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1

The present invention relates to X-ray appa-
ratus and particularly to the proper timing of the
motion of the Bucky grid as used therewith to
pbrevent fogging and the appearance of grid lines
on the resulting radiographic film.

- 1t has long been known in the X-ray art that a
Bucky grid will Suppress secondary radiation giv-
€n oit by the boney structure of a patient which
would otherwise cause fogging of the film. Also,
in order to prevent the grid itself from making
grid lines on the film, it is essential that such orid
be in motion at g uniform rate of speed during the
entire preselected period of the X-ray exposure.
Inasmuch as the time of exposure is variable by
the customary timer employed, to adapt the ex-
posure to the particular part of the anatomy to
be radiographed, this means that regardless of
the duration of exposure, from the shortest to the
longest time range of the timer, the Bucky grid
must be uniformly moving.

Since there is a time delay period following in-
itiation of an exposure it has been customary to
set the apparatus so that the Bucky grid starts
its motion in timed relation with the exposure
with such time delay taken into consideration.
Previous to the present invention this has usual-
ly been accomplished by the provision of pneu-
matic or weighted relays which are supposed 1o
trip the Bucky at the proper moment. The dis-
advantage of such structure resides in the fact
that once set for a given grid the entire mecha-
nism has to be readjusted for any other grid.
Aside from this the mechanism itself too readily
gets out of adjustment even with a given grid be-
Caluse a pneumatic relay is subject to variations
In temperature and s weighted relay to vibra-
tions, which tends to disturb its adjustment.

It is accordingly the object of the present in-
vention to provide a Bucky release time delay
control which is accurate and dependable under
all conditions of operation.

Another object of the present invention is the
provision of a Bucky release time control which
assures movement of the grid at a uniform rate
of speed before the X-ray exposure can be initi-
ated.

A further object of the present invention is the
provision of g Bucky release time control where-
In such control is effective electronically, |

Still further objects of the present invention
will become obvious to those skilled in the art by
reference to the accompanying drawing wherein
the single figure is a3 schematic illustration of a
Bucky release time delay control constructed in
accordance with the present invention.
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Referring now to the drawing in detail a rotary
anode X-ray tube 5 is shown which receives high
potential unidirectiona] electrical energy through
a full-wave rectifying arrangement 6 from the
secondary winding 7 of g high voltage trans-
former 8, with the mid-point of the secondary
winding being grounded at 9. The primary wind-
ing 0 of this high tension transformer 8 is ener-
gized from appropriate taps of an ‘auto-trans-
former 12, the latter in turn receiving electrical
energy from a source of the customary commer-
clal potential L{ and L2, upon closure of a main
line switch 13 and an X-ray exposure relagy {4,
depending on the operation of an igniter control
13 for periods of time ag preselected by a timer
[6. -

Inasmuch as the igniter control 15 per se forms
no part of the present invention nor does the
timer 16, it is believed unnecessary that the same
be herein described in detail. It should suffice to
say that they both may be of the type as shown
and described in Patent No. 2,316,666, issued
April 13, 1943, to J. M. Constable and Roger W.
Stamm and assigned to the same assignee as the
present invention. It will be noted, however, that
Since the igniter control 15 is in series with one of
the supply conductors I.2 for the auto-transform-
er 12, it controls energization of the latter, -Also,
inasmuch as the timer 16 controls operation of
the igniter control 15 they are associated with the
X-ray tube § in such manner as to control ener-
gization thereof for periods of time as selected by
the timer {6. | |

A relay 11 is provided which has a, pair of nor-
mally closed contacts {8 and a pair of normally
opened contacts 19, with the contacts 18 connect-
ing a terminal 20 (and constituting a tap on a
“control” auto-transformer not shown and sup-
plymg about 200 volts) to one side of a clutch
magnet, indicated by the legend “To clutch mag-
net,” within the timer i6. 'The timer motor, as
Indicated by the legend “To motor,” is connected
by a conductor 22 to an auto-transformer termi-
nal 23 and constituting the grounded or zero tap,
while the other side of the motor Is connected to
a 110 volt auto-transformer terminal 24 by a con-
ductor 25, Accordingly the “Timer motor” runs
continuously so long as the control auto-trans-
former is energized. It will also be noted that
conductor 22, extending from the zero tap on the
control auto-transformer to one side of the timer
motor, branches so as to extend to one of the con-
tacts 19 of relay 1T and to one side of a switch,
indicated by the legend “To switch” within the
timer 16, and from this timer switch a conductor
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56 extends to one end of the winding of relay i1

The time delay control for the Bucky, shown
as g vertical grid 21, comprises an indirectly-
heated-cathode type of rectifier tube Vi, a voli-
age regulator type tube v2 and a cold cathode
orid glow tube V3. The thermionic cathode oi
current from a 4 volt
tap 28 on the control auto-transformer through
g pair of normally closed contacts 29 and 30 of a
relay 32. The plate of tube VI is adapted to be
connected by the contacts of & relay 33 to a 200
volt tap on the comntrol auto-transformer, while
the cathode of tube Vi is connected through a
capacitor Ci to the zero tap 23 of the confrol
quto-transformer. |

Upon the cathode of tube VI reaching proper
operating temperature (relay 33 having been
energized upon closure of mainline switch 13),
tube VI accordingly bhecomes conductive and
charges capacitor ClI.
V2 is connected across the output circuit of ca-
pacitor CI through the winding of relay 32 which
provides sufficient resistance to limit the current
passing through tube V2, and resistor 34 and
capacitor 35 are shunted across tube V2 to con-
trol the voltage across tube V2. Accordingly,
upon capacitor Ci becoming charged, the voltage
of the latter is applied across tube V2, causing
this tube to become conductive with flow of cur-
rent through the winding of relay 32. The arma-
ture of relay 32 is thus raised which closes a
pair of normally open contacts 36 and at the
same time opening normally closed contacts 29
and 30. This causes contact 29 to engage 2
contact 31 connected at a 6 volt tap 38 on the
control auto-transformer raising the tempera-
ture of the cathode of tube vi with an attendant
increase in current flow through tube V1. The
foregoing also functions as & safety feature since
‘+ serves as a sufficient time delay which assures
the Bucky control being conditioned only for
operation even should the operator depress the
spring biased exposure switeh 39 beforehand, as
the latter will have no effect until contacts 36
are closed gnd this will not occur until tube
v is conducting and relay 32 is energized. More-
over, such time delay assures the heating of the
filaments of all tubes to proper electron emitting
temperature before the application of full volt-
age to the tubes.

such having occurred the spring biased ex-
posure switch 39 then bhecomes effective or is then
depressed which engages & contact 40 connected
by a conductor 42 to one side of the winding of
relay 14 and also to the motor of rotary anode
<-ray tube 5. Since the other side of the anode
motor, as well as the remaining end of the wind-
ing of relay i4, is connected by a branched con-
ductor 43 to the zero tap 23 of the control auto-
transformer, both the relay 14 and motor of X-
ray tube 9 are sccordingly energized, through a
circuit extending from auto-transiormer tap 24,
closed relay contacts 36, closed switch blade 39
and contact 40, through conductor 42 to wind-
ing of relay 14 and motor of X-ray tube 9, and
thence back to zero tap 23 by means of conduc-
tor 43. This accordingly conditions the auto-
transformer 12 together with the high voltage
net-work ready for operation upon operation of
the igniter timing circuit. |

At the same time depression of exposure switeh
28 3lso engages a further contact 44 which is
conhected to & branched conductor 45 extending

to one side of the winding of relay 11 and to one
side of the clutch magnet, as well as to one of a

Voltage regulator tube
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4
pair of normally open contacts 46 o1 & quick act-
ing D. C. relay 41 and to one end of the wind-
ing of a further relay 48 'Thus complete depres-
sion of exposure switch 39 simultaneously causes
energization of the clutch magnet within the tim-
er 16 and relay 48. This energizing circuit ac-
cordingly extends from auto-transformer tap 24,
through now closed contacts 36, switch blade 38
and contact 44 to conductor 45, one branch of
which extends to winding of relay 48 and thence
to the zero tap 23 and the other branch of which
extends to one end of the winding of relay 11
and then to the clutch magnet, thence from the
1atter through closed contacts 18 of relay i1 to
the 200 volt tap 28.

Energization of the clutch magnet causes en-
sagement of the timing mechanism with the con-
tinuously rotating motor within the timer {18.
Operation of the timer {6 thus effects control of
the igniter timing circuit 19 which, after the
aforementioned time delay, initiates energization
of auto-transformer 12 together with the high
voltage net-work accompanied by the generation
of X-rays from the X-ray tube 5. 'The switch
within the timer 16 is provided to prevent re-ener-
gization of the clutch magnet so long as the oper-
ator maintains switch 39 depressed and to this
end the switch within the timer 16 is momentarily
closed by the timing mechanism at the end of
its cycle to energize the winding of relay {1. This
energizing circuit extends from Zzero tap 23 and
conductor 22 to the timer switch, thence to one
end of the winding of relay (T and since the re-
maining end of this winding is connected to the
conductor 45, now carrying current from the 110
volt auto-transformer tap 24 through the switch
39 as previously traced, the winding of relay I1
receives current raising its armature to open con-
tacts 18 (to the clutch magnet) and closing con-
tacts 19 to establish a self-holding circuit to
its winding independently of the switch within
timer 16. |

As previously mentioned there is a slight time
delay in the operation of the igniter circuit once
it iz conditioned for operation by the clutch
magnet and the timer 16. However, simultane-
ously with energization of relay 17 and the “clutch
magnet,” by engagement of switch 39 with con-
tact 44, the relay 48 is also energized which raises
its armature to open normally closed contacts
49—50 and to close contacts 49—52. The output
circuit from capacitor C{ is now divided and in-
cludes, in addition to tube V2, & variable resist-
ance 53 for regulating the time delay and an
additional capacitor C2. When capacitor C2
sccordingly becomes charged to the ionizing po-
tential of tube V3 it then discharges through '8
resistor 54 and across the grid and cathode of
tube V3 rendering the latter conductive. The
plate circuit of tube V3 includes the winding of
relay 41 which now is energized from the auto-
transformer tap 200, through switch 33, tube
Vi, winding of relay 32, contacts 49—52 of relay
48, to the winding of relay 41 and through tub
v3 to the zero auto-transformer tap 23.

Relay 41 thus closes its contacts 46 which then
completes a circuit from conductor 45 (at the
moment carrying <a potential of one sign),
through a conductor 35 having a normally closed
switch 56 interposed therein, to the winding of
2 Bucky release relay 51 and thence to the zero
auto-transformer tap 23. Energization of re-
lease relay 51 accordingly starts the previously
cocked vertical Bucky grid 27 in motion so that
it is moving at a uniform rate of speed by the
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time X-rays are generated by the X-ray tube 5
following the time delay caused by the igniter
circuit upon depression of the eXposure switch 39.

Upon expiration of the exposure as determined
by the presetting of the timer (§ which auto-
matically interrupts the igniter circuit 18, the
operator then releases the exposure switch 39
thus deenergizing all the relays i4, {1, 47 and 48.
Relay 48 accordingly drops its armature opening
contacts 49—52 to deenercgize relay 4T and again
closing contacts 49—59. Thig extinguishes the
discharge in tube V3 and allows any residual
charge on capacitor C2 to leak off through varia-
ble resistance 53. TUpon opening of main line
switch {2 relay 38 opens its contacts thereby de-
energizing relay 32 which opens its contacts 36
and causing contact 29 to disengage contact 37
and again engage contact 30 to lower the filament
voltage of tube Vi, with the entire apparatus
then being in condition for another exposure
or a further exposure utilizing g horizontal Bucky
grid (notf, shown). |

In the event the latter is desired the operator
merely opens switch 56 in conductor 99, which
interrupts the circuit to vertical Bucky release
relay 51, and closes the switch 56 to substitute &
horizontal Bucky release relay 58 which operates
in the identical manner as described respecting
relay 97. It will also be noted that switch 56 is
tied to a further douhle through switch 59 which
simultaneously opens the circuit through variable
resistance 53 and closes g circuit through another
varigble resistance 80 whereby the latter is ef-
fective for operation with operation of the hori-
zontal Bucky grid in the same manner that varia-
ble resistance 53 is operable with operation of the
vertical Bucky grid 21.

From the foregoing it will become obvious to
those skilled in the art that a Bucky release time
delay is herein provided which assures that the
Bucky grid is in motion at a uniform rate of
speed prior to the emanation of any X-rays from
the X-ray tube. Moreover, the time delay nor-
mally required for operation of the various ele-
ments of the apparatus is fully compensated for
regardless of the range of such time delay merely
by the proper adjustment of the variable regist-
ance 93 or 60 as the case may be and the selec-
tion of the size of the capacitor C2 to charge to
the ionization potential of tube V3. By utilizing
& quick action D. C, relay energizable from 9 con-
stant voltage source regulation of the time delay
period is exceedingly acecurate and precise so ithat
the resulting radiographic film is invariably free
of grid lines, which would otherwise occur in the
absence of the time delay herein provided by in-
suring movement of the grid at a uniform rate
Of speed during the entire period of the X-ray
exposura.

Although one specific embodiment of the pres-
ent invention is herein provided it is to be under-
Stood that other modifications thereof may be
made without departing from the spirit and scope
of the appended claims.

I elaim:

1. A Bucky release time delay control compris-
ing a Bucky grid movable through the field of
exposure of a sensitized film to g beam of radia-
tions from an X-ray tube, means operable to
cause energization of said X-ray tube for a pre-
selected period of time and subject to an inherent
time delay prior to actual energization of said
X-ray tube, compensating means operable simul-
taneously with said X-ray tube energizing means
and for a period of time corresponding to the time
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delay in the operation of the latter before actual
energization of said X-ray tube including g source
of electrical energy having g, voltage regulator
tube connected thereto for maintaining the appli-
cation of a constant voltage to said compensating
means, and means operable by said compensating
means at a preselected moment to cause move-
ment of said Bucky grid at a uniform rate of
sbeed during the entire time of actual energiza-
tion of said X-ray tube.

2. A Bucky release time delay control compris-
ing a Bucky grid movable through the field of
exposure of a sensitized film to a beam of radig-
tions from an X-ray tube, means operable to
cause energization of said X-ray tube for s pre-
selected period of time and subject to an in-
herent time delay prior to actual energization of
said X-ray tube, compensating means operable
simultaneously with said X-ray tube energizine
means and for g period of time corresponding to
the time delay in the overation of the latter bhe-
fore actual energization of said X-ray tube in-
cluding g source of electrical energy together with
a rectifier tube connected to sald source for pro-
ducing unidirectional current flow to said com-
pensating means, and means operable by said
compensating means at a preselected moment to
cause movement of said Bucky grid at a uniform
rate of speed during the entire time of wetual
energization of said X-ray tube. |

3. A Bucky release time delay control com-
prising a Bucky grid movable through the field of

€xposure of a sensitized film to a beam of radig-~

tions from an A-ray tube, means operable to cause
energization of said X-ray tube for g, bre-selected
period of time and subject to an inherent time
delay prior to actual energization of said X-ray
compensating means operable simul-
taneously with said X~-ray tube energizing means
and for a period of time Corresponding to the
time delay in the operation of the latter before
actual energization of said X-ray tube including
a source of electrical energy together with g recti-
fier tube for producing unidirectional current flow
and a voltage regulator tube for maintaining the
application of a constant voltage unidirectionsl
current from said source to said compensating
means, and means operable by said compensating
means at a preselected moment to cause move-
ment of said Bucky grid at g, uniform rate of speed
during the entire time of actual energization of
said X-ray tube.

4. A Bucky release time delay control compris-
ing a Bucky grid movable through the field of
exposure of a sensitized film to g beam of radia-
tions from an X-ray tube, means operable to
cause energization of said X-ray tube for a pre-
Selected period of time angd subject to an inherent
time delay prior to actual energization of sgid
X-ray tube, compensating means operable simul-
taneously with said X-ray tube energizing means
and including an energy storage means together
with a variable resistance adjustable to cause
operation for a period of time corresponding to
the time delay in the operation of said X-ray tube
energizing means before actual energization of
said X-ray tube, and means operable by said com.-
pensating means at a breselected moment to cause
movement of said Bucky grid at a uniform rate of
Sbeed during the entire time of actual energiza,-
tion of said X-ray tube.

9. A Bucky release time delay control com-

prising a Bucky erid movable through the field
of exXposure of g sensitized film to g beam of

radiations from an A-1ray tube, means operable
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to cause energization of said X-ray tube for a pre-
selected period of time and subject to an inherent
time delay prior to actual energization of said
X-ray tube, compensating means operable simul-
taneously with said X-ray +tube energizing means
and including a variable resistance and a capaci-
tor adapted to be charged according to the setting
of said variable resistance to cause operation of
said compensating means for a period of time
corresponding to the time delay in the operation
of said X-ray tube energizing means before actual
energization of said X-ray tube, and means
operable by sald compensating means at a pre-
selected moment to cause movemens of sald Bucky
orid at a uniform rate of speed during the entire
time of actual energization of said X-ray tube.
6. A Bucky release time delay control com-
prising a Bucky grid movable through the field
of exposure of a sensitized film to a beam of radia-
tions from an X-ray tube, means operable to
cause energization of said X-ray tube for a pre-
selected period of time and subject to an inherent
time delay prior to actual energization of said
X.ray tube, compensating means operable simul-
taneously with said X-ray tube energizing means
and including a variable resistance and a capaci-
tor adapted to be charged according to the
setting of said variable resistance t0 cause
operation of said compensating means for a
period of time corresponding to the time delay
in the operation of said X-ray tube ener-
oizing means before actual energization of sald
X-ray tube and said compensating means ailso
including a rectifier tube for producing uni-
directional current flow and a voltage regulator
tube for maintaining the application of a constant
voltage unidirectional current to said compensat-
ing means; and means operable by sald compen-
sating means at a preselected moment to cause
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movement of said Bucky grid at a uniform rate of
speed during the entire time of actual energiza-
tion of said X-ray tube.

7 A Bucky release time delay control com-
prising a Bucky grid movable through the field
of exposure of a sensitized fiim to a beam of
radiations from an X-ray tube, means operable
to cause energization of said X-ray tube for a pre-
selected period of time and subiject to an inherent
time delay prior to actual energization of sald
X-ray tube, compensating means operable simul-
taneously with said X-ray tube energizing means
and for a period of time corresponding to the time
delay in the operation of the latter before actual
energization of said X-ray tube including a source
of electrical energy and a tube having a critical
voltage breakdown characteristic connected to
said source and operable after the lapse of the
time delay to cause current flow from said source
and through said tube, and means operable by
breakdown of said tube and the flow of current
therethrough at a preselected moment to cause
movement of said Bucky grid at a uniform rate of
speed during the entire time of actual energiza-
tion of said X-ray tube. |

| CHARLES T. ZAVALES.
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