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My invention relates to electric valve translat- peak or overload current and also operate as 
ing apparatus and more particularly to such 
apparatus including electric valves containing an 
ionizable medium. 

Heretofore in electric power translating appa 
ratus utilizing electric valves it has generally 
been customary to select valves having a capaci 
ty rating so that these valves would operate at 
Or near this rating. In such types of apparatus, 
these valves are called upon to carry overloads 
or high peak currents for short intervals of time. 
While these valves can carry a certain amount 
of overload, conditions occur which often require 
these valves to carry high peak currents which 
tend to shorten the useful life of the valve. In 
such an arrangement it would be highly desir 
able if the peak load current could be carried 
by auxiliary apparatus or additional valves. In 
other apparatus it is often desirable to obtain a 
high degree of reliability of operation without 
interruption and hence it would be highly de 
sirable to have apparatus which would take up 
the load in case of failure of any of the electric 
Valves. 

It is, therefore, among the objects of the pres 
ent invention to provide an improved electric 
valve arrangement for converting systems and 
translating apparatus which will overcome the 
disadvantages of the prior art and which will be 
simple and reliable in operation. 

It is a further object of my invention to pro 
vide an electric valve arrangement for convert 
ing apparatus wherein certain Valves Operate 
to carry current only during the periods of peak 
load of said converting apparatus. 

It is a still further object of my invention to 
provide an improved electric valve arrangement 
wherein electric valves are arranged to maintain 
continuous operation of the apparatus upon fail 
ure of the normally operating valves. 

It is still another object of my invention to pro 
vide an improved electric valve arrangement 
wherein electric valves are so arranged as to in 
crease the overload rating of the Valve arrange 
ment without increasing the normal load rating. 

In accordance with my invention I connect to 
the valve normally operating in the converter or 
translating circuit in like manner in parallel a 
second electric valve having a load rating the 
same as the first valve. By connecting the elec 
trodes of the second valve directly to like elec 
trodes of the first valves, I am able to provide an 
electric valve arrangement wherein the second 
auxiliary set of valves operate to take on the 

auxiliary apparatus which Will take over the 
entire load upon failure of the normally operat 
ing electric valves. 
The novel features which I believe to be char 

acteristic of my invention are set forth with par 
ticularity in the appended claims. My invention 
itself, however, both as to its organization and 
nethod of operation, together With further ob 
jects and advantages thereof, Will be better un 
derstood by reference to the following description 
taken in connection with the accompanying 
drawing in which the single figure of the accom 
panying drawing is a diagrammatic representa 
tion of an electric power converting apparatus 
which embodies my invention. 

Referring now to the drawing, I have illustrat 
ed an electric valve converting apparatus for 
transmitting energy between an alternating cur 
rent circuit and a direct current circuit f. 
This electric valve translating device may be any 
of the several types well known in the art, but 
I have illustrated by Way of example a parallel 
type converter such as that disclosed and claimed 
in the United States Letters Patent No. 1,800,002, 
granted April 7, 1931, to E. F. W. Alexanderson, 
and assigned to the same assignee as the present 
invention. This converter comprises a trans 
former 2 having one winding connected to the 
alternating current circuit 8 and a second wind 
ing connected to the direct current circuit 
through a pair of electric valves 3 and 4, and a 
commutating capacitor 5 connected between the 
electric valves. If desired, a Smoothing reactor 6 
may be connected in Series with the direct current 
circuit f. Although the electric valves f3, and 
4 are illustrated as having an anode, a cathode 
and a control grid, they may be of the two-ele 
ment type, and furthermore may be of any of 
the several types well known in the art which 
contain an ionizable medium. The grids of the 
electric valves 3 and 4 are connected to their 
common cathode circuit, through opposite halves 
of the secondary winding of the grid transformer 
it and a common current limiting resistor 8. 
The grid transformer is connected to a Suit 
able source of grid excitation potential 9 which 
may be any of the various types well known in 
the art which operates in the case of an inverter 
to determine the frequency of the alternating 
current delivered by the apparatus to the alter 
nating current circuit or in the case of a rectifier 
to determine the amount of power delivered to 
the direct current circuit. In order to improve 
the operation of the converter apparatus a pair 
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2 
of capacitors 2 and 2 may be connected between 
the grids or control elements and the cathodes 
of the valves 3 and A. The purpose and opera 
tion of these capacitors is set forth in greater 
detail in the U. S. Letters Patent No. 1,965,416, 
granted July 3, 1934, upon an application of Alan 
Howard and which is assigned to the same 
assignee as the present application. 
In practicing my invention I connect a pair 

of electric valves 22 and 23 in like manner in 
parallel to the valves 3 and 4. By the expres 
sion “in like manner in parallel thereto' it is to 
be understood that this means that the like elec 
trodes of the valves 22 and 3, for example, are 
connected directly together. These valves 22 and 
23 preferably have the same load rating as the 
valves 3 and 4. 
When two electric valves of the type contain 

ing an ionizable medium have been connected in 
like manner in parallel for the purpose of Sinui 
taneous operation, it has been customary to pro 
vide circuit arrangements such as a current divid 
ing reactor connected to the anodes of the valves 
to cause these valves to carry equal proportions 
of the load current. Theoretically it should ap 
pear possible to take two of these valves contain 
ing an ionizable medium and having the Saline 
operating characteristics and cause them to oper 
ate simultaneously in parallel by so balancing the 
circuit arrangement that the circuit aSSociated 
With each of the valves Would have like valueS 
of inductance and capacitance. However, the 
necessity of providing means for insuring the 
simultaneous operation of Such valves is probably 
due to the voltage-drop current characteristic of 
the valves. As is well known by those skilled in 
the art, the initial starting voltage drop of the 
valve is considerably greater than the normal 
Operating voltage drop and hence it will be ap 
parent that if one of the Valves starts a minute 
fraction of a second sooner than the other valve, 
the voltage drop across the first valve will be less 
than the initial starting voltage drop of the other 
valve. In accordance With my invention I avoid 
any circuit arrangement wherein there would be 
a possibility of the valves starting simultaneously. 
These valves have a certain normal load rating 
and an overload rating. By connecting these 
Valves in like manner in parallel it is possible to 
increase the load rating of the converting appa 
ratus to a Value Which is twice that of an appa 
ratus using but a single valve in each position. 
The general principles of Operation of the con 

Verter, as described above will be well understood 
by those skilled in the art or may be found in 
detail in the above Alexanderson patent. In brief, 
While one of the valves 3 or 4 is conductive the 
capacitor 5 becomes charged to substantially 
twice the potential of the direct current circuit 
when the apparatus. is operating as a valve in 
Verter. When the other valve is made conducting 
the capacitor 5 is short circuited through the 
tWO Valves in Such a way as instantly to interrupt 
the current in the first valve, thus transferring 
the load current from one valve to the other, and 
reversing the direction of its flow through the 
transformer 2. The frequency of these reversals, 
and thus the frequency of the alternating current 
delivered by the transformer 2 to the alternating 
current circuit 0 is determined by the circuit 
constants and the frequency of the alternating 
current supplied to the grid transformer from 
the circuit f 9. If it is now assumed that the con 
verting apparatus is transmitting current between 
the direct current and alternating current cir 

2,070,462 
cuits which corresponds to the normal load rating 
of the valves, only one of the valves in each of the 
groups 3, 22 and 4, 23 will be in conductive con 
dition because of the fact that the staiting chair 
acteristics of the valves are such that one of 
valves in each group will not be conductive at 
this time. For convenience in explanation, it may 
be assumed that only the valves 3 and 4 have 
become conductive. If at any time either or both 
of the valves 3 and A should fail, the valves 22 
and 23 will take up the load and operate and the 
converter will continue Without interruption. 
When an abnorrha, or peak load is to be cali'ied 

by the valve converting apparatus all of the valves 
3, 4, 22, and 23 will be conductive for a certain 

time interval. If this peak load is not very great 
the valves 22 and 23 may be conductive for a short 
period of time, as for example, three or four 
minutes, at which time the valves 3 and 4 may 
assume this additional load, or as the case may be, 
the peak load dernand may have ceased. If, 
for instance, a still greater overload should occur, 
the valves 22 and 23 will again be conductive 
and would carry their share of this overload for 
a longer period of time, as for example, ten to 
fifteen minutes, when the load may again transfer 
to the valves 3 and 4. It is therefore apparent 
that the length of time which the valves 22 and 
23 carry a peak load depends upon the value of 
current demanded by the load. It will be further 
more apparent to those skilled in the art that if 
a tube, for example, With a 15 ampere peak 
rating and a two and a half ampere average 
rating, Were utilized in the position occupied by 
the valves 3 and f4 and similarly rated valves 
Were utilized in the positions occupied by the 
Valves 22 and 23, it would be possible to obtain 
an electric valve converting apparatus having a 
rating of an average current of two and a half 
amperes With a 30 ampere peak current load 
rating. Obviously, such an arrangement is highly 
desirable for certain types of converter or electric 
Valve translating operation. 
The following is a possible theoretical explana 

tion of the operation of the apparatus as given 
above, but I do not wish to be limited thereto. It 
is Well known by those skilled in the art that the 
initial Voltage drop across one of these valves to 
start the discharge is somewhat higher than the 
Voltage drop at the normal current carrying 
value. When, however, this current carrying 
value is exceeded the voltage drop across the 
Valve again increases and this may reach a value 
Which is considerably in excess of the value at the 
initial starting moment. Thus, for instance, if 
an overload occurs on the valve 3 and it is forced 
to operate on a portion of its characteristic curve 
So that the voltage drop across the valve 3 is 
in excess of the starting Voltage, it will be ap 
parent that the Voltage across the valve 22 will 
be such as to cause the valve 22 to become 
conductive. It is furthermore well known by 
those skilled in the art that the voltage-drop cur 
rent characteristic of these valves is not a stable 
one but one which changes not only during the 
life of the valve but also during the operation 
time of the valve. It is believed to be due to this 
change in the Voltage-drop current characteristic 
of the valve that after a certain period of over 
load current has been carried by the valves f3 
and 22 that the current may then again transfer 
to the valve which originally was conductive at 
normal load current. 
While I have shown a particular application of 

my invention to an electric valve converting ap 
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paratus, it is to be understood that this is merely 
illustrative as one of the number of electric valve 
converting or translating apparatus to which my 
invention may be applied. Furthermore, while I 
have shown electric valves of three-element type, 
it is to be understood that the valves of the two 
element as well as the multi-element type, if ar 
ranged in accordance with my invention, will 
Operate in like manner. 
While I have shown and described my invention 

in connection with a certain specific embodiment, 
it will, of course, be understood that I do not wish 
to be limited thereto, since it is apparent that the 
principles herein disclosed are susceptible of 
numerous other applications, and modifications 
may be made in the circuit arrangement to which 
my invention may be applied without departing 
from the spirit and scope of my invention as set 
forth in the appended claims. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In an electric valve converting apparatus, an 

inductive Winding, means for commutating cur 
rent between said winding terminals, a pair of 
valves connected to each winding terminal, said 
pair of electric valves each having a control elec 
trode and containing an ionizable medium and 
being connected in like manner in parallel to each 
other, like electrodes of said valves being con 
nected directly together, means for energizing 

3 
simultaneously said control electrodes, said valves 
being characterized in that the starting voltage 
drop across each valve is higher than the normal 
Operating Woltage drop whereby only one of said 
Valves operates to carry the normal load current 5 
of Said converting apparatus and both of said 
valves operate to carry current in excess of said 
normal load current. 

2. In an electric valve converting apparatus in 
cluding an inductive network, commutating 0 
means connected thereto, each terminal of said 
network being provided with an electric valve 
having a control electrode and containing an 
ionizable medium, said electric valve having 
higher voltage drop during the initial starting 15 
period and the overload current period than dur 
ing normal operating current periods, said valve 
converting apparatus being subject to overload 
current in excess of the normal overload rating, 
means for energizing said control electrodes, a 20 
second similar electric valve containing an ioniz 
able medium connected in like manner in parallel 
directly with each of said first valves and having 
a voltage drop at the initial starting period in ex 
cess of the voltage drop at the normal operating 25 
current period whereby said second valve operates 
to carry current only during Overload current 
periods. 
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