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This invention relates to improvements in pro-
tective systems and more particularly to systems

for Interrupting or reducing the flow of current

In an electron discharge device when one or more
of the electrodes of the device cease to function
i the manner which is normal for the connec-
tions thereof. - |

in electron discharge devices provided with a
blurality of electrodes, and operable to function
as rectifiers, inverters, frequency converters, cur-
rent Interrupters, etc., one or more of the elec-
trodes may fail to function in the manner desired
and which is normal for the connections thereof,

such failure being possible as a result of one or
more of various accidental causes. An anode may

fail to carry current because the conditions of
vapor pressure and temperature within the space
vetween such anode and the cathode are such
that ionization is not sufficiently readily estab-
lished In such space at the voltage appearing
between the anode and the cathode.
ures occur particularly easily in electron dis-
charge devices operating in parallel with other
converting equipment and also in electron dis-
charge devices in which groups of several elec-
trodes are operated in parallel. In devices so
connected, the potential of any anode generally
becomes positive with respect to the potential of
the cathode by an amount which is only slightly
greater than the value of the arc drop and which
may therefore be insufficient for ionizing the arc
path under unfavorable conditions. When the
functioning of the anodes is controlled by the
action of control electrodes, the deterioration
or failure of one of such control electrodes or g
defect in the connection thereof may cause the
anode associated with such confrol electrode to
carry current prematurely, tardily or not at all
during ‘each normal cycle of operation thereof
depending upon the nature of the deterioration
and upon the method of energization of the con-
trol electrode. Some of the anodes of the device
may also fail to be energized because of the fail-
ure of a phase in the source supplying such de-
vice or in other apparatus included in the al-
ternating current circuit. Such condition may
arise, for instance, upon breakage of one of the
alternating current econductors or upon failure of
one phase of a circuit breaker or as « result of
an open cennection within the windings of a sup-
ply transformer. | o

The operation of an e:ectron discharge device
in which only part of the elecirodes carry cur-
rent is highly detrimental to the safety of the
device as the operative electrodes are more or

~age as when all electrodes are functioning.

Sueh fail-

less severely overloaded by such operation. All
operative electrodes are then overloaded as the
several phase voltages of the device must be in-
creased to obtain the same average output volt-
n
addition, the electrodes preceding and following
the inoperative electrode during the normal cycle
of operation thereof are even more severely over-
loaded as they must carry current over the
period during which the inoperative electrode
is normally functioning. If a group of several

- electrodes are operated in parallel on one phase

of the device, the operative electrodes of the
group must carry the current of the inoperative
electrodes in addition to the current normally
carried. Such overloads may result in a serious
deterioration or even complete destruction of
the electrodes, and may also result in the dete-
rioration of the associated transformer windings

by overheating. In addition to the detrimental .

results above mentioned, the circuits connected
with the device then receive voltage and current
components apt to cause interference in commu-
nication circuits, train control circuits, etc. by
electromagnetic or electrostatic induction.

No indication of the failure of some of the
electrodes is given by the usual type of ammeter
and voltmeter inserfed in the input or output cir-
cuit of the device as such meters only indicate
the average values of voltages and currents.
Such fallure could be detected by inserting suit-
able ammeters in the circuits of each main elec-
trode and control elecirode of the device. When
the number of electrodes of the device is large,
the number of such ammeters becomes large and
the installation becomes complicated and exces-
sive in cost.  Such ammeters cannof be used di-
rectly to control or to give an audible or visible
signal or for controlling the disconnection of the
device upon failure of one of the electrodes to

- function because such failure results in unequal

ammeter readings rather than in any particular
value of such readings.
A simpler, more dependable, and less expensive

method consists in utilizing some of the voltage

and current components which appear in the
circuits associated with the device and in the cir-
cuits of any electrode-paralleling device asso-
ciated therewith, upon failure of one or more
electrodes to function, such components not be-
Ing present when all electrodes carry substan-
tially equal amounts of current. Such compo-
nents may thus be directly utilized for controlling
the disconnection of the device upon the appear-
ance of the components and resonant filters may
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be used for segregating such components from
current and voltage components of other fre-
quencies which may be present in the circuits
under all conditions of operation and to which

the control and indicating system should not be .

responsive..
It is accordingly among the objects of the pres-

ent invention to provide a protective system for
electron discharge devices whereby the fiow of

current within such a device may be interrupted

or reduced upon failure of one or more of the
electrodes thereof to function in the normal
manner thereof. |

Another obiect of the present invention is fto
provide a protective.system for electron discharge

devices whereby the fiow of current within such & -

device may be interrupted or reduced upon ifail-

ure of one or more of the electrodes thereof to

carry current. -

Another obJect of the present imfentiﬁn is to
provide a protective system for electron discharge
devices whereby such a device may be discon-
nected from the supply line or from the output
line upon failure of one or more of the electrodes
thereof to carry substantislly the same amount
of current as is carried by other similarly con-
nected electrodes.
~ Another object of the present invention is to
provide a protective system for eleciron dis-
charge devices whereby such & device mey be
disconnected from the supply line or from the
output line upon failure of one or more of the

electrodes thereof to carry substantially the same

smount of current as is carried by electrodes
connected in parallel therewith.

Another object of the present invention is to
provide a protective system for electron dis-
charge devices whereby such & device may be dis-
connected from the supply line or from the out-
nut line upon faulty controlling operation of one
or more of the control electrodes thereof.

Another object of the present invention is to
provide a protective system for electron discharge
devices whereby such a device may be discon-
nected from the supply line or from the output
line in response to the appearance of current or
voltage components occurring upon failure of one

or more of the electrodes thereof to function in_

the normal manner.

Another object of the present invention is tc
provide a protective system for electron dis-
charge devices whereby such a device may be dis-
connected from the supply line or from the out-
put line, and in which the system is selectively
responsive to sustained voltage or current com-
ponents in a circuit connected with the device
when such components are due to a.cm.denta,l or
abnormal operation of the device.

Another object of the present invention is to
provide a protective system for electron dis-
charge devices whereby such a device may be
disconnected from the supply line or from the
output line, and in which the system is selectively

resporsive to the flow of sustained voltage or .

current components accidentally appearing in the
circuit of an electrode-paralleling device.

Objects and advantages other than those above
set forth will be apparent to those skilled in the
art from the following descripiion when read in
connection with the accompanying drawings in
which:

Fig. 1 diagrammatically illustrates one embodi-
ment of the present invention which compﬂses
means selectively responsive to components acci-
dentally appearing in the output direct current:

- 2,198,858

voltage of a six phase electron discharge device
operable as an aliernating current rectifier, and
is designed for the purpese of disconnecting such
device from the supply line thereof; |

"PFig. 2 is a diagram of the direct cun'eni; cutput
voltage of the device illustrated in Fig. 1 in which

it is assumed that one anode and one control.

electrode have become inoperaftive;
- Fig. 3 dia,grammatically 1llustrates another
embodiment of the present invention in which

the voltage responsive circuits of the system are
energized at voltages appearing ot the terminals
of an interphase transformer associated with the
main tiransformer secondary winding supplying
the electron discharge device, and are connected
co cause the main current to be interrupted by the
action of the control electrode of the device;

10

15

Fig. 4 diggrammatically illustrates & portion

of 2 modified embodiment of the present inven-
tion differing from the embodiment illustrated
in Fig. 1 in that the voltage responsive circuits of
the system are energized at voltages appearing
in the circuit of the control electrode energizing
means;

Fig. 5 diagrammaticaliy. illustrates another
embodiment of the present invention responsive
to the flow of components accidentally appearing
in the direct current output line of the device to
cause the main current to be reduced or inter-
rupted by the action of the control electrodes of
the device.

Fig. 6 diagrammatically illustrates a portion of |

another modified embodiment of the present in-
vention applied ioc the control of & six-phase
12-anode electron discharge device operable as an
alternating current rectifier, the control system
operating in response to the flow of current in the
neutral connection between the secondary wind-
ings of two anode paralleling transformers;

Fig. 7 diagrammatically illustrates a portion of
another medified embodiment of the present In-
vention applied to the control of & six-phase

‘18-anode electron discharge device operable as
an salternating current rectifier, the protective

system operating in response o the gppearance
of residual current in the connection of the
secondary windings af three anede paralleling
transformers;

Fig. 8 diagrammatically illustrates & modifica-

tion of the control circuits of the embodimeni;
illustrated in Fig. 7 and,
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Fig. 9 illustrates a further momﬁcaﬁmn of the

control circuits of the embediment iﬂustrated in
Fig, 7.
 Referring more particularly to the dramngs by

66

characters of reference, reference numeral 1

desienates an ealternating current supply lne€

herein shown as g three phase line for the reason

that such type of line is most frequently utilized
in practice. Line £{ energizes the primary wind-

ing §2 of a2 supply transformer having g secondary

winding {2 comprising & plurality of phase dis-

placed portions which are star-connected to form
o neutral point. The different phase portions
of winding {8 are severally connected with the
anodes 18 of an electron discharge device §6 pro-
vided with a cathode 17 and operable as an alter-
nating current rectiier.

conductor 18 of o direct current{ output line of
which the negative conductor 2 1Is connected
with the neutral point of winding (3.

21 severally associated with the anodes 14 and

To obtain such oper--
ation, cathode 7 is connected with the positive

G0

10

Device 18 -
_is provided with a plurality of control electrodes

each energized through 2 resistance ﬁﬁ from 76 |
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one of the star-connected secondary winding
portions of a control transformer or bhase shifter
having a secondary winding 23 and having a pri-
mary winding 24 energized from line i{. The
neutral point of winding 23 may be connected
with conductor {8 in any one of a number of
different known ways such as through g battery
26. In the present embodiment, winding i3 is
operable to supply six phase currents and device
(6 is therefore of the SiX rhase type provided with
51X anodes and with SIX'control electrodes asso-
ciated therewith which are energized from wind-
Winding 12 is con-
nected with line {f by means of a clircuit breaker
¢1 which opens under the action of g spring 28
and is maintained in the closed position thereof

against the action of the spring by a latch 29.
A solenocid 3i is operable to 1lift

it is generally desired to remove, from the
direct current cuiput voltage of the rectifier, the
alternating current components introduced there-
In as a result of the method of connection of the
rectifying equipment. Such compoiients, as is
well known, have [requencies which are SiX times
the voltages of line {{ and all
the integer multiples of six times such fregquency.
Such components are removed by bridging the
line by a, plurality of resonant filters tuned to the
frequencies of the voltages to be removed and
' Of a reactor 24 in series with a
The fliow of current in such filters
is limited by insertion of a series reactor 33 in
conductor {8 or in conductor {9. The voltage of
the components filtered out then appear across
the terminals of the reactor. To provide a path
for the selective flow of any other voltage com-
poneny appearing in the direct current output
circuit and Producing a ripple in the output as
1s well known, another resonant filter is connect-
ed between conductors | 8 and {9 preferably on
the rectifier side of reactor 33. Such path com-
prises a reactor 37 and a condenser 38 tuned to
the {requency of the Darticular component for
which the circuit must provide a path. The fow

of current at such frequency is limited by a re-.

I8 indicated by an amimeter 41
preferably provided with a pointer retaining the
maximum deflection given thereto or provided
with suitahle recording means., It may be de-
sired t0 provide severa] baths tuned for several
frequencies, each path being then brovided with
the elements recited above for one such path.
The current Howing through the severa] tuned
paths may be conducted over visible or audible
signalling means such as a bell 42 and over the
coll of a relay 43, ~Such relay is preferably of
the time delay type
44 upon flow of current of predetermined value
through the coil thereof for g predetermined

are arranged to com-
piete the circuit of paitery 32 to solenoid 34 to

release latch 29 and cause circuit breaker 27 to
open under the action of spring 28.
The cperation of the

positive portions of the voltages of the
portions of winding 18. In the absence of con-
trol electrcdes in device 18, the direct current out-
put .voltage appearing between cathode 7 and
thie neutral point of winding {3 would comprise
the peaks of successive curves 91 to 56 intersect-
ing at points such as points A,

several

- 82,

operable to close its contacts

Under the action

3

of the control electrodes, each anode will begin
to carry current at g later moment represented
by a point such as point B, so that the preceding
anode contintes to carry current alone over the
interval AB. Due to the inductance of the sup-
Ply transformer, the two anodes carry current in
parallel over the following interval BC, after
which the second anode carries current alone.
if all anodes and control electrodes are cperating
normally, the direct current output voltace will
consist of the peaks of curves 5! to 36 each ex-
tending from a point such as C to a point such
as the following point B and each peak is fol-
lowed by an indentation over an interval such
as BC. Such voltage contains alternating com-
ponents which have the same values recurring
during the period of operation of each succeed-
ing anode and accordingly comprise a, funda-
mental component having g, fregquency eaqual to
SIX times the frequency of the voltages of line
i and, generally, all the harmonics of such com-
ponent. -

or the purpose of iHlustrating the operation
of the system, it will be assumed that the anode
recelving voltage 55 fails to carry current for
any reason and also that the control electrode
assoclated with the anode receiving voltage 52
falls to retard the flow of current in such anode
past the point of intersection A of curves 5{ and
The direct current output voltage of the
rectifier is then represented by heavy line 48.
Stuch line shows g pronounced dip recurring once
auring each cycle of the voltages of line {{ at
the times when the inoperative anode should be
carrying current. Curve 4§ therefore presents,
in addition to the components mentioned ahove,
a nNumber of alternating components of prede-
termined frequencies and of predetermined mag-
nitudes. The largest of such components is an
alternating voltage having the frequency of the
voltages of line 1! and
41. If one of the filters 87, 38 is tuned to the lina
frequency, a current of predefermined value will
then flow threugh such filter, through indicator
61, signal 42 and relay 43. After g predetermined
time delay, relay 43 closes contacts A4 and thereby
causes circuit breaker 27 to disconnect device 16
irom line {{. An analysis of curve 45 will reveal
that such curve will contain alternating com-
bonents at all the harmonic frequencies of the
frequency of component 47 Such frequencies
also have predetermined magnitudes so that ad-
ditional filters tuned to such frequencies wil]l re-
ceive currents of predetermined values. -

If more than one anode falls to carry current,
Some of the voltage components may have values
differing from the values obtained when only one
ancde fails, or may be alfogether nonexistent,
For example, if two anodes normally operating in
bPhase opposition simultaneously fail to funection,
N0 component of line frequency Wil appear in

the autput voltage and the major component then .

has a frequency equal to twice the line frequency
and is of a predetermined. value. An examing-
tion of the readings of mdicators 4f during the
period of the disturbance will thus reveal the
number of anodes which have ceased function-
ing and also the phase relation between the volt-
ages of such anodes. Failure of one control elec-
trode to control the operation of the associated
anode causes the serration OCCurring over period
AB to be absent from the output voltage over
the pericd corresponding to the operation of such
anode, such as the.peak portion of cuive 52 in
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the appearance, in the output voltage, of an al-
ternating component at line frequency but of &

considerable smaller magnitude than the com-

ponent caused by failure of one anode to iunc-
tion. . Such component will again cause flow of
current in filler 37, 88 tuned to line frequency,
the magnitude of such current permitting dis-
tinction between the effect of a2n inoperative con-
trol electrode and the effect of an inoperative
anode. When an anode and & control electrode
are simultanecusly inoperative, so as 10 result in
an output voltsge curve such as 46, the funda-
mental component due to the failure of the anode

of curve 55 alone is slightly reduced as a result

of the failure of the control electrode and is then
represented by eurve 47; some of the other com-
ponents may also be altered, thereby permiiting
ascertaining of the nature of the trouble within
the device (6.

Upon occurrence of & _
18 or of o backfire in device {6, the voltage present
between line conductors 18, 19 suddenly falls to &
low value end condensers 38, which during nor-
msl operetion are charged ab the voltage of the
line (8, 19, suddenly discharge through indicators
41, signal A2, relay 48, conductor 18, the point of
fault or device i3, conductor 19, resistances 39 and
regctors 87. Such fow of discharge curremns
throush the coil of relay 8 causes such relay to
close contacts 08, thereby causing operation of
circuit breaker 27 end interruption of the flow of
current through device (6.

In the emiodiment partially illustrated in Fig.
3, it is assumed that the supply transformer is
provided with & siz phase secondary winding 48
heving two neutral poings connected with con-
ductor 19 over the usuzl type of interphase trans-
former 48, Upon failure of one of the anodes or
of one of the control electrodes of device 16 to

" function, volizge components similar o those ap-

wearing in the direct current output circuit will
appear across the terminals of inferphase {rans-
forrer 8¢, Titers 87, 28, indicators 41, signal

42 and relay 48 are thereiore connecied across the

terminals of interphase fransformer 49 §0 receive
voliages sopearing at the terminails of sich inter-
phase irsnsformer during abnormal gperation
only, The allernaling current voliages normally
apuearing across such terminals will not cause
the fow of any appreclale current through sig-
nal 42 and relay 48 due to the tuning of the fil-

ters 37, 38 to frequencies other than those 0f sucn

normal voltages. Battery 26 is herein snown as
connected with winding 23 over o resistance b8
having the terminals thersof connecied with
contacts 64 of pbattery 2. During normal opera-
tion, the current drawn by the control electrodes
produces, in resistance 58, & small ohmic drop
which is $aken into consideration when adjust-

ing phase shifter 23, 24. Upon closure of con-
tacts 04 of relay 43, battery 32 impresses on all

control electrodes an additional negative voltage
sufficient for continuocusly maintaining the con-
trol electrodes at o negative potential with respect
to cathode {7, thereby causing interruption of a
current flowing through device (6. As in the
embodiment illustrated in Fig. 1, relay £3 is pro-

vided with a time delay device so as to preclude

" operation of such relay upon temporary failure

(]

6

of functioning of one of the electrodes of device
16, as such temporary faulty operation would not
cause deterioration of the device 16. Such time
delay device also prevents relay 43 from closing
upon occurrence of transient surges in the direct
current circuit which surges may confain com-

short circuit in line 08,

2.128,850

ponents to which one of the filters 31, 38, 39 is
tuned and which may therefore cause the flow

of o transient current in the coil of relay 83.

In either case signal 42 will operate and one oOr
more of indicators 4f will record the transient
Aow of current so that the attendant may be cog-
fnizant of such transient condition although the
device was not disconnected from the supply line.
Vhen current flowing through device {6 has heen

interrupted, current no longer flows in the coil of

relay 428 and contacts 44 are thereafter msin-
tained closed by a holding coil §5 provided on
relay 48. A switch 80 permits resetting relay 43
by momentarily opening the circuit of battery 32.

Tt will be understood that, by & suitable gdjust-

10

15

ment of phase shifter 28, 24, device {6 may be

operable to function as an inverter for converting
direct current from line 88, {9 info alternating
current supplied to line { {, without thereby afiect-

ing the operation or the usefulness of the system

described. o -

in the embodiment illustrated in Fig. 4, the
operation of relay 08 is shown as being respon-
sive to the flow of current components of prede-
termined frequencies in the neutral connection of
winding 23 resulting from the failure ol one of
the control electrodes 2{ to function. To ocbtain
such effect suitable impedance means such as a
resistance 57 end g reactor 58 are inserted between
the neutral point of winding 23 and battery 20
and the voltage drop across resistance 57 and
reactor 38 is impressed on a plurality of filters
37, 98, indicators 40, signal 42 and the coil of
relay 48. As iIs well known, control electrodes 2f
function in o manner similer to that of anodes
14 so that the current in the neutral lead of wind-
ing 28 normally hes a wave shape resembling the
wave shape of the output direct current of device
16 Such curreni therefore normally contains
harmonic components of predetermined freguen-
cv to which filters 37, 88 should not pe {unedq.
@ailure of one of the control electrodes to func-
tion causes the sppearance, in the current of the
neutral lead of the control transformer, of alier-
nating ‘componenis oi predeiermined. frequencies
and magnitudes which cause flow of current
through filiers 37, 38, indicators 41, signal &2 and
coil of relavy 828 as set forth in relation tc the
erabodiment illustrated in #ig. 1.

If the rectifying system utilizing device {9 sup-
plies current to & line also receiving current from
other converting equipment such as rotary con-
verters, the voltage of the direct current line is
maintained at a substantially uniform value by
<siich converters. Reactor 33 and flters 34, 36

-may then be omitted, and the alternating voltage

components appearing in the embodiment illus-
trated in Fig. 1 then no longer appear in the recti-
fier output voltage. It is then necessary 10 utilize
the alternating components of predetermined fre-
guencies appearing in the current delivered by
device !5, and which were not utilized in the pre-
ceding embodiments. As shown In Ig. 2, such
current components may be utilized in a manner
similar to that illustrated in Fig. 4 by 1nserting,
in one of the direct current conductors such as
{8 suitable impedance means such as resistance
59 and reactor §{. The voltage drop across such
impedance means is then impressed on the same

‘circuits as in the embodiment illustrated In Fig.

4 in which filters 37, 88 are tuned to frequencies
of alternating components present during abnor-
mal operation and absent during normal opera-
tion of the device. |

In the present embodiment, battery 28 is
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omitted and the control electrodes receive a nega-
tive direct current voltage component from s volt-
age divider comprising rheostats 88 and 89 con-
nected in series between conductors I8 and 18.
Automatic control of energization of the control
electrodes to maintain the current within device
16 at a constant value is obtained by construct-
Ing rhecstat 83 as part of a regulator such as

~a regulator 91 of the rocking contact type. Reg-

ulator 81 includes g stator core 92 energized by
means of a winding 93, and an armature 94 ro-

tatable on a spindle 98 and carrying a winding

8971 connected in series with winding 93. Wind-
ings 83 and 97 are energized in response to the
variations of the current in conductor I8 by
means of a shunt 99 over g regulating rheostat
101 and a resistance 102. The torque of spindle
36 resulting from such current flow is opposed by
a spring 98 or by a combination of springs hav-
Ing a constant torque over the range of motion
of the regulator. Spindle 96 carries a hub 103
serving as a fulerum for a rocking sector 104
which moves either in direct contact with resist-
ance 89 or over g separate contact path compris-
ing a plurality of conductive segiments (not

- shown) severally connected with the portions of

resistance 89. Sector 104 is connected with the
neutral point of winding 23, so that movement
of such sector causes the connection of such ney-
tral point with portions at different potentials of
resistance 89, -

When the current flowing through the device
is lower than desired, spring 88 rotates spindle 96

‘and sector (04, thereby causing the point of con-

tact of sector 104 with resistance 89 to move to-
ward conductor 18. The negative voltage equal

. to the voltage drop in the portion of resistance 89

40

between the point of contact and conductor 18
decreases, thus causing the control electrodes to
become positive with respect to cathode {7 at an
earlier moment of the voltage cycle of line 11
and to thereby cause g larse flow of current
through device 16. When the current through

~ the device becomes togo large, armature 94 rotates

o

|
=1

spindle 96 against the action of spring 98 to pro-
duce a current reduction by a process opposite to
that above described, the value of current thus
automatically maintained may be adjusted by
means of rheostat 101,

In the present embodiment, when the relay 43

closes contacts 44, resistance 102 is short cir-

cuited, thereby adjusting the setting of regulator
91 in such a manner as to cause such regulator

to.maintain the flow of current within device 18

at a lower value, which will not cause the anodes
remaining in operation to become overloaded.

In the embodiment illustrated in Fig. 6, wind-

ing 48 is assumed to be utilized in conjunction

- with an electron discharge device 62 provided

G0

75

iIng normal operation,

with 12 anodes. 'The current from each portion
of winding 48 is then preferably conducted to two
of the anodes of device §2 and additional means
must be provided to cause s, substantially equal

division of current between such anodes. Such

means preterably consist of a six phase paral-
leling transformer having a primary winding 63
and a three phase secondary winding 64 and a
second similar paralleling transformer having a

primary winding 66 and a secondary winding 67.

As is well known, the division of current between
the anodes connected with each portion of wind-
ing 63 and the anodes connecied with each por-
tion of winding 66 is effected by the flow of three
phase currents between windings 64 and 67. Dur-

if the neutral points of

0f residual current through

- secondary windings of the

S

windings 64 and 671 are conductively connected,
such connection will not receive any current. The
coil of relay 43 and signal #2 may therefore be
inserted in such connection and will not receive
any currenit during normal operation of device
62. If cne of the anodes of device 62 fails to carry
current the currents circulating between wind-
ings 64 and 67 will no longer be balanced so that a
residual current will flow between the neutral
points of sitich windings over the coil of relay
43 and signal 42, |

In the present embodiment, relay 43 is assumed
to have contacts 44 thereof arranged to connect
battery 32 with the trip coil 40 of a circuit breaker
4% inserted in conductor 18. Upon closure of
contacts 44, circuit breaker 45 opens and discon-
nects device 62 from the output line, so that the
device no longer carries current as if such device
were disconnected from the supply line in the
manner illustrated in Pig. 1. The circuit of trip
coil 40 is completed over the contacts of g relay
106 cnergized in response to the flow of current
In device 62 by means of a shunt | 01. The cir-
cult of trip coil 40 is then not completed and cir-
cuit breaker 45 does not open if the current in
device 16 has

anodes remaining in operation to become
loaded. It will be

over-

device as previously il-
lustrated and described.

In the embodiment illustrated in Fig. 7, windine
48 is assumed to supply current to an electron
discharge device 68 provided with eighteen
anodes. Each portion of winding 48 is then pref-
erably connected #o supply current to three

anodes of device 68 which anodes then operate

In paraliel; the equal division of current between
the parallel anodes is obtained by means of three
single phase baralleling transformers each hav-
Ing a double primary winding 69,.712,-or 14 and
a secondary winding 11, 73, or 76. During normal

Operation, the currents in windings 1, 13, and 16

constitute a balanced three phase system of cur-

- Yents so that the three windings may be connected
In parallel with each other %o

_ a circuit compris-
ing the coil of relay 43 and signal 42. During
such normal operation there will not be any flow

coll of relay 43 and
signal 42. Upon failure of one

device 68 to function the currents of windings
11, 13, 16 no longer constitute a balanced three
phase system of current and a residual current
will flow through the coil of relay 43 and Signal

42 to give g signal and cause circuit breaker 27
t_o disconnect winding 12

y Several paralleling
transformers resulting from such conductive con-

nection.” Windings 71, 13, and 76 may then he

connected with the circuit of the coil of relay 43
and signal 42

Relay 43 may also be provided with a plurality
of operating coils 84, 89, 36 as shown in Fig. 9,

Which are severally connected with windings 74,

13, and 76 and which act on 2 single armature 817.

In this manner the relay will close contacts 44
only upon occurrence of an unbalance between
the currents fiowing in coils 84, 85, and 86. In
the present embodiment, signal 42 is preferably

a value which will not cause the

of the anodes of

an over a plurality of current trans-
formers 17, 18, and 719 having thejr secondaries
‘connected in parallel as shown in Fig, 8,
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connected in parallel with sclenoid 3! and is op-
erated from battery 22 upon closure of con-

tacts-84.
Features specific to certain of the herein dis-

closed embodiments of the present invention are
claimed in a divisional application filed August

13, 1937 and having Serial No. 158,843; and al-

though but a few embodiments thereof 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: . N

1. In a protective system for electron dis-

charge devices, an alternating current supply

line, an electron discharge device connected with
said line, a direct current output line connected
with said device, means for interrupting flow of
electric current through said device, and means
receiving and operating in response to alternat-

ing current components appearing in said output

line only upon abnormal operation of said device

to cause operation of said interrupting means.

2. In a protective system for electron discharge
devices, a supply line, an electron discharge de-
vice connected with said line, an output line con-

nected with said device, means for interrupting

flow of electric current through said device, and
means receiving and operating in response lo
harmonic current components appearing upon
abnormal operation of said device, said means
causing operation of the first sald means. .

3. In a protective system for electron discharge
devices, a supply line, an electron discharge de-
vice connected with said line, an output line

connected with said device, means for interrupt-
ine flow of electric current through said device,

and means receiving and operating in response

to harmonic current components of predeter-.

mined frequencies appearing In the system only
upon abnormal operation of said device, said

means causing operation of the first said means. |
4. Tr a protective system for electron discharge

devices, a supply line, an electron discharge de-
vice connected with said line, an output line con-
nected with said device, meéans ior interrupting
flow of electric current through said device, and
means receiving and operating In response to
alternating current components oi predeter-
mined frequencies appearing in one of said lines
only upon abnormal operation of said device o
cause operation of said interrupting means.

5 In a control system for electron discharge
devices, a source of alternating current, an elec-
tron discharge device connected with sald source,
circuits connected with said device and receiving
currents of predetermined frequencies relative to
the frequency of said source only upon abnormal

“operation of said device, means for interrupting

the flow of current through said device, and
means operable upon energization of any of said

circuits to cause operation of said interrupting

means., = | |

6. In a protective system for electron discharge
devices, a supply line, an electron discharge de-
vice connected with said line, an output line con-
nected with said device, means for interrupting
flow of electric current through said device, and
means receiving and operating in response to
harmonic current components appearing in said

output line upon abnormal operation of said de-
vice, said means causing operation of the first

% said means.

2,128,859

7. In a control system for electron discharge
devices, an alternating current line, a trans-
former connected with said alternating current
line, an electron discharge device connected with
said transformer, a direct current line connected
with said device, a circuit breaker for interrupt-
ing the flow of curren{ through said device, cir-
cuits tuned to predetermined frequencies appear-
ing in said direct current line only upon abnor-
mal operation of said device, and means operable

upon energization of any of said circuits to cause

opening of said circuit breaker. | |

8. In combination with direct and alternating
current circuits, an electron discharge device in-
terconnecting said circuits comprising a plurality
of electrodes forming asymmetric conductors for
transforming current:received from one of said
circuits and the supply thereof to the other of
said circuits, and a plurality of control electrodes

severally associated with said conductors, of

means including a regulator connected with and
continuously applying to said control electrodes
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-20

potential of such sign and magnitude as to pre- -

vent initigtion of flow of current through said de-
vice by way of said conductors, means having

connections with and periodically applying po-

tential to said control electrodes of such sign
and magnitude and during such recurring periods
as to permit and control the moments of initia-
tion of How of current sequentially through said
conductors, the said regulator having connections
with and being responsive to the magnitude of
flow of current in said other of said circuits dur-
ing normal operation of said device to vary with-
in predetermined limits the magnitude of said
potential continuously applied to said control
electrodes, and means receiving current from the

said other of said circuits only during abnormal

operation of said device for causing the said reg-

‘ulator to vary the magnitude of said potential
continuously applied to said control electrode
‘beyond said predetermined limits. ‘

0. The combination of a supply circuit, a dis-
tribution circuii, electron discharge means inter-
connecting said circuits and comprising & plu-
rality of asyminetric conductors for transform-
ing current received from one of said circuits and
the supply thereof to the other of said circuits,
means operable to limit the said current to values
within- predetermined maximum and minimum
limits during normal operation of the first said
means, and means operable responsive to abnor-
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mal operation of the first said means for afiect-

ing the operation of the second said means In
such sense as to thereby limif said current to
value below said minimum limit.

10. The combination of a supply circuit, a dis-
tribution circuit, electron discharge means inter-
connecting said circuits and comprising an asym-
metric conductor for .transforming current re-

ceived from one of said circuits and the supply

thereof to the other of said circuits, means com-

prising an electrode associated with said conduc-
tor for controlling the operation thereof, means
operable responsive to operation of the first said
means during normal operation thereof for afiect-
ing the operation of the second said means in
such sense as to thereby limit said current to
values within predetermined maximum and mini-
mum limits and operable responsive to abnormal
operation of the first said means for affecting the
operation of the second said means in such sense
as to thereby limit said current to a value below
said minimum limit.
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11. The combination of a supply circuit, a dis- 75



10

15

20

25

30

35

during normal operation

2,133,859
‘tribution circuit, electron discharge means inter-

connecting said circuits and comprising a plu-
rality of asymmetric conductors for transforming
current received from one of sald circuits and
the supply thereof to the other of said circuits,
means operable during normal operation of the
first said means for regulating the value of said
transformed current, and means operable respon-
sive to abnormal operation of the first said means
for affecting the operation of the second said
means in such sense as to modify the said regu-
lating action thereof. -

12. The combination of g supply circuit, a dis-
tribution circuit, electron discharge means inter-
connecting said circuits and comprising an asym-
meiric conductor for transforming current re-
ceived from one of said circuits and the supply
thereof to the other of said circuits, means opera-
ble responsive to operation of the first said means
thereof for regulating
the value of said transformed current, and means
operable responsive to abnormal operation of the
fArst said means for alfecting the operation of the
second said means .in such sense as to modify
the sald regulating action thereof.

13. The combination of an alternating current
Supply circuit, a direct current output circuit,
electron discharge means interconnecting said
circuits and comprising an asymmetrie conductor
for transforming current received from the said
supply eircuit and the supply thereof to the said
output circuit, means operable during normail
operation of the first said means for regulating
the value of ssid transformed current, and meagns
cperable responsive to alternating current com-
ponents appearing in the said output circuit upon
abnormal operation of the first said means for

Supply circuit, a direct
- electron discharge means interconnecting said -‘

Supply circuit, a direct

7

affecting the operation of the second said means
in such sense as to modify the said regulating
action thereof.

12. The combination of an alternating current

current output circuit,

circuits and comprising an asymmetric conductor
for transforming current received from said sup-
ply circuit and the Supply thereof to the said
output circuit, means operable during normal
operation of the first said means for regulating
the value of said transformed current, and means
connected with said output cireuit and receiving
alternating current components of predetermined
irequencies relative to the voltage frequency of

10

15

sald supply circuit upon abnormal operation of .

first said means for aifecting the operation
of the second said means In such sense as to
thereby modify the said regulating action thereof,

15. The combination of an alternating current
current output cireuit,
electron discharge means interconnecting said

circuits and comprising an asymmetric conductor
received from said sup- .

for transforming current
ply circuit and the SUpply thereof to said output
circuit, means operable to Yimit the said current
to values within bredetermined maximum andg
minimum limits during normai operation of the
first said means, and means connected with saig
outovut circuit and receiving alternating current
components of predetermined frequencies rela-
tive to the voltage frequency of said supply circuit
upon abnormal operation of the first said means
for affecting the operation of the sécond said
means in such sense as tg thereby limit the said
current to a value below said minimmau limit
HAROLD WINOGRAD.
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