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dale, Conn., a corporation of Connecticut

‘Application October 9, 1946, Serial No. 702,138
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This invention relates to X-ray apparatus of the
type that includes a table upon which the patient
reclines while undergoing examination, and is
concerned more particularly with a novel shock-
proof X-ray tube unit especially adapted for in-
stallation beneath the table of such apparatus.
Thé new Unit may be readily mounted for move-
ment lengthwise and transversely of the table,
and it is so constructed as to permit it to be moved
to the extent necessary to permit the beam issuing
from the unit to reach any part of the table.

Tn X-ray apparatus of the kind above referred
to, an X-ray tube employed for radiographic ex-
amination of the patient is mounted above the
table in a tube stand, and many tables have been
provided with s second tube beneath the table,
which is used for producing a fluoroscopic image
of the patient on a screen above the table, where
it can be readily seen by the operator. The tube
carried by the tube stand is commonly shock-
proofed, that is, the tube is mounted within a
grounded metallic housing containing insulating
fluid in which the tube is immersed, but shock-
proof tubes have not ordinarily been employed be-
neath the table and, instead, reliance has been
placed on the metal enclosure of the lower part of
the table to take care of the shock hazard.: One
reason for the failure to employ a shockproof tube
beneath the table is that a tube housing of the
kind heretofore available is provided with exten-
sions at right angles to the longitudinal axis of
the tube for receiving the ends of the cables sup-
plying energy to the tube and, when the unit is
mounted beneath the table with its long axis
parallel to that of the table, as is desirable, the
housing extensions or the cables interfere with
the structural parts of the table and prevent the
desired movement of the unit.

Recently, it has become increasingly desirable
to utilize shockproof tubes beneath tables in
X-ray apparatus in order, for example, to simplify
the construction of the table, which must other-
wise provide protection against -shock. Another
important advantage of shockproof tubes is that
they are of greater reliability and capacity under
busy operating conditions than those that are not
shockproof. A shockproof unit for use beneath
the table of such apparatus should be so con-
structed for radiological reasons that the long
axis of the tube is parallel to the long axis of the
table and, for similar reasons, it is desirable to
have the dimension of the unit in a direction
perpendicuiar to the table top as short as possible.
Mareover, the long dimension of the unit should
be as short as possible in order to permit maxi-
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mum longitudinal travel, and adequate lateral
travel places a practical limitation on the trans-
verse dimension of the unit.

The present invention is directed to the pro-
vision of a shockproof X-ray unit, which is so
constructed that, when employed beneath the ta-
ble in an X-ray apparatus, it fulfills the condi-
tions above pointed out and can be moved both
lengthwise and across the table fo the full extent
required. The new unit includes a housing con-
taining insulating fluid, such as oil, in which the
tubing is immersed, and the housing is mounted
with the long axis of the tube parallel to the long
axis of the table. The cable terminal members
are mounted within the housing at one end there-
of and on either side of the long axis of the tube,
and the usual collapsible chamber, which per-
mits expansion of the oil, is also mounted within
the housing .and preferably at its other end at
one side of the long axis of the tube and in align-
ment with one of the cable terminal members.
The high tension connection to the terminal of
the tube remote from the cable members extends
from the .other cable terminal member through
the oil along the tube at the other side of the long
axis thereof, and adequate insulation for this.con-~
nection is thereby provided. With this .arrange-
ment, the housing is symmetrical about its longi-
tudinal axis, the lengthwise dimension .of the
housing can be kept to the desired minimum, and
adequate lateral movement of the unit is per-
mitted, because there are no housing extensions
or portions of the cables which would restrict
stuch movement.

For a better understanding of the invention
reference may be had to the.accompanying draw-
ings, in which

Fig. 1 is a plan view of one form of the new
unit with parts shown in section and broken
away;

Figs. 2 and 3 are sectional views on the lines
2—2 and 3—3 of Fig. 1;.and

Pig. 4 is a transverse sectional view through a
modified form of the unit.

The unit, illustrated in Fig. 1 comprises g hous-
ing 10 ordinarily made of .a suitable metal such
as aluminum. The housing is generally rectangu-
lar in horizontal section and it is formed with a
circular opening inits bottom wall, which is closed
by 2 plate 14 held.in place by screws 12, a gasket
{3 eing interposed between the plate .and the
wall of the housing adjacent the opening. The
plate !1 has a central opening, which is closed by
a re-entrant window 14 formed with .a flange,
which is clamped. against. a gasket 15 by .an .an-




Hular nut (6 threaded into the wall of the opening
closed by the window. At its inner end, the win-
dow extends into an opening in a tubular ray-
proof shield {7 and terminates close to the wall
of an X-ray tube 18 lying within the shield and
held in place by spacers 19 interposed between the
wall of the tube and the shield. The shield is held
in place by a pair of stirrups 20, the ends of the

o

stirrups being secured by serews 21 to bosses 22

formed on the inner wall of the housing opposite
the opening closed by plate {1. The longitudinal
axis of the tube lies in the longitudinal axis of
the housing.

At one end, the housing (0 is formed with a
pair of openings through which pass the termi-
hal members on the cables 23, through which
energy is supplied to the tube. In the construc-
tion illustrated, the cables are detachably con-
nected to the unit and a socket member 24 of
insulating material is mounted in each opening.
Each socket member is provided with a flange 25
encircling its outer end and the flange rests
against the outer wall of the housing around the
opening and is engaged by an annular nut 2§
threaded into a flange 21 on the housing encir-
cling the opening. Each cakle is provided with a
terminal sleeve 28 receivable in one of the socket
members and the cuter end of the sleeve enters a
bell-shaped collar 28a. Collar 28a lies within a

bell-shaped clamping collay 28 which is engaged -

by an annular nut 298¢ threaded on the outside of
flange 27. Each socket member is provided with
terminals 30 at its inner end, which are engage-
able with corresponding terminals projecting
from the terminal sleeve 28 on the cable and con-
nected to the conductors in the cable. As illus-
trated, the socket members 24 lie parallel and in
symmetrical arrangement on either side of the
longitudinal axis of the tube, at least in part on
opposite sides of the tube, and the longitudinal
axes of the socket members lie in g plane through
the longitudinal axis of the tube.

The tube illustrated is so disposed within the
housing that its anode lies at the end of the tube
remote from the socket members 24 and the
ahode shank 34 projecting out of the tube is con-
nected by a metal strap 82 to the terminals 30
exposed beyond the inner end of one of the socket
members 24,
shank parallel to the end wall of the housing and
then through the space along one side of the
tube. The strap is at a considerable distance
from the housing at all points so that it is ade-
quately insulated by the insulating fluid with
which' the completed unit is filleg through the
opening in plate { closed by plug 33. The con-
nections 84 from the cathode of the tube pass
around the end of the tube and the shield {7 to
be connected to terminals 35 on a plate 36
mounted in the end of the other socket member
28, Connections 34 are enclosed within an in-
sulating sleeve 37, where they extend around the
end of the tube and shield and to the end of the
socket member. ‘

During the operation of the unit, its oil con-
tents become heated and expand, and it is, there-
fore, necessary to provide collapsible means de-
fining a part of the space occupied by the oil and
acting upon collapse to increase the volume of
that space. In the construction shown, such
means take the form of a chamber 38 of cup
shape and made preferably of a suitable syn-
thetic rubber compound. The chamber lies
within a perforated metal enclosure 39 and the
chamber and enclosure lie within the housing

The strap extends from the anode.
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and are supported by a disc 40 having & peri-
bheral flange 41. The rim of the chamber is
seated against flange 41 and held in place by a
flange 42 on the enclosure 29, which is spun over
the rim of the chamber and flange 41 on the disc.
The disc is secured to the head of a fitting 43
having a threaded shank 44 which extends
through an opening in a re-entrant portion 45 of
housing 10. A nut 46 is threaded on the shank
and serves to secure the fitting in place against
the inner face of portion 45 of the housing. The
brojecting end of the shank and the nut are con-
cealed by a plate 47 attached to the housing and
the fitting has a passage 48 through it and plate
47 is perforated, so that air can be expelled from
within the chamber 38 as the latter is collapsed.

It will be noted that the chamber 38 and its
enclosure 39 lie in axial alignment with the
socket member 24 to which the cathode connec-
tions lead, such chamber and enclosure lying in
part transversely opposite the tube and in a
space, which, in a symmetrical housing, would
otherwise be unoccupied. It is to be understood
that, if desired, the position of the tube in the
housing could be reversed and the tube could be
placed with its anode end adjacent the socket
members. In that case, the chamber 38 and its
enclosure would lie on the side of the tube oppo-
site to that in which it is now shown.

With the construction described, the housing
is approximately square and its vertical di-
mension is a minimum. The cables extend in
barallel from one end of the housing and there
are no necks on the housing extending at right
angles to the longitudinal axis of the tube as in
prior constructions. The housing has the mini-
mum horizontal dimension consistent with
proper insulation for the connection 32, and by
mounting the collapsible chamber wholly within
the housing and in alignment with the socket
member to which connections 34 lead, a saving
in the overall dimensions of the unit is effected.

Some X-ray tables may require a reduction in
the fransverse dimensions of the unit while per-
mitting an increase in its vertical dimension, and
for such' an installation, the unit illustrated in
Fig. 4 may be employed. In this construction,
the housing 49 is so formed that the socket mem-
bers 50 lie with their longitudinal axes parailel
to one another and to the longitudinal axis of the
tube §1 but the axes of the socket members lie
in a plane offset from the horizontal plane
through the longitudinal axis of the tube. The
collapsible chamber and its housing 52 lie with
their longitudinal axes in alignment with that of
one of the socket members. The distance be-.
tween the axes of the socket members 50 is sub-
stantially smaller than the distance between the
24 in the construction
shown in Fig. 1, ang the overall transverse di-.
mension of the housing is, accordingly, substan-
tially less than that of the Fig. 1 housing. In.
the construction shown in PFig. 4, planes passing
through the axes of the respective socket mem-
bers and the longitudingl axis of the tube lie at
right angles to one another, but the enclosed
angle between the planes may be varied within
the limits permitted by the requirements of the
installation.

The new shockproof unit may be advanta-
geously employed for serialographic X-ray work
because of the possibility of moving the unit
lengthwise and across the table to the extent.
necessary to permit all parts of the table to be
reached by the beam issuing from the unit. For
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such use the unit is provided with a double focus
tube, one focal spot being employed for produc-
ing the fluoroscopic image, and the other for
radiography.

We claim:

1. A shockproof X-ray unit which comprises &
housing containing insulating fluid, an X-ray
tube mounted within the housing with its longi-
tudinal axis generally parallel to the side walls
of the housing, the tube having terminals at its
opposite ends, & pair of cable terminal members
mounted within the housing at one end and ex-
tending generally parallel to the longitudinal axis
of the tube and on opposite sides of said axis
and at least in part on opposite sides of the tube,
a collapsible chamber mounted within the hous-
ing at the other end thereof and aligned with
one of the cable terminal members, the chamber
lying in part transversely opposite the tube, a
connection extending through the space at the
opposite side of the tube between the other cable
terminal member and the tube terminal at the
remote end of the tube, and a connection between
the other cable terminal member and the tube
terminal at the adjacent end of the tube.

2. A shockproof X-ray unit which comprises
a housing containing insulating fluid, an X-ray
tube mounted within the housing with its longi-
tudinal axis generally parallel to the side walls
of the housing, the tube having an anode ter-
minal at one end and a cathode terminal at the
other, a pair of cable terminal members mounted
within the housing at the end, to which the cath-
ode terminal of the tube is adjacent, and extend-
ing generally parallel to the longitudinal axis of
the tube and on opposite sides of said axis and
at least in part on opposite sides of the tube, a
collapsible chamber mounted within the housing
at the other end thereof and aligned with one of
the cable terminal members, the chamber lying
in part transversely opposite the tube, a connec-
tion extending through the space at the opposite
side of the tube between the other cable fermi-
nal and the anode terminal of the tube, and a

connection between the first cable terminal and ¢

the cathode terminal of the tube.

3. A shockproof X-ray unit which comprises a
housing containing insulating fluid, an X-ray
tube mounted within the housing with its longi-
tudinal axis generally parallel to the side walls
of the housing, the tube having terminals at its
opposite ends, a pair of cable terminal members
mounted within the housing at one end and ex-
tending generally parallel to the longitudinal axis
of the tube and on opposite sides of said axis
and at least in part on opposite sides of the tube,
the longitudinal axes of the tube and cable ter-
minal members lying in substantially the same
plane, a collapsible chamber mounted within the
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housing at the other end thereof and aligned with
one of the cable terminal members, the chamber
lying in part transversely opposite the tube, a con-
nection extending through the space at the oppo-
site side of the tube between the other cable ter-
minal member and the tube terminal at the re-
mote end of the tube, and a connection hetween
the other cable terminal member and the tube
terminal at the adjacent end of the tube.

4. A shockproof X-ray unit which comprises a
housing containing insulating fluid, an X-ray
tube mounted within the housing with its longi-
tudinal axis generally parallel to the side walls
of the housing, the tube having terminals at
its opposite ends, a pair of cable terminal mem-
pers mounted within the housing at one end and
extending generally parallel to the longitudinal
axis of the tube and on opposite sides of said
axis and at least in part on opposite sides of the
tube, the longitudinal axes of the cable terminal
members lying substantially in a horizontal plane
offset from that of the longitudinal axis of the
tube, a collapsible chamber mounted within the
housing at the other end thereof and aligned
with one of the cable terminal members, the
chamber lying in part transversely opposite the
tube, a connection extending through the space
at the opposite side of the tube between the
other cable terminal member and the tube ter-
minal at the remote end of the tube, and a con-
nection between the other cable terminal mem-
ber and the tube terminal at the adjacent end
of the tube.

5. A shockproof X-ray unit which comprises a
housing containing insulating fluid, an X-ray
tube mounted within the housing with its longi-
tudinal axis generally parallel to the side walls
of the housing, the tube having terminals at its
opposite ends, a pair of cable terminal members
mounted within the housing at one end and ex-
tending generally parallel to the longitudinal axis
of the tube on opposite sides of said axis and at
least in part on opposite sides of the tube, the
longitudinal axes of the cable terminal members
lying in a horizontal plane offset from a hori-
zontal plane through the longitudinal axis of the
tube. :

THOMAS H. ROGERS.
WILLIAM W. FENGLER.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
2,290,322 Goldfield oo July 21, 1942
2,320,559 BoUWErS —eee et June 1, 1943




