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This invention relates to apparatus for produc 
ing X-ray photographs. It is directed particu 
larly to an improved mechanisin for actuating a 
Bucky diaphragm of the type conventionally en 
ployed to screen secondary radiations from the 
photographic film or plate. The invention also 
is directed to a method of producing X-ray photo 
graphs which is adapted to be used for short 
or long exposures, as the case may be. 
In substance, the invention is based upon re 

ciprocation of a Bucky diaphragm at different 
rates of speed during an X-ray exposure. HoW 
ever, in order to fully understand the nature of 
the present invention and the benefits which are 
provided by this relatively simple concept, a brief 
review of roentgenology employing Bucky dia 
phragms is requisite. 
. A conventional diaphragm, termed a Bucky 
diaphragm from the name of its inventor, Con 
sists of a plurality of strips of material which 
are opaque to X-rays and which are arranged, 
on edge, in Spaced relationship to one another. 
The diaphragm is interposed between the Sub 
ject to be X-rayed and the photographic film or 
plate. Primary radiations generated at the X-ray 
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tube pass through the Subject and through the . . 
diaphragm to impinge upon the photographic 
film or plate, the slits of the diaphragm through 
which the X-rays may pass being angulated to 
coincide with the diverging stream of X-rays gen 
erated at the tube. However, in passing through 
a subject, some X-rays are scattered or deflected, 
thereby producing so-called secondary radiations 
which would blur the image on the photographic 
plate if they were unobstructed. It is the func 
tion of the Bucky diaphragm to screen such sec 
Ondary radiations from the photographic me 
dium; this result is accomplished because the 
grid or diaphragm permits the direct radiations 
to pass through its slits but it excludes radiations 
which approach it along paths outside of the 
angle of acceptance delineated by its Slits. 
The opaque strips of a Bucky diaphragm. Would 

cast their shadows upon the film if the dia 
phragm were stationary during the X-ray ex 

- posure. To avoid this result it is a conventional 
practice to move the diaphragm, at a uniform 
rate, over the surface of the photographic me 
dium during an exposure period. A Bucky actua 
tor is employed for this purpose, which consists 
essentially of a motor mechanism, usually a 
spring, to force the diaphragm in one direction, 
and a governor which controls the Speed of nove 
ment to the desired rate. The grid of Such an 
apparatus, commonly termed a Potter-Bucky dia 
phragm, makes One paSS over the film during the 
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exposure, movement of the grid being started 
before the start of the exposure and continuing 
momentarily after the exposure is terminated, 
to avoid any shadow effects. 

Since various subjects require different ex 
posure periods, because of their density and thick 
ness or X-ray opacity, the usual Bucky mecha 
nism is selectively controllable in rate of move 
ment to meet the time conditions of eXposure. 
Thus, the X-ray technician, by his judgment and 
experience, sets the actuator to cause passage 
of the diaphragm in a period of time slightly 
longer than the exposure period he believes will 
be proper for the subect to be photographed; 
mechanisms presently available are a dustable to. 
accommodate exposures of fron./20 to 40 seconds, 
this range being adequate to accommodate the 
X-ray examination of a common variety of Sub 
jects. If the exposure is to be longer than a 
period of time within this range, then the total 
exposure period may be divided into two or more 
partial exposure periods, and after each partial 
exposure, the diaphragm actuator will be cocked 
and released for the second and Succeeding par 
tial exposures. However, such procedure ob 
viously is inconvenient and uncertain. 
A further difficulty is encountered in X-ray 

photography utilizing a diaphragm because of the 
pulsating nature of the X-ray emanations gen 
erated by the tube of the machine. Since such 
tubes are operated upon alternating current, 
usually 60 cycle, it is apparent that if an X-ray 
pulsation happens to occur, as it frequently does 
just when the X-ray opaque strips of the dia 
phragm reach the same relative position that 
other opaque strips of the diaphragm occupied 
during preceeding pulsations, then the strips, 
though actually in movement, Will cast shadows 
just as though they were stationary, and the 
resultant photograph will be imperfect. Such 
a condition is known in the art as Synchronism, 
and will be referred to in this specification and 
the claims hereof by that name. A non-Syn 
chronous condition is one in which the timing 
is such that coincidence of grid positions and 
X-ray pulsations will not occur to Such extent 
that discernable shadows or grid lines will ap 
pear upon the resultant photograph. 

Bucky actuators presently available usually are 
constructed to embody Special provisions by 
which they may not inadvertently be set at points 
where objectionable synchronous conditions will 
occur. However, the problem of avoiding Syn 
Echronism becomes much more acute when the 
apparatus is to be constructed to accommodate a 
Wider, longer range of exposure periods. 
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The principal objective of this invention has 
been to provide a Bucky actuator adapted to 
serve both short exposures, e. g. 6 Second, and 
exposures of a prolonged nature, for example 
15 to 20 seconds or more, or, in fact, exposures 
which may be for as long a period of time as 
may be required by the subject undergoing photo 
graphic examination. A further principal objec 
tion of the invention has been to provide a mech 
anism which is substantially free of any latent 
tendencies to provide objectionable Synchronous 
conditions through its movement either during 
long or short exposure periods. 
The apparatus of the present invention is use 

ful in conventional photographic technique 
wherein the operator, by his choice, or from 
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charts and data, arbitrarily selects the time for 
which a subject is to be exposed and sets his 
apparatus accordingly. However, the invention 
is particularly useful in X-ray photographic 
techniques more recently proposed, by which ex 
posure is governed automatically to the correct 
time through excitation of a photo cell. In 
roentgenography employing such photoelectric 
timing, a fluorescent screen is provided which 
emits light in proportion to the X-rays imping 
ing upon it after they have passed through the 
photographic medium. A photo cell, focused upon 
this screen, generates a current in proportion to 
the light emitted from the Screen, and Such cur 
rent is employed in the charging of a condenser 
in a control circuit. When the charge upon the 
condenser reaches a critical value, which is ad 
justed in respect to the known sensitivity of the 
photographic medium, the control circuit is ener 
gized to terminate the exposure. The arrange 
ment therefore constitutes an automatic exposure 
meter which eliminates the need for the operator 
to exercise his skill or judgment. 

It will be apparent that a conventional single 
pass Bucky diaphragm is very difficult, if not im 
possible, to use successfully in photographing a 
variety of subjects with photo-timed X-ray equip 
ment, since the Operator has no means of de 
termining the rate of movement of the dia 
phragm necessary to accommodate an unknown 
but automatically terminated exposure governed 
by the photo-timer. Reciprocating diaphragms 
adapted to be moved back and forth across the 
photo-medium at a uniform rate of speed have 
been proposed but the results have generally been 
unsatisfactory because of the incidence of synch 
ronism and because imperfect pictures are pro 
duced when the exposure is terminated at a 
moment of reversal of the diaphragm. 
This invention is based upon the concept and 

determination that synchronous conditions may 
be avoided, whether the exposures be for a short 
or long period of time, when the Bucky dia 
phragm is reciprocated during the exposure 
period, in back and forth directions at different 
rates of speed, such that the period of time re 
quired for completion of diaphragm movement 
in one direction is only a fraction of the time re 
quired for its movement in the opposite direc 
tion. Otherwise expressed, the diaphragm, dur 
ing exposure, is shuttled back and forth but 
travels in opposite directions at differential rates 
of Speed, the fast rate of travel being suited for 
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short exposure periods, the fast and slower rates 
of travel, in one whole or partial cycle of move 
ment, being Suited to accommodate longer ex 
posures, and the travel of the diaphragm through 
a number of cycles of movement being suited to 
accommodate prolonged exposure however long 
the actual time period might be, 
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4. 
The exact rates of speed at which the dia 

phragm is moved in opposite directions are of no 
critical importance, but preferably neither bears 
an integer or simple sub-multiple relationship 
to the pulsations of the X-ray tube. By Way of 
illustration, but not by way of limitation, a 
diaphragm having a 2' movement may be ad 
vanced in one direction in 0.3 seconds, and re 
turned in 2.1 seconds such that a complete cycle 
of movement will require approximately 2.4 
seconds. These rates of travel have been found 
to give greatly improved results or with the use 
of Bucky diaphragms of both high and low grid 
ratios. The slowest rate of movement should be 
great enough to cause a sufficient number of 
opaque strips of the diaphragm to pass a given 
point and thereby provide proper screening with 
out shadow effects. On the other hand, the 
higher rate of movement in the opposite direction 
should not be so great as to cause vibration of 
the equipment through momentum effects at the 
instance of reversal. Also, it is desirable that 
the rate of movement in either direction be sub 
stantially constant, once the diaphragm is placed 
in motion, 
In a typical construction embodying the prin 

ciples which have been just discussed, a spring 
and an electrically energized solenoid notor or 
thrustor are employed to actuate the Bucky in 
Opposite directions. Inasmuch as both a spiring 
and a Solenoid or the like act promptly to cause 
reversal of motion when they are free to do so, 
the change of direction of diaphragm movement 
Conveniently may be caused to take place in 
approximately one one-hundredth of a second or 
less, which has been found to be sufficiently fast 
to prevent the formation of grid lines on the 
photographic medium during the momentary 
period of reversal while the grid is stationary. 
The desired differential rate of movement of 

the grid of the diaphragm in opposite directions 
preferably is provided by a damping mechanism 
which limits the rate of movement in one direc 
tion but not the other. This damping mecha 
hism by Way of example may consist essentially 
of a fluid circuit including a cylinder containing 
a liquid, a piston operatively connected to the 
diaphragm, a bypass around the piston, and a 
fluid relief device capable of permitting the 
piston to move in the cylinder with greater ease 
in One direction than in the other. 
The invention also contemplates an electric 

control System which is responsive to the move 
ment of the diaphragm for periodically ener 
gizing the solenoid or thrustor as required to 
actuate the Bucky by this means. In addition, 
an actuator, grid holder, and cassette unit is pro 
vided employing a disk having a series of photo 
apertures any one of which conveniently may be 
Selected for use at the time a given subject is to 
be photographed. 

Further objects and other advantages of the 
present invention of which a typical embodiment 
is disclosed will be apparent. From the foregoing 
discussion of the principles of the invention and 
the following detailed desciption, those skilled in 
the art readily will comprehend various modifica 
tions to which the invention is susceptible. 
In the drawings: - 
Figure 1 is a general top plan view of the ap 

paratus. 
Figure 2 is a sectional View taken on line 2-2, 

Figure 1, detailing a portion of the actuating 
mechanism for the Bucky diaphragm. 

Figure 3 is a sectional view taken on line 3-3, 
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Figure 1, illustrating the diaphragm actuating 
solenoid and damping apparatus. 

Figure 4 is an enlarged longitudinal Sectional 
view detailing the hydraulic damping unit. 

Figure 5 is a cross sectional view taken online 
5-5, Figure 4, detailing the regulating valve for 
the damping unit. 

Figure 6 is a sectional view taken on line 6-6, 
Figure. 4, detailing the damping piston. 

Figure 7 is a sectional view taken on line -f, 
Figure 4, detailing the danping cylinder coll 
struction. 

Figure 8 is an enlarged sectional view taken on 
line 8-8, Figure 1, illustrating the Bucky dia 
phragm mounting and actuating structure, the 
film tray, and the aperture disk and its driving 
moto. 

Figure 9 is a fragmentary sectional view taken 
on line 9-9, Figure 1, detailing the aperture disk 
indexing plunger, Solenoid and the exposure 
switch and its association with the Bucky dia 
phragm. 

Figure iO is a flagmentary Sectional view taken 
on line O-2, Figure 1, illustrating the damp 
ing unit and the reversing SWitch for the dia 
phragm actuating solenoid and the actuating 
fingers for the SWitch. 

Figure 11.is a fragmentary sectional view taken 
on line - , Figure 8, looking upwardly fron 
the botton and illustrating the aperture disk 
and its associated mechanism. 

Figure 12 is a diagrammatic view illustrating 
the operation of the hydraulic damping unit 
and exposure Switch after reciprocation of the 
diaphragm is initiated. 

Figure 13 is a diagranimatic view illustrating 
the Solenoid reversing switch in a position cor 
responding to that of Figure 12. 

Figure 14 is a diagrammatic view similar 
Figure 13, showing the actuation of the reverse 
ing switch at the right hand stroke limit of the 
diaphragm. - 

Figure 15 is a diagrammatic view similar to 
Figure 12, showing the operation of the danping 
unit. On the return. Stroke of the diaphragm. 

Figure 16 is a graph illustrating the velocity 
curve. Of the diaphragm during one cycle of oper 
ation. 

Figure 17 is a diagrammatic view illustrating 
the electrical circuit for the aperture Selector and 
diaphragm reciprocating apparatus. 

Described generally with reference to Figure 
1, the Bucky diaphragm or grid unit constitutes 
a rectangular sheet metal housing, indicated 
generally at 20, in which is slidably mounted the 
grid 2, its actuating mechanism and the aper 
ture selecting apparatus. The grid is recipro 
cated by a solenoid 22 and a tension Spring 23, 
So arranged that the grid is drawn in One direc 
tion by the Solenoid and returned by the spring. 
In order to provide Sustained reciprocation dur 
ing an exposure period, a reversing SWitch 23 is 
electrically interconnected with the Solenoid and 
the Switch is intermittently opened and closed 
by a switch tripping element 25 mounted upon 
the grid. When the solenoid is deenergized, the 
grid bottoms against one side of the housing 20 
With the reversing SWitch closed, actuation being 
initiated by a push button switch 26 (Figure 17), 
which is depressed by the Operator during the 
exposure period. This switch energizes the 
Solenoid circuit causing the grid to move to the 
right, placing the Solenoid under the control of 
the reversing Switch. So long as the button is held 
in depressed position. The reversing Switch is 
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3. 
of the snap, type having a pair of spaced trip 
elements which determine the stroke of the grid, 
these being alternately contacted by the tripping 
element 25 Such that the circuit is closed When 
the grid reaches a left hand stroke limit but 
before it bottoms against the housing, and opened 
when the grid reaches its right hand stroke limit. 
Thus, the reciprocation is continued so long, as 
the push button Switch is held in depressed posi 
tion. When the solenoid circuit is opened at the 
end of the exposure period as hereinafter dis 
closed, the grid returns to its left hand position 
of rest against housing 20, 

In order to control the velocity of the grid 
during its return stroke under Spring tension, 
there is provided a hydraulic damping unit indi 
cated generally at 2, including a pistOn...having 
a rod connected to the grid and operable to op 
pose the tension exerted by spring 23, thereby 
to control the speed of the grid during its travel 
to the left. The grid therefore is reciprocated 
in one direction by the Solenoid and in the oppo 
site direction by the tension spring and the coin 
bined effect of these two elements is modified 
by the damping unit 2 to produce a velocity 
curve similar to that indicated in the diagram 
illustrated in Figure 16. 

In the present apparatus the exposure period 
is controlled by a photoelectric tinner which con 
trols automatically the time period for each in 
dividual exposure. The timer forms no part of 
the present invention and is not disclosed, but 
its successful operation depends upon the aper 
ture selecting apparatus embodied in the grid 
asseinbly. In general, the time constitutes a 
detector unit, and control. System, the detector 
unit, including a fluorescent screen so arranged 
that when roentgen rays fall upon the Screen, 
it emits visible light rays which strike a photor 
tube to cause passage of electric current. The 
current passed by the tube is fed to a condense 
in the control circuit and when fully charged, the 
condensel discharges and activates the control 
circuit to shut down the X-ray tube, the time 
required to charge the condenser determines the 
length of exposure and the apparatus is arranged 
so that, a uniform exposure period is applied 
independently of the density of the medium 
through Which the roentgen rays paSS. In other 
Words, the photographic exposure is equally dense 
Whether the rays pass through a relatively trans 
parent portion of the body or through a more 
opaque area since the condenser charge is pro 
portionate to the amount of radiation passing 
through the Subject and film. 

In operation, an aperture disk, indicated gen 
erally at 28 (Figure 1), made of X-ray opaque 
Janaterial, for example, laminated lead and alumi 
nuin sheets, is rotated to align one of several 
apertures or stops with the fluorescent Screen, 
the size of the aperture being selected according 
to the part of the body to be photographed. 
Ordinarily, if a Shall part, Such as the Wrist or 
knee, Were X-rayed without masking the Sur 
rounding area, a considerable amount of radi 
ation would pass around the region of interest, 
shortening the exposure period and rendering the 
timer unreliable. The aperture disk is opaque 
to roentgen rays and the apertures are of gradu 
ated size so that a small aperture may be utilized 
for photographing Small areas and larger aper 
tures for larger areas, thereby rendering the 
timing function substantially constant. By this 
arrangement, the timing apparatus is energized 
Only by the rays passing through the part being 
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photographed and the density of that part de 
termines the exposure period, providing unifornin 
results automatically without adjustment by the 
operator. 

In operation, the operator depresses the start 
button 26 which energizes the solenoid to start 
reciprocation of the grid. As soon as the grid 
begins to move to the right as shown in Figure 
1, it closes the exposure Switch 39 which is in 
electrical connection with the X-ray apparatus 
to excite the X-ray tube. The operator holds 
the push button in depressed position and the 
diaphragm continues to reciprocate and the X 
ray tube remains active until the timer chal'ges 
its condenser to the critical point, whereupon the 
condenser discharges and shuts down the X-ray 
tube, terminating the exposure. 

Bucky actuating mechanism. 
As shown in Figure 1, the housing 2 Constir 

tutes a base plate 3 having a marginal flange 32 
which includes an inturned lip 33 at its upper 
edge. The Bucky grid 2 constitutes the usual 
arrangement of vertically disposed lead strips 
providing slits through which the X-rays pass 
to the photographic plate. This structure is not 
disclosed in the drawings since it follows coil 
ventional practice. The diaphragm is enclosed 
by a marginal frame 34 formed of channel shaped 
sheet metal strips suitably joined together at the 
corners. The forward edge of the grid assembly 
is slidably mounted upon a pair of rods 35-35, 
each supported by a pair of brackets 39-36 
which are secured upon a framing member 37 
extending across the frame 2 (Figures 1 and 2). 
The brackets 36 are U-shaped in cross section and 
the rods 35 are secured by means of Set Screws 
38 passing through the brackets and engaged 
against the rods 35. The lower ends of the 
brackets 36 are secured to the framing member 
37 preferably by spot welding. The Bucky grid 
assembly is slidably mounted relative to the rods 
35 by means of bearing blocks 40-49 secured by 
means of screws 4 to the frame 34, the bearing 
blocks being drilled to provide a sliding fit. With 
respect to the rods 35. The rearward edge of 
the diaphragm 2 is slidably Supported by bear 
ing blocks 42 similar to the blocks 40 but pro 
vided with a slot slidably engaged upon a slide 
rail 43, secured by means of angle brackets 4-46 : 
to the rear flange 32, as shown in Figures 1 and 
8. The bearing blocks 40 and 42 thus slidably 
maintain the Bucky grid in a vertical plane and 
permit it to be reciprocated laterally with respect 
to the housing 20. 
The grid actuating Solenoid 22 is a commercial 

product and therefore need not be disclosed in 
detail. In general, it constitutes a coil 5 
(Figure i7) enclosed by a housing 46 (Figures 1 
and 3), the housing being secured upon the base 
plate 31. The solenoid includes the usual 
plunger 47 slidably extending through the coil 
45, the plunger or core 47 being connected to the 
diaphragm by means of a bracket 48 having an 
gular limbs 50-50 at opposite ends, secured to 
the opposite ends of the plunger 47. The bracket 
48 is secured to the frame of the diaphragm by 
means of Screws 5 passing through the bracket 
into the right hand bearing block 40 and into 
an intermediate block 52 which is secured by 
screws to the grid frame. 

It will be apparent that when the solenoid is 
energized, the plunger 47 will be retracted toward 
the right, as viewed in Figure 1, to move the grid 
to the right against the tension of spring 23. The 
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8 
solenoid is energized and deemergized automati 
cally by the SWitch 24, which is actuated by the 
trip element 25 attached to the grid frame. The 
operation of this switch will be more clearly dis 
closed with reference to the electrical circuit, it 
being sufficient to note at this point that the 
switch is closed when the grid is in its left hand 
position and is opened when the Bucky attains its 
right hand limit of travel, at which time the sole 
noid is deenergized and the spring 23 returns it 
to its left hand position. As shown in Figure 2, 
the left hand end of spring 23 is anchored upon 
the lower end of the left hand rod support bracket 
36 and the opposite end of the spring is anchored 
upon a pin 53 secured to the right hand bearing 
block 40. 
In the absence of the damping unit 27, the grid 

would reciprocate at a high velocity such that 
undesirable vibrations would be developed, re 
sulting in a tendency for grid lines to be visible 
in the photograph. As shown in Figures 1, 3 and 
4, the damping unit 2 constitutes a cylinder 54 
having a piston 55, the piston including a rod 53 
connected by means of nuts 57 to a plate 58. 
Plate 58 is connected by means of rods 59 to a 
piate 68 secured upon the end of the solenoid 
plunger 6 by means of a nut 6. It will be ap 
parent therefore that movements of the Solenoid 
plunger 47 are transmitted to the piston 55 so 
that the rate of reciprocation of the grid is regul 
lated by the damping unit. As shown in Figures 
3 and 15, a clearance bore 57a is provided in 
plate 58 to permit the piston rod to float laterally 
relative to the piate, there being a slight amount 
of clearance between the nuts 5 and plate 58. 
The rod thus floats laterally with respect to the 
plate to permit it to align itself in its cylinder, 
If desired, the velocity curve may be modified at 
the reversal points by providing a substantial 
annount of clearance between the nuts and plate. 

Described in detail, the damping unit cylinder 
5 includes cylinder heads 63 and 64 at opposite 
ends, these including bypass openings 65-65 
communicating with a bypass tube 66, with a 
control valve 67 located within the head 63, to 
regulate the operation of the piston. As shown 
in Figure 4, the right hand cylinder head 64 in 
cludes a packing gland 68 to provide a siding 
sealed fit with the piston rod 56. The unit is 
fied completely with fiuid Such as oil and in order 
to compensate for the oil displaced by the piston 
rod as it enters the cylinder, an expensible metal 
belows O (Figure 3) is provided. Bellows 70 
is formed from flexible sheet metal and is free to 
expand longitudinally as the piston rod passes 
into the cylinder. The bellows also compensates 
for expansion of the oil due to temperature 
changes. As shown, the bellows includes a stem 

which is slidably Supported by a bracket 72 
(Figures 3 and 5) to permit expansion of the 
below.S. 
When the solenoid is energized, the piston rod 

56 Will be drawn to the right as viewed in 
Figure 4. In order to attain relatively high ve 
locity during this stroke, the fluid bypasses 
through the piston 55 as well as through the by 
paSS line 66. For this purpose the piston rod in 
cludes a valve element, 73 which seats upon an 
intermediate wall 4 formed with the piston 55. 
The valve seat i3 is screwthreaded upon the end 
of the piston rod and normally is held in closed 
position by means of a compression spring 75 
Seated against the intermediate Wall 4 and hav 
ing its opposite end seated against a head 76. 
The head 76 includes a square, nut portion 77, 
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the corners of which overlie the end of the piston 
as shown in Figure 6, providing openings 78 for 
the passage of fluid through the piston. As 
shown, a spacer 80 is disposed between the valve 
seat and head so that a predetermined amount 
of clearance may be maintained between the 
valve and its seat. 

It will be apparent that when the solenoid 
is energized drawing the piston irod to the right, 
the spring 5 will be compressed until the head 
77 seats against the piston with the valve 3 
unseated. Thus, fluid will bypass through the 
piston during the right hand movement of the 
grid. In order to attain the desired velocity, it 
has been found that a Valve unseating movement 
of approximately .015 is desirable, and this clear 
ance may be obtained conveniently by spacing 
the Squared head 77 from the end of the piston, 
as indicated at 8, when the valve 73 is in closed 
position. During the right hand movement of 
the grid it will be observed that a portion of the 
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fluid also will bypass through the bypassing 
tube 66. 
At the right hand end of cylinder 54 there is 

provided a series of slots 82 milled into the bore 
of the cylinder. The purpose of these slots is 
to provide uniform velocity at the beginning 
of the stroke under spring tension, after the 
solenoid is deenergized. The slots 82 provide 
bypass openings around the piston when it is 
in its right hand position, to speed up the initial 
return movement. As the piston passes the slots, 
the grid has attained full speed, the valve 73 being 
closed as shown in Figure 4 with the oil bypassing 
through the control valve 6. 
As detailed in Figure 5, the regulating valve 

67 constitutes a core 83 which is rotatable within 
a bore formed in the left hand cylinder head 
63. The valve includes an adjusting stem 84 
Which is Sealed With respect to the cylinder head : 
by the packing gland 85. The valve core 83 
includes an opening 86 communicating with the 
bypass bore 65 such that the fluid may pass 
through the bore 87 of the valve core into the 
bypass bore 65. In order to regulate the flow, the 
core 83 further is provided with a circumferential 
groove 88 (Figure 5), of gradually increasing 
depth, so that a fine adjustment may be had by 

... rotating the stem 84. The structure is arranged 
to be permanently adjusted by the manufacturer 
to provide the proper grid velocity and for this 
rea Sora the valve stem 84 is not provided with an 
adjusting knob, though it may be if desired. As 
shown in Figure 3, the damping unit is secured 
in position by means of screws 90 passing through 
the base plate 3f into lugs 9-9 forming a . 
part of the assembly. 

Operation of grid actuating apparatus 
The operation of the apparatus is diagram 

matically illustrated in Figures 12 to 16 inclusive. 
. As shown in Figure 12, the push button for ener 
gizing the apparatus has been depressed and the 
grid is beginning its right hand reciprocation as 
indicated by the arrows. The solenoid control 
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Switch 24 is illustrated diagrammatically in Fig 
ule 13 in a position corresponding to the position 
of the grid in Figure 12 with the trip element 25 
also travelling to the right. This switch is a 

s commercial product. Such as a micro-switch of the 
Self-holding typeso arranged that its switchblade. 
92 snaps either to a closed or open position by 
depressing either of the actuating plungers 93 or 
94. When the grid is at rest, it is positioned 
against the stop 95 as shown in Figure 1, with the 
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lower finger 25d in Switch closing position against 
the lower SWitch trigger 95, as shown in broken 
lines (Figure 13). When the start button is de 
pressed, Switch plunger 93 remains in circuit 
closing position until the upper SWitch trigger 97 
is engaged by the upper finger 25b, as shown in 
Figure 14, at which time the switch is snapped 
to an open position to deenergize the solenoid and 
permit the grid to return under the tension of 
spring 23. 
The triggers 96 and 97 are in the form of flat 

springs, anchored as at 98 on the switch and 
each includes an angular portion OC to provide 
a canning, action. With respect to the trigger 
fingers 25d and 25b. When the grid reaches the 
left hand limit of its travel, the lower finger 25a. 
will again contact the lower switch trigger 96 to 
close the SWitch and energize the solenoid. It is 
to be noted that the grid is reversed before it 
returns to its position of rest against the stops 
95, Since the range of reciprocation is governed 
by the Switch triggers 96 and 97, in combination 
with the fingers 25a, and 25b. When the circuit 
is deenergized, the grid again returns to its left 
hand position and the lower finger 25cl assumes 
the position shown by the broken lines in 
Figure 13. 
The operation of the damping unit 27, during 

the right hand Stroke of the grid, is diagrammati 
cally illustrated in Figure 12. As shown, the valve 
element 3 is unseated and the fluid is bypassed 
through the piston, as indicated by the arrows. 
When the solenoid is deenergized, the valve 73 
Will Seat as indicated diagrammatically in Figure 
15, so that the fluid must bypass through the 
bypass line 66 and metering valve 67, as indicated 
by the arrows. This regulates the return velocity 
of the grid as previously noted. The apparatus 
as disclosed is arranged to provide an operating 
stroke of approximately two inches, at differential 
Speeds for the right and left reciprocations, as 
illustrated diagrammatically in Figure 16. The 
operation of the reversing switch 24 causes re 
versal of the grid with sufficient abruptness to 
avoid formation of grid lines and the forward and 
return velocity is non-synchronous so that suc 
ceeding grids do not occupy the same relative 
position at succeeding impulses of the X-ray 
tube. The Selected velocities illustrated are based 
upon a given frequency and grid line spacing, 
but the metering valve 67 may be adjusted to 
adapt the apparatus to finer or coarser grid 
Spacings and other current frequencies if neces 
Sary. As indicated at if on the diagram, the 
reversal points occupy less than 400 of a second, 
which is sufficient to avoid photographing grid 
lines. An important advantage of the velocity 
curve disclosed is that the solenoid is energized 
for a rather brief interval as compared with the 
interval of deemergization, thereby preventing it 
from becoming overheated. 

It will be noted in Figures 12 and 15 that the 
X-ray control SWitch 30 is closed as soon as the 
grid makes its first pass to the right and remains 
closed So long as the grid is reciprocated under 
control of the reversing, switch 24. After having 
been energized by the control switch, the X-ray 
circuit remains energized until deenergized auto 
matically by the phototube control system, as 
above noted. 

Aperture selector mechanism. 

As shown in Figure 8, the housing 20 includes 
a tray 02 disposed immediately beneath the grid 
2 adapted to receive the film cassette (not 
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shown), the casing being open as at 03 On one 
or both sides of the tray to receive the cassette. 
Tray 02 is made from sheet metal for example, 
steel sheets, and is provided with a central open 
ing 04 through which the rays may paSS to in 
pinge upon the fluorescent Screen of the timer 
unit (not shown). As disclosed in Figure 8, the 
aperture disk 28 is disposed beneath the aperture 
04 and the disk is provided with a Small aper 

ture 05, medium sized aperture fo6 and a large 
aperture fol. These apertures or stops are lo 
cated 120 apart and are Selectively aligned With 
the opening 04 by rotating the disk 28. The 
apertures are selected electrically by means of 
a hand operated selector switch fe8 (Figure 17) 
which energizes an electric motor 39 to rotate 
and index the disk and align the selected aper 
ture with the opening 04. 

Described in detail with reference to Figures 8 
.to il inclusive, motor 03 is mounted upon an 
angle bracket if 0 secured to the housing 20. 
The shaft of the motor 09 includes a worn 
meshing with a worn wheel 2, keyed upon a 
Shaft f 3 (Figures 1 and 8), which is loosely 
journalled upon bracket . Upon the lower 
end of shaft 3 there is keyed a grooved pulley 
4 engaging a belt 5 which passes around the 

aperture disk 28. The worm and worm wheel 
provides a speed reduction unit between the mo 
tor and disk Such that the disk is rotated at a 
relatively slow rate of speed. As shown in Figure 
11, belt 5 is kept taut by means of an idler 
pulley 6 journalled upon an arm pivotally 
mounted as at 8 upon an intermediate plate 
20 which is mounted beneath the film tray 02. 
A tension Spring f2 is anchored upon an angular 
finger 22, forming a part of lever if and the 
Opposite end of the Spring is anchored upon a pin 
23 secured to the housing 29. 
The disk 28 is opaque to X-ray radiations for 

which purpose it is fabricated from alternate 
layers of aluminum and lead sheets. The disk is 
loosely journalled upon a screw 24 engaged in a 
plate 25 which extends across the opening 23 
formed in the plate 20 and the disk is rein 
forced by means of a hub 2 surrounding the 
Screw 24. As shown in Figures 9 and 11, the 
disk is indexed by means of a plunger 28 in 
Conjunction with pins 30 SO arranged that the 
respective disk apertures are selectively aligned 
with the aperture 04. Plunger 28 is slidably 
mounted by a U-shaped bracket 3 adjacent the 
disk 28, Secured to the plate 20. The outer end 
of the plunger is slidably supported by a stud 
32 passing through a slot 33 formed in the 
plunger. The plunger is actuated by means of a 
Solenoid 34 Secured to the housing 20 as shown 
in Figure 9. When the Solenoid is energized, 
the end of the plunger 28 is retracted out of 
the path of movement of the pins 30, permitting 
the disk to rotate. When the solenoid is de 
energized, the plunger is advanced to its pin en 
gaging position by a tension spring 35 having 
one end anchored upon a pin 36 secured upon 
the plunger and having its opposite end anchored 
upon a bracket 37 which is mounted upon the 
Switch 30 as shown in Figures 1 and 9. As shown 
in Figures 2 and 9, the switch 30 is supported 
upon a U-shaped bracket 38 to support the 
Switch and bracket at the proper elevation. 
When the Selector Switch 08 is actuated to 

rotate the aperture disk, a circuit is established 
to the driving motor 9 and to the solenoid 34 
So that the plunger is retracted to permit rota 
tion of the disk. The disk 28 is indexed by means 

5 

O 

5 

2 5 

30 

40 

45 

50 

55 

60 

65 

70 

75 

- - 2 

of the three indexing switches 40 which are 
actuated by means of a cam block 4 Secured 
upon the circumference of the aperture disk. 
The electrical circuit by means of which the in 
dexing operation is performed is hereinafter dis 
closed with reference to the circuit diagram illus 
trated in Figure 7. The Switches 40 alre 
mounted upon the plate 20 at 120° apart, the 
SWitches being of the Single pole double throw 
type, and may be of any commercially available 
for Such as nicror-SWitches. As shown in 
Figure 11, each Switch includes an actuating arm 
f42 pivoted as at 43, the opposite end of the 
arm having a roller 44 adapted to be engaged 
by the can block or skid fall. As shown, the 
leading edge of can block 4 is inclined or 
angulated as at 35 for canning engagement 
against the roller. When the switch arm for 
the selected aperture is depressed by the block 
f4 as shown in Figure 11, the circuit to the motor 
and solenoid is broken to cause the motor to 
Stop and the Solenoid plunger to advance to its 
indexing position. The arrangement is such that 
the motor 09 is shut down and the solenoid de 
energized slightly before the pin 30 is in its 
final position, whereby the momentum of the 
motor carries the pin into engagement with the 
plunger. By virtue of the Switches and plunger, 
the alignment of the apertures is positive, there 
fore slippage of belt 5 has no effect on index 
ing. As shown in Figure 8, the base plate 3i of 
the housing is provided with an opening 46 
in registry with the opening 64 to permit the 
X-ray radiations to impinge upon the fluorescent 
plate of the photoelectric timer unit (not shown). 
This unit is arranged to be attached to the plate 
3 in any convenient manner, with the fluores 
cent plate positioned in the opening 4S. It will 
be noted that the arrangement of disk 28 and 
its operating components provides a compact 
Structure with a minimum of space between the 
grid, disk and phototube. 

Electrical control circuit 
Figure 17 illustrates the circuit for the aper 

ture selector apparatus in conjunction with the 
grid actuating circuit. As shown, the apparatus 
is energized by the A. C. input lines, indicated at 
47 and 48. Line 4 is connected to the selec 

tor Switch 08 and the other line 48 completes 
the circuit to the indexing solenoid 34, indexing 
motor 09, grid actuating solenoid 45, and the 
X-ray control circuit. Since the X-ray control 
circuit forms no part of the present invention, it 
has not been illustrated in detail. The X-ray 
circuit, as previously noted, includes the photo 
electric timer which deemergizes the X-ray appa 
ratus after the timer has been energized for a 
predetermined period. As illustrated, the selec 
tor Switch. 8 is set to index the small aperture 
95 to its operating position. 
It Will be noted that the three positions for the 

Selector Switch are indicated at S, M, and L, and 
the corresponding indexing switches 40 also are 
indicated at S, M, and L, respectively for the 
Small, medium and large apertures. The selector 
apparatus includes a corresponding pilot lamp 49 
for the respective apertures which indicate to the 
Operator that the apparatus is in condition for 
making an exposure. The pilot lamps 49 pref 
erably are 4 watt neon lamps which may be ener 
gized by current passing through the windings of 
the notor 89 and solenoid 34, the current value 
being insufficient to energize the motor or sole 
noid. In the Switch position shown, the disk, 28 
has been rotated to align the small aperture 05 
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in operative position and the circuit is completed 
through selector switch fe8, line 59, through the 
pilot lamp (49, through line 5?, which completes 
the circuit through motor 89 and solenoid 34 to 
the power line f48, to illuminate the Small aper 
ture pilot lamp. As hereinafter described in de 
tail, each switch & O includes two contacts, one 
for energizing the motor f3 and solenoid 34 and 
the other for completing the circuit to the grid 
actuating Switch 26 after indexing. 
If the selector Switch is rotated to the M. Con 

tact, the circuit will be completed from line 4 
through the switch to the MI contact to energize 
line 52, which extends to the pole of M. Switch 
40. As shown, the pole of M switch completes 
the circuit to the normally closed contact which 
is in connection with the line 53, extending to 
line 5 through motor f09 to the opposite power 
line 48. There also is provided a branch line 54 
extending from line 5 to the winding of the 
indexing solenoid 34 so that the motor and sole 
noid are energized simultaneously when the selec 
tor switch C8 is moved to the M contact. When 
the selector switch moves off of the S contact, 
the pilot lamp for the small aperture is deener 
gized. 
As motor G9 operates, the disk will rotate in 

the direction indicated by the arrow until the cam 
plate 4f reaches the M switch 40, moving the 
pole to its normally open contact Which is con 
nected to branch line A55. When the M. Switch 
is tripped by cam plate is , it, of course, deen 
ergizes indexing Solenoid 34 and motor (9, caus 
ing the solenoid plunger 28 to advance into in 
dexing position with respect to the pin 39, just 
before the motor Stops. At this time the circuit 
bypasses from M. Contact through the pilot lamp 
49 for the medium opening, indicating to the 
operator that the apparatus is in condition for 
making an exposure. The circuit for the grid 
solenoid 45 is, of course, completed through the 
selector Switch 68 to the line 52, through M. 
SWitch to line 55 to One side of the push button 
26 so that the grid can be actuated after index 
ing. From the push button the circuit is con 
pleted through line 56, reversing switch 28 to 
the Solenoid 65. It is to be noted at this point 
that the Solenoid 45 is equipped with a rectifier 
circuit which, as indicated, constitutes a plate 
type bridge rectifier 5 and condenser 58. 
These elements are mounted within the housing 
20 as shown in Figure . 
When pushbutton 26 is depressed to reciprocate 

the grid, branch line 59 to the exposure start 
ing Switch 3 is energized. As shown, the Switch 
normally is in Open position, the Switch arm 60 
of Switch 30 having a roller 6 at its free end 
which is actuated by a can block 62 secured to 
the edge of the grid frame. Switch 38 closes as 
soon as block 62 disengages the roller 8, there 
by completing the circuit to the X-ray control 
circuit. The reciprocation of the grid is Within 
the range provided by the SWitch 24 during which 
period the exposure starting Switch 3 remains 
closed. When a sufficient period of exposure has 
elapsed, the exposure meter will automatically de 
energize the X-ray circuit and this equipment is 
provided with indicating means to inform the op 
erator that the exposure is completed at which 
time he releases the button 26 and removes the 
exposed film for development. 
The circuit for the large aperture is the same 

as that described with reference to the small and 
medium apertures, the L contact having a line 83 
extending to the L aperture Switch & and 
branching from the Switch to the line S4 to the 
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line 54 to energize the solenoid 34 and motor 
09. After the disk is indexed, the L Switch 

pole Will be moved to its second position to ener 
gize line 65 to complete the circuit to the SWitch 
26. After indexing, the pilot lamp for the L 
aperture is illuminated from the L contact 
through the lamp to line 5 through the wind 
ings of the motor and Solenoid, as previously dis 
closed. 

It Will be observed from the foregoing that 
the aperture Selector apparatus is electrically in 
terlocked with the grid reciprocating apparatus 
by means of Switches 49 so that it is impossible 
to energize the grid reciprocator Solenoid until 
the aperture disk has been indexed. Since ex 
pOSure Switch 39 is closed only after the grids re 
Ciprocation has been initiated, it is impossible 
to energize the X-ray control circuit while the grid 
is stationary. This avoids the possibility of ex 
posing the photographic film to grid lines. By 
Virtue of the selector apparatus, the operator is 
able to Select the desired aperture conveniently 
and quickly, depending upon the part of the body 
to be photographed, and after the Selected aper 
ture is positioned, the appropriate pilot lamp is 
energized to indicate that the apparatus is in con 
dition to make the exposure. The push button 26 
is then held depressed for an exposure period and 
the photoelectric timer automatically controls the 
period of exposure thus rendering the operation 
Convenient and simple. If the grid reciprocate 
ing apparatus is to be operated without the aper 
ture selector apparatus, the switch 26 is connected 
to the power line 47 by means of the broken 
line 63 bypassing the indexing circuit. When the 
circuit is So arranged, the operation of the X-ray 
Control circuit and exposure Switch 30 is the same 
as above disclosed except that aperture selec 
tion is onitted. 

Having described our invention, we claim: 
1. In the art of naking X-ray photographs, a 

method of Screening secondary radiations, emit 
ted from a subject, from a photosensitive me 
dium, the method which comprises energizing an 
X-ray tube to effect pulsating discharges there 
from at a given rate, and reciprocating a Bucky 
diaphragm over the face of a photosensitive me 
dium in opposite directions at respectively con 
stant Velocities which are different fron one an 
other and which are non-synchronous with re 
Spect to the rate of pulsation of the discharges 
from the X-ray tube both of said constant ve 
locities prevailing, respectively, throughout sub 
Stantially the entire range of movement of the 
Bucky diaphragm in said opposite directions. 

2. In the art of making X-ray photographs, a 
method of screening secondary radiations emit 
ted from a subject from a photosensitive me 
dium, the method which comprises energizing an 
X-ray tube to effect pulsating discharges there 
from at a given rate, and reciprocating a Bucky 
diaphragm. Over the face of a photosensitive me 
diurn in opposite directions at different rates of 
movement which are non-synchronous with re 
Spect to the rates of pulsation of the X-ray tube 
the rate of movement of the Bucky diaphragm in 
One direction being substantially greater than the 
rate of movement in the opposite direction the 
respective rates of movement in said opposite di 
rections being substantially uniform throughout 
the periods of movement of the Bucky diaphragm 
in Said opposite directions. 

3. A method of making X-ray photographs 
which comprises energizing an X-ray tube to ef 
fect pulsating discharges therefrom at a given 
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Fate, exposing an X-ray sensitive photo-medium 
to such X-ray discharges passing through a sub 
ject, and screening secondary radiations from 
Said medium during the exposure by means of 
a Bucky diaphragm which is constantly recip 
rocated in opposite directions at different rates 
of speed which are respectively non-synchronous 
with respect to the X-ray pulsations and main 
taining uniformity in the rate of novenient of 
the Bucky diaphragm in each direction. 

4. An apparatus for recipi'ocating a Bucky grid 
during an X-ray exposure comprising a slidably 
mounted Bucky grid, electrical power means op 
erable to shift the grid in one direction at a 
uniform rate of speed, mechanical power means 
biasing Said electrical power means operable to 
shift the grid in the opposite direction at a uni 
form rate of Speed, and means operable inters 
mittently to energize and deemergize the elec 
trical power means to cause sustained recipro 
cation of the grid the said electrical and me 
chanical power means being coordinated in re 
spect to one another to effect movement of said 
grid in said opposite directions at different rates 
of Speed. 

5. An apparatus for reciprocating a Bucky grid 
during an X-ray exposure comprising a slidably 
mounted Bucky grid, electrical power means op 
erable to shift the grid in one direction at a given 
rate of Speed, mechanical power means including 
a damping unit biasing Said electrical power 
means operable to shift the grid in the opposite 
direction at a different rate of speed, and means 
operable intermittently to energize and deener 
gize the electrical power means to cause sustained 
reciprocation of the grid. 

6. An apparatus for reciprocating a Bucky grid 
continuously during an X-ray exposure compris 
ing a slidably mounted Bucky grid, electrical 
power means operable to shift the grid in one 
direction, mechanical power means biasing said 
electrical power means operable to shift the grid 
in the opposite direction when the electrical 
power means is deemergized, a switch operated 
by the grid intermittently to energize and deen 
ergize the electrical power means to cause sus. 
tained reciprocation of the grid, and a damping 
unit connected to the grid Operable to provide 
a different rate of movement for the opposite 
strokes of the grid. 

7. An apparatus for reciprocating a Bucky grid 
during an X-ray exposure comprising a housing 
having a Bucky grid slidably mounted therein, 
an electrical component operable to shift the grid 
during one stroke of its cycle, spring means bias 
ing said electrical component operable to con 
plete the cycle when the electrical component is 
deenergized, a Switch mounted within the hous 
ing in electrical connection with the electrical 
component, a switch actuating member mounted 
upon the Bucky grid operable to energize and 
deemergize the electrical component and a damp 
ing unit connected to the grid operable to retard 
the rate of grid movement in parted by the 
Spring. 

8. An apparatus for reciprocating a Bucky grid 
during an X-ray exposure comprising a slidably 
mounted Bucky grid, electrical power means Op 
erable to shift the grid in one direction, mechani 
cal power means biasing said electrical power 
means operable to shift the grid in the Opposite 
direction, means operable intermittently to en 
ergize and deenergize the electrical power means 
to cause sustained reciprocation of the grid, and 
fluid damping means operable to provide differ 

5 

() 

5 

2 5 

30 

: ) 

5 5 

60 

70 

75 

6 
ential rates of movement for the forward and 
return strokes of the grid. 

9. An apparatus for reciprocating a Bucky grid 
during an X-ray exposure comprising a slidably 
mounted Bucky grid, electrical power means op 
erable to shift the grid in one direction at a given 
rate of Speed, mechanical power means including 
a damping unit biasing said electrical power 
means operable to shift the grid in the opposite 
direction at a different rate of speed, and means 
Operable intermittently to energize and deener 
gize the electrical power means to cause sustained 
reciprocation of the grid, said damping unit con 
stituting a cylinder and piston, the piston being 
arranged to bypass fluid in one direction of grid 
movement to provide a different rate of move 
ment in opposite directions. - - - 

i0. A Bucky grid unit for an X-ray machine 
Cornprising a housing having a Bucky grid slid 
ably mounted therein, a Solenoid mounted with 
in the housing having a plunger connected to the 
grid to actuate the same, spring means biasing 
Said Solenoid, a reversing switch in electrical con 
nection with the solenoid, a switch actuating 
member mounted upon the grid to open and close 
Said Switch intermittently to energize and deen 
ergize the Solenoid to cause sustained recipro 
cation of the grid during an exposure period, and 
a damping unit connected to the grid operable to 
provide differential rates of movement for the 
forward and return strokes of the grid. 

li. An apparatus for reciprocating a Bucky 
grid during an X-ray exposure comprising a grid 
having an electrical power unit for reciprocating 
the same, a manually operated grid control switch 
for energizing the power unit, a rotatable aper 
ture Selector disk associated with the grid hav 
ing a motor for indexing the same, indexing 
Switches associated with the aperture disk for de 
energizing the motor when the disk is rotated to 
a selected position, said switches being inter 
Connected with said grid control switch to de 
energize the electrical power unit until the aper 
rture disk is in a Selected position. 

12. A Bucky grid unit comprising a grid hav 
ing an electrical power unit for reciprocating 
the Same, a manually operated grid control 
switch electrically connected to the grid power 
unit, a rotatable aperture selector disk associated 
with the grid having a motor for indexing the 
same, a manually operated selector switch inter 
connected with said motor for energizing the 
noto1, indexing Switches associated with the 
aperture disk and in electrical connection with 
the motor for deenergizing the motor when the 
disk is rotated to a selected position, said switches 
being interconnected with said grid control 
switch to deenergize the electrical power unit un 
til the aperture disk is in a selected position. 

13. A Bucky grid unit comprising a grid hav 
ing an electrical power unit for reciprocating 
the same, a reversing switch mechanically asso 
ciated with the grid and in electrical connection 
with the power unit to intermittently energize 
and deemergize the power unit and reciprocate 
the grid, a manually operated grid control switch 
in electrical Connection. With said reversing 
switch to control reciprocation of grid, a rotat 
able aperture selector disk associated with the 
grid having a motor for rotating the same to 
Selected positions, a manually operated Selector 
Switch in electrical connection with Said moto 
for energizing the motor, indexing switches as 
sociated with the aperture disk and in electrical 
connection with the motor for deemergizing the 



2,591,536 
17 

motor when the disk is rotated to a Selected po" 
sition, said switches being interconnected with 
said manually actuated grid control Switch to de 
energize the electrical power unit until the aper 
ture disk is in a selected position. 

14. A Bucky grid unit comprising a housing 
having a grid slidably mounted therein, power 
means for reciprocating the grid relative to the 
housing, an X-ray opaque film tray mounted 
within the housing beneath the grid having an 
opening for passage of X-ray radiations, an X 
ray opaque base plate beneath the film tray hav 
ing an opening in registry with the opening in 
the film tray, an X-ray opaque aperture SelectOl' 
disk rotatably mounted between the film tray and 
base plate, the disk having graduated openings 
adapted to register with said openings, and 
means for rotating the aperture selector disk rel 
ative to said openings to index said apertures Se 
lectively with respect to said openings. 

15. A Bucky grid unit comprising a housing 
having a grid slidably mounted therein, power 
means for reciprocating the grid relative: to the 
housing, a film support raounted within the 
housing beneath the grid, a base plate beneath. 
the film support having an opening therein, an 
aperture selector disk having a plurality of apei'- 
tures rotatably mounted between the film Sup 
port and base plate, a motor in driving connec 
tion with the selector disk for rotating the disk 
relative to said opening to index said apertures 
with respect to the opening and a selector Switch 
for energizing said motor. . - 

16. A Bucky grid unit cornprising a housing 
having a grid slidably mounted therein, power 
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means for reciprocating the grid relative to the 
housing, a film Support mounted within the 
housing beneath the grid, a base plate beneath 
the film tray having an opening therein, an aper 
ture-selector disk having a plurality of apertures 
rotatably mounted between the film support and 
base plate, a motor for rotating the aperture Se 
lector disk relative to said opening to index said 
apertures with respect to said opening, a belt in 
driving connection with said motor passing 
around the aperture disk, an electrically oper 
ated stop plunger engageable with stop elements 
on the selector disk to index the same, a selector 
Switch interconnected with Said motor and elec 
trically operated plunger to energize the notor 
and disengage the plunger simultaneously, and 
indexing switches mechanically associated with 
said disk and electrically interconnecting the 
motor and plunger to deenergize the same when 
a selected aperture is indexed. 

17. A Bucky grid unit comprising a housing 
having a Bucky grid slidably mounted therein, 
said housing having a base plate including an 
opening adapted to receive a photoelectric timing 
unit, an aperture disk mounted above Said base 
plate having a series of graduated apertures 
adapted to be placed in registry with said opening 
by rotating said disk, an electrical motor in 
driving connection with said disk for rotating the 
same, a selector switch for energizing said motor, 
a plurality of indexing switches associated with 
said disk, means on said disk for actuating Said 
indexing switches when the Selected aperture is 
in registry with said opening, a solenoid operated 
plunger associated with said disk, the disk having 
a plurality of pins adapted to be engaged by Said 
plunger, said motor and solenoid being electri 
cally connected to said switches to index the disk 
when the motor and solenoid are deemergized by 
One of Said SWitches. 
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18. A Bucky grid unit comprising a housing 

having a Bucky grid slidably-mounted therein, an 
electrical power unit for actuating the grid in 
One direction at a given rate of Speed, Spring 
means for moving the grid in an opposite direc 
tion at a different rate of Speed, a reversing 
Switch mechanically interconnected with the grid 
for intermittently energizing the electrical power 
unit, an aperture Selector disk mounted within 
Said housing, the disk having a plurality of 
graduated apertures, a motor for rotating said 
disk to index the apertures selectively, to an oper 
ative position, a series of index switches associ 
ated with the disk and interconnected with Said 
notor to deenergize the same when a selected 
aperture is indexed, a manual Switch for ener 
gizing the grid reversing switch to initiate re 
Ciprocation of the grid, said indexing switches 
each having a contact in electrical connection 
With Said manual Switch operable-to-complete an 
electrical circuit to the manual switch to energize 
the grid power unit after the .index. switch is-ac 
tuated to deenergize the disk indexing motor. 

9. A Bucky grid unit comprising a housing 
having a Bucky grid slidably mounted therein, 
an electrical power unit for actuating the grid 
in One direction at a given rate of speed, spring 
lineans for moving the grid in an opposite, direc 
tion at a different rate of speed, a reversing 
Switch mechanically interconnected with the 
grid for intermittently energizing the electrical 
power unit, an aperture Selector, disk-mounted 
within Said housing, the disk having. a plurality 
of graduated apertures, a motor for rotating said 
disk to index the apertures selectively to an 
operative position, a series of index switches as 
Sociated With the disk and interconnected with 
Said notor to deenergize. the same when -a, -se 
lected aperture is.indexed, a manual-switch-for 
energizing the grid reversing switch to initiate 
reciprocation of the grid, said indexing. SWitches 
each having a contact in electrical connection 
with said manual switch operable to complete an 
electrical circuit to the manual switch to ener 
gize the grid power unit after the index-switch 
is actuated to deenergize the disk indexing 
motor, and a normally open X-ray control 
switch mechanically interconnected with the 
grid, Said Switch adapted to be closed during re 
ciprocation of the grid to energize an X-ray cir 
cuit and adapted to be opened when the grid reciprocation stops. 

20. An apparatus for continuously reciprocat 
ing a Bucky grid during an X-ray, exposure com 
prising a base having a Bucky grid slidably 
mounted therein, a Solenoid mounted on the base 
having a plunger connected to the grid, a ten 
sion Spring having an end anchored on said base 
and having its opposite end connected to the 
grid whereby the grid is reciprocated in one 
stroke of its cycle by the Solenoid and in its re 
turn stroke by the spring, a reversing Switch in 
terconnected with the solenoid for intermit 
tently energizing the same, a... Switch actuating 
finger mounted on the grid for actuating, said 
Switch, a damping unit mounted on said base and 
connected to the grid, the damping unit being 
adapted to provide a rate of travel during sole 
noid operation substantially greater than the 
rate during Spring Operation whereby the sole 
noid is deenergized for a cooling period after 
each power stroke of greater duration than the 
power Stroke. 

21. A mechanism for reciprocating a Bucky grid 
continuously during an X-ray exposure compris 
ing a base having means for slidably mounting a 
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Bucky grid therein, an electrical power unit 
mounted in the base and connected to the grid, 
spring means biasing said power unit, the power 
unit being arranged to reciprocate the grind dur 
ing one stroke of its cycle with the Spring means 
arranged to complete the cycle when the electrical 
component is deemergized, a reversing Switch in 
electrical connection with the power unit, a switch 
actuating member secured to the grid, the Switch 
having a pair of Spaced actuating elementS co 
operating with the actuating member to define 
the range of grid reciprocation, a manual control 
SWitch in electrical connection with Said reversing 
switch, the grid being arranged to bottom against 
said base when the manual control Switch is open, 
the reversing Switch being arranged to reciprocate 
the grid within the range determined by the 
Switch. Without bottoning the grid against the 
base during reciprocation. 

22. A mechanism for reciprocating a Bucky grid 
continuously during an X-ray exposure compris 
ing a base having means for slidably mounting a 
Bucky grid therein, an electrical power unit 
lounted in the base and connected to the grid, 

spiring means biasing Said power unit, the power 
unit being arranged to reciprocate the grid dur 
ing one stroke of its cycle with the Spring means 
arranged to complete the cycle when the electrical 
component is deenergized, a reversing Switch in 
electrical connection with the power unit, a switch 
actuating member secured to the grid, the Switch 
having a pair of Spaced actuating elements co 
operating with the actuating member to define 
the range of grid reciprocation, a manual control 
Switch in electrical connection with said reversing 
switch, the grid being arranged to bottom against 
Said base when the manual control Switch is open, 
the reversing Switch being arranged to reciprocate 
the grid within the range determined by the 
Switch Without bottoning the grid against the 
base during reciprocation, and an X-ray control 
Switch mechanically interconnected with the grid 
and electrically interconnected with an X-ray 
circuit to deenergize automatically the X-ray cir 
cuit. When the grid is bottoned against the base. 

23. An apparatus for reciprocating a Bucky grid 
during an X-ray exposure comprising a base hav 
ing a Bucky. grid slidably mounted therein, a 
solenoid mounted on the base having a plunger 
connected to the grid, Spring means biasing said 
plunger whereby the grid is reciprocated in one 
direction by the Solenoid and in the return direc 
tion by the Spring means, a reversing Switch as 
Sociated with the grid and in electrical connec 
tion with the Solenoid to energize the Solenoid 
When the grid reaches the end of its spring return 
travel, a damping unit mounted on said base con 
stituting a fluid cylinder having a piston therein 
and having a restricted bypass connecting oppo 
site ends of the cylinder, a rod connecting the 
piston to the grid and a valve in the piston ar 
ranged to open during reciprocation of the grid by 
the Solenoid and arranged to close during recipro 
cation of the grid by the spring means to cause 
the fluid to flow through the restricted bypass 
and provide a retarded rate of grid return travel. 

24. An apparatus for reciprocating a Bucky grid 
during an X-ray exposure comprising a base hav 
ing a Bucky grid slidably mounted therein, an 
electrical power unit mounted on the base and 
connected to the grid, spring means biasing said 
power unit whereby the grid is reciprocated in one 
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20 
direction by the power unit and in the return 
direction by the Spring means, a reversing switch 
asSociated with the grid and in electrical connec 
tion with the power unit to energize the same 
when the grid reaches the end of its spring return 
travel, a damping unit mounted on Said base, the 
damping unit constituting a fluid cylinder having 
a piston therein and having a bypass connecting 
opposite ends of the cylinder, a restrictive flow 
valve in the bypass to regulate the rate of piston 
tiravel, a rod connecting the piston to the grid, 
a valve Seat in the piston and a valve element 
nowable relative to the seat and connected to said 
rod, the valve element being arranged to be un 
Seated when the rod is pulled outwardly of the 
cylinder during reciprocation of the grid by power 
unit to bypass the fluid and arranged to close 
when the grid is reciprocated by the spring means 
to cause the fluid to flow through the bypass and 
restrictive flow valve to provide a retarded rate 
of grid return travel. s 

25. An apparatus for reciprocating a Bucky grid 
during an X-ray exposure comprising a base hav 
ing a Bucky grid slidably mounted therein, an 
electrical power unit mounted on the base and 
Connected to the grid, Spring means biasing said 
pOWeir unit whereby the grid is reciprocated in one 
direction by the power unit and in the return 
direction by the Spring means, a reversing switch 
asSociated with the grid and in electrical connec 
tion. With the power unit to energize the same 
when the grid reaches the end of its spring return 
travel, a damping unit mounted on said base, the 
damping unit constituting a fluid cylinder having 
a piston therein and having a restricted bypass 
connecting opposite ends of the cylinder, a rod 
Connecting the piston to the grid and a valve in 
the piston arranged to open during reciprocation 
Of the grid by the power unit and arranged to 
close during reciprocation of the grid by the spring 
means, to cause the fluid to flow through the re 
stricted bypass and provide a retarded rate of 
grid return travel, the internal bore of the cylin 
der being slotted longitudinally to provide a fluid 
bypass around the piston, said slots being posi 
tioned in the portion of the cylinder occupied by 
the piston at the beginning of the spring return 
travel of the grid to provide a uniform rate of grid 
travel during reciprocation by the spring means. 

CAR. K. GERINGER. 
RICHARD DUCKERING. 

EFERENCES CEED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Nunnel Nane Date 
1722,573 Hirsch ------------ July 30, 1929 
1,768,769 Kelley -------------- July 1, 1930 
1941,989 Larsen -------------- Jan. 2, 1934 
1945,499 Flarsheim --------- Jan. 30, 1934 
2,145,868 Fischer -------------- Feb. 7, 1939 
2,147,601 Flarsheim ---------- Feb. 14, 1939 
2,204,347 Files -------------- June 11, 1940 
2,241,516 Ledin -------------- May 13, 194 
2,441,324 Morgan et al. -------- May 11, 1948 

FOREIGN PATENTS 
Number Country Date 

637,579 Germany ---------- Jan. 28, 1937 


