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x-RAY TUBE sAFETY DEVICE 
Edwin R. Goldfield, University Heights, and Jack 

Ball, Cleveland - Ohio, assignors... to Picker: 
X-Ray Corporation-Waite Manufacturing Divi 
sion, Inc., Cleveland, Ohio, a corporation of 
Ohio 

Application July 20, 1946, serial No. 685,095 

This invention relates to improvements in con 
trol circuits for X-ray tubes and more par 
ticularly to improvements in safety devices for 
preventing injury to X-ray tubes by overloading 
the same. . . 
An object of the present invention is to pro 

vide means for preventing an overly long ex 
posure combined with an excessive kilovoltage 
applied to the tube, t - - - - - . . . . 

Another object of the present invention is 
to prevent an excessive combination of time of 
exposure plus the milliamperage load on the 
tube." 

Still another object of the invention is to pre 
vent any excessive combination of time, kilo 
voltage or milliamperage so as to overload the 
tube to the point of injury. 
Another object of the present invention is 

to provide control means preventing overloading 
of the X-ray tube by an excessive combination 
of kilovoltage together with a second control 
factor which includes the product of the milliam 
perage load on the X-ray tube-times the num 
ber of Seconds-the-tube. is energized. 
Qther objects and advantages. of the present 

invention will be apparent from the accompany 
ing drawings, and description- and the essential 
features thereof will be set forth in the append 
edi claims. 
- in the drawings, . 
- Fig.1-issan-electrical wiring diagram illustrat 
ing one form of our device; 
a Fig.2-is--a wiring diagram showing a modified 
form of our device. ... 
... An X-ray tube will take a definite maximum 2 
leading which is a function of the milliamperage, 
the kilovoltage and the time for a definite load 
limit. If any one of the above is increased, then 
it is necessary to decrease at least one of the 
other; two factors. . 

In Fig.1. We have shown an auto-transformer 
iOSupplied with electrical energy from the cir 
cuit. I, ,L2. Suitable taps connect leads and 
2 with the primary 3a of a high tension trans 
former 3. The secondary 3b of this trans 
former: is connected by leads 4 and 5. With the 
X-ray tube. 6 in the usual manner. The mid 
portion of the secondary circuit. of the trans 
former is grounded at 7 in the usual manner. 
An exposure is initiated in the customary man 
ner, by closing push button i8 which completes a 
circuit from L.f. through lines. 9 and 20 through 
the push button and line 24 to relay 22 and 
then through lines 23 and 24 to the mid-point 
of the auto-transformer. This energizes relay 

4. Claims. (Cl. 250-95) 

O 

20 

25 

35 

50 

5 5 

2. 
22 attracting the armature 22d so that current 
flows through line. 2 and normally closed arma. 
ture 25b of relay 25 to the primary 3a of the 
high tension transformer. 
The timing of the exposure is controlled by 

the space discharge tube 26 which is of the gas 
filled triode type having a cold cathode 26a, a 
plate 26b and a control grid 26c. The power 
supply for this tube is provided from the circuit 
L3, 1.4 to the primary 27a; of transformer 27. The 
secondary of this transformer 27 b is provided 
with a rectifier tube 28 so that rectified current 
is supplied to the leads 29 and 30. The circuit 
of the control grid 26e of the timer tube includes 
resistance Si, condenser32, and a time selector 
switch 33 having a series of limiting resistors 
33a, 33b, 33c and 33d. The connecting lines 34 
and 36 are tapped into variable resistance-37 so 
as to apply the desired voltage on grid 26c. 
Means is provided for short-circuiting condenser 
32 up to the moment that an exposure is initiated. 
This comprises lines 38, 39, normally closed 
armature 22b of relay 22, and lines 46, 29 and 4t. 
When relay 22 is energized to start an exposure, 
armature 22b opens this short circuit of the con 
denser. Then, the condenser begins to charge, the rate depending, among other things, upon 
the position of the time selector switch 33. As 
soon as the voltage of condenser 32 reaches a 

33 critical value there is a breakdown between the 
control grid 26c and the cathode 26a, thus fir 
ing the tube 26. This immediately carries over 
to the circuit of plate 26b and acts through the 
plate circuit, presently described, to energize 
relay 25 which opens the normally closed arma 
ture 25b stopping the exposure. 

It is a well known characteristic. of the type 
of tube shown at 26 that the firing of such a tube is dependent not only upon the voltage of grid 
26c, but on the voltage of plate. 26b, also. In 
other words, there is an inter-relationship, be 
tween the voltage of the grid and plate, either 
of which will cause... the tube to fire. W. e 
use of this characteristic of the tube.to introduce 
factors responsive to variations in the kilovoltage 
and milliampere load applied to X-ray tube Gin 
order to control the firing of tube 26. It is ob 
vious... that our invention might be applied to 
modify the-firing of tube, 26 either upon varia 
tions of kilovoltage alone or of milliamperage 
alone, but, we prefer to apply corrections for both 
of these factors at the same time. . . . . . . . 
In the circuit of plate 26b are line 42, relay 

25, line. 43, secondary 44a of transformer 44, line 
45 and secondary 46a of transformer 46. . 
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The transformer 44 provides a corrective fac 
torresponsive to variations in the kilovoltage ap 
plied to the X-ray tube. To this end, the pri 
mary 44b of the transformer 44 is connected 
across lines and 2 with the variable resistor 
47 to set the desired current for the transformer 
primary 44b. Thus, as the kilovoltage controlled 
through lines and 2 varies up or down the 
current in the transformer Secondary 44d will 
vary up or down in like manner, so as to provide 
a corrective factor in the circuit of plate 26b. 
If the kilovoltage increases beyond a predeter 
mined point, then the Voltage on plate 26t) will 
increase and will fire tube 26 so as to terminate 
the exposure. 
The corrective factor for milliamperage of 

X-ray tube. 6 is applied in the plate circuit of 
tube 26 by means of the secondary 46a of trans 
former 46 as previously mentioned. The pri 
mary 46b of this transformer is in circuit with : 
the filament transformer for the X-ray tube. 
This circuit includes lines 48 and 49, primary 50a 
Of the filament transformer 50, line 5, primary 
46b of transformer 46 and line 9. Since the 
load on the X-ray tube is roughly proportional 
to the current Supplied to the primary 50a of the 
filament transformer, the transformer 46 will be 
responsive to variations in the load on the X-ray 
tube, and through its secondary 46a will supply a 
Corrective factor in the circuit controlling plate 
26b. Thus, as the load on the X-ray tube in 
creases, the voltage on plate 26b will increase and 
upon reaching a predetermined level will fire tube 
26 and terminate the exposure. 
To limit the filament current corresponding to 

the time selected at switch 33, a gang Switch 52 
is provided which is operated in unison with 
Switch 33, such connection being indicated by the 
broken line 53. A shunt resistor 54 is provided 
across the transformer primary 46b, the various 
taps of Which are connected to similar taps 52a, 
52b, 52c, 52d and 52e of the gang switch 52. 
Thus, corresponding to a definite time setting 
picked off by Switch 33, a filament current limit 
ing resistor is picked off by switch 52 which gov 
erns the amount of voltage to be introduced into 
the plate circuit of the timer tube 26. 
The transformers 44 and 46 are So constructed 

and adjustable resistances so selected, that the 
Voltages introduced by them into the circuit of 
plate 26b cause the tube 26 to fire whenever ex 
cessive kilovoltage or milliamperage, or a combi 
nation of both, is introduced into the X-ray tube 
control circuits, always in correspondence to the 
time of tube exposure. 

It should be noted that the compensating volt 
ages in the control circuit for tube 26 are always 
on, even though an exposure is not initiated, 
Therefore, tube 26 may fire and open relay 25 
at the airmature 25b thereof before push button 
8 is closed, in an attempt to start the exposure. 
This means that should the factors for the ex 
posure be chosen. So as to impose too great a load 
upon the X-ray tube, then it would be impossible 
to start an exposure. 

Preferably, we provide an indicating device 55, 
such as a lamp or the like, to show that relay 25 
is open and that the exposure chosen would in 
pose too great a load upon the X-ray tube. To 
this end, lamp 55 is in circuit with lines 24, 48, 
56, 57 and 9 when relay armature 25a is at 
tracted by the energization of relay 25. 

Fig. 2 shows a modification of Fig. 1 wherein 
Similar parts having Similar functions have been 
given the same reference characters and only the 
differences will be explained here. The purpose 
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4. 
of Fig. 2 is to provide a correction factor which 
more directly is responsive to the milliamperage 
applied to the X-ray tube 6. For this purpose, 
the correction factor for the load. On the X-ray 
tube is supplied through transformer 58, whose 
Secondary 58a occupies the same place in the Con 
trol circuit of plate 26b as that occupied by the 
transformer Secondary 46a previously described. 
The primary 58b of this transformer is connected 
by lines 59 and 60 in the central Secondary circuit 
of high tension transformer f3. Here, as in the 
previously described modification, the shunt re 
sistor 54 is connected to suitable taps on gang 
switch 52 so that a definite load factor permis 
sible on the X-ray tube is selected with each 
movement of the timer switch 33. In this modi 
fication, the filament transformer 6 has a pri 
mary 6 a connected with the Source L5, L6, in 
any suitable manner, as the filament transform 
er is not directly concerned in the safety control 
circuit in this modification of our device. 

All of the other factors of Fig. 2 correspond to 
those described in Fig. 1 and any change in kilo 
voltage or load applied to the X-ray tube provides 
a corresponding variation in the firing of tube 26 
which opens the relay 25b of relay 25 to termi 
nate the exposure. The armature 25a and the 
indicating lamp 55 have been omitted from Fig. 2, 
but obviously, they may be used as shown in Fig. 
1, if desired. 
In Figs. 1 and 2, we have shown the auto 

transformer O with energizing circuit I, L.2, 
and a self-rectified unit. However, those skilled 
in this art will recognize that in most cases the 
type of X-ray unit used would be provided with 
a four-valve-bridge-circuit. Our invention may 
be used, however, using either a Self-rectified 
circuit, a half-wave rectified circuit, or a full 
wave rectified bridge circuit, as will be readily 
understood. - 

What we claim is: 
1. In the combination of an X-ray tube hav 

ing a high tension tube energizing circuit and 
a filament energizing circuit including a fila 
ment transformer having primary and Second 
ary windings, switch means controlling energi 
zation of said X-ray tube, a Space discharge tube 
operatively connected with said Switch means, 
said space discharge tube having control elec 
trode means, a variable resistance timing means 
in circuit with said control electrode means, a 
control transformer having a primary winding 
in series circuit with said filament transformer 
primary winding and having a secondary Wind 
ing, and said control transformer Secondary 
winding in electrical circuit with said control 
electrode means and varying the voltage applied 
to the latter. 

2. In the combination of an X-ray tube hav 
ing a high tension tube energizing circuit in 
cluding a high tension transformer having pri 
mary and secondary windings and including a 
filament energizing circuit having a filament 
transformer with primary and secondary wind 
ings, means controlling energization of said 
X-ray tube including a space discharge tube hav 
ing control electrode means, timing means for 
selecting a variable resistance, a first control 
transformer having a primary winding in cir 
cuit With Said high tension transformer primary 
winding, a second control transformer having 
a primary winding in circuit with said filament 
transformer primary winding, each of said con 
trol transformers having a secondary winding, 
and said secondary windings of said control 
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transformers and said variable resistance in elec 
trical circuit with said control electrode means. 

3. In the combination of an X-ray tube hav 
ing a high tension tube energizing circuit in 
cluding a high tension transformer having a pri 
mary winding and having a secondary winding 
with a central secondary grounded circuit, means 
controlling energization of said X-ray tube in 
cluding a space discharge tube having control 
electrode means, timing means for Selecting a 
variable resistance, a control transformer have 
ing a primary winding in said central Second 
ary grounded circuit and having a secondary 
winding, and said control transformer Second 
ary winding and said variable resistance in elec 
trical circuit with Said control electrode means. 

4. In the combination of an X-ray tube hav 
ing a high tension tube energizing circuit in 
cluding a high tension transformer having a pri 
mary winding and having a secondary winding 
including a central secondary grounded circuit, 
means controlling energization of said X-ray 
tube including a space discharge tube having 
control electrode means, timing means for Se 
lecting a variable resistance, a first control trans 
former having a primary winding in circuit with 
Said high tension transformer primary winding, 
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a second control transformer having a primary 
winding in said central secondary grounded cir 
cuit, both of said control transformers having 
secondary windings, and said control transformer 
secondary windings and said variable resistance 
in electrical circuit with said control electrode 
e2S. 
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