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My invention relates to the rectification. of alterniting current and has for its prin. cigar object the provision of an improved 
alternating current rectifying system and 
nethod of operation, whereby both the recti fying apparafusarid the did circuit devices are protected form injury due to short cir 
cuits or other electical disturbances. Various types of appattis have been util olized for transmitting electrical power be 
tween alternating current and direct current 
circuits. E. - - is . . . . . . . . . . . foulid htageous to 

includii these a Egy any of theseyeral types well known in the 
15'art. Discontinuous control electric valves, 

such for example, is valves of the vapor elec. 
tric discharge type have been found particu 
larly suitable for operation in power circuits 
because of the relatively large amount of 

20 power, which may behindled at moderate operating voltages. By thétérm discontinu: 
ous control electric valves, I refe 

anode, a cath provided with as anode, a cathode, and control grid and in which the starting of 
25 current in the valve is determined by the potential on its control grid but in which the 

current in the valve, can beinterrupted only 
by reducing its anode potential below the 
critical value, which may be of the order of 

30:15 or 20 volts. It has been found that valves, of this type are usually incapable of limiting 
the current which they transmit to a value. which prevents injury or destruction of the 
valves themselves, or the load devices which 35 are energized from the circuit in which they 
are connected. . . . . . - ' ' - - -n 
It is an object of my invention to provide 

an improved apparatus' including discon 
tinuous control electric valves for transmit 40 ting energy between direct and alternating 
circuits in which the current through the 
valves will be interrupted upon the occur 
rence of predetermined abnormal conditions. 

It is a further object of my invention to 45 provide an improved apparatus including 
electric. valves: for transrhitting energy, be 
tween direct and alternating circuits in:which 
the current. through the valves: will be in 
terrupted upon the occurrence of a predeter 

60 mined current in the direct current circuit 
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and in. which this interruption will be main 
táined for a predetermined interval. 
In accordance with my invention the oc 

currence of destructive current in the elec tric valves is prevented by an improved ar 
rangement whereby a negative voltage is 
applied to the control grids of electric valves 

heri.. the load current has reached a pre 
*mined value and whereby the anode voltage is controlled in such a way as to in 

suire that the anode current is interrupted by 
the grid when it, is subjected to this negative voltage. . . . . . . . 
My invention will be better understood 

from the following description when consid 
ered in Gonnection with the accompanying 
drawing, and its scope will be pointed out 
in the appended claims. 
The drawing is a circuit diagram of a rec 

tifying system wherein my invention has been embodied. This system includes alternating current 
i supply terminals 10 and direct current termi 

nails. 11 between which electrical power is 
transmitted through a transformer 12, a plu 
rality of discontinuous control electric valves 
13,14,15, 16, 17 and 18, a smoothing reactor 
19, a resistor 20 and a resistor 21. It will be 
observed that the valve 13 is connected to the 
load circuit in series with the valve 16, that 
the valve 14 is likewise connected in series 
with the valve 17 and that the valve 15 is simi 
larly connected with the valve 18. The di 
rect current load is indicated at 22 which is 
intended to represent any device which uti 
lizes direct current in its operation. A 
smoothing.condenser 29 is connected in shunt 
to the loadicircuit and the resistor 21. 
The electric valves 13 to 18 inclusive are 

each provided with an anode and a cathode 
and are preferably of the discontinuous con 
trol type. The valves. 13, 14 and 15 are each 
provided with a grid which is connected to its 
cathode through the bias resistor 21 and a 
voltage responsive device 23 which may be a 
glow tube. or other device operable to apply 
potential to the grids when the voltage pro 
duced in the resistor 21 exceeds a predeter 
mined value. Also connected between the 
cathodes of the valves 13, 14 and 15 and their 
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grids is a condenser 24 and an impedance ele 
ment or grid leak 25. 

During the operation of the system the di 
rect current load may be increased or short 
circuited. In either case when the potential 
drop across the grid bias resistor 21 exceeds 
the break down voltage of the device 23, the 
valves 13, 14 and 15 are biased to cut off and 
the direct current is interrupted. In the ab 
sence of the grid leak resistance 25, the cur 
rent would be interrupted indefinitely. The 
function of this resistor is to allow the charge 
to leak off the condenser, and to permit the 
current to be reestablished. When this oc 
curs current will be supplied to the direct cur 
rent circuit for one-third of a cycle and will 
again beinterrupted if the direct current load 
is still short circuited. If the short circuit 
or overload has been removed by the time the 

20 charge leaks over the condenser 24, the nor-, rentis'suddenly changed. 
mal operating condition will be resumed. 

f the smoothing reactor. 19 in The use o 
volves an additional complication in the pro 
tection of the rectifier and the direct current. 
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It will be readily understood by those 
skilled in the art that current is transmitted 
from the secondary winding 28 of the trans 
former 12 to the direct current load circuit 
successively through the valves 13, 14 and 15, 
and is returned from the load circuit to the 
secondary winding of the transformer 12 suc 
cessively through the valves 16, 17 and 18. 
The improved rectifying system has the ad 
vantages that the currentis filtered and main 
tained substantially.constant by means of the 
smoothing reactor 19 and the smoothing con 
denser 29 which is connected in shunt to the 
direct current load circuit, and that inter 
ruption of the current by the grids of the 
valves 13, 14 and 15 is insured under all con ditions of operation regardless of the voltage. 
produced at the terminals of the smoothing. 
reactor when the magnitude of the direct cur . . 

As will be parei, the valve 26 and its 
grid control circuit may be replaced by a glow. 
tube or other voltage responsive deyice where 
the load currentis 
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What I claim as new and desire to secure. ' 
- - - . urrent between by Letters Patent of the United States, is: 

the cathode and anode, but is incapable of in- 1. The combination of alternating and di 
terrupting the current after it has been rect current terminals, means including a 

30 started. . . . . discontinuous control electric valve connect 95 
When the rectifier is overloaded or the di- ed between said terminals and provided with 

rect current circuit is short circuited, a very - - - - - - - - - - - 

25 load. As previously indicated the valves 13, the use of such ad to 15 are of a type in which the gridis capable. What I claim 
of preventing the starting of current between 

3. 5 

high rate of change in the current of the 
smoothing reactor 19 occurs. This produces 
a comparatively high voltage between the 
terminals of this reactor, and this voltage is and a voltage responsive device operable to 
added to the anode voltage of the particular . . . . . . . . . . . . . . . . . Y. : r 

valve which happens to be transmitting cur 
rent at that instant. This reactor voltage 
will, if it is large enough, hold a potential 
which is always positive on the anode circuit 
of the valve and which will prevent the anode 
current from reaching zero. If this occurs, 
the grid is ineffective to produce cut-off and 
the current is not interrupted. It is there 
fore, necessary to provide some means where 
by the induced voltage of the smoothing re 
actor 19 may be controlled when the current 

t changes suddenly. 

26 which is similar in its operation to the 
valves 13 to 15, and which is arranged to have 
potential applied to its grid through the re 
sistor 20 and a bias rectifier 27. With this 
arrangement the valve 26 transmits no 
current during the normal operation of the 
system. When the direct current load-be 
comes abnormal however, the negative volt 
age applied to the grid of the valve 26through 

is the bias rectifier 27 is neutralized by the op 
posed voltage produced in the resistor 20, and 
the load current is shunted through the valve 
26, thus permitting the anode current of the 
valves 13, 14 and 15 to be interrupted by the 

c; grids of these valves. 

a grid for controlling the current transmitted. 
between its cathode and inode, means respon 
sive to the current of said direct current ter minals for producing a negatiye bias voltage, 
apply said negative bias voltage to said grids 
when it exceeds a predetermined value. 

2. The combination of alternating and di 
rect current circuits, means connected be 
tween said circuits including a discontinuous 
control electric valve of the vapor electric type provided with a grid for controlling the 
current transmitted between its cathode and 
anode, means connected in series with said. 
direct current terminals for producing a neg ative bias voltage, and a voltage responsive 
device operable to apply said voltage to said 
grid when the current of said direct current This resultis Produced by including avalye circuit exceeds a predetermined value. 

3. The combination of alternating and di 
rect current, circuits, means connected be 
tween said circuits including a reactor and 
a discontinuous control electric valve of the 
vapor electric type provided with a grid for 
controlling the current transmitted between. 
its cathode and anode, means connected in se 
ries with said direct current terminals for 
producing a negative bias voltage, a voltage 
responsive device operable to apply said volt 
age to said grid when the load current of 
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said direct current circuit exceeds a prede 
termined value, and means connected in shunt 
to said reactor and arranged to bypass said 130 
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load current when it changes in magnitude 
at a predetermined rate. 

4. The combination of alternating and di 
rect current circuits, means connected be 
tween said circuits including a reactor and 
a discontinuous control electric valve of the 
vapor electric type provided with a grid for 
controlling the current transmitted between 
its cathode and anode, means connected in 
series with said direct current terminals for 
producing a negative bias voltage, a voltage 
responsive device operable to apply said f 
age to said grid when the current of said 
direct current circuit exceeds a predeter 
mined value, and means including an asym 
metric conductor connected in shunt to said 
reactor and arranged to bypass said load cur 
rent when it changes at a predetermined rate. 

5. The combination of alternating and di 
rect current circuits, means connected be 
tween said circuits including a discontinuous 
control electric valve provided with a grid 
arranged to control the current between its 
cathode and anode, means for applying to 
said grid a negative bias voltage dependent 
on the magnitude of the current of said di 
rect current circuit, a smoothing reactor con 
nected in series with said direct current cir 
cuit, and a discontinuous control electric 
valve connected in shunt to said reactor and 
operable to transmit the load of said direct 
current when the potential drop between the 
terminals of said reactor exceeds a prede 
termined value. 

6. The combination of alternating and di 
rect current circuits, means connected be 
tween said circuits including a discontinuous 
control electric valve provided with a grid 
arranged to control the current between its 
cathode and anode, means for applying to 
said grid a negative bias voltage EASE 
on the magnitude of the current of said direct 
current circuit, a smoothing reactor connect 
ed in series with said direct current circuit, a 
discontinuous control electric valve connected 
in shunt to said reactor and operable to trans 
mit the load of said direct current when the 
potential drop between the terminals of said 
reactor exceeds a predetermined value and a 
second discontinuous control electric valve 
connected in series with said first mentioned 
valve. 

7. The combination of alternating and di 
rect current circuits, means connected be 
tween said circuits including a discontinuous 
control electric valve provided with a control 
grid, means responsive to the current of said 
direct current circuit for producing a nega 
tive bias voltage, means operable to apply 
said negative bias voltage to said grid when 
it exceeds a predetermined value and means 
associated with said last mentioned means 
for dissipating said negative bias only after 
a predetermined interval. 

8. The combination of alternating and di 

rect current circuits, means connected be 
tween said circuits including a discontinuous 
control electric valve provided with a con 
trol grid, a resistor in said direct current 
circuit for producing a negative bias voltage 
in accordance with the current flowing there 
in, voltage responsive means for connecting 
said negative bias voltage between the cath 
ode and grid of said valve to render said 
valve non-conducting, and a second circuit 
interconnecting said cathode and grid in 
cluding a condenser shunted by a resistor to 
restore the conductivity of said valve after 
a predetermined interval. 

In witness whereof, I have hereunto set 
my hand this 20th day of August, 1929. 

RAYMONDH. WILLIAMSON. 
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