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ANTENNA INSULATION FAILURE DETECTOR 

BACKGROUND OF THE INVENTION . 
Antennas are frequently insulated from the atmo 

sphere to prevent corona discharge and the consequent 
direct coupling of "precipitation static' (corona dis 
charge) noise to radio receivers. Corona discharge 
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from an uninsulated antenna may result from high elec 
tric field gradients, as are present in the vicinity of a 
thunderstorm, or from the charging of a structure sup 
porting the antenna by tribo-electric or engine ioniza 
tion means. 
Antenna insulation may fail for any number of rea 

sons. The insulation may be inadequate to prevent insu 
lation breakdown, during encountered electrical 
stresses. Vibration may fatigue insulating plastics. Ul 
traviolet radiation and other mechanisms may age insu 
lation and seals. Lightning may strike and damage the 
antenna. Physical damage to the insulation may occur 
due to mishandling, impingement of ice particles or 
other reasons. . . 

Once the antenna insulation fails the antenna will go 
into corona whenever an electric field of sufficient 
magnitude is encountered. This corona discharge will 
interfere with or disrupt radio reception at frequencies 
to at least the UHF range. Such interference may be 
hazardous, especially to aeronautical radio navigation. 

Only very sophisticated radio operators can identify 
most occasions of corona discharge noise interference. 
Many radio signals are of the data type, where opera 
tors do not constantly, or may not be able to, monitor 
reception signal quality, . . . . . . . 

Visual inspection of antenna insulation is frequently 
impractical. Insulation failures are often difficult, if not 
impossible, to detect visually. The extremely high volt 
ages necessary to create corona discharge from uninsu 
lated antennas may be hazardous, and are therefore sel 
dom, if ever, used to test antennas in the field. 
The present invention will detect antenna insulation 

failures, when corona discharge occurs from an antenna 
and when antenna insulation is punctured by a light 
ning stroke. 

BRIEF SUMMARY OF THE INVENTION 

Corona discharge results in a series of direct current 
pulses, of either positive or negative polarity. In the 
case of an antenna, these direct current pulses will flow 
through the antenna circuit to the system ground. Co 
roma currents may vary from a microampere, or less, to 
several milliamperes. The corona discharge current 
may occur for periods of a fraction of a second to sev 
eral hours. 

Lightning stroke currents puncturing antenna insula 
tion also result in a direct current flow in the antenna 
circuitry, which may be of either polarity. The current 
will flow for periods ranging from a fraction of a second 
to several seconds, and multiple strokes may attach 
during an event. Currents may range from a milliam 
pere, or less, to 200,000 amperes or more. 
The present invention may be inserted in an antenna 

system between the antenna and the transmitterl 
receiver. Alternating currents, as in radio frequency 
signals pass through the invention relatively unimpeded 
by its electronics. Direct currents as are generated by 
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2 
corona discharge or lightning attachment activate this 
invention. 
The invention requires no source of power for its op 

eration, except the direct current energy present when 
corona discharge occurs from the antenna, or when 
lightning attaches to the antenna. 
The sensitivity of the invention is variable. Compo 

nent values can be selected so as to cause operation of 
the monitor at a minimum direct current flow of a few 
microamperes, or less, to values of several amperes, if 
desired. The time constant of operation at a given di 
rect current value above the minimum operating cur 
rent threshold can also be pre-determined. 
Upon detection of a direct current the invention may 

be reset without replacement of any parts. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the invention. 
FIG. 2 is a schematic drawing of a typical embodi 

ment of the teachings of this invention, using state of 
the art components. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings and FIG. 1, in particu 
lar, the monitor shown generally by number 9 is cou 
pled by a terminal 8 between a body 10, typically an an 
tenna, and some other apparatus 18 which it is sup 
posed to monitor, typically a radio receiver/transmit 
ter. The monitor 9 can have within it a potential limiter 
11 designed to shunt current to a reference point 7 
such as ground when the potential reaches levels that 
could damage the monitor 9. The monitor 9 can also 
have within it a blocking means 12 designed to allow 
A/C currents to flow to the monitor 9 but to stop DIC 
current from reaching the apparatus 18. When direct 
current is flowing in the system, sensor 13 evaluates its 
amplitude and duration and, if it determines that the 
current is substantial, sensor 13 causes means for sig 
naling to show a current flow. Coupled to means for 
signaling is remote indicating means 17, which is used 
to display the current information to a remote ob 
server. In order to make the monitor 9 practicable, a 
reset means 16 can be coupled to the indicating means 
14 so that the monitor 9 may be used again after indi 
cating a D/C current. A test means 15 can be included 
in the monitor 9, which when activated, indicates 
whether or not the monitor 9 is functioning properly. 

FIG. 2 is a typical device built according to Appli 
cant's teachings using state-of-the-art components. An 
tenna 10 is coupled to monitor 9 which is coupled to 
radio receiver/transmitter 18. The blocking means 12 
is a capacitor 20 in the radio frequency line. Capacitor 
20 is chosen so as to achieve minimum impedence, and 
to minimize other undesirable effects, at the operating 
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radio frequencies. The potential limiting means 11 is a 
lightning gap arrester 21, or other device for limiting 
potential across the monitor circuitry and capacitor 20 
chosen to protect the monitor from excessive voltages 
on the antenna. The breakdown potential of this light 
ning arrester 21 is selected so as to be lower than the 
direct current working voltage of capacitor 20. And, at 
the same time, higher than the voltage drop across the 
resistance bleeder network and the operating compo 
nents of the monitor. In some embodiments the poten 
tial limiting means 11 may be omitted. 
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Impedance means 22 is a radio frequency isolation 

resister chosen to prevent undesirable radio frequency 
energy leakage to ground, or into the operating compo 
nents of the monitor. At the same time resistor 22 must 
not excessively impede the flow of direct current co 
rona discharge or lightning pulse energy from the an 
tenna 10 to capacitor 24 and other monitor compo 
nents. Resistor 22 also functions as one of the elements 
in the monitor that determine the monitor operating 
time constant. In most embodiments, resistor 22 will 
vary from a few thousand ohms to many megohms. 

Resistor 23 is a static drain means or bleeder resis 
tance. This resistor provides a “static current drain' to 
ground. It may also function to establish the minimum 
direct current operating point of the monitor. It can 
also be chosen to effect the monitor operating point. It 
can also be chosen to effect the monitor operating time 
constant. In various embodiments resistor 23 may 
range in value from less than 100,000 ohms to more 
than 100 megohms. In other embodiments it may be 
omitted, in which case the leakage resistance of capaci 
tor 24 and the electrical paths through the TRIAC 25, 
threshold voltage means 26 and resistor 27 provide the 
“static current drain' path. 
Capacitor 24 functions as a direct current storage 

means for corona discharge and lightning currents from 
the antenna 10. The capacitance may be varied to meet 
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specific requirements. The monitor operating time con 
stant is partially a function of capacitor 24. The direct 
current working voltage of capacitor 24 must be high 
enough to provide a safe margin over the voltage re 
quired to operate the monitor and the capacitance 
must be sufficient to store enough energy to positively 
actuate the indicating means 14 when that voltage is 
reached. Further, the insulation resistance of capacitor 
24 must be such that, at the chosen operating voltage 
of threshold voltage means 26 and the desired current 
sensitivity of the overall device, the leakage current 
through capacitor 24 is not excessive. In practice ca 
pacitor 24 may have a capacitance ranging from a few 
tens of picofarads to several microfarads. 

Indicating means 14 may be any of several switching, 
signaling or indicating devices that are dependent upon 
a flow of direct current, of either polarity, to operate. 
It may be a latching device that holds after actuation, 
or it may indicate each instance of current flow through 
the monitor circuitry. It may also indicate the value of 
current flow. Indicating means 14 in conjunction with 
storage means 24, may also be used to prevent exces 
sive transmitter radio frequency energy from reaching 
and possibly damaging threshold voltage or trigger 
means 26 or the switch means 25. In the embodiment 
shown in FIG. 2, the means for signaling 14 is a latching 
relay or solenoid. Means for signaling 14 is chosen to 
operate at a voltage somewhat lower than that required 
to breakdown the trigger means 26 and at a current 
compatible with the storage means 24 and the switch 
means 25 chosen. The choice of a latching relay or so 
lenoid was shown in FIG. 2, to illustrate several meth 
ods of signaling an antenna insulation failure and one 
method of "self-testing' the indication system. When 
operating as a latching system, provision of a reset 
means 16 is required if the detector is to be used again. 
In the embodiment shown, a mechanical indication of 
antenna insulation failure is incorporated. Further, a 
circuit to ground is closed to simultaneously provide 
for a remote warning indication 17, such as a light or 
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4. 
other indicator. The grounding circuit, mechanical in 
dication and latching operation may be verified by use 
of the test means 15. After such test the monitor may 
be reset. The actuating voltages and currents of indicat 
ing means 14 may vary widely, dependent upon the de 
sired operating parameters of the monitor and compo 
nent choices for the monitor. Voltages from a few milli 
volts to hundreds of volts are practical, as are currents 
from the microampere to hundreds of milliamperes, or 
even several amperes, range. 
The threshold voltage means or trigger means 26 is 

a device for providing a signal to the control terminal 
30 of the normally-open switch means 25 and in this 
particular embodiment a trigger input to the gate 30 of 
TRIAC 25. It may be any device that permits current 
to flow when a threshold voltage is reached. This in 
cludes, but is not limited to, avalanche diodes, ionizing 
gas tubes, thyratrons and spark gaps. It must also pre 
vent current flow when some minimum voltage is 
reached, thereby opening the switch means 25 by gat 
ing the TRIAC 25 off, so that capacitor or storage 
means 24 may again charge to a potential sufficient to 
again operate trigger means 26. It must have character 
istics such that potentials of either polarity will result 
in a current flow. Current capacity of threshold voltage 
means or trigger means 26 must be such that it can 
pass, without damage, any current that can flow from 
capacitor 24 through the indicating means or means for 
signaling 14 and resistor 22. The threshold potential at 
which current flows through trigger means 26 is se 
lected to provide a margin exceeding the minimum op 
erating voltage of means for signaling 14. 

Resistor 27 is in series with trigger means 26. Current 
flow through trigger means 26 creates a voltage drop 
across resistor 27. The resistance of resistor 27 may be 
any value that will result in a potential sufficient to trig 
ger the gate-controlled silicon switch generally referred 
to as a TRIAC 25 by placing a signal on the control ter 
minal or gate 30. 
Capacitor 28 is used in embodiments where the cur 

rent through trigger means 26 is insufficient to trigger 
the TRIAC 25 gate. Its value is such as is required to 
supply the necessary signal orgate trigger current and, 
in conjunction with the impedence of trigger means 26 
at a time constant consistant with other time constants 
of the monitor. 

Resistor 29 is used in embodiments where it is neces 
sary, or desirable, to limit the TRIAC 25 gate trigger 
current. 
The TRIAC 25 functioning as a normally-open 

switch presents a very high impedence to potentials of 
either polarity, until the control terminal or gate 30 is 
triggered. When the gate is triggered the impedence of 
the TRAC 25 approaches a short circuit. Since both 
the TRIAC 25 and trigger means 26 can be in series 
with means for signaling 14, all, or nearly all, of the en 
ergy stored in capacitor 24 is shorted to ground 
through means for signaling 14. By a proper choice of 
component values throughout the monitor, this energy 
then operates the means for signaling 14. The TRIAC 
25 is chosen to have a Vorm exceeding the voltage drop 
across trigger means 26 and resistor 27. It is chosen to 
have gate trigger characteristics compatible with the 
characteristics of trigger means 26, resistor 27, capaci 
tor 28, and resistor 29. The TRAC 25 is also chosen 
to have current and power dissipation characteristics 
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exceeding the energy stored in capacitor 24 and that 
necessary to operate means for signaling 14. 
The instant invention has been shown and described 

herein in what is considered to be the most practical 
and preferred embodiment. It is recognized, however, 
that departures may be made therefrom within the 
scope of the invention and that obvious modifications 
will occur to a person skilled in the art. 
What I claim is: 
1. An apparatus for monitoring a direct current be 

tween a body normally electrically insulated from a ref 
erence point and said reference point, said apparatus 
comprising: - 

A. a terminal, insulated from a reference point, 
adapted to be connected to a body, 

B. storage means, connected between said terminal 
and said reference point, for storing energy, 

C. 
means, for indicating the occurrence of direct cur 
rent therethrough, 

D. normally open switch means, connected to said 
indicating means and to said reference point, for 
connecting said indicating means to said reference 
point when the switch means is closed, the switch 
means having a control terminal for closing the 
switch means in response to a signal on said control 
terminal, and 

E. threshold voltage means, connected to said con 
trol terminal and responsive to a potential on said 
storage means, for closing said normally open 
switch means by placing a signal on said control 
terminal when the potential on said storage means 
reaches a predetermined voltage. 

2. The apparatus of claim 1 further comprising im 
pedance means, connected between said terminal and 
said storage means, for preventing the flow of radio fre 
quency energy through said threshold voltage means to 
said reference point. 

3. The apparatus of claim 1 further comprising po 
tential limiting means, connected between said termi 
nal and said reference point, for shunting excessively 
high potentials to said reference point. 
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indicating means, connected to said storage 
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4. The apparatus of claim 1 further comprising static 
drain means, connected between said terminal and said 
reference point, for draining static charge from said 
storage means. 

5. The apparatus of claim 1 wherein said indicating 
means is a latching relay responsive to a current flow 
ing through said switch means. 

6. The apparatus of claim 1 wherein the normally 
open switch means is a gate-controlled silicon switch. 

7. An apparatus for monitoring a direct current be 
tween an antenna normally electrically insulated from 
a ground and said ground comprising: 
A. a terminal insulated from ground and adapted to 
be connected to an antenna, 

B. a capacitor connected between said terminal and 
ground for storing energy, 

C. a relay, connected to said capacitor, for indicating 
the occurrence of direct current therethrough, 

D. a gate controlled silicon switch, connected be 
tween said relay and ground, for connecting said 
relay to ground when the silicon switch is conduct 
ing, the silicon switch having a control terminal for 
causing the silicon switch to conduct in response to 
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a signal on said control terminal, and 

E. threshold voltage means, connected to said con 
trol terminal and responsive to a potential on said 
capacitor, for causing said gate controlled silicon 
switch to conduct by placing a signal on said con 
trol terminal when the potential across said capaci 
tor reaches a predetermined voltage. 

8. The apparatus of claim 7 wherein the threshold 
voltage means is an avalanche diode. , , 

9. The apparatus of claim 7 further comprising a re 
sistor, connected between said terminal and said capac 
itor, for preventing the flow of radio frequency energy 
through said threshold voltage means to ground. 

10. The apparatus of claim 7 further comprising a re 
sistor connected in parallel with said capacitor between 
said terminal and ground for draining static charge 
from said capacitor. 

11. The apparatus of claim 7 further comprising an 
avalanche diode, connected between said terminal and 
ground, for shunting excessively high potentials to 
ground. 

12. The apparatus of claim 7 wherein said relay is a 
latching relay. 

13. The apparatus of claim 12 further comprising 
means for resetting said latching relay to an unlatched 
position. 

14. The apparatus of claim 7 further comprising a re 
sistor connected between said threshold voltage means 
and said silicone switch control terminal for limiting 
the current to said control terminal. 

15. The apparatus of claim 7 further comprising 
means for testing for correct operation of said relay. 

16. The apparatus of claim 7 further comprising indi 
cating means, remotely positioned from and connected 
to said relay, for remotely indicating the occurrence of 
a direct current therethrough. 

17. An apparatus for monitoring a direct current be 
tween a body normally electrically insulated from a ref 
erence point and said reference point, said apparatus 
comprising: 
A. a terminal, insulated from a reference point, 
adapted to be connected to a body, 

B. storage means, connected between said terminal 
and said reference point, for storing energy, 

C. indicating means, connected to said storage means 
and adapted for repeated operation, for repeatedly 
indicating the occurrence of direct current there 
through, 

D. normally open switch means, connected between 
said indicating means and said reference point, for 
connecting said indicating means to said reference 
point when the switch means is closed, the switch 
means having a control terminal for closing the 
switch means in response to a signal on said control 
terminal, and 

E. threshold voltage means, connected to said con 
trol terminal and responsive to a potential on said 
storage means, for closing said normally open 
switch means by placing a signal on said control 
terminal when the potential on said storage means 
reaches a predetermined voltage. 

18. The apparatus of claim 17 wherein said body is 
an antenna having insulation thereon and said storage 
means is adapted to store energy from a current result 
ing from a failure of said insulation. 
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