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My invention relates to protective sys-
tems for hot cathode devices, and particular-
ly to means for limiting current flow there-
through upon the first application thereof.

Another object of my invention is to con-
struct a protective system for use in connec-
tion with hot cathode devices ,-whereby a
rush of current through-the filaments there-
of is prevented. :

Another object of my invention is to
prevent the development of high electro-
magnetic stresses upon the filamentary cath-
odes of vacuum tubes. S

Another object of my invention is to con-
struet an automatically actuated current-lim-
iting resistor means for use with vacuum tube
devices.

In the prior operation of large power hot
cathode devices having filamentary cathodes,
difficulty has been experienced in the start-
ing operation due to the heavy rush of cur-
rent through the cold cathodes when cur-
rent was first applied thereto. These de-
vices customarily have tungsten wire fila-
ment structures which are designed to oper-
ate at a temperature of high incandescence.

- Tungsten has a positive temperature coeffi-
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cient of resistance of a fairly large value
and, therefore, the resistance of the metal
at the high temperature at which it is desired
to be operated is very much greater than the
resistance when the tungsten is cold. The
cold resistance has been found to be only
from 7 to 10% of the resistance at operat-
ing temperature. In consequence of this
fact, if current at the normal operating volt-
age 1s applied to the cold filaments, the first
rush of current may be very large; large
enough to impose very severe strains on the
glament itself because of electromagnetic ef-
ects. T

My invention provides means for limiting
the starting current to a lower value when
heating of the cathode is first begun. Other
objects and structural details of my inven-
tion will be apparent from the following
description when read in. connection with
the accompanying drawings, wherein—
_ Figure 1 is a_diagrammatic view of a
preferred form of my invention, and
~ Fig. 2 is a diagrammatic view of an al-
ternative form. :

Referring to the drawing, a plurality of

hot cathode devices have filamentary cath-

odes, the terminals of which are connected
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to supply mains 2 and 3. A generator 4 is
_provided and a transformer 5 connected
‘thereto through a switch 6. This combina-
tion of generator, transformer and s$witch
serves to supply current at a suitable volt-
age, and to control the supply. An auto-

matic contactor device 7 is provided having-

movable contact members 8 and 9 that coact
respectively with stationary contact members
10 and 11 and that are coupled together by
an insulating member 12. The contactor 7
is controlled by an electromagnet comprising
a core member 13 and a coil 14. The contact
members 8 and 10 are shunted by a resistor 15
and the contact members 9 and 11 are shunted
by a resistor 16. The terminals of the trans-
former 5 are connected to the contact mem-
bers 8 and 9, and the leads 2 and 2 are
connected to the contact members 10 and 11.
The coil 14 is connected to the leads 2 and
3 as indicated.

In the operation of my device, current is
generated by generator 4, and supplied un-
der the control of switch 6, and transformer
5 to the contactor device 7. When the
switch 6 is closed, transformer § will be en-
ergized and current will flow through resis-
tors 15 and 16 to leads 2 and 3 and to the
filaments of vacuum tubes 1. The current
is, however, limited by the presence of resis-
tors 15 and 16 to a value only slightly in ex-
cess of the normal current flow.” While the
filaments are cold and, therefore, at a rel-
atively low resistance point, a relative-
ly small amount of electromagnetic stress
is produced in them. Likewise, the volt-
age across the filaments is small and in-
sufficient to energize the coil 14 and to close
the contactor members. The amount of cur-
rent flowing is, however, sufficiently great to
produce a substantial heating of the fila-
ments which causes their resistance to rise
and the voltage drop thereacross to increase
until, when they have reached about one
half the normal operating temperature, the
voltage drop is sufficiently great to cause
such an amount of current to flow through
the coil 14 that the contact members 8 and
9 are closed, thereby imposing the normal
operating voltage across the filaments and

60

65

70

75

80

85

90

95

100

105

again allowing a current slightly in excess -

of normal operating current to-flow until
the full operating temperature is attained.
At this point, the voltage drop becomes nor-
mal and coil 14 is energized to such extent
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as to hold the contactors closed, during the
operating period of the system.

This system limits the current flow to a
suitably low value but does not necessarily
limit it to a value not greater than normal
operating current. If the excess current is
found to be greater than desired, a contactor
may be duplicated by a second device con-
nected in series with the first and operat-
ing similarly by which means a still more
strict limitation upon the starting current
is imposed.

Referring particularly to Fig. 2, in which
elements analogous to those illustrated in
Fig. 1 are similarly numbered, an additional
resistor 20 is inserted in series with the re-
sistor 15, and an additional resistor 21 is
inserted in series with resistor 16. The end
of the resistor 20 nearest the load 1 is con-
nected to a contact 22, while the correspond-
ing end of resistor 21 is connected to a con-

-tact 23.

In the operation of my system, modified
as shown in Fig. 2, the starting current
through the tubes is limited by resistors 15,
16, 20 and 21. As the resistance of the tube
filaments increases, the rise in current
through the operating coil 14 causes contact
to be made between members 8—9 and con-
tacts 10—11, short-circuiting resistors 15
and 16. A further increase in filament re-
sistance causes an increased current in the
operating coil 14, resulting in a movement
of the members 8—9 away from contacts
10—11, and into engagement with contacts
22—23, short-circuiting resistors 20 and 21.

It is thus apparent that, in the operation
of my device as modified according to Fig.
2, a _progressively increasing voltage is ap-
plied to the. cathodes of the thermionic de-
vices, the voltage corresponding to the pro-
gressive rise in temperature of such cath-
odes.

While I have shown but one embodiment
of my invention in the accompanying draw-
ing, it is capable of various changes and
modifications therefrom without departing
from the spirit thereof, and it is desired,
therefore that only such limitations shall
be placed thereon as are imposed by the
prior art or indicated in the appended
claims. ’

I claim as my invention:

1. An electrical system comprising a ther-
mionic device having a cathode, means for

%enerating a voltage, and means controlled.

y resistance changes in said cathode for
automatically supplying said voltage to the
cathode in progressively increasing steps.

2. An electrical system comprising a ther-
mionic discharge device having a cathode,

1,649,301

a source of electrical heating energy there-
for, and current-limiting means connected
therebetween comprising resistances and
short-circuiting means therefor operative
by change in voltage drop across said cath-
ode. ‘
8. An electrical system comprising radio,
signalling apparatus having hot cathode de-
vices therein, and means for protecting said
cathodes - against excess currents there-
through, comprising current-limiting re-
sistors in circuit’ therewith, and resistor

65

70

shunting means therefor actuated by the -

voltage drop across said cathodes.

4. An electrical system comprisin
cathode devices havinf filamentary cathodes,
characterized by the fact that the resistance
thereof when cold is a small fraction of the
resistance when heated to an operating tem-
perature, and means controlled by the volt-
age drop thereacross for limiting the cur-
rent flow therethrough.

5. An electrical system comprising hot
cathode devices having filamentary cath-
odes, characterized by the fact that the re-
sistance thereof has a large positive tem-
perature coeflicient, electrical heating means
therefor, current limiting means comprising
a resistor arranged to carry the initial heat-
ing current, and short-circuiting means con-
trolled by resistance changes in said cath-
odes cooperating therewith, whereby the
current flow therethrough when cold is lim-
ited to a value only slightly greater than
when hot.
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6. In combination, a thermionic device

having a cathode, a source of heating cur-
rent for said cathode, means for limiting the
initial potential applied to the cathode, and
means responsive to increased cathode re-
sistance for applying progressively higher
voltages thereto.

7. In combination, a thermionic device
having a cathode, a source of heating cur-
rent for said cathode, a plurality of resistors
in circuit between said cathode and said
source, and means responsive to an increase
in the resistance of said cathode for pro-
gressively short-circuiting said resistors.

8. In combination, -a thermionic device
having a cathode, a source of heating cur-
rent for said cathode, means comprising a
resistor for limiting the initial current pass-
ing through said cathode and the initial
voltage applied thereto, and means respon-
sive to a rise in resistance in said cathode
for short-circuiting said resistor.

In testimony whereof, I have hereunto
subscribed . my name this 10th day of Janu-

ary, 1925.
ROBERT L. DAVIS.
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