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This invention relates to apparatus for protect-
ing modulators ang bulse transformers from
overload currents, and more particularly for pro-
tecting modulators and pbulse transformers as
used in a radar system.

In the radar art a magnetron oscillator requires
an actuating pulse that must be of a short dura-
tion and large amplitude. One way of securing
such a high power short duration pulse is to
feed the output from gz modulator o a pulse
transformer which is designed to pass such s
pulse and is insulated to withstand the voltages
and to pass the amplitudes of current ordinarily
needed.

A magnetron, however, will often become gassy
or short circuited and this places an abnormally
heavy load across the secondary of the pulse
transformer. This overload will cause the charge
on the primary of the bulse transformer and the
pulse forming network to discharge at twice the
normal current rate. This brocess leaves an op-
posite charge on the netwerk which then dis-
charges in the reverse direction and is reflected
from one end of the pbulse forming network to
the other. If the €nergy is not removed from
the modilator and these refiections continue, they
will cause sufficient dissipation of power to dam-
age the primary winding of the pulse transformer.
The design of a transformer to withstand these
overload currents would be diffieult due to the
unknown reflected quantity which would vary in
different systems. In any event a {ransformer so
designed would be g large and cumbersome de-
vice.

It is an object of this invention to provide 3

apparatus for protecting modulators angd piulse
forming devices from overicad reverse currents,

It is another object of this invention to pro-
vide such a protective device which may be ad-
justed to operate at g selected amplitude of re-
verse current.

It is anodther object of this invention t6 pro-
vide such protective apparatus that may be
adapted to a variety of pulse forming networks
such as are used in radar systems.

Other and further objects will be apparent upon
cousideration of the following - description 4g-
gether with the accombanying drawing, in which:

Fig. 1 ig a cireuit diagram of an embodiment
of the invention; ang .

Fig. 2 is a eircuit diagram of a second em-
bodiment of the invention.

In Fig. 1 energy is transferred from g modula-~
tor { through any conventional transmission line
2g and 2b {o a pulse transformer 4 in order to
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modulate a magnetren 8§, and the hormal current
flow direction is as indicated by the arrow. A
coupling meatis 3 for monitoring the pulse energ
is connected to a rectifier 6 which is polarized to
conduct only with a reversed current. The output
from this rectifier is fed to storage condenser
¥, which, when sufficiently charged, provides a
voltage to actuate a relay 8 'so connected as to
disable the modulator {.

In Fig. 2 is shown another type coupling means
8 which may be used in systems where one side
of the transmission line 2p Is grounded to a
chassis or panel and it becomes hecessary to
insert the coupling means 3 into the high voltage
side 2¢ of the line,

Considering Fig. 1, in gredter detail, a reverse
current fiow will cause g voltage to beé produceq
across the resistor 3, and this voltage is applied
to & rectifier § which is so polarized as to con-
duet only reverse currenss. These oceur when a
magnetron becomes 8assy or shorted. The afore-
mentioned IR drop across the resistor 3 will be
of a varying amount dependent on the amount of
clirrent flow through the system. It is not de-

} sirable to have the system interrupted by minute

or stray reverse currents, and to overcome this
a storage condenser 7 is blaced across the recti-
fier § and is charged at a stepped rate depending
on the frequency of the reversed current. The
relay 8 is thug aetuated when the condenser 7
stores up sufficient voltage to reach that reguired
for the type relay used. The relay is connected
in sucli a manner that when actuated it inter-
rupts the power supply to the modulator.

The rectifier § iz preferably a selenium cell.
For a normal peak current of 308 amperes and
With a % ohm resistor in the cireuit only 156
volts are across the selenium cell rectifier in its
non-conducting direction during a pulse. If the
maghetron should become gassy or short circuited
a voltage of 300 volls is placed: across the recti-
fier in its conducting direction. With a rectifier
resistance in itg conducting direction of 5 chins,
and a reflected current, usually about 600 am-

5 peres, one tenth of this current will flow through

the rectifier and also the storage condenser. TFor
& 20 microfarad condenser and with a 1 micro-
second pulse the storage condenser would imme-
diately start accumulating a charge in 3 volt
steps for each full, reverse current reflection.
However, these steps become smaller because the
10,000 ohms of the relay discharges the condenser
between pulses, and the increassing condenser
voltage opposes the voltage developed across the
¥ ohm resistor. Using a 4 milliampere, 10,000



2,677,805

ohm relay, 40 volts are necessary to cause it to
be actuated, and in observed operation the modu-
lator was disabled in about one half a second
when a magnetron became gassy or short cir-
cuited. The delay time in causing the relay to
operate is determined by the size of the con-
denser, and considerable stray arcing may oceur
before the relay is actuated.

Considering Fig. 2 in greater detail, this system
has one side of the transmission line grounded
to the metal panel or chassis. In this case it
becomes necessary to place the resistor in the
high side of the line, and to inserf an isolation
transformer into the line to permit the connection
into the circuit of the rectifier and relay. In a
specific example, a 1:2 ratio step-up isolation
transformer was used with a % ohm resistor
across the primary, less than 1% of the total
modulator power being wasted by such a resistor.
To avoid insulation difficulties, this resistor can
be mounted directly on the high voltage bushing
of the transformer.

Thus is achieved a very efficient protective
apparatus adaptable to many types of high power
line-type modulator systems.

The invention is tc be limited only by the
appended claims.

What is claimed is:

1. In an electrical circuit including a modu-
lator and a pulse transformer connected by a
conventional feed line, a magnetron connected
to said pulse transformer, a resistor in said line,
o rectifier responsive to a voltage developed across
said resistor, a storage condenser connected to
said rectifier, a modulator protecting relay con-
nected to said storage condenser, said rectifier
heing polarized in such g manner as to conduct
only in the event of reverse currents in the line,
s voltage cutput from said rectifier being stored
:n said condenser until of sufficient amplitude to
actuate said relay and thereby interrupt opera-
tion of said modulator in order to protect the
system.

9. Tn an electrical circuib including a modu-
lator, a line, and a pulse transformer, said line
connecting said modulator and said pulse trans-
former, a magnetron oscillator connected to said
pulse transformer, a voltage pick-up means in
said lne including an isolation transformer, a
rectifier, a voltage output from said isolation
transformer being coupled to said rectifier, a
storage condenser, & relay, voltage from said rec-
{ifier being impressed on said storage condenser
until a voltage sufiicient to actuate said relay is
obtained, said relay being so connected as to
interrupt the operation of said modulator, and
said rectifier being so polarized as to respond only
to reverse currents and thus provide an effective
protection device for said reverse currents.

3. An electrical circuit including a modulator,
o modulation transformer, a magnetron oscil-
lator connected to said transformer as & load, a
transmission line connecting said modulator to
said transformer, means connected in said trans-
mission line responsive only to current fiow in a
direction reversed to the flow of current in nor-
mal operation of said oscillator to develop a uni-
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directional voltage pulse and means responsive
to a predetermined number of said pulses to shut
off the operation of said modulator, whereby said
electrical cireuit protects said modulation trans-
former from overload currents resulting from a
defect in said oscillator.

4. An electrical circuit including a pulse modu-
lator, a pulse transformer, a magnetron oscil-
lator connected to said transformer as a load, &
transmission line connecting said modulator to
said transformer, rectifying means connected in
said line, said rectifying means being connected
to be responsive only to current fiow in a direc-
tion reversed to the flow of current in normal
operation of said oscillator, and a safety relay
operated by said rectifying means to shut off the
operation of said modulator in response to said
reversed flow of current, whereby said electrical
circuit protects said pulse transformer and said -
pulse modulator of said magnetron oscillator
from overload currents resulting from a defect
in said oscillator.

5. ITn an electrical circuit including a modu-
lator, @ pulse transformer and a line connecting
said modulator to said pulse transformer, a mag-
netron oscillator modulated by said pulse trans-
former, a resistor connected in said line, a recti-
fier responsive to the voltage developed across
s3id resistor by the flow of current in said line,
said rectifier being so polarized as to respond only
to reverse currents in said line, and a relay actu-
ated by the output of said rectifier to shut off
said modulator.

6. A protective circuit for a magnetron oscil-
1ator modulated by a high power, short duration,
unidirectional voltage pulse applied through a
pulse transformer connected by a ftransmission
line to a modulator comprising, an impedance
connected in said line and developing a voltage
drop in response to the current therethrough, a
rectifier connected across said impedance and
polarized to conduct only for reverse current flow
in said line, a storage capacitor charged by con-
duction of said rectifier, and means responsive
to a predetermined potential on said capacitor to
shut off said modulator.

7. A protective circuib for a magnetron oscil-
1ator modulated by & high power, short duration,
unidirectional voltage pulse applied through a
pulse transformer connected by a transmission
line to a modulator comprising, an impedance
connected in said line and developing a voltage
drop in response to the current therethrough, 2
rectifier- connected across said impedance and
polarized to conduct only for reverse current flow
in said line, a storage capacitor charged by con-
duction of said rectifier, and a relay shunting
said capacitor and responsive to a predetermined
potential on said capacitor to shut off said
modulator.
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