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“Thisinvention-relates: to m:provements in.con-
‘trolrmeans: for. X:ray tubes,:and more:particu-
+larly to: prevent any:exposure heing:made on:the
-X-ray -apparatus-when thespeak voltage:exceeds
-a’ predetermined value.

My invention may: be msed in-various ways but
one embodiment:is:shown:in.the:accompanying
-drawing marked "“Fig. 1 and:it-will: be-under-
:stood by :those:skilled.in~the:art. how:the:same
principle .may:be ‘applied in various: ways.

It-will be understood-by:those: skilled: in: this
rart-that it is desirable.to 'limit .the maximum
kllovoltage used-at ~any - given r tube-load:when
'making .an-exposure. -‘To-exceed :this desirable
‘kilovoltage may damage.the tube-or:.in any. case
-shorten its.life. . The:purpose of :the-present:in-
vention, therefore,. is:to provide--an.automatic
-control making- it impossible.for-the operator to
exceed -a predetermined-kiloveltage when: the ap-
paratus has been set for a fixed load. ]

. In the accompanying.diagrammatic drawmg an
.X-ray tube at .18 .is supplied with.high. tension
-current..through the .transformer .. i1 -having.a
-primary fla and a:secondary .{ib. ‘The primary
is supplied. with current through lines.i2 and i3
by means-of dial.selector.switches.42q.and. f3d.
~ These engage .various:.contacts..connected with
"the autotransformer  14. which in.turn receives.a
current supply.from.the_ lines.Li, . Le. .. This.is.a
-simple circuit using.only half-wave rectification,
‘but it will' be understood: by.those.skilled. in.the
art that this is for.illustrative purposes only: and
-that my. device is.applicable to .any type.of cir-
cuit. "Current for. the tibe. filament is.supplied

from the taps {5 and 16 of:the autotransformer :

to the primary 11a of the filament_transformer
1. Means is provided for varying the filament
current ‘for' various-tube’ loads. “In the "present
“instance-this takes the form of a series of .resist-
-afices ' 18 connected- with “taps ‘19..on deck A of
‘a’selector switch-6f the: aonitor type.

~A known means for-chariging'the indication of
“current “supplied-to -the tube filament to. comi-
pensate for -changes ~in“the - saturation ‘6f. the

“X-ray tube -at- various “kilovoltages -is -incltided “4
"This is similat to.that °

‘in’ the“diagram .of Fig. 1.
“described "and 'claimed ini - Patent "No. '2;231,622,
granted' February 11,1941, to' Edward B. Graves,
“to which further reference may be had’ if neces-

"sary ‘to understand-this portion of the-diagram. 5

‘It is sufficient - to state here that the  compensator
device is provided with current- “through :the
“transformer 20 ‘the primary‘20a-of which is con-
snected-across “lines -2 and “13. “The- “secondary -

~20b of‘the' transformer-is-in-circuit with-a-serfes
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~of resistances’21i : wmch are connected.: w1th taps

-22-'on.the: deck :B:of~a -monitor selector:switch.
“The voltmeter: 23:is in circuit between therpoints

+24. and 25 sovas:to-read.the current:flowing:in
“the: filament circuit. . ‘The resistances 2{: are thus

placed-in-the: metering:circuit-in-series-with-the

.compensating coil -20b..and vary.the indication. of
-the voltmeter to.apply a-correction to compensate
-for changes:in tube output.due-to:changes in the
‘high- tension: voltage:supplied to the transformer
-,

The-purposes-of the:inductor 26, capacitor °
21:and-resistor 28 are: fully: descnbed in the.above

-mentioned patent.

‘The-present- mventlon adds to the known:eir-

-cuits ‘above-described a.control.circuit: for break-

ing: the.energizing «circuit. through . lines,.12:.and

-48 if, the predetermined peak:Kkilovoltage.is.ex-
.ceeded. . To.this end.a.disconnector..switch .29
+is provided .in: line |3.-which is. held closed by relay

30-s0.long.as -the latter -is energized. - The .elec~

-trieity for the relay.30.is provided through lines

-A.-timer. or ex-
In.the. relay -

Ls, I« from. any:.110-volt source.
sposure: switch is-indicated.at 31.

~eireuit .is. provided. a;normally .closed switch- 32

-which.is: opened- by. relay. 33: whenever the latter
is energized. ‘Fhe present invention: prov1des for
~the energization of:this.relay.33 if. too high.a
“kilovoltage is applied.to. the tube. . For this. pur-
pose the control_circuit. is_supplied.with. cu.rrent
which varies in.step with the current. in lines.12
‘and 13 .in:the primary .of the.transformer i{.
For this. purpose. lines 34..and .35 .are connected
with lines 12 and 13 to.the primary 36a. of.the
transformer 36. . The secondary'36d of this trans-
‘former is connected to.a rectifier 37 and filter
‘38 to supply rectified.current to the control .cir-
cuit. It will be noted that the line 35 is con-
nected to line ‘13 ahead of.the.switch 29 so as to
‘provide. a steady voltage to the control. circuit.
"This control circuit is norma,]ly nonconducting
and is under the control :of & thyratron. tube.39,
‘the grid "39b of “which -is‘supplied “with ‘a fixed
voltage as* will- later be- described. “Whether’the
tube is ‘conducting or nonconductmg will then .
‘depend upon'the circuit connected with the plate
‘38a of the tube. This plate is’ ‘connected by, line

' ‘40 ‘to relay 33 which-in’ ‘turn. is- “connected by line

4{-to'a selector switch on deck’'C of. the monitor
switch. The resistor'42-is ‘connected” with the
‘taps-43. on the“deck 'C. "Obviously the greater
the resistance placed in series along the resistor
42 'the ‘greater must. be "the ‘current supbplied
throuvh transformer ‘36 to: supply suflicient volt-
‘age 'to plate “39a°to-overcome 'the grid bias on
the’ grid”39b-and‘to cause’ the thyratron to" be-
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come conducting. The grid 89b of the thyratron
tube is biased by means of transformer 44
and the rectifier-and. filter circuit 45, 46. The
resistor 47 in this circuit is adapted so as to be
able to adjust the grid bias for individual tubes
and characteristics. The primary of transformer
44 is connected to a stabilized 110 volt source.
The transformer 44 is supplied with a secondary
‘44c for providing current for the filaments of
tubes 317, 39 and 45 in the well understood man-
ner.

The operation of the circuits thus far described
is as follows: The main switch is closed to ener-
gize the autotransformer (4. The desired tube
load is selected by rotating the monitor switch
which has a number of decks, only three of which
are shown and all of which are connected to-
gether by a shaft 48 which is here diagrammati-
cally represented. The deck A may be calibrated
in terms of tube output. At the same time the
deck B adjusts the calibration of the voltmeter
23 so that it is only necessary to adjust the dial
switches 12¢ and 13a until the voltmeter hand
- registers with- the single indication shown. At
the same time that this is done the deck C of
the monitor switch is selecting a suitable resist-
ance on the resistor 42:so as to limit the kilo-
_ voltage which may safely be applied to the tube

10. At this time the-grid 39b is supplied with a
biasing current of such value that the thyratron
tube 39 is nonconducting. Switch 32 is therefore
in its normally closed position. ~Exposure switch
31 is then closed, energizing relay 39 to close
switch 29 and provide an X-ray tube exposure.
If the current across the lines 12 and 13 is of
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be depended upon to give absolute protection for

the tube,

- Obviously the control principle here disclosed
depends upon the relative voltage between the

“grid and plate of the tube 39 and it is immaterial

which of these is held constant while the other
is varied. It is also well understood that a thyra-

"tron or trigger tube like that shown at 39 may
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such an order as to provide too high a peak kilo-

voltage on the tube (0, the transformer 36 which
is being supplied with current of the same order
will'supply to the control circuit sufficient current
to produce a plafe voltage at 39a¢ sufficient to
overcome the grid bias and to cause the tube 39
to become conducting. If requires only one al-
ternation of the current in the source lines 12
and 13 to cause the tube 39 to become conducting
under these conditions. When this is true relay
33 is energized Opening switch 32, thus deener-
gizing relay 30 and permitting switch 29 to open
_(this being a normally open switch).

Since rectified current is applied to plate 39q,.

once the thyratron tube is rendered conducting
it will stay that way until the voltage to trans-
former 36 is interrupted and lowered below the
tripping value of tube 39. This occurs automati-
cally when the dial switches 12¢ and 3¢ are
moved to lower the peak kilovoltage because be-
tween the taps switches (2¢ and 13a¢ are non-
conducting and this interrupts the current flow
to transformer 36. TUpon such interruption the
grid 39 again resumes control of tube 39 ready
for the next operation.

It will be seen that the tripping voltage of tube
39 depends upon the current supplied to the plate
38¢ and this in turn is varied by changing the
taps on resistor 42 by means of the switch on
deck C. Thus each position of this switch on
deck C corresponds to a maximum voltage which
can be applied to the tube 10 and to the trans-
former 36 of the control circuit before the thyra-
tron tube will become conducting and trip the
relay.

The control . a.ppara,tus here. disclosed is very
positive in action and will frip on one minor
selector dial movement over the tripping value
set and the setting is very consistent and may

40

45

50

60

65

be utilized in circuits either normally conducting
or normally nonconducting. It will also be un-
derstood by those skilled in this art that the flow
controlling element, indicated at 42 as a resistor
might in some other controlling circuit be an
inductor or a capacitor, '

What I claim is:

1. In combination with an X-ray tube and en-
ergizing circuit therefor, a control circuit, means
responsive to a predetermined condition of said
control circuit for disconnecting said energizing
circuit, means-supplying current to said control
cireuit varying in accordance with current varia-
tions in said energizing circuit, and a control
device in said control circuit responsive to said
current supplying means and arranged to.produce
said predetermined condition of said control cir-
cuit in response to current in said energlzmg
circuit above a predetermined level,

2. In, combination with an X-ray tube and en-
érgizing circuit therefor, a control circuit, means
responsive to a predetermined condition of said
control circuit for disconnecting said energizing
circuit, means supplying current to said control
circuit varying in accordance with current varia- -
tions ‘in said energizing circuit, and a control
deviée in said control circuit responsive to said
current supplying means and arranged to produce
said predetermined condition of said control cir-
cuit in response to a single alternation “of the
current in said energizing circuit above a prede-
termined level.

‘3. In combination with an X-ray tube and en-
ergizing circuit therefor, a control circuit, ineans
responsive to a predetermined condition of said
control circuit for disconnecting said energizing
circuit, means supplying current to said centrol
circuit varying in accordance with current varia-
tions in said energizing circuit, settable means in
said control circuit having various positions for

‘varying an electrical characteristic of said con-

trol circuit, and a control device in said control
c1rcu1t responsive to said current supplying means -
and to said settable means and arranged to pro-
duce said predetermined condition 'of said control
circuit in response to current in said energizing
circuit above a leve] predetermined by said set-
table means.

4. In combination w1th an X-ray tube and en-
ergizing circuit therefor, a control circuit, means
energized by a flow of electric current in said
control circuit for disconnecting said energizing
circuit, means for supplying current to said con-
trol circuit varying in-accordance with current
variations in said energizing circuit, a device nor-
mally blocking current flow in sald control circuif
but adapted to.be overcome and rendéred con-

° * ducting by voltage above a predetermined level,
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whereby when said current supplied to said con- .
trol circuit raises said voltage above said prede-
termined level said device permits said flow of
current in said control circuit and operates said
first named means. .
5, In combination with: an X-ray tube and en-
ergizing circuit. therefor, a control circuit, means

‘energized by a ﬂg')w ,of electric current in said con-
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<trobicireuit for ’disconnecting—saldfenergizin&cir-
reuit, meansifor supplying current-to saidicontrol
circuit varying in: raccordance\wmhfcurrent varia-
tiensiin said -energizing:circuit;:a-thermionic vac-

Jeontrolling:.eurrentiflow:therein-.and shavingstwo
ztubecontrol zelements; cthe: corductivity -of ssaid
-tube.depending upon: the relative voltage supplied
“toisaid elements; means:supplying: current-to.one

‘uumrtubepositioned: in:said -control weirenit-and . g

plied st :said -control-circuit  raises: ~said* VOItage
‘above ;said - predetermined level’ said-device~per-
smits said: flow '6f--eurrent-in+said- *control cxrctnt
nd operates sgid first named-means. - )
¥9:'In combination with-an X<ray tithe’ and en-

~tergigingreireuit’ therefor, & control’circuit, mieans.

energized:ibya tflow- of “electric -current in-said
~controlieircuit! for disconnecting: said-energizing
circuit, means?for- supplymg ‘eurrent-to- said-con-

~of said:control:elements from :said-current:sup~ 19 -trol-eircuit “varying ‘in “accordance -with*current

2 ply: means, and:means: supplyinga; fixed voltage
current to:the otherof:said tube:controlielements,

nwhereby :when:said:current supplied:to:saidione

—control element overcomes the!fixedvoltage: sup-

-plied:tosaid-other control: element;:said:tubeand., 1

itherefore.said control eircuit. becomes:conducting
sand causes: dlsponnectlon ‘ofsatd: energlzmg cir-
seuit, o

+6.:In -combination: w1th an: X=ray tube: and en-~ -
% erglzmg circuiti therefor;:a control circuit;means,, 20

. energized by-a: flow:of:electric:current’in:said-con-
~trolscireuit:for ﬁisconnecting:- said:energizing: cir-
~-cuit; means’for:supplying scurrent-torsaid:control

<.cifeuit:varyingi in:accordance:with.current varia-.

tions in said energizing circuit, a thermionicivac-
suum - tube’ positioned in said:control ciréuit: and
zeontrolling currentcflow: therein; said-tube having

s@:controlgrid and. a.a‘platé;~'ineans.:*supplying:: cur-

arent:tosdid plate from:said current:supply:means,
and:means: supplying:a: fixedsvoltage:current: $o,,

- said-grid of:g valve biasing said tubenonconduct-’

vingrat.a safe predetermined:value-of current:sup-
splied-to-said:plate;iwhereby: when: current:ahove
saidopredetermined value-isssuppliedtorsaid: plate

-said: tubesiand -therefore:said::eontrol eircuitibe-.

comes conducting andnauses dlsconnectlomof said
;,energlzmg :eircuit.. .

#7:0In combmatmn with: *an X-Ta,y tube and an
senergizing : circuit:rtherefor.vincluding:-a: trans-
~former-having -aslow tension primary:and-aihigh
- tension secondary; a: -control:cireuit,-means-ener-
gized by a:flow ofelectric: current:in said:control
-.circuit: fors. disconnecting said-energizing:circuit,
-means:for’ supplying:direct:current to said:.con=

- trol cireuit including: a-transformer having a pri=:

smary:in parallel circuit-with:said:first mamead pri-
-mary and-a:secondary, ‘a-rectifier:in -circuitrwith
-said’last named secondary,’a thermionic vacuum
~tube positioned:inissaid:control circuit:-:and ~con-

" »trolling- current: flow: therein;-said tube:having:a i

- eontrol grid:and-a plate; means:supplying current
~to: said:plate  from:said: rectifier; and: means:sup-
+plying; a fixed veltage eurrent:to:saidgrid -of-a
~value ‘biasing -said:tube nonconducting:at:a-safe

‘predetermined -value-fof: current - supplied:to ssaid  :

plate, swhereby when current' above said prede-
termined value is supplied: to said plate said tube
and therefore said control circuit becomes con-
ducting and causes disconnection of said energiz-
1ng circuit.

8. In combination with an X-ray tube and en-
ergizing circuit therefor; a control circuit, means
energized by a flow of electric current in said con-
trol circuit for disconnecting said energizing. cir-
cuit, means for supplying current to said control
eircuit varying in accordance with current varia-
tions in said energizing circuit, a device normally
blocking current flow in said control circuit but
adapted to be overcome and rendered conducting
by voltage above a predetermined level, a plu-
rality of current flow controlling means in said
confrol circuit -and in circuit with said device,
means for selecting the tube load for said X-ray
tube, and means for concurrently setting said pre-
determined level by selecting the proper flow con-
trolling' means, whereby when said current sup-

s:varigtions in-said energizing circuit, a*thermionic
“yacuum - tube positioned «in -said “control- c1rcu1t‘
sand: eontrolling current flow therein -and- havmg
~two *tubezcontrol - ’elements “the conductlvn;y ~of
5 -said tube* “depending -upon ‘the -relative voltage
-supplied -to:said-eléments; means supplying eur-
.rent toone ofsgid:control-elements from-said: ‘cur-
- rentrsupply ‘means;said-last named current-sup-
+plying: means’ mcludmg a-plurality-of flow- ‘con-
~trolling means-in‘said-control‘circuit ‘and-in cxr-'
“cuit-with :said-ene tube-control element;-and one
~'control-means for selecting the' tibe: toad: ‘forsaid
X-ray-tube:and for selécting’ a'correspondlng ‘one
vof said plurality:of flow. controlling-means; and :
‘means supblying a:fixed voltage ‘current-to“the .
~other of said tube controlielements; Whereby when
+said: current-supplied to-sdid one -control-element
~:0vercomes the fixed-voltage supplied to said: obher :
‘s control element, said: tube-and: therefore-said-con-
trol ‘circuit ‘becomes-conducting -and--causes- dls-
\ connectlon’of said- energizmg cireuit.
<10 “In'combination with an’ X-ray tube-and en-
-ergizing-cireuit’ therefor,-a control cireuit; means
-energized by:a fow of-eléctrie current 1n<sa1d con—

i34 ‘brol:circuit ‘for ‘disconnesting: said- energizing -cir-

“clit;;means for supplying current; to-said-control
“eireuit-varying in- accordance With-current-varia- :
Stions in-said. energizing- circuit; g~ thermionic-vac-
uum tube positioned in said control circuit-and
ag°controlling current flow'therein, said tube having °
~greontrol grid and g’ plate; means: supplying -cur-
rent tor ‘said plate‘from sdid.current supply means,
-“gaid:1ast' nammed:current: ‘supplying means’ mclud-
~ing a plurality of flow" controlhng means'in: said
45 controlcircuit and-in circuit with sdid plate, and
"one control means: for selectmg the tube’ load for
sald X-ray tube and for. selecting 2 ‘corresponding
‘one- of 'said” plurahty ‘of flow controlling. means,

50 -said-grid ofa value Jbiasing sa1d ‘titbe.nonconduét-
mg at.a sa.fe predetermmed value of current.sup-
phed to ‘said’ plate, ‘whereby. when currerit above
“said predetermmed value is supplied.to.said, plate, .
said tube and’therefore saxd control. eircuit. be-
5. contes -condlicting and ‘causes. chsconnectmn .of -
-said energizing circuit, " |

11, In combination with an X-ray tube and an

_ energizing circuit therefor including a trans-
former having a low tension primary and a high

¢o tension secondary, a control circuit, means ener-
gized by a flow of electric current in said control
circuit for disconnecting said enhergizing circuit,
means for supplying direct current to said control
circuit including a transformer having a primary

65 in parallel ‘circuit with said first named primary
and a secondary, a rectifier in circuit with said
-last named secondary, a thermionic vacuum tube
positioned in:said control circuit and controlling’
current flow therein; said tube -having a control

70 grid and a plate, means. supplying current to said . -

plate from said rectifier, said last named current
supplying means 1nclud1ng a plurality of flow con-
‘trolling means in’said control cireuit and in cir~
cuit ‘with said plate, and one control means for

75 selecting the tube load for said X-ray tube and

‘and’ means ‘supplying. a’ fixed voltage current to
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for selecting a corresponding one of said plirality -

of flow controlling means, and means supplying a
fixed voltage current to saud grid.of a value biasing
_said tube nonconductmg at a-safe predetermined
value of. current supplied- to said plate, whereby
- when current above said predetermined value is
supphed to said plate, said tube and therefore said

control circuit becomes conducting and causés

disconnection.of said energizing circuit.
.12, In combination with an X-ray tube’ and_
energizing circuit therefor, a -confrol ' circuit,
- means controlled by one conductive state of said
control circuit for disconnecting said energizing
circuit, means for supplying .current to said con-

trol circuit varying in accordance with current

variations in said energizing circuit, a device in
:said. - control .circuit normally maintaining said
_control circuit in the other conductive state from
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first named one - conductwe state responsive to
" current in said. .control circuit corresponding to

tube load above & predetermined level.

15. In combination  with an X-ray  tube.and
energizing - circuit - therefor, -a control circuit,
means energized by flow of electric current in said
control circuit for disconnecting said. energizing
circuit, means for supplying- current to said con-

" trol circuit;varying in accordance with the-load

10

on said tube, a space discharge device having two
control elements controlling the conductive state
of said control circuit, means providing a. biasing

. current -for one of said elements such:that said

15

“that first mentioned; and said. device changing

_'said control circuit to-said first mentioned one

conductive state responsive to current in said con- -

trol circuit corresponding. to current in said ener-
. gizing circuit above a predetermineqd level..

13. In combination with an X-ray tube and
. energizing circuit- therefor, a control . circuit,

“:control eircuit for disconnecting said energizing
circuit, means for supplying current to said con-
trol .circuit varying .in accordance with the load
on said tube, a device in said control circuit nor-
mally maintaining said control circuit in the other

_conductive state from that one first named, said’

device-changing said control eircuit to and main-
. taining said éontrol circuit'in said first named one
..conductive state responsive to current in said con-
- trol circuit - corresponding to tube load above a

predetermined level, and resetting means for re-
_turning said device- to sald normally mamtalnmg
. condition.

14. In combmatlon thth an X-ra.y tube and
“energizing . circuit therefor, a control circuit,
- means controlled by one conductive state of said
_eontrol circuit . for disconnecting.said energizing
" cireuit, means for.supplying-current. to said con-

trol circuit varying in accordance with the load on
said tube, a space discharge device in said control
circuit ‘having two control elements- controlling
the conductive state of said. control cireuit, means
" providing 'a biasing current for one of said ele~
ments such that said device normally maintains
_said control circuit in the other conductive state

‘from that one first named, means supplying eur- -

‘rent to the other of said elements varying as the
~eurrent varies in said control circuit, and the re-
lation between the currents supplied to said ele-
ments being such that said device changes to said

20

device is normally non-conducting, means sup-

plying current to the other of said elements vary- .

ing as the current varies in said control-circuis,
the relation between the currents supplied:to said
elements being such that said device changes to a

conducting state responsive to current:-in said =

control circuit corresponding to tube load above a~

predeterniined level; and the current supplied to
one of said control: elements of said space dis-

~charge device being rectified, whereby said device

- upon becommg conductmg tends to remam in that

. 25
‘means controlled by one conductive state of said = -

.80

state.
:16. The comblnatlon of claim 15 1nclud1ng a

‘plurality - of separate current fiow: controlling
means in-said control circuit, and selector means -
-movable from one to ‘the other of said last named

separate flow controlling means-and breaking said
control ‘ciretiit when in intermediate position be-
tween them, whereby when said space:discharge

. device is in conducting state movement . of said

35

selector means to an intermediate position breaks
said control circuit permitting said device to re-
turn to-its normal non-conducting state.

17. In combination with an X-ray tube and

- energizing circuit -therefor, ‘a  control circuit,
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means contiolled by one conductive state of said
control circuit for disconnecting said energizing
circuit, means for supplying current to said con-
trol circuit varying in accordance with the 1oad on
said tube, a plurality of flow controlling means
- adapted:to be selectively connected in said con-
trol circuit, a device in said ‘control circuit con-
trolling the conductive state thereof and nermally
maintaining said control circuit in the other con-

-ductive state from that one first named, said de-
- vice changing said control circuit to and main-.

taining said control ¢ircuit in said first named one
conductive “state responsive to current in ‘said
control circuit above a predetermined level, and
one control means for selecting the tube load for
said X-ray tube and for selecting g corresponding
one of sa1d plurality of flow controlling means.
—_— o - JACK BALL."
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