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1. 

Our invention relates to a vapor electric Con 
verter, and particularly to an excitation Systein 
for a vapor electric device, such as a vapor elec 
tric valve. 

In the operation of vapor electric devices it, 
has long been customary to provide a continuous 
Source of excitation to maintain a cathode Spot 
for the establishment of the main arc in the 
Valve. Heretofore, considerable dificulty has been 
inet in establishing and maintaining such excita 
tion arcs. 

It has heretofore been considered desirable to 
provide mechanical means for starting and re 
starting the cathode spot for the excitation arcs. 
According to our invention, the starting and 
maintaining of an excitation arc is accomplished 
by means of static equipment which is auto 
matically operative without any mechanical wear 
or adjustment. 

In the excitation system according to our in 
vention, the vapor electric device is provided with 
two excitation electrodes, one in the form of a 
make-alive or high-resistance type electrode asso 
ciated and usually in permanent contact with the 
cathode and the other a main excitation or keep 
|alive electrode in spaced insulated relation to the 
cathode. 
A Source of alternating current excitation po 

tential is provided and from this is derived an 
excitation potential having a 
characteristic. This excitation potential is ap 
plied to both the make-alive and keep-alive elec 
trodes and means responsive to the flow of cur 
rent to the electrodes is provided for controlling 
the regulation characteristic so that when no-cur 
rent is flowing to the excitation electrodes, the 
excitation potential Will have sufficient value to 
initiate a cathode spot through the make-alive 
electrode and after current has started to flow, 
the excitation potential will be reduced to a value 
just sufficient to maintain the excitation arc and 
certainly below a potential which will operate the 
make-alive electrode. 

It is, accordingly, an object of our invention 
to provide an excitation system having an excita 
tion voltage With a high regulation characteris 
tic. 

It is a further object of our invention to pro 
Wide a static excitation system having a high 
order of dependability. 

It is a further object of Our invention to pro 
vide a simple and efficient excitation system for 
a vapor electric valve. 

It is a further object of our invention to pro 
vide an excitation system having a make-alive 
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2 
and a keep-alive electrode energized from the 
same potential Source. 

It is a further object of our invention to 
provide an excitation system having an auto 
matic regulation characteristic. 

it is a further object of our invention to pro 
vide an excitation system which has an auto 
matic restart in the event of failure of the excita 
tion arc. 
Other objects and advantages of our invention 

Will be apparent from the following detailed .de 
scription taken in conjunction with the accom 
panying drawing, in which: 

Figure 1 is a diagrammatic illustration of a 
simplified-embodiment of our invention, 

Fig. 2 is a modification according to our in 
vention, 

Fig. 3 is a further modification showing means 
for conserving space for a plurality of excitation 
circuits, 

Fig. 4 is a further modification according to 
our invention, 

Fig. 5 is a graphical illustration of the pre 
ferred regulating characteristic according to our 
in Vention, 

Fig. 6 is a further modification utilizing alter 
nating, current keep-alive arCS, and 

Fig. 7 is a further modification utilizing uni 
directional keep-alive potential. 
In the simplified embodiment of our invention, 

as shown in Fig. 1, an alternating-current, circuit 
it is connected to a direct-current circuit f by 
means of a rectifier transformer 2 which is pref 
erably connected to the alternating-current cir 
cuit by means of a circuit breaker 52 and having 
the phase terminals of the transformer, connected 
to vapor-electric valves 3 only one of which is 
shown for simplicity of illustration. 
Each of the valves 3 comprises a container 4 

in which is a vaporizable reconstructing, cathode 
is of Suitable material Such as mercury, and 
spaced from and insulated from the cathode 5 
is an anode 6. Which may, or may not, be pro 
-vided with a control shield or grid T. A make 
alive electrode 8, usually in the form of a high 
resistance material is placed in contact with the 
cathode 5 and Spaced from the cathode and in 
sulated therefron is an excitation anode or keep 
alive electrode 9. 

Excitation potential derived from any suitable 
alternating current Source herein shown as the 
alternating-current circuit: 0-is connected to the 
excitation circuit by means of a circuit breaker 
3. The alternating-current potential is applied 
to the primary:Winding 20 of an excitation:trans 
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former 2i and the output potential of the trans 
former 2 is rectified by means of a full-wave 
rectifier 22 usually of the dry plate type. A 
capacitor 23 is usually connected across the ter 
iminal of the rectifier 22 and serves the dual pur 
pose of Snoothing the rectified potential and 
furnishing a source of stored energy for initiating 
the cathode Spot. 
The make-alive electrode 8 and the keep-alive 

electrode 9 are connected in parallel to the posi 
tive terminal 24 of the direct current, both being 
connected across the rectified potential by means 
of a return connection 25 from the cathode 5 of 
the vapor electric device to the negative terminal 
of the rectifier. To facilitate the initiation of the 
cathode Spot, a saturable reactor 26 is connected 
in series with the make-alive electrode 8 While 
it is desirable to place an impedance 2 usually 
in the form of a linear reactor in series with the 
keep-alive electrode 9. 

in Order to provide a high regulation chara,c- 
teristic for the excitation potential, the eXcita 
tion transformer 2 is provided With a magnetic 
bridge herein illustrated as a third leg 28 of the 
transformer 2, said third leg 28 having an air 
gap 29 therein. 
In the Operation of this simplified form of our 

invention, the output potential of the trans 
former 2 will be rectified and charge up the ca 
pacitor 23 across the terminals of the rectifier 22. 
When this potential reaches sufficient Value, the 
saturable reactor 26 will saturate permitting a 
sudden flow of current to the make-alive elec 
trode 8. This flow of current will establish a 
cathode Spot on cathode 5 after Which an arc 
Will establish to the keep-alive electrode 9. 
The flow of current through the Secondary 

winding of the excitation transformer 2 shifts 
the flux to the magnetic bridge 28, and thus ma 
terially reduces the secondary potential of the 
excitation transformer 2. The potential is then 
elow the value which will produce Saturation of 

the Saturable reactor 26, so that current will flow 
substantially only to the keep-alive electrode 9. 
However, in the event of cessation of current flow 
to the excitation electrodes, the magnetic current 
will again flow through the secondary Winding of 
the transformer 2 and reestablish the potential 
Sufficient to reinitiate the cathode spot, thus auto 
matically maintaining excitation in the event that 
the excitation arc should be extinguished for any 
eaSO. 
In the modification according to Fig. 2, the ex 

citation transformer f2 is of the three-legged 
variety with the primary and secondary Windings 
being distributed over two of the legs while the 
third leg is interlinked with the connection 2 
to the keep-alive electrode 9. An impedance 
preferably 32 in the form of a capacitor is Con 
nected in series between the source and the pri 
mary winding of the transformer 2. 

In the operation of this form of Our invention, 
the application of potential to the primary Wind 
ing 20 will produce a high potential which is 

... rectified and applied to the excitation electrodes 
i8 and 9 in the manner as hereinbefore de 
scribed. However, the flow of current to the 
keep-alive electrode 8 will change the magne 
tization characteristic of the transformer 2 and 
producing high voltage drop across the series in 
pedance 32 and thus materially reduce the termi 
nal voltage of the excitation transformer 2. 
The magnetic interlinkage 27 between the trans 
former 2 and the connection to the keep-alive 
electrode 9 substantially replaces the stabilizing 
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4. 
impedance 27, as shown in connection. With Fig. 1. 

he modification of our invention, according to 
Fig. 3, is particularly designed to save space re 
quire; neints of the eXcitaticin Systein. A direct 
current excitation potential cit the right Value fol' 
controlling the keep-alive electiode 3 is provided, 
and this Scurce may be collected to a plurality 
of keep-alive electrodes S. While this direct 
current potential anay & acquired from any 
source, we have shown it, as 8ing delived from 
the alternating-current Scurce by means Of a 
suitable transfornier 33 aind a full-Wave rectifier 
22. Separate transformers 35 are then provided 

for each of the nake-alive electrodes 3. The 
primary winding of the nake-alive transformer 
35 has connected in series thereWith a Suitable 
in pedance E5, preferably in the form of a ca 
pacitor, while the secondary potential is directly 
connected a cross the nake-alive electrode 8 and 
the cathode of the device. 

In the operation of this form of the device, the 
direct-current potential Will be applied to the 
keep-alive electrode 9 and if no current is flow 
ing thereto, the Secondary or output potential 
of the make-alive transforiner 35 Will apply a high 
potential to the make-alive electrode 3. HOW 
ever, as soon as current flows to the keep-alive 
electrode, the Winding 32 connected in series be 
tween the direct-current Source E22 and the keep 
alive electrode 3 Willi Inodify the impedance of 
the transformer 35 so that the major portion of 
the prinary voltage will appear across the series 
connected impedance 35, thus reducing the nake 
alive potential to a value insufficient to supply 
current, through the make-alive electrode 8. 

In the modification, according to Fig. 4, the 
regulation characteristic of the eXcitation poten 
tial is controlled by means of a variable reactor 
43 connected in series With the excitation trans 
former . When no current is foWing to the 
excitation electrodes, the potential Will Operate 
to produce a current to the nake-alive electrode 
i8 which current is interlinked by means of Wind 
ing 32 with the variable reactor 3 to produce 
Saturation of the reactor (3 and a Consequent 
high potential applied to the transformer 4 i. 
However, once the cathode spot has been estab 
lished, the current Will foW through the keep 
alive electrodie S, thus educing the fiOW of Cur 
rent through the nake-alive electrode i3 and 
desaturating the reactoi Et which then absorbs 
the major portion of the available potential and 
thus reduces the Output potential of the excita 
tion transfoiliner is to a, Value in Sufficient to pro 
duce current fiOW through the make-alive elec 
trode i3. 
While tine regulation characteristic obviously 

Will be Variable with various types of make-alive 
electrodes 8, We have found that it is desirable 
to have a regulation characteristic S. Substan 
tially as graphically illustrated in Fig. 5, in Which 
the no-load terminal potential of the excitation 
transforner is of the Order of 30 O Volts and hav 
ing a rapidly drooping characteristic to Zero po 
tential at a, current of the order of 20 amperes. 

instead of utilizing a direct-current keep-alive 
arc as shown in Fig. 3 it is SOmetimes desirable 
to utilize an alternating cuent keep-alive arC 
in which case two keep-alive electrodes 9 are 
provided as ShoWn in ig. 6 and Supplied With 
current of the desired potential by a transformer 
33 the winding 37 in the return circuit 25 then 

serves the dual purpose of controlling the po 
tential of transformer. 35 and as a Stabilizing 
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reactor to maintain the keep-alive arc through 
current Zero. - 
Where it is desired to avoid the necessity for 

two entrance bushings one of the exciting elec 
trodes 9 may be eliminated, as shown in Fig. , 
by utilizing two half Wave rectifiers 45 con 
nected between the Secondary terminals of trans 
former 33 and the exciting electrode 9. Care 
must be exercised to provide the Winding 37 With 
Sufficient energy storage capacity to maintain 
the arc through potential Zero, 
For purposes of illustration, we have ShoWl 

and described Specific modifications of our in: 
Wention. It Will be apparent that changes and 
modifications can be made therein. Without de 
parting from the Spirit of our invention. 
We claim as our invention: 
1. An excitation System for an arc discharge 

device having at least a main anode and cath 
ode, comprising a make-alive electrode and a 
keep-alive electrode cooperating With said caths 
ode, a source of alternating control potential, a 
transformer energized from Said Source, an im 
pedance connected in series with the input of 
said transformer, means for rectifying the out 
put of said transformer, connections for in 
pressing said rectified output on said make-alive 
and keep-alive electrodes in parallel, and neans 
responsive to flow of current to Said keep-alive 
electrode for modifying the potential appearing 
across said impedance. - 

2. An excitation system for an arc discharge 
device having at least a main anode and cathode, 
comprising a make-alive electrode and a keep 
alive electrode cooperating With said cathode, 
a source of alternating control potential, a trans 
former energized from said source, a capacitor 
connected in series with the input of Said trans 
former, means for rectifying the output of said 
transformer, connections for impressing Said rec 
tified output on said make-alive and keep-alive 
electrodes in parallel, and means responsive to 
flow of current to said keep-alive electrode for 
modifying the potential appearing acroSS Said 
capacitor. 

3. An excitation System for a vapor electric 
device having a main anode and a vaporizable 
cathode comprising a make-alive electrode and 
a keep-alive electrode in said device, a Source of 
alternating control potential, a transformer en 
ergized from said source, a variable reactor Con 
nected between said source and the input of Said 
transformer, a full-wave rectifier for rectifying 
the output of said transformer, connections for 
impressing the output of said rectifier on said 
make-alive electrode and said keep-alive elec 
trode in parallel, and winding means in Series 
with said keep-alive electrode for Varying the 
reactance of said variable reactor. 

4. An excitation System for a vapor electric 
valve having a vaporizable cathode comprising 
a make-alive electrode in contact With the cath 
ode, a keep-alive electrode in Spaced insulated 
relation to the cathode, a source of alternating 
excitation potential, transformer means ener 
gized from said source, means for rectifying the 
output potential of said transformer means, 
connections for impressing the rectified Output 
of said transformer on both said make-alive elec 
trode and Said keep-alive electrode, and means 
responsive to current flow to Said keep-alive elec 
trode for reducing the output potential of said 
transformer. 

5. An excitation System for a vapor electric 
valve having a vaporizable cathode comprising 
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6 
a make-alive electrode in contact with the cathe 
ode, a keep-alive electrode in Spaced insulated 
relation to the cathode, a source of alternating 
excitation potential, transformer means ener 
gized from said source, means for rectifying the 
output potential of Said transformer means, a 
capacitor connected across the rectified poten 
tial of said transformer, connections for Con 
necting said make-alive electi'Ode and said keep 
alive electrode in parallel acroSS said rectified 
potential, a saturable impedance in series with 

ke-alive. electrode, and means responsive 
o current flow to said keep-alive electrode to 
educe the rectified potential to a value insuffi 
cient to produce saturation of said saturable in 
pedance. 

6. A exciting system for a vapor electric device 
having at least a main anode and a vaporizable 
cathode comprising a resistance type electrode 
associated with the cathode, a keep-alive elec 
trode spaced from said cathode, a source of alter 
nating exciting potential, a Source of direct-cur 
rent exciting potential, connections for impress 
ing the potential of said direct-current source on 
said keep-alive electrode, a transformer energized 
from said source of alternating potential, con 
nections for impressing the output of Said trans 
former on said make-alive electrode and winding 
means associated with said transformer and con 
nected in series with said keep-alive electrode 
for controlling the output potential of said trans 
former. 

7. An excitation system for a vapor electric de 
Vice comprising a make-alive electrode for initi 
ating a cathode spot in the device, a keep-alive 
electrode for maintaining the cathode spot, a 
Source of alternating excitation potential, trans 
former means connected between said Source and 
Said electrodes, said transformer means having a 
high no-load output potential and a relatively 
low output potential under load conditions. 

8. An exciting system for a vapor-electric valve 
comprising a make-alive electrode in said valve, a 
keep-alive electrode, a source of alternating con 
trol potential, means for energizing both said 
electrodes from said source, and means controlled 
by current flow to said electrodes for producing 
a high regulation characteristic to said control 
potential. 

9. An exciting system for a vapor-electric valve 
having a vaporizable cathode comprising a make 
alive electrode in contact with said cathode, a 
keep-alive electrode in spaced relation to said 
Cathode, a source of alternating control potential, 
a transformer energized from said source, recti 
fying means for rectifying the output of said 
transformer, connections for connecting said elec 
trodes in parallel across the rectified output of 
Said transformer and a shunt flux path in said 
transformer for producing a rapidly drooping cur 
rent voltage characteristic in the output potential 
of said transformer. 

10. An excitation system for a vapor-electric 
device having a main anode and a vaporizable 
cathode, comprising a resistance type starting 
electrode in permanent contact with said cathode, 
a keep-alive electrode in spaced insulated relation 
to said cathode, a source of alternating excita 
tion potential, transformer means energized from 
Said source, means for rectifying the output po 
tential of said transformer means, circuit means 
for connecting said starting electrode and said 
keep-alive electrode in parallel across the recti 
fied potential of Said transformer, and means re 
Sponsive to current flow to said keep-alive elec 
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trode to materially reduce the terminal voltage of 
Said transformer means. 

11. An excitation System for a vapor-electric 
device having a main anode and a vaporizable 
Cathode, comprising a resistance type starting 
electrode in permanent contact With said Cathode, 
a keep-alive electrode in Spaced insulated relation 
to said cathode, a source of alternating excitation. 
potential, transformer means energized from said 
Source, means for impressing a unidirectional 
output of Said transformer on said starting elec 
trode, an auxiliary Winding on said transformer, 
means including said auxiliary winding for in 
preSSing keep-alive potential on Said keep-alive 
electrode, said auxiliary winding being energized 
by Current flow to said keep-alive electrode to 
change the regulation characteristic of said trans 
former. 

12. An exciting System for a vapor-electric 
Valve having a main anode and a vaporizable 
Cathode comprising a resistance type starting 
electilode in permanent contact with the cath 
ode, an auxiliary exciting electrode in spaced in 
Sulated relation to the cathode, a source of alter 
ilating potential, means for deriving a unidirec 
tional potential from said source, circuit means 
for impressing Said unidirectional potential on 
said auxiliary exciting electrode, transformer 
means for deriving a high potential from said 
Source, circuit means for impressing said high po 
tential On Said Starting electrode and regulating 
means responsive to current flow to said auxiliary 
exciting electrode for reducing the output poten 
tial of Said transformer means. 
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13. An exciting system for a vapor-electric 

Valve having a main anode and a vaporizable 
Cathode comprising a resistance type starting 
electrode in permanent contact With the cathode, 
ail auxiliary exciting electrode in Spaced insulat 
ed relation to the cathode, a Source of alternating 
potential, circuit means for impressing a poten 
tial derived froin said Source on Said auxiliary 
exciting electrode, transformer means for deriv 
ing a high potential fronin said source, circuit 
means for impressing Said high potential on said 
starting electrode and regulating means energized 
by current flow to said auxiliary exciting elec 
trode for controlling the output potential of Said 
transformer means. 

JOHN L, BOYER. 
HEREBERT A. ROSE. 
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