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The invention described in the specification and claims 
may be manufactured and used by or for the Govern 
ment for governmental purposes without the payment 
of any royalty thereon. 

This invention relates to electronic control devices and 
more particularly to an electrical analog in combination 
with an electronic device which operates to prevent "cook 
off' of a round of ammunition in an automatic gun. 
The term 'electrical analog' as used in this invention 
relates to the electrical circuits used to simulate a physical 
condition in an automatic weapon. 
One object of the invention is an electrical analog in 

combination with an electronic indicator to furnish a 
continuous indication of the temperature of a gun barrel. 

Another object of the invention is an electrical analog 
combined with an electronic actuator to automatically 
effect certain secondary operations determined by the 
temperature of the gun barrel as reproduced by the 
analog. 
Another object of the invention is an electronic in 

dicator and control mechanism for an irregularly re 
curring thermal or similar process. 
The specific nature of the invention as well as other 

objects and advantages thereof will clearly appear from 
the following description and drawings in which: 

Fig. 1 is a diagram of the electrical analog and thyra 
tron circuits and associated means connected to an auto 
matic aircraft gun. 

Fig. 2 illustrates the temperature and voltage curves. 
In gun mechanisms the design of which is such that 

the firing cycle begins and ends with a complete round 
of ammunition in the chamber of the barrel and the 
bolt forward and locked, the barrel temperature is ex 
ceedingly high and the chambered round will detonate 
or "cook off' after a lengthy burst or repeated short 
bursts resulting in damage to both or either personnel 
and material. Prior developments involved the use of 
bimetallic thermostats affixed to or in intimate contact 
with the barrel together with such circuitry as necessary 
to initiate upon unsafe indication by the thermostat a 
gun charger. The difficulty in the employment of a 
thermostat lies in the fact that it is a relatively sensitive 
device which must be affixed to the gun and which in 
addition to complicating the gun assembly and disas 
sembly, subjects the thermostat to extreme vibration dur 
ing gun fire accompanied by subsequent unreliability. 

Referring now more particularly to the drawings there 
is shown in Fig. 1 an automatic aircraft gun having 
a barrel 2, a receiver 3 and mounted on one side of 
said receiver a charger 4. The charger control relay 
5. is affixed to one end thereof for the purpose which 
will be subsequently disclosed. An electrical con 
tact member 6 mounted on said receiver connects the 
electrical firing pin of the gun by means of conductors 
9 and 10 through means of firing switch 8 to a source 
of current 7 to fire the chambered round. Closing the 
firing switch 8 also places a source of current 7a across 
the coil lila of the trigger circuit relay 1 and thereby 
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energizes the relay. The trigger circuit relay is provided 
with contact members 2 and 3, and 14, 55, and 16. 
When the trigger circuit relay is not energized contact 
members 2 and 3, and 5 and 6 are in engagement 
with each other, respectively. Contact member 3 is 
connected to the plate of the thyratron 33 and contact 
member 12 is connected to one terminal of the coil 7a 
of the piate relay 7. The other terminal of coil 7a 
is connected to the conventional plate battery 3 or 
any other voltage regulated source of plate current to 
complete the plate circuit as shown in Fig. 1. The 
thyratron plate circuit relay 7 is provided with contact 
members 19, 20, 21, 22 and 23 so arranged that when 
the relay coil 7a is de-energized, contacts 22 and 23 
are separated and contacts 19 and 20 closed while, when 
coil 7a is energized, contact is effected between 22, 23 
and 20, 2i, while contacts 9 and 2i are separated. 
Contacts 22 and 23 control a circuit including a source 
of voltage 24 and charger control relay S. Contacts 
9 and 20 when closed, complete a circuit including a 

voltage source 34 and a signal lamp 25 while contacts 
26 and 2i, when closed, complete a circuit including 
source 34 and a signal lamp 26 which may be distinctive 
from lamp 25. Contact members 19 and 20 are en 
gaged when the gun barrel is relatively cool and in this 
instance close a circuit comprising a battery 34 and indi 
cating means 25, such as a green panel light, in series 
to indicate that the barrel is relatively cool. Contact 
members 22 and 23 are in series with a voltage supply 
24 and are not in engagement until the barrel temper 
ature has reached the "cook off' level. Likewise, mem 
bers 29 and 21 are not in engagement, but upon call 
due to barrel temperature they engage closing a circuit 
comprising the battery 34 and indicating means 26 similar 
to but distinctive from indicating means 25 to show that 
the barrel is dangerously hot. A conventional bias 
means 28 supplies the grid of thyratron 33 with an ap 
propriate- bias voltage. The circuit for charging ca 
pacitor 29 comprises a source of regulated voltage E. 
which is applied to the capacitor 29 connected to the 
input of the thyratron through resistor 39 when the 
contacts 4 and 5 are closed upon energization of re 
lay coil a through closure of firing Switch 8. At the 
same time contacts 15 and 16 are opened, disconnecting 
the resistor 3i from the thyratron input circuit. The 
values of the resistor 30 and capacitor 29 are selected 
so that as the capacitor is charged by the voitage Source 
E during the firing period, its voltage increases at the 
same rate as the rate of the gun barrel temperature 
increase, as shown by curves A and C in Fig. 2. Curve 
A representing the temperature rise of the gun barrel 
and curve C representing the voltage rise of the capacitor 
are substantially coincident and likewise curves B and 
D represent the decay of temperature and voltage, re 
spectively, after the firing switch 8 has been released 
and the resistor 32 shunted across the capacitor. 

In operation when the gun barrel is relatively cool the 
trigger circuit relay contacts 5 and E6, and 22 and 13, 
shunt the resistor 3 across the capacitor 29 and close 
the thyratron plate circuit, respectively. The grid of 
the thyratron is provided with a bias 28 to prevent plate 
current flow when the potential of the capacitor has been 
reduced to and below a predetermined value. When the 
potential of the capacitor is not greater than the bias 
voltage, no plate current flows and the plate circuit relay 
contacts i9 and 20 close lighting a green panel light 25 
which indicates the gun barrel is relatively cool. To 
fire the gun it is only necessary to close the firing switch 
until the desired burst is accomplished. Closing the firing 
Switch energizes the trigger circuit relay to open the plate 
circuit, disconnect the shunt resistor 31 from the capacitor 
and connect the source of voltage E series resistor to the 
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capacitor through resistor 30, and thereby charge said 
capacitor during the period of burst. By inspection of the 
curves in Fig. 2, it can be seen that the potential of the 
capacitor will increase at the same rate as the temperature 
of the gun barrel. The values of the series resistor 30 and 
capacitor 29 are selected so as to make the capacitor volt 
age rise curve C substantially coincident with the gun 
temperature rise curve A. The "cook off' temperature 
is indicated by the coordinate e and the corresponding 
potential of the capacitor by the coordinate f. If the burst 
has been of a duration such that the barrel temperature 
is at the "cook off” value as indicated by e on curve A 
and the firing switch released, the trigger circuit relays 
contacts 12 and i3 will close to complete the thyratron 
plate circuit, and contacts 15 and 16 will close completing 
the grid to cathode circuit of the thyratron, but since the 
potential of the capacitor is now in excess of the grid 
bias, the thyratron fires and the charge on the capacitor 
is dissipated by the shunt resistor with the subsequent 
potential lowering of the capacitor. The voltage decay 
of the capacitor is in accordance with the selection of the 
ohmic value of the resistor 31 in combination with the 
capacitor. The selection in this case is such that the 
rate of voltage decay is substantially the same as the 
rate of gun barrel temperature decay. 
When the thyratron fires, a current flows through its 

plate circuit and energizes the plate circuit relay coil 17a, 
causing contacts 19 and 20 to open, disconnecting the 
cool barrel indicator 25 and also causing the contacts 20 
and 21 and 22 and 23 to close connecting the hot barrel 
indicator 26 and energizing the charger control relay 5, 
respectively. The charger control relay then activates 
the charger 4 which extracts a round from the chamber 
of the gun. The charger relay is equipped with a "hold' 
device, not shown, which holds the bolt open as long as 
this charger relay circuit is closed, or until the tempera 
ture of the gun barrel has fallen below the "cook off' 
temperature whereupon the charger places a round in 
the chamber and ceases to extract. As the barrel tem 
perature is lowering, the capacitor is discharging through 
the shunt resistor and the capacitor's voltage is diminish 
ing at the same rate as the temperature of the gun barrel. 
A vacuum tube voltmeter 32 having its scale calibrated in 
degrees of temperature is connected across the capacitor 
to give the operator a continuous barrel temperature 
reading. 
We claim: 
1. A safety system for an automatic gun having an 

electrically actuated round extracting means, comprising 
a firing circuit, a condenser, and a discharge device, means 
for applying a voltage to said condenser during periods of 
closure of said firing circuit, means for applying the 
condenser voltage to the said discharge device, and means 
for discharging the said discharge device through the 
said round extracting means upon opening of the said 
firing circuit. 

2. A safety System for an automatic gun having an 
electrically actuated round extracting means comprising a 
firing circuit, a switch to open and close said firing circuit, 
a condenser, means for applying a voltage to the said 
condenser when the said switch is closed, a discharge 
device having the control element thereof connected to 
said condenser, and means for discharging the said dis 
charge device to actuate the said round extracting means 
when the said switch is opened. 

3. A safety system for an automatic gun having an 
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4. A safety system for an automatic gun having an 

electrically actuated round extracting means comprising a 
firing circuit, a switch to selectively open and close said 
firing circuit, a condenser, means for applying a voltage 
to the said condenser when the said switch is closed, a 
voltage responsive discharge device connected to the said 
condenser, and means for discharging the said discharge 
device to actuate the said round extracting means when 
the said firing circuit is open. 

5. In an automatic gun safety system, a firing circuit 
including, in series, a first source of voltage, a trigger 
switch and the coil of a first relay, a charging circuit 
including, in series, a capacitor, a second source of voltage 
and contacts closed only by and in response to energiza 
tion of the coil of said first relay, a thyratron, a cathode 
to grid circuit for said thyratron including said capacitor 
and a source of bias voltage, a plate circuit for said 
thyratron including in series the coil of a second relay, 
a third source of voltage and a pair of normally closed 
contacts opened only by and in response to energization 
of the coil of said first relay, a charger of the type operable 
to extract around from the gun, electrical operating means. 
for said charger, and a control circuit including in series 
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electrically actuated round extracting means comprising a 
firing circuit, a switch to selectively open and close said 
firing circuit, a condenser, means for applying a voltage 
to the said condenser when the said switch is closed, a 
thyratron having the control grid thereof connected to 
the said condenser, and means for discharging the said 
thyratron to actuate the said round extracting means when 
the said firing circuit is open. - 
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said electrical operating means, a fourth source of voltage, 
and a pair of contacts closed only by and in response to 
energization of the coil of said second relay. - 

6. The invention as set forth in claim 5 wherein said 
charging circuit includes a resistor connected in series 
with said capacitor through said first relay during con 
denser charging cycles. 

7. In an automatic gun safety system, a firing circuit 
including in series, a trigger operated switch connecting 
a first source of voltage simultaneously to an electrically 
operated firing pin and a coil of a first relay, a charging 
circuit including a second source of voltage, a capacitor, 
a first resistor, a second resistor, a thyratron having a 
cathode to grid circuit and a biasing voltage therefor, the 
coil of a second relay, and first contacts closed only when 
the coil of said first relay is energized to connect said 
Second source of voltage in series to said condenser 
through said first resistance to charge said condenser at 
a predetermined rate, and second normally closed contacts. 
opened only when the coil of said first relay is energized 
to open a circuit including said thyratron plate, the coil 
of said second relay, and a source of voltage for said 
plate, said condenser discharging in series through said 
second resistor upon energization of the coil of said first 
relay to discharge said condenser at a predetermined rate, 
a charger of the type operable to extract a round from 
the round chamber, electrical operating means for said 
charger, a control circuit for said electrical operating 
means including in series, a fourth source of voltage, a 
pair of normally open contacts closed only in response 
to energization of the coil of said second relay connecting 
said fourth source of current to said electrical operating 
means, whereby said charger extracts a round from the 
gun chamber in response to potential from said thyratron 
which fires when said capacitor potential is greater than 
said bias potential, said capacitor potential being ana 
logues to gun chamber temperature. . 

8. In an automatic gun safety system, a firing circuit 
including, in series, a trigger operated switch connecting 
a first source of voltage simultaneously to an electrically 
operated firing pin and a coil of a first relay, a charging. 
circuit including, in series, a source of regulated voltage, 
a first resistor, a first relay, a capacitor, a thyratron hav 
ing a cathode to grid circuit and a biasing voltage there 
for, a coil of a second relay connected with the plate of 
said thyratron and a source of plate voltage, said first 
relay having a first and second contact closed upon deemer 
gization of said first coil, said first switch in the line 
between said plate and said second coil, said second 
switch in the line between said condenser and a second 
resistance through which said condenser discharges at a 
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predetermined rate, a third switch on said first relay closed 
by energization of said first coil to charge said condenser 
from said regulated source through said first resistor, said 
condenser discharging to said thyratron to energize said 
Second coil, a charger circuit including, in series, a second 
Source of voltage, a second relay and a charger control. 
relay, said second relay having first normally open con 
tacts therein closed upon energization of said second 
relay to operate said charger relay to extract a round 
from the gun chamber, and visual signal means operatively 
associated with said second relay. 
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