 operating as 
an inverter in the piesent embodiment, it is nec 
essay that the periods of positive energization of 
Control electrodes 6 be of short duration, as is 
Well known. Transformer 84 is therefore so con 
lected that each control electrode 6 receives, 
through the associated valve 29, a decreasing posi 
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tive voltage which becomes negative after a small 
fraction of a cycle. Reactor 43 and capacitor 
42 are tuned to resonance for a voltage slightly 
higher than the voltage desired for line 6. If the 
voltage of line 6 is too low, the combined in 
pedance of capacitor 2 and reactor 43 increases, 
the flow of current therethrough decreases, and 
the direct current bias voltage impressed on the 
neutral point of the Secondary Winding of trans 
former 37 becomes decreasingly positive Or even 
increasingly negative. The times of energization 
of the control electrodes of valves 29 and of recti 
fier 3 are therefore retarded and the output 
voltage of line 6 is therefore increased. Such ac 
tion continues until the voltage of line 6 is re 
stored to the value desired therefor. If the volt 
age of line 6 is higher than the normal Value 
thereof, an action opposite to that above de 
scribed will take place to restore such voltage to 
the normal value thereof. 
Upon occurrence of a backfire in rectifier S, 

an excessive flow of current occurs through shunt 
73, thereby causing the control electrode of Valve 
49 to become positive with respect to the aSSO 
ciated cathode. Waive 69 becomes conductive and 
impresses, on control electrodes 6, a negative 
potential from battery 86 thereby causing inter 
ruption of any flow of current through rectifier 
3 from line S. Circuit breaker 8 interrupts the 

flow of current occurring through rectifier 3 
from line 9, . Upon occurrence of a short cir 
cuit in line 6, the energization of the control 
electrodes is without effect and circuit breaker 
E8 interrupts the flow of current through rectifier 
43 from line 9, which is the only current then 
present. 
Although but a few embodiments of the present 

invention have been illustrated and described, it 
will be apparent to those skilled in the art that 
various changes and modifications may be made 
therein without departing from the Spirit of the 
invention or from the scope of the appended 
claims. 

It is claimed and desired to secure by Letters 
Patent: 

1. In a system for controlling the flow of elec 
tric current, electron discharge means having 
an anode with an associated control electrode 
and a cathode, current maintaining means for 
said discharge means operable to Supply a nega. 
tive potential with respect to the potential of the 
cathode, means for impressing on the control 
electrode a negative potential from the Second 
said means, electron discharge means Operable to 
impress on the control electrode a potential from 
the anode, and means responsive to an electrical 
condition of said system controlling the Second 
said discharge means to cause the last Said poten 
tial to be instantly impressed on the control elec 
trode. 

2. In a system for controlling the flow of elec 
tric current, electron discharge means having an 
anode with an associated control electrode and a 
cathode, current maintaining means for said dis 
charge means operable to supply a negative po 
tential and alternating potentials with respect to 
the potential of the cathode, means for impreSS 
ing on the control electrode a negative potential 
from the second said means, electron discharge 
means operable to impress on the control elec 
trodes an alternating potential from the Second 
said means, and means responsive to an elec 
trical condition of said system controlling the 
second said discharge means to cause said alter 
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nating potential to be instantly impressed on the 
control electrode. 

3. In a system for controlling the flow of elec 
tric current, electron discharge means having a 
plurality of anodes with associated control elec 
trodes and having a cathode, current maintain 
ing means for said discharge means, means for 
impressing on the control electrodes potential 
from the second said means, and electron dis 
charge means operable to sequentially impreSS 
on the Several control electrodes potential from 
the respective anodes associated thereWith to 
overconne the action of the first said potential. 

4. In a System for controlling the flow of elec 
tric current, electron discharge means having a 
plurality of anodes with associated control elec 
trodes and having a cathode, current maintain 
ing means for said discharge means operable to 
Supply a negative potential with respect to the 
potential of the cathode, means for impressing 
on the control electrodes a negative potential 
from the Second said means, electron discharge 
means operable to severally impress on the re 
spective control electrodes potentials from the 
ancdes associated therewith, and means respon 
sive to an electrical condition of said system con 
trolling the second said discharge means to cause 
the last said potentials to be instantly impressed 
in sequence on the respective control electrodes. 

5. In a System for controlling the flow of elec 
tric current, electron discharge means, discharge 
controlling neans for said means, a direct cur 
rent circuit connected with said discharge means, 
a source of alternating current, electron dis 
charge means controlling the Second said means 
connected with said source and discontinuously 
responsive to the magnitude of the current flow 
ing in the connections between the Second Said 
electron discharge means and said source of cur 
rent, and means responsive to the magnitude of 
the current flowing in said direct current cir 
cuit controlling the magnitude of the current 
flowing in the connection between said Source 
and the Second Said discharge means. 

6. In a system for controlling the flow of elec 
tiric current, electron discharge means having an 
anode with an associated control electrode and a 
cathode, current maintaining means for said dis 
charge means, means for impressing on the 
control electrode a potential from the second said 
means, and electrcin discharge means operable 
to impress on the control electrode a potential 
from the anode to overcome the action of the 
first said potential. 

7. In a System for controlling the flow of elec 
tric current, an alternating current circuit, elec 
tron discharge means connected with said cir 
cuit, a direct current circuit connected with said 
means, discharge Controlling means for said 
means, means for applying potential to said dis 
charge controlling means comprising means for 
converting current supplied from said direct cur 
rent circuit into alternating current, and means 
Variably resonant in dependence on the magni 
tude of the voltage of said alternating current 
circuit for controlling the flow of current through 
the first said means. 

8. In a system for controlling the flow of elec 
tric current, an alternating current circuit, elec 
tron discharge means connected with said circuit, 
a direct current circuit connected with said 
neans, discharge controlling means for said 
neanS, means for applying potential to said dis 
charge controlling means comprising means for 
Converting current Supplied from said direct cur 
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rent circuit into alternating current, means re 
sponsive to the magnitude of the flow of current 
through said system controlling the frequency of 
the voltage of the said alternating current, and 
variably resonant means responsive to the mag 
nitude and to the frequency of said voltage con 
trolling the application of said potential to Said 
discharge controlling means. 

9. In a System for controlling the flow of elec 
tric current, electron discharge means, discharge 
controlling means for said means, means for pro 
ducing an alternating current in magnitude pro 
portional to the magnitude of the current flowing 
through said discharge means, means for rectify 
ing said alternating current, and electron dis 
charge means discontinuously responsive to the 
magnitude of the rectified alternating current 
controlling the Second Said means. 

10. In combination with an alternating cur 
rent supply circuit, a direct current load circuit, 
an electron discharge means interconnecting said 
circuits and operable to convert current supplied 
thereto from the first said circuit and the supply 
thereof to the second said circuit, and means 
comprising an element of the first said means 
and a Solrce of Current operable to control the 
converting operation of the first said means, of 
means comprising a discontinuously controlla 
ble electron discharge device operable to control 
the said operation of the second said means, and 
means comprising an electron discharge device 
operable responsive to abnormal flow of current 
in One of Said circuits for controlling the Second 
said means in such sense as to interrupt the said 
Converting operation of the first said means. 

11. The combination with an electric current 
supply circuit, an electric current load circuit, an 
electron discharge device having an anode and 
a cathode inter-connecting said circuits and 
forming spaced electrodes for the flow of current 
by Way of arcs when established therebetween, 
and a control electrode constituting an element 
of said device for controlling the moments of 
establishment of said arcs, of means for apply 
ing a potential to said control electrode of such 
sign and magnitude as to prevent the establish 
ment of Said arcs, means comprising a discon 
tinuously controllable electron discharge device 
for applying a potential to said control electrode 
of Such sign and magnitude as to overcome the 
first said potential to thereby permit establish 
ment of said arcs, and means operable responsive 
to abnormal flow of current in one of said cir 
cuits for controlling the operation of the second 
said device to thereby prevent the application of 
the second said potential to the said control elec 
trode. 

12. In a system for controlling the flow of 
current, electron discharge means comprising a 
cathode, an anode, and a control electrode, 
means for exciting said control electrode in such 
sense as to render the first said means conductive 
for the flow of current therethrough by Way of 
said anode and cathode, means for exciting said 
control electrode in such sense as to prevent the 

O 

20 

30 

5 5 

60 

7 
said flow of current, means for controlling the 
third said means comprising a second electron 
discharge means, and means for controlling the 
second said electron discharge means compris 
ing means for producing an alternating current 
of magnitude proportional to the magnitude of 
the current flowing through the first said means 
and including means for rectifying said alternat 
ing current. 

13. An excitation circuit for an electric valve 
of the gaseous type having an anode, a cathode 
and a control member comprising an electronic 
discharge means energized in accordance With 
the voltage appearing across said anode and 
Cathode of Said electric valve, and means for 
controlling the conductivity of said electronic 
discharge means to energize said control mem 
ber in accordance With two different predeter 
mined electrical conditions. 

14. The combination with an electric current 
Supply circuit, an electric current load circuit, 
and electron discharge means comprising an an 
Ode and a cathode interconnecting said circuits 
and constituting Spaced electrodes for the trans 
fer of energy therebetween, of means for control 
ling said transfer of energy comprising an ele 
ment of said discharge means, a source of poten 
tial for energizing said element, auxiliary elec 
tron discharge means controlling the Operative 
connection of Said source of potential to said ele 
ment, and means for controlling the conductivity 
of said auxiliary electron discharge means com 
prising means Variably resonant in accordance 
With concurrent electrical conditions of said Cir 
cuits. 

15. In a system for controlling the flow of elec 
tric current, the combination with an alternat 
ing current Supply circuit, an electric current 
load circuit, and electron discharge means com 
prising an anode and a cathode interconnecting 
said circuits and constituting spaced electrodes 
for the flow of current therebetween, of means 
for controlling said flow of current comprising a 
reactor and a capacitor Serially connected to 
gether and energized from said supply circuit, 
and means for varying the inductance of said re 
actor comprising means responsive to the magni 
tude of said flow of current in said load circuit. 

16. The combination with an electric current 
supply circuit, an electric current load circuit, 
and electron discharge means comprising an an 
Ode and a Cathode interconnecting said circuits 
and constituting spaced electrodes for transfer 
of energy therebetween, of means for controlling 
said transfer of energy comprising an element 
of said discharge means, a source of potential for 
energizing said element, auxiliary electron dis 
charge means controlling the operative connec 
tion of said source of potential to said element, 
and means for controlling the conductivity of 
Said auxiliary discharge means comprising 
means variably resonant in accordance with an 
Operating condition of One of said circuits. 

IIER JOURNEAUX. 


