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This invention relates’ to apparatus for supporting high 
voltage X-ray generators, and in particular to a mount for 
heavy X-ray generators, such as those used in super 
voltage therapy and industrial radiography, adapted to 
provide vertical movement of such heavy X-ray gener 
ators with minimum power, maximum safety, and a 
minimum amount of heavy machinery. 

In accordance with the invention, power requirements 
are minimized by providing the equivalent of a counter 
weight, wherein the downward force exerted by the heavy 
X-ray generator is opposed by the upward force of a 
hydraulic or pneumatic ram, one end of which is con 
nected to the X-ray generator and the other end of which 
is mounted in some ?xed position. The hydraulic or 
pneumatic ram derives its upward force from gas under 
pressure provided by a gas reservoir. 
The source of motive power which imparts the de 

sired vertical movement to the X-ray generator is a lead 
screw system comprising a lead-screw and a gear motor 
mounted in a ?xed position and a lead-screw nut attached 
to the X-ray generator. When the lead-screw is rotated 
by the gear motor, the X-ray generator is lifted or low 
ered; but the. actual force’ that the lead-screw system has 
to work. against is very small, since it is the difference 
between the force of the X—ray generator exerted down 
ward and the force of the hydraulic or pneumatic ram 
system exerted upward. 

Safety is provided by-virtue of the fact that the lead 
screw system by'itself is capable of supporting the X-ray 
generator, in the event of gas pressure failure, in any posi 
tion. 
The use of a hydraulic or pneumatic ram system avoids 

the heavy machinery required with ordinary counter 
weights or with such mechanical devices as would be re 
quired to lift the X-ray generator with no counterweight 
or its equivalent. By thus making possible the use of 
small cylinders, pistons, motors, and other such compo~ 
nents, the invention avoids the use of bulky apparatus. 
The invention may best be understood from the follow 

ing detailed description thereof, having reference to the 
accompanying drawings, in which: 

Fig. 1 is a diagram illustrating the principles of the 
invention, and showing the use of a pneumatic ram; 

Fig. 2 is a diagram similar to that of Fig. 1, but show 
ing the use of a hydraulic ram in conjunction with a hy 
draulic accumulator; and 

Fig. 3 is an isometric projection showing an X-ray 
generator supported on an overhead mount constructed 
in accordance with the invention. 

Referring to the drawings, and ?rst to Fig. 1 thereof, 
a pneumatic ram 1 comprising a piston 2 and a cylinder 
3 is connected to a heavy X-ray generator 4 in such a way 
that the downward force of the generator 4 tends to 
push the piston 2 into the cylinder 3. Gas under pressure 
is fed into the cylinder 3 from a gas reservoir 5 via a 
suitable length of tubing 6, so that the gas under pres 
sure exerts an upward force on the piston 2 which op 
poses the downward force exerted by the weight of the 
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generator 4. The total volume of the gas enclosure, 
which includes the gas reservoir 5, the tubing 6 and part 
of the cylinder 3, should be large relative to the total 
displacement of the piston 2, so that changes in both 
volume and pressure are small as the piston 2 moves from 
its collapsed to its extended position. The gas in the 
reservoir 5 is contained under substantially constant pres 
sure and consequently is not to be considered as the 
source of motive power which imparts vertical move 
ment to the X-ray generator 4. 
The source of motive power is a lead-screw system 

comprising a lead~screw 7 and a gear motor 8, which 
are mounted in a ?xed position, and a lead-screw nut 
9, which is attached to the X-ray generator 4. Opera 
tion of the gear motor 8 causes the lead-screw 7 to ro 
tate, which in turn imparts translational movement to the 
lead-screw nut 9, so as to move the X-ray generator 4 
vertically. However, owing to the action of the pneu 
matic ram 1, the actual work which must be done by the 
lead~screw system is very small, so that the size and power 
output of the gear motor 8 may be correspondingly small. 
For practical reasons, it will generally be preferable 

to employ, instead of the pneumatic ram 1, a hydraulic 
ram whose cylinder communicates with a suitable hy 
draulic accumulator upon which pressure is exerted by 
the gas from the reservoir 5. Such a modi?cation is 
shown in Fig. 2, wherein a hydraulic ram 10, comprising 
a piston 11 and a cylinder 12, is connected to the X-ray 
generator 4 in the same manner as the pneumatic ram 
1 of Fig. l. The piston 11 rests on a liquid, such as 
oil, which is fed into the cylinder 12 from a hydraulic 
accumulator 13 via a length of tubing 14. The hydraulic 
accumulator 13 comprises an elastic membrane 15 com 
pression of which moves the piston 11 upward and ex 
pansion of which permits the piston 11 to move down 
ward. The elastic membrane 15 is enclosed in a cham 
ber 16 into which gas is admitted from the gas reservoir 
5 via a length of tubing 17. Since a liquid is virtually 
incompressible, the pressure of the gas, which is exerted 
on the outer surface of the elastic membrane 15, is trans 
mitted into the cylinder 12 so as to provide the required 
upward force against the piston 11. 

It will be appreciated that various types of apparatus 
embodying the principles of the invention may be con 
structed without departing from the spirit and scope of 
the invention. However, for illustrative purposes only, 
there is shown in Fig. 3 one embodiment of the invention 
in which a heavy X-ray generator 4 is supported from 
the ceiling of the room in which it is installed by means 
of an overhead mount constructed in accordance with 
the invention. 

Referring to said Fig. 3, a frame 18 is attached secure 
ly to the ceiling in any suitable manner, so as to consti 
tute a ?xed support for the rest of the apparatus. A 
carriage 119 is mounted in the frame 18 in such a manner 
that it is guided by and capable of horizontal movement 
with respect to the frame 18. One pair of idler sprockets 
2b is mounted on the frame 18, and another pair of idler 
sprockets 21 is mounted on the carriage 19. The X-ray 
generator 4 is suspended from the frame 18 by a pair 
of roller chains 22, one end of each of which is attached 
to a trunnion 23 on the X-ray generator 4 and the other 
end of each of which is attached to the frame 18. The 
pair of roller chains 22 pass over both pairs of sprockets 
2t}, 21 as shown, so that horizontal translational move~ 
ment of the carriage 19 is always accompanied by a cor 
responding vertical translational movement of the X-ray 
generator 4. In the embodiment of the invention shown 
in Fig. 3, the X-ray generator 4 always moves through 
a distance twice that through which the carriage 19 
moves. By using more or fewer sprockets, the ratio of 
vertical movement of the generator 4 to horizontal move 
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ment of the carriage 19 may be increased or decreased. 
A set of telescoping tubular members 24 surrounding 
each roller chain 22 between the frame 18 and the trun 
nion 23 serve to prevent the X-ray generator 4 from 
swinging. 
The cylinder 12 of the hydraulic ram 10 is mounted 

on the frame 18, and the piston 11 of the hydraulic ram 
10 is mounted on a cross-bar 2S affixed to the carriage 
19. The gear motor 8 is mounted on the frame 18, and 
is connected to the lead-screw 7 so as to be adapted to 
rotate the same. The lead-screw nut 9 is mounted in 
side the cross-bar 25, so that rotation of the lead-screw 
7 by the gear motor 8 couses horizontal translational 
movement of the carriage 19 with corresponding vertical 
translational movement of the X-ray generator 4. 
The cylinder 12 is connected to the liquid-containing 

part of the hydraulic accumulator 13 via a length of 
tubing 14, and the gas chamber of the hydraulic accum 
ulator 13 is connected to the gas reservoir 5 by another 
length of tubing 17. The hydraulic accumulator 13 and 
the gas reservoir 5 may be installed at any readily acces 
sible place, since the tubing 14 may be of extended length. 
The gear motor 8 may be controlled by a suitable switch 
mechanism 26, which is connected to the gear motor 8 
by suitable leads 27 of appropriate length. 
By means of the invention, an X-ray generator weigh 

ing over 5,000 pounds may be raised and lowered by 
a fractional horsepower motor, without the use of heavy 
machinery or complex devices otherwise necessary to 
move a load of such magnitude. Moreover, the ability 
of the lead-screw system to support the X-ray generator 
by itself ensures safe operation even in the event of gas 
or liquid pressure failure. The weight of the X-ray gen 
erator is supported entirely by the gas and liquid pressure, 
so that the only work which need be expended in raising 
or lowering the X-ray generator is that necessary to over 
come frictional forces and small pressure changes. 
Having thus described several embodiments of the in 

vention, it is to be understood that although speci?c 
terms are employed, they are used in a generic and de 
scriptive sense and not for purposes of limitation, the 
scope of the invention being set forth by the following 
claims. 

I claim: 
1. A mount for heavy X-ray generators, such as those 

used in supervoltage therapy and industrial radiography, 
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4 
adapted to provide vertical movement of such heavy X 
ray generators with minimum power, maximum safety, 
and a minimum amount of heavy machinery, comprising 
in combination: a hydraulic ram having a cylinder and 
a piston adapted to slide snugly in said cylinder, a hy 
draulic accumulator having two compartments, the ?rst 
of which contains a liquid and is connected to said cyl 
inder so as to form a liquid-tight enclosure of substan 
tially constant volume, a gas reservoir connected to the 
second compartment so as to form a chamber of variable 
volume containing a substantially constant quantity of 
gas under pressure; a heavy X-ray generator connected 
to said hydraulic ram in such a way that the weight of the 
X-ray generator exerts a force which tends to decrease 
the volume of said chamber; and a source of motive 
power other than said gas under pressure for imparting 
vertical movement to said X-ray generator and capable 
of supporting the entire weight of said X-ray generator, 
the volume of said chamber being sufficiently large so 
that changes in both volume and pressure are small dur 
ing vertical movements of said X-ray generator. 

2. A mount according to claim 1, wherein said source 
of motive power comprises a lead-screw and a lead-screw 
nut coacting therewith, said lead-screw being rotatably 
mounted in a ?xed position and said lead-screw nut be 
ing connected to said X-ray generator in such a way that 
translational movement of said lead-screw nut resulting 
from rotation of said lead-screw results in vertical trans 
lational movement of said X-ray generator, and means 
for rotating said lead-screw. 

3. A mount according to claim 1, wherein said gas 
reservoir contains gas at high pressure, whereby the size 
of said hydraulic ram may be reduced and wherein the 
?rst compartment of said hydraulic accumulator is con 
nected to said hydraulic ram via an extended length of 
tubing, whereby said hydraulic accumulator and said gas 
reservoir may be installed at any readily accessible place. 
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