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PRGTECTIVE UIRQUE'ES FOR ELECTRGN TUBES 
Gordon IF. Bayer, Norwaih, Howard D. l?coiittle, Stam= 

ford, and Werner ‘ runhart, Norwalh, (Conn, assignors, 
by mesne assignments, to The Machlett Laboratories, 
incorporated, Springdale, Conn, a corporation of Cons 
necticnt 

Filed Dec. 17, 1958, Ser. No. 781,111 
14 Claims. (Cl. ?ll-4W3) 

This invention relates to improvements in electron tube 
protective systems and particularly to systems for protect 
ing electron tubes from damage by gas ionization or flash 
arcs which produce abnormally high currents in a series 
circuit which includes an electron tube and an energy 
storage capacitor. 

In United States Patent No. 2,879,404, Rogers et al., 
which is assigned to the same assignee as the present in 
vention, there is described and claimed a system for apply 
ing electrical pulses to an energy responsive device, such 
as an X-ray tube, for ultra-short time intervals from 
energy storage capaci‘ors connected with the energy re~ 
sponsive device through an electronic switching tube. 

In such a system permanent damage to either the energy 
responsive device or the switching tube, or both, has been 
occasioned by flash arcs in the energy responsive device 
which lead to excessive voltage on the electronic switch 
ing tube and resultant excessive anode dissipation. This 
causes excessive energy emission from the storage capaci 
tors, resulting in the damage to the device. 

In the aforementioned patent, the means for initiating 
action of the switching tube is a pulse-forming circuit 
which is coupled to the grid of the high-tension switching 
tube by a coupling transformer. In accordance with this 
invention, the secondary of the coupling transformer is 
short-circuited by low impedance means which is con 
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nected with current detecting means in series with the - 
cathode of the switching tube, which detecting means 
functions as a signal source. Currents above normal in the 
main circuit are detected by the detecting means which 
then transmits a signal to the low impedance means, which 
in turn reduces the normal grid~driving pulse for the 
switching tube to a very low value, allowing negative grid 
bias of the tube to place the tube in a cutotf condition. 
This removes voltage from the energy-responsive device, 
disrupts the ?ash arc condition, and prevents damage to 
the device. 

Detection of above-normal currents and operation of 
the protective circuit occur with such speed that no perma 
nent damage results to either the switching tube or the 
energy~rcsponsive device. 

Accordingly, it is a primary object of this invention to 
provide novel means for preventing damage to electron 
discharge devices caused by abnormally high power levels. 

Another object is to provide, in a circuit embodying an 
energy-responsive device and a switching tube operable 
when conductive to initiate operation thereof, means for 
detecting abnormal currents in the circuit and responsive 
thereto for rendering the switching tube nonconductive to 
remove voltages before damage occurs to the elements 
embodied in the circuit. , 

Qther objects and advantages of this invention will be 
come apparent from the following description taken in 
connection with the accompanying drawings wherein: 
FIG. 1 is a schematic and block diagram illustrating the 

protective circuit of this invention applied to a main or 
primary circuit in which are located the electronic com 
ponents being protected; 

FIG. 2 is a diagram similar to FIG. 1 illustrating a 
s eciiic type of protective means and detector; and 
FIG. 3 is a diagram similar to FIG. 2 showing a modi? 

cation thereof. 
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Referring to FIG. 1, there is shown an energy responsive 

device lltl, which is indicated in the drawing and herein 
after described as an X-ray tube. X-ray tube in may 
be of any conventional type embodying a cathode l1 and 
an anode 12 within the usual vacuum envelope (not 
shown). A high-voltage generator 13 is utilized to charge 
two energy storage capacitors 14-45 in a balanced cir 
cuit as the primary source of energy for X~ray tube 10. 
A high-voltage electronic switching tube 16 is in series 
with the positive side of the high voltage generator circuit 
to the anode 12 of the X-ray tube It}. 
To activate the X-ray tube 10, a signal in the form of 

a pulse is applied to the grid 17 of the switching tube to 
from suitable pulse-forming and control circuits 18. 

The pulse-forming circuit 38 serves, when the device is 
operated, to apply positive driving potential to the grid 17 
through special circuitry which is fully described in afore 
mentioned Patent No. 2,879,404 and which is shown 
schematically in the drawing appended hereto as negative 
bias circuit 1253 which normally provides a negative poten 
tial sufficient to maintain the switching tube It) in a cuto? 
condition. 

in operation of the device, the energy storage capaci 
tors iii-15 are energized by generator 13 in advance of 
each pulse-forming cycle. When a pulse is formed and 
transmitted to the negative bias circuit 2d, the negative 
bias normally on grid I7 is overcome and the grid is driven 
positively an appropriate amount to cause conduction of 
switching tube This closes the circuit through the 
X-ray tube to, causing the tube in to operate. 

It was found, however, that at times, gas ionization in 
the X-ray tube it? produced ?ash arcs, thus producing 
abnor‘ ally high currents in the circuit and often damag 
ing either or both of the tubes in and in. To overcome 
this problem in accordance with the present invention, we 
have provided means for quickly detecting such abnormal 
currents and for causing the negative grid bias to be re 
turned to the swiiching tube in, thereby opening the cir 
cuit to X~ray tube 1b‘ and completely stopping the how of 
current thereto. 

This is accomplished as shown in FIG. 1 by short 
circuiting the secondary of a pulse transformer in the 
pulse-forming circuit 13 with an overload protective 
means which has an impedance which is low compared 
to the input impedance of the grid circut of the switching 
tube 11.6. This low impedance protective means may be 
any device such as a tbyratron, a vacuum tube, a multi 
vibrator circuit, a vacuum switch or other device having 
the required impedance characteristics. Connected into 
the main circuit is a current detecting means 22 which is 
also connected to the protective means 21. Detecting 
means 22 may be a resistance or an inductance such as 
an air-‘core or an iron-core choke, and functions as signal 
source for triggering the protective means upon detection 
of excessive currents in the system. 

Referring to FIG. 2, the overload protective means is 
shown as a thyratron tube 2.3 and the current detector is 
shown as a resistance 24» connected in series with the 
X~ray tube. For convenience the resistance 24 is actually 
shown inserted in the sin circuit between the anode 12 
of X-ray tube and the cathode 25' of switching tube 16. 
The grid as of thyratron 2.’): is connected between the 
resistance 24 and grid 37 of switching tube 16 through a 
current limiting resistor 27. 

In the operation of the device as now described, normal 
current through the switching tube 16, X-ray tube lit? and 
resistance 24 will not develop sumcient voltage to trigge 
the thyratron 23. However, a flash arc in the X-ray tube 
will develop a spike of rapidly rising voltage. When the 
spike has assumed an amplitude greater than the normal 
current, it will ?re the thyratron. The thyratron will 
function as a low impedance or short circut across the 
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secondary of the pulse transformer 12‘? and, being of lower 
impedance than the input impedance of the grid circuit 
‘of tube 16, thus reduces the grid-driving pulse for switch 
ing tube 16 to a very low value, allowing the negative b ..s 
to recover and place the switching tube in non-conduct~ 
ing condition. 

This completely removes voltage from the X-ray tube, 
permitting the gas to deio-nize, thus discontinuing the 
?ash arc condition and thereby preventing damage to the 
tubes. The detection of the excess current is accomplished 
etore su?icient time has expired to the tubes, 

usually within a very few microseconds. 
In FIG. 3 there is shown another type of current detect 

ing means for triggering the overload protective circuit. 
In this modi?cation the detec means comprises a re 
sistance and capacitor combination 28-23’ which is series 

connected between the cathode 25 of switching tube and ground. A signal for triggering the overload pro 

tective device, in this case thyratron 23, may be obtained 
from the cable 35} which connects the cathode 25 of tube 
16 with the anode 12 of X-ray tube 1d. The resistance 
capacitor combination 28—29 is designed to have a time 
constant such that the rate of change of potential on the 
detecting circuit capacitor 29 is slower than the potential 
change of the capacity formed by a distributed circuit 
capacitance to ground from the cable Fail. 

Thus, when excess current is built up in the series circuit 
embodying switching tube 16 and X-ray tube 19, the 
change in potential on capacitor 29 with respect to the 
potential on the distributed capacity in cable 31} is such 
that the potential on capacitor 2%, which is connected to 
the grid 26 of thyratron 23, is maintained more positive 
with respect to the cathode of the thyratron. The poten 
tial difference between grid as and the adjacent cathode 
causes the thyratron to ?re and to function in the same 
manner as the thyratron 23 in FIG. 2 to render the 
switching tube 16 nonconductive to completely remove 
voltage from X-ray tube lit. 
From the foregoing description it will be apparent that 

we have provided a circuit embodying a grid-controlled 
switching tube and energy~responsive device in series with 
energy storage means, means for applying pulses to the 
grid of the switching tube for overcoming negative bias 
thereon, and novel means for restoring the negative bias 
when the energy-responsive device becomes faulty. 

It will be apparent, however, that various modi?cations 
may be made by those skilled in the art, such as by using 
a multivibrator device instead of the thyratron or a coil 
instead of the resistor 22, without departing from the 
spirit of the invention as expressed in the accompanying 
claims. 
We claim: 
1. An electronic control system comprising an energy 

responsive device and a grid-type switching device con 
nected in a series circuit to a ?rst source of power, a 
second source of power connected to the grid of said 
switching device, said switching device being operable 
when power is supplied to the grid from said second 
source of power to cause flow of current through the 
energy-responsive device and the switching device from 
the ?rst source of power, and means responsive to exces 
sive currents in said series circuit for interrupting the flow 
of current from said second source of power to the grid 
of the switching device. 

2. An electronic control system comprising a grid-con 
trolled switching tube and an energy-responsive device 
connected in a series circuit to a source of power, signal 
forming means connected to the grid of the switching tube 
for transmitting a signal thereto for rendering the switch 
ing tube conductive and to cause ?ow of current to the 
energy-responsive device from said source of power, means 
for protecting the energy-responsive device from damage 
by excess current comprising detection means connected 
to said series circuit for detecting excess current in the 
series circuit, and low impedance means connected across 
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the signal-forming means a d operable upon detection 
by the detection means of excess current in the series 
circuit to reduce the signal from the signal-forming means 
to render the switching tube noncondtcte and complete 
ly remove voltage from the energy rescpcnsive device. 

3. An electronic control system comprising a grid-con 
trolled switching tube and an energy-responsive device 
connected in a series circuit to a. source of power, signal 
forming means connected to the grid of the switching 
tube for transmitting a signal thereto for rendering the 
switching tube conductive and to cause How of current to 
the energy-responsive device, from said source of power, 
means for protecting the energy~responsive device from 
damage by excess current comprising detection means in 
series with and between the cathode of the switching 
tube and anode of the energy~responsive device for de 
tec g excess current in the series circuit, and low im 
pedance means connected across the signal-forming means 
and operable by means which is connected to the series 
circuit between the switching tube and detection means 
upon detection by the etection means of excess current 
in the series circuit to reduce the signal from the signal 
forming means to render the switching tube noncon 
ductive and remove voltage from the energy-responsive 
device. 

4. An electronic control system co uprising a grid-con 
trolled switching tube and an energr-rcsponsive device 
connected in a series circuit to a source of power, signal 
forrning means connected to the grid of the switching 
tube for transmitting a signal thereto for rendering the 
switching tube conductive and to cause flow of current to 
the energy-responsive device, from said source of power, 
means for protecting the energy-responsive device from 
damage by excess current comprising a resistance in series 
with the switching tube and energy-responsive device for 
detecting excess current in the series circuit, and a low 
impedance grid-controlled vacuum tube connected across 
the signal-forming means and having its grid connected 
to the series circuit between the switching tube and re 
sistance, said grid of the vacuum tube being operable to 
?re the vacuum tube upon detection of excess current 
in the series circuit by said resistance to reduce the signal 
from the signal~torming means to the grid of the switch 
ing tube and render the switching tube nonconductive and 
remove voltage from the energy responsive device. 

5. Protective means substantially as set forth in claim 4 
wherein the grid-controlled vacuum tube is a thyratron. 

6. An electronic system for controlling operation of an 
X-ray tube comprising a grid-controlled switching tube 
connected in a series circuit with the X-ray tube to a 
source of power, signal-forming means connected to the 
grid of the switching tube for transmitting a signal thereto 
for rendering the switching tube conductive and to cause 
?ow of current to the X-ray tube from said source of 

' power, means for protecting the X-ray tube from damage 
by excess current comprising detection means connected 
to said series circuit for detecting excess current in the 
series circuit, and low impedance means connected across 
the signal-forming means and operable upon detection of 
excess current in the series circuit by the detection means 
to reduce the signal from the signal-forming means to 
render the switching tube nonconductive and remove 
voltage from the X-ray tube. 

7. An electronic system for controlling operation of an 
V '"tyt lcc ' ‘ a "Lcontrohed switching tube 
connected in a series circuit with the X-ray tube to a 
source of power, signal-forming means connected to the 
grid of the switching tube for transmitting a signal thereto 
for rendering the switching tube conductive and to cause 
flow of current to the X-ray tube from said source of 
power, means for protectinry the X-ray tube from damage 
by excess current comprising a resistance in series with 
and betwee the switching tube and X-ray tube for de 
tecting excess current in the series circuit, and low im 
pedance means connected across the signal-forming means 
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and operable by means which is connected to the series 
circuit between the switching tube and resistance upon 
detection of excess current in the series circuit to re 
duce the signal from the signal-forming means to render 
the switching tube nonconductive and remove voltage 
from the X-ray tube. 

8. An electronic system for controlling operation of an 
X-ray tube and comprising a grid-controlled switching 
tube connected in a series circuit with the X-ray tube to a 
source of power, signal-forming means connected to the 
grid of the switching tube for transmitting a signal thereto 
for rendering the switching tube conductive and to cause 
flow of current to the X-ray tube from said source of 
power, means for protecting the X-ray tube from damage 
by excess current comprising a resistance in series with 
and between the switching tube and X-ray tube for de 
tecting excess current in the series circuit, and a low im 
pedance grid-controlled vacuum tube connected across 
the signal-forming means and having its grid connected 
to the series circuit between the switching tube and re 
sistance, said grid being operable to ?re the vacuum tube 
upon detection of excess current in the series circuit by 
said resistance to reduce the signal from the signal 
forming means to the grid of the switching tube and ren 
der the switching tube nonconductive and remove voltage 
from the X-ray tube. 

9. Protective means for an X-ray tube substantially 
as set forth in claim 8 wherein the grid-controlled vacuum 
tube is a thyratron. 

10. An electronic control system for controlling oper 
ation of an X-ray tube and comprising a grid-controlled 
switching tube connected in a series circuit with the X-ray 
tube, energy storage means in parallel with the X-ray 
tube and switching tube for energizing the X-ray tube 
upon operation of the switching tube, a negative bias cir 
cuit connected to the grid of the switching tube for main— 
taining the switching tube in a nonconductive condition, 
pulse~forming means including a transformer having its 
secondary connected to the negative bias circuit for trans 
mitting a pulse to the grid of the switching tube and caus 
ing operation of the switching tube by overcoming said 
negative bias on the grid, a protective circuit for quickly 
detecting excess current in said series circuit and operable 
in response thereto to discontinue operation of the switch 
ing tube to remove voltage from the X-ray tube compris 
ing detection means in series with and between the switch 
ing tube and X-ray tube, and low impedance means con 
nected across the secondary of the transformer and oper 
able by means which is connected between the switching 
tube and detection means, said low impedance means 
being operable upon detection by said detection means of 
currents in the series circuit which are higher than a 
predetermined value to reduce the pulse from the trans 
former to -a low enough value that the negative bias cir 
cuit will place the switching tube in a cut-off condition 
and remove voltage from the X-ray tube. 

11. An electronic control system for controlling oper 
ation of an X—ray tube and comprising a grid-controlled 
switching tube connected in a series circuit with the X-ray 
tube, energy storage means in parallel with the X-ray tube 
and switching tube for energizing the X-ray tube upon 
operation of the switching tube, a negative bias circuit 
connected to the grid of the switching tube for maintain 
ing the switching tube in a nonconductive condition, pulse 
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forming means including a transformer having its sec 
ondary connected to the negative bias circuit for trans 
mitting a pulse to the grid of the switching tube and caus 
ing operation of the switching tube by overcoming said 
negative bias on the grid, a protective circuit for quickly 
detecting excess current in said series circuit and operable 
in response thereto to discontinue operation of the switch 
ing tube to remove voltage from the X-ray tube compris 
ing a resistance in series with and between the switching 
tube and X-ray tube, and a low impedance grid-controlled 
vacuum tube having its grid electrode connected between 
the switching tube and resistance, said grid being operable 
to ?re the vacuum tube upon detection by said resistance 
of current in the series circuit higher than a predetermined 
value, the vacuum tube being connected across the sec 
ondary ‘of the transformer and operable when ?red to 
reduce the pulse from the transformer to a low enough 
value that the negative bias circuit will place the switching 
tube in a cut-off condition and remove voltage from the 
X-ray tube. 

12. A protective circuit substantially as set forth in 
claim 11 wherein the vacuum tube is a. thyratron. 

13. An electronic control system comprising a grid 
controlled switching tube and an energy-responsive de 
vice connected in a series circuit to a source of power, 
a signal-forming means connected to the grid of the 
switching tube for transmitting a signal thereto from a 
second source of power for rendering ‘the switching tube 
conductive to operate the energy-responsive device, 
means for protecting the energy-responsive device from 
damage by excess current comprising a resistance and 
capacitor combination which is series connected to the 
series circuit between the switching tube and energy 
responsive device for detecting excess current in the series 
circuit, and a low impedance overload protective device 
connected across the signahforming means and also con 
nected to the junction between the resistance and capaci 
tor of said combination, and operable upon detection of 
excess current by said combination to reduce the signal 
from the signal-forming means to render the switching 
tube nonconductive and remove voltage from the energy 
responsive device. 

14. A system substantially as set forth in claim 13 
wherein the resistance-capacitor combination has a time 
constant such that the rate of change of potentials on the 
capacitor is slower than the potential change of the ca 
pacity formed by a distributed circuit capacitance to 
ground from the connection between the switching tube 
and energy-responsive device. 
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