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My, invention réldtés to thie rectification.
of alternating: cirrent, and lias fdr its priv-

of an’ improved
ing, system and

cipal oBject the provision
 alternating “éurrert’ rectify
s'method of operation wh
fying apparatus arid the 163
afe protectdd”tiom injury
ctits v othér eléctiical dist
. Vatfous types of dpp
16°lized for transmittin
tween alternating oy
cirguits. " Tt his bee
include i thése app
. anyof the severdl fypes’
15°act. " Discontinuons con:
such, forexXamplé, ds val

i found. particu- .

trie diSchrge typé Havo bién
larly suitable for Gperation in power eircuits
becausé of the relativély” lrge dmount of
20* power, which iy ‘B¢ haidled
operating voltages.” By thie ter
ous’ conitrol electric valves; T er t A
provided witl arr, anode, # eqthode, and a
. cortrol “grid” and in WHicH the starting of
25*current in the valve ig de rinined by the
potential on its control giid but in’which the
current in' the valve.can be interrupted only
by reducing its anode potential below the
. critical. value, which may Be of the order of
8015 or 20'volts, It has been. found that valves.
of‘this type are usually. incapable of limiting
the current whichi they transmit to a valie.
which prevents injury or déstruction of the
. valves themselves.or the load devices whick
35 "are energized fromthe circuit in which: they

are coninectéd. = i L
Tt is an object ofimriy invention to provide

an’ improved -apparatus including discon-
_tinuous control électric valves for transmit-

40 “ting énergy Between ditect and alternating
circuits: in - which'* the ‘current through: the
valves will be:interrupted: upon the: occur-
rence of. predetermined: abnormal conditions.

.., It15:a furtherrobject ‘of my invention to
45 provide an:improved apparatus ‘including-
electric. valves. for transthitting energy. be-
tween direct'and-alternating: circuitsin-which
the-current. through the. valves: will be: in-
;...terrupted-upon:the occurrence of. a predeter-
50 mined current in the direct current circuit
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ni. Which this interription will be mais-
tdined: for a predetermined interval.
Iu accordance with my invention the oc-
currence of destructive current in the elec-
tric valves is prevented by an improved ar-

affd'

icés rangément whereby. a negative voltage is
* applied o the control grids of electric valves
- whert_the load current has reached a pre-
i~ deterriined” value and whereby the anode
© voltage'is controlled in such a way as to in-
. sire that the afigde

¢ current is interrupted by

 the grid'when it is stibjected to this negative

My invention will be better understood

. from the following description when consid-
“ered in connéction with the accompanying

drawing,. and its_scope will be pointed out
in the appended claims.

he drawing is a- circuit diagram of a rec:
tifying system.wherein my invention has been

ni- embodied.’

This system. inclades alternating current
supply terminals 10'and direct current termi-
nals. IL 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 loadicireuit 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 28 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 ditect cur-
rent circuit for one-third of a cycle and will
again be interrupted if the direct current load "
is still short circuiteéd. If the short circuit’
or overload has been removed by the time the
charge leaks over the condenser 24, the nor-
mal operating condition will be resumed. =

The use of the smoothing reactor 19 in-’
volves an additional complication in the pro--
tection of the rectifier and ‘the direct carrent-
load. ~As previously indicated’the valves 13-
to 15 are of a typein which the grid is capable’
of preventing the starting of current between,’
the cathode and anodé, but is incapable of in-"
terrupting the current after it has ‘been’
started. o -

When the rectifier is overloaded ‘or the di-
rect current circuit is short circuited, a very -
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 voltageis -
added to the anode voltage of the particular -
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 onthe 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

he 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
changes suddenly. ' S e

This result is produced by including a valve -
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 26 through

- 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
96, thus permitting the anode current of the’
valves 18, 14 and 15 to bé interrupted by the:

1 grids of these valves. -
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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
secoridary winding of the transformer: 12 suc-
cessively through the valves 16, 17 and 18.
The improved rectifying system has the ad-

-vantages that the current is filtered andamain-:

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 18, 14 and, 15 is insured under all con-

ditions of gperation regardless of the voltage .
produced at the terminals of the smoothing .
reactor when the magnitude of the direct cur-

rent is'suddenly changed.

“A% will be apparent, thé valve 26 and its. -
grid control circuit may be replaced by a glow .
ere.

tube or other voltage responsive deyice w
the load current is suffici
the use of such a devi

What T claim s
by Létters Pite

ently small to permit

ed between said terminals and provided with

a grid for controlling the ourrent transmitted .
between its cathode and anode, means respon- :
sive to the current of said direct.current ter- .

minals for producing g negatiye bias voltage,

and a voltage responsive device operable to,

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 betwéen 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.

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 conrected 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 currentiof

nd desire to. secuire . -
. ers. Patent of the, United States, Is:.
"1. The combination of alternating and di- .
rect’ current terminals, means including a '
discontinuous control electric valve connect-
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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
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load ciirretit when it changes in magnitude
at a predetermined rate.

4. The combination of alternating and di-
rect current eircuits, means connected be-
tween said circuits including a redctor and
a discontinuous control electric valve of the
vapor electric type provided with a grid for
controlling the cirrent transimitted 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 volt-
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 depengent
on the magnitude of the current of said direct
current circuit, a smoothing reactor connect-
ed in series with said direct current circuit, a

5 -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-

3

rect clirrent circuits, means connected be-
tween said cireuits including a discontinuous
control eleetric 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 betweeii the cath-
ode and giid of said valve to render said
valve non-conducting, and a second circuit
interconnecting said c¢athode 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,

RAYMOND H. WILLIAMSON.
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