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sylvania

Application November 30, 1934, Serial No. 755,332

6 Claims.

Our invention relates to X-ray apparatus and
has particular reference to shockproof X-ray ap-
paratus wherein the danger of accidental shocks
resulting to a patient or operator are entirely
eliminated and constitutes an improvement on
the apparatus shown and described in the co-
pending application of C. M. Slack, Serial No.
750,760, filed October 31, 1934.

The most common type of shockproof X-ray
apparatus at present utilized in the art is that
of the so-called oil immersed type wherein the
X-ray tube and the high tension transformer for
supplying the energy thereto are immersed in
a cooling and insulating material and encased in
a metallic housing.

Such oil immersed apparatus, however, has
several inherent objectionable features which. it

is preferable to eliminate. For example, the en-

tire weight thereof Irenders it exceedingly un-
wieldy and difficult to manipulate and the in-

sulating material acts as a filter for the gen-

erated X-rays. Accordingly a shockproof unit
obviating the undesirable features of the oil im-
mersed type is shown and described in the above
- noted copending application. This apparatus
comprises an X-ray tube having a foreshortened
length than that normally required for a tube
operating in air at the same applied voltage,
and the energy for the tube is supplied by
grounded metallic sheathed cables, which are
connected to recessed electrode terminals carried
by the envelope in such manner, as to insulate
the same and prevent spark over to grounded
metallic parts of the apparatus at the maximum
operating voltages of the tubes:.

Our present invention is concerned primarily
with the provision of a similar type of shockproof
unit wherein the energy is. supplied through
grounded metallic sheathed cables which in ad-
dition to: supplying the energy so support the
tube that the same may be rotated to various in-
clinations for the purpose of treating or radio-
graphing various parts of the anatomy.

It is accordingly an object of our present in-
“vention to provide a cable connected shockproof
unit wherein the X-ray tube is of a foreshortened
length than that normally required for a tube
operating in air at the same applied voltage and
the unit is rotatable about its longitudinal axis
with the high tension cables which supply the
electrical energy functioning as bearings for the.
rotation thereof. - ’

" Another object of our present invention is the
provision of a cable connected shockproof unit
wherein the X-ray tube is of a foreshortened

(CL 250—35)

length than that normally required for a tube
operating in air at the same applied voltage with
the energy for the tube being supplied through
grounded metallic sheathed cables and the unit
being rotatable about its horizontal axis to al-
low directing of the radiations at various inclina-
tions of the unit. '

Another object of our present invention is the
provision of a cable connected shockproof unit
wherein the X-ray tube is of a foreshortened
length than that operating in air at the same
applied voltage with the energy for the tube be-

ing supplied through grounded metallic sheathed

cables which enter the ray proof housing and
are so connected to the terminals of the X-ray
tube as to reduce the spacing normally required
between the tube terminals and the grounded

housing, and wherein the unit is rotatable to

various inclinations about the cables which func-
tion as bearings for rotation thereof.

Another object of our present invention is the

provision of a cable connected shockproof unit

wherein the energy for the tube is supplied:
through grounded metallic sheathed cables con~-

nected to the ray proof metallic housing and the

X-ray tube terminals in such manner as to

ground the housing and form a support for the
tube about which the tube and housing may ro-
tate as a unit, as well as to form sufficient in-
sulation for the tube terminals so that the actual
air gap spacing between the latter and the
grounded housing may be reduced, to enable the
utilization of a tube of foreshortened length than

that normally required for a tube operated in air

at the same applied voltage.
A further object of our present invention is

the provision of a cable connected shockproof’

unit wherein the X-ray tube is of a foreshortened

length than that normally required for a tube op-

erating in air at the same applied voltage, with
the energy for the tube being supplied through
grounded metallic sheathed cables connected to

the ray proof metallic housing and extending:

into the tube, so as to insulate the electrode ter-
minals to prevent spark-over to the grounded
housing and forming a longitudinal axis about
which the tube and housing may be rotated to
various inclinations, and a circulatory system is

provided for the cooling of the anode of the
X-ray tube in all inclinations of the latter about

the longitudinal axis formed by the cables.

Still further objects of our present invention
will become obvious to those skilled in the art
by reference to the accompanying drawings,
wherein; )
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Figure 1 is a side view of a shockproof unit con-
structed in accordance with our present invention.

Fig. 2 is a side view in cross section and on an
enlarged scale of the apparatus shown in Fig. 1.

Fig. 3 is a sectional view on a still further en-
larged scale of a portion of the unit as shown in
Fig. 2.

Fig. 4 is a sectional view taken on the'line
IV—IV of Fig: 3.

Fig. 5 is a sectional view taken on the line V—V
of Fig. 3.

Fig. 6 is a sectional view showing a portion -of
a modification of the unit as shown in Fig. 2
with parts thereof broken away. to better illus-
trate the unit.

Fig. 7 is a sectional view of a-still further por-
tion of the modification shown in-Fig. 6 and con-
stitutes the right hand end of the unit which is
broken away in the preceding figure.

Pig. 8 is a sectional view taken on the-line
VIII—VIIL of Fig. 6, and.

Fig.. 9 is.as sectional view: taken on the line
IX—IX of Fig..6.

Referring now fto. the drawings in- detail and
particularly to Figs.. 1 and 2 thereof we have
shown: an: X-ray tube comprising an. eicngated
evacuated vitreous envelope 5 of a.foreshortened
length than. that: nermally required for a tube
operating in.air at the.same applied voltage. A
metallic. or other- suitable ray opaque housing,
shown -generally. at.8, surrounds the X-ray tube
for- preventing the egress of X-rays except
through:a pervieus windoew 1 provided in the hous-
ing- as-hereinafter more fully set forth.

This envelope-is provided with:reentrant stems
8.and-9-extending well into the envelope as can
be more readily seen in Fig, 2 with the innermost
portion- of: the: reentrant sleeve 8- being formed

intoe-a press-10 through which a pair of conductors:
{1 and 12 passto:-the cathode electrode shown gen--

erally-at. I3
This. latter etectrode comprises the usual fila-

ment 14-(Pig, 3). which is recessed within a focus--

ing-cup or: shield: {5, in . turn. fitting over the press

- portion: of: the reentrant sleeve 8, and held in

place-by means of metallic: rings-or the like i6.
An- insulated dise {7 is suitably secured to the
inner periphery of the reentrant stem- 8, at the
innermost extremity thereof and is provided with
a.-pair. of recessed metallic sleeves (8 and 19-which

are: connected to the filament. 14 by the conductors.

I and 12 passing through the press and thus
constitutes-the: cathode terminal for the tube.

A hollow-anode electrode: 208:formed of a mate-
rial of good electrical -and: thermal conductivity,
such as copper or the like, and provided with the
usual target 24 of refractory metal embedded. in
the-head thereof, is-sealed by a feather edge cop-
per annulus 22 to the reentrant portion 9 of the
envelope 5: A vitreous glass sleeve 23-fused to

the- envelope is disposed interiorly thereof and:

extends-longitudinally from. well in back of the
point. of seal of the anode to the envelope to con-
siderably beyond: the press 18 formed in the re-

_entrant stem:8. This-sleeve is provided with con-
strietions- 24 adjacent the anode and cathode for

a. purpose shown and: described more in detail in
the: copending application of €. M. Slack, Serial
No. 750,633 filed. October 30, 1934, but as the same
per se forms no part of our present invention fur-
ther description.thereof is deemed unnecessary.
The hollow anade: 28 is threaded:at the outer
end 25 as shown-in Fig:.3, and is arranged to be
engaged: by a metallic member 2% forming an oil

75 tight connection. This latter member 2§ is pro-

2,040,156

vided with a portion of reduced diameter inter-
mediate its ends which forms an annular passage
27 communicating through a plurality of radial
openings 28 with a longitudinal passage 29 in-
teriorly of the member 26,

A further metallic member 3@, having an elon-
gated portion 31 of reduced diameter, is arranged
to threadedly engage the member 26 at its outer
extremity as well as interiorly thereof in an oil
tight manner, to form an integral member hav-
ing the annular passageway 29 interiorly thereof,
between the portion 3! of the member 30 and
the greater portion of the interior of the mem-
ber 256. This latter member 28 is provided with
a recess 33 forming an anode terminal for the X-
ray tube similar to the cathode terminal which
comprises the insulated disc 1T and sleeves I8
and 19.

A longitudinal passage 34 is provided interioriy

of the member 38 which extends through the <

portion: 84 of reduced diameter and registers
with a portion of the passage 29 adjacent the
rear surface of the anode head. A palr of angu-
larly extending passageways 35 and 3§ are pro-

vided in the member 20 one of which, 3%, aligns -

with the longitudinally disposed passage 34 and
the- other, 36, communicating with the annular
passage 29. A suitable fitting, such as an elbow
27 of insulating material, threadedly engages the

anode terminal member- 30 in alignment with the

angular passageway 35.

An inlet. conduit 38 also of suitable insulating
material extends from an appropriate reservoir
(not shown) which in turn engages the elbow 31

thus forming a continuous inlet passage from the

reservoir to the interior of the hollow anode 26
for the ingress of a cooling and insulating mate-
rial, such as oil, with the insulation characteris-
tics.of this oil being augmented by the insulated
elbow 31T and the conduit 38 so that the potential
applied to the anode will not be transmitted to
other parts of the apparatus by the cooling sys-
stem.

In g similar manner an insulated elbow 38
threadedly engages the anode terminal member
30 in alignment with the angular-passageway 36
and an outlet conduit 40 extends from this elbow
back to the reservoir. Accordingly during oper-
ation of the tube the oil or other suitable in-

sulating material will flow from the reservoir ;

through the inlet conduit 38, elbow 37, passage-
ways-35 and. 34, and a small portion: of the pas~
sageway 29 which is closed by the extension 231
from the annular formed portion thereof, to im-

mediately in back of the target 21 at the point of 3

greatest heat concentration. The oil then flows
around the member 26 through. the annular pas-
sage 21 and radial openings 28 to the annular
passageway 29 formed by the union of the mem-
bers 26 and 38. As the angular passageway 36
communicates with the passageway 29 the oil
flows therethrough and returns to the reservoir
through the insulated elbow 39 and return or
outlet conduit 40.

The metallic housing, shown generally at 6 as
before stated, may be formed in sections to facil-
itate assembly of the tube therein and may com-
prise a center section 41 having the ray pervious
window T and a lining 42 of a metal of high atomic

weight, such as lead, for shielding purposes, and 7:

in order to prevent undue shocks to the tube a
pair of cushion rings or the like 43 may be car-
ried by the section 41 which bear lightly against
the envelope 5. An end section 44 is arranged
to overlap the center section 41 and is provided
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with an annular shoulder portion 45 bearing
against the end of the center section for longi-
tudinally positioning the same, and is held in
place in any suitable manner, such as by cap
screws or the like 46. 'This end housing section
44 has an insulating sleeve 41 extending longi-
tudinally thereof to well within the reentrant
sleeve 9 of the envelope and is made an integral
part of the housing by the provision of an an-
nular shoulder 48 bearing against the end of the
metallic portion of the section 44 with this sleeve
being rigidly secured to the latter, such as by
means of g locknut or ring 49. At the inner end
thereof the internal diameter of this sleeve is
slightly reduced, as shown more clearly at 50 in
Figs. 2, 3, 5 and 6, to form a bearing for a pur-
pose to be hereinafter explained. Accordingly
this sleeve 41 of insulating material, by extending
well into the reentrant sleeve 9 of the tube, re-
duces the normal air gap spacing required to
prevent sparkover between the anode terminal 30
and the metallic portion of the housing 44 at the
maximum operating voltages of the tube, and is
also provided with longitudinal passages through
which the insulated conduits 38 and 40 pass to
the exterior of the housing to the reservoir.
A further end housing section 51 overlaps the
center section 41 and is secured thereto in the
same manner as just described relative to the
section 44, namely, by the provision of a shoulder
52 and cap screws or the like 53. This section
51 is likewise provided with an insulating sleeve
54 extending well into the reentrant sleeve 8 of
the envelope having the bearing portion 50, and

 is made an integral part of this housing section

40
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t
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51, by being -rigidly secured thereto through a
shoulder 55 and locking ring 56 constructed in
the identical manner as above noted with respect
to the section 44, the only difference between the
two sections 44 and 51 residing in the provision
of an annular groove 57 at the end of the sleeve
54 which extends substantially around the inner
edge thereof for a purpose to be hereinafter more
fully described. )

In order to support the tube and housing as
well as supply high potential electrical energy to
the tube a pair of grounded metallic sheathed
high tension cables 58 and 59 extend from g suit-
able source, such as a high voltage transformer
(not shown) having the midpoint of its secondary
winding grounded, to the X-ray: tube.

The cable 59 has the metallic sheathing re-
moved therefrom g distance corresponding to
that from substantially the outside of the hous-
ing to the recessed anode electrode terminal 30
which is disposed at the innermost extremity of
the reentrant sleeve 9. A sleeve of insulating
material 69 fits snugly the unsheated portion of
the cable 59 and accordingly forms an integral

o part thereof. This sleeve 60 slidably engages

the insulated sleeve 4T at the bearing portion 50
provided therein and also at the outer extrem-
ity, by an increased diameter portion 6{ again
forming a second bearing thus enabling rotation
of the tube and housing about the cable 59.

For the purpose of supplying electrical energy
to the anode electrode terminal 30 as well as to
form a further bearing for rotatively supporting
the unit, the sleeve 60 is closed at its inner end

by an insulated disc 62 provided with a metallic -

pin 63 which is connected to the electrical con-
ductors 64 of the cable 59 and arranged to slid-
ably engage the recess 33 of the anode electrode
terminal 30. A flange 65 frictionally contacts
the metallic sheathed portion of the cable and

3

threadedly engages the insulated sleeve portion
4T of the housing yet when completely screwed
in place establishes an electrical contact with
the locking ring 49 for the purpose of effectively
grounding the metallic housing and maintaining
the cable in place within the reentrant sleeve 9
of the tube, as well as supporting one end of the
tube and housing.

In a similar manner the cable 58 is provided
with an insulated sleeve 68 forming an integral
part thereof, which slidably engages the housing
sleeve b4 at its bearing portion 58, and it is like-
wise. provided with an additional bearing 67
formed by an increased diameter portion in the
same manner as just described relative to the
sleeve 66, with the cable being held in place by a
flange 68 identical to that of the flange 65 for ef-
fecting the ground connection to the metallic
housing. The sleeve €6 has a laterally extending
pin 69 projecting into the annular groove 57 so as
to limit the rotation of the tube and housing about
the longitudinal axis formed by the respective ca-
bles 88 and 89 to slightly less than 360 degrees.

The inner end of this sleeve 66 is provided with
a loose fitting insulated thimble 18 (Fig. 3) which
constitutes an integral part of the sleeve 66 and
cable 68 and is held in place by a locknut or the
Yike Tl having openings 12 adapted to be engaged
by a suitable tool for inserting the nut in posi-
tion. This thimble 70 in turn is provided with a
pair of metallic pins 73 and T4 connected to the
electrical conductors 15 and 76 of the cable 58;
and slidakly engaging the metallic sleeves I8 and
9 for the purpose of supplying low tension heat-
ing current to the filamentary cathode 14 as well
as one side of the high potential energy thereto.

Iz the assembling of our unit the tube may be
placed in the center housing section resting upon
the cushion rings 43 with the conduits 38 and
40 protruding: therefrom. The right hand end
section 44 is then slid on, with the conduits 38
and 40 passing through the openings provided in
the insulated sleeve 41, and this section secured
to the center section of the housing after the
shoulder 45 abuts the same by the screws 46. The
left hand end section 51 is then slid over the tube
until the shoulder portion 52 contacts the center
section 41 after which it is secured in place by the
set screws B83. This accordingly positions the
insulated s'eeves 4T and 54, which form an inte-
gral part of the respective end sections 44 and 51,
well into the reentrant sleeves 8 and 9 of the en-
velope and, as before stated, form sufficient in-
sulation between the recessed electrode terminals
17 and 39 and the grounded metallic housing to
enable the spacing therebetween to be reduced be-
low that normally required for a tube operating in
air at the same applied voltage thus resulting in
the utilization of an X-ray tube 5 of foreshortened
length. : ) )

The cables 58 and 59, having their respective
integral sleeves 66 and 60 secured thereto, are
then slid into the sleeves 54 and 47, respectively,
with the pins 73 and T4 engaging the metallic
s'eeves 18 and 19, and the pin 63 slidably engag-
ing the recess 33 in the anode terminal 30. 'This
accordingly connects the cables to the anode and
cathode electrode terminals of the X-ray tube 5
and at the same time supports the tube at these

electrodes as well as the housing at the bearing 7

portions- 58, 61 and 67. The respective flanges
65 and 68 are then tightened thus establishing a
metallic connection between the grounded metal~
lic sheathed portion of the cables 58 and 59 and
the housing, shown generally at 6 in Fig. 1, and
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the conduits. 38 and 48 are'connected to:the reser-
voir in any suitable manner to allow g slight flexi-
bility thereof. ’

During a radiographic examination or a thera-
peutic treatment the operator may desire to alter
the angle at which the X-rays strike the patient.
In this event it is only necessary to rotate the unit
until the ray pervious window T is at the desired
inclination as the cables 58 and 59 remain sta-
tionary. The housing will, accordingly, rotate
about the cables 58 and 59 at the point of con-
tact of the frictionally engaged flanges §9 and 58
with the metallic sheathing of the cables, and at
the bearings 53 formed by reduced diameter por-
tions of the sleeves &7 and 54, as well as at the
points 61 and 67. At the same time the X-ray
tube will likewise rotate with the housing about
its respective electrode terminals which function
as bearings therefor due to the slight friction ex-
erted by the cushion rings 43 and the engage-
ment of the conduits 38 and 49 with the insulated
sleeve 41.

However, the metallic pins 73 and 74, which
engage the cathode terminal sleeves 18 and {9,
will also cause the thimble 78 to rotate with the
X-ray tube, thus tending to twist the cathode
heating conductors 75 and 72 as well as the cool-
ing system conduits 38 and 49 if the unit is ro-
tated completely 360 degrees. Such result is pre-
vented by the pin 62 projecting into the annular
groove 37 because this latter groove does not ex-
tend completely around the end of the insulated
sleeve 54 and accordingly forms a stop limiting
rotation of the entire unit, as before stated, to
slightly less than 360 degrees.

In Figures 6 to 9 inclusive we have shown a
modification of the structure just described which
enables unlimited rotation of the unit in either
direction of rofation without interfering in any
way with the circulating system for cooling of the
anode or causing a twisting of the cathode heat-
ing conductors 75 and 76. The unit in this par-
ticular embodiment is in most respects identical
to that previously described with the exception
of the construction of the electrode terminals and
the circulatory system. The insulated disc 17
in this particular modification is again provided
with the recessed metallic sleeve 18 which in this
instance is disposed concentric with the longi-
tudinal axis of the X-ray tube 5 and metallic ray
proof housing 6. In lieu of the recessed sleeve
19 as in the preceding construction, we provide a
recessed metallic ring 88, shown more clearly in
Figs. 6 and 8, which, like the metallic sleeve 18, is
electrically connected to the filamentary cathode
{4 by the conductors {1 and 12 passing through
the press portion 18 of the reentrant sleeve 8.

The insulated sleeve 66 forming an integral
part of the cable 58, is provided with metallic pins
81 and 82 rigidly secured thereto and connected
to the conductors 15 and 76 of the cable 58. The
pin 81 slidably engages the recessed concentric
metallic sleeve 18 and the pin 82 which is of a
distorted ellipsoidal configuration, slidably en-
gages the recessed metallic ring 88 so that upon
rotation of the X-ray tube and housing about
the stationary cable 58 the pin 81 functions as a
concentric bearing and the pin 82, while not con-
centrically disposed, nevertheless also functions
as a bearing enabling rotary motion of the ring
80 without destroying the electrical contact there-
between. Hence, upon rotation of the unit the
entire cable 58, including the metallic pins 81 and
82, remains stationary thus precluding any pos-
sibility of twisting of the conductors 75 and 16.

2,040,156

Also in this modification, as shown particularly
in Fig. 6, the hollow anode 20 is again threaded
at the outer end and is arranged to be engaged by
a metallic member 83 of substantially frusto-
conical configuration having a portion of reduced
diameter intermediate its ends which forms an
annular passage 84. This passage 84 communi-
cates through a plurality of radial openings 85
with the hollow interior of the member 83. A
hollow metallic member 86, having substantially
the same configuration as the member 83 but of
slightly reduced size than the hollow interior of
the latter member, threadedly engages the same
until a shoulder 87 carried by the member 86
bears firmly against the member 83 and forms an
oil-tight seal therebetween. This accordingly
forms an annular passage 88 between the inte-
rior surface of the member 83 and the exterior
surface of the member 86 while at the same time
completing a passageway 89 communicating from
the interior of the hollow member 86 to the end
of the member 83 immediately in back of the
anode head carrying the target 21.

A third metallic member 90 of substantially
conical form in turn is secured to the member 86
in an oil-tight manner thus closing the open end
of the member 86 and converting the hollow pas-
sageway 89 of the member 86.into annular form
for a portion of its length. In order to-establish
a communication to the passageway 89 the mem-
ber 90 is provided with a series of longitudinally
extending openings. 81, as can be more readily
seen in Figs. 6 and 9, which align with the annu-
lar formed portion of the passageway 89, and
this member 86 is provided with fhe recess 33
which forms the anode terminal in the same
manner as just described relative to the preced-
ing embodiment of - our invention. Moreover,
while we have described the members 83, 86 and

93 as separate parts, it is to be understood that

when the same are assembled they constitute
an integral unit -forming the anode terminal for
the tube and having passages therethrough for
the circulation of & cooling and insulating mate-

rial in the same manner as previously described ‘

relative to Figs. 1 to 5 inclusive.

An insulated sleeve 92 threadedly engages the
metallic member 83, which extends longitudinally
of the reentrant sleeve 9 of the envelope 5 in a

similar manner to the sleeve 47 in Fig. 2, and ad-

jacent its free end is provided with an annular
shoulder 83 to which the right hand metallic end
section 44 of the housing is secured in a suitable

manner such as by set screws 94, thus enabling

this sleeve to protrude slightly beyond the hous-
ing section 44 where its internal diameter may
be slightly increased, as shown at 85. Another
insulated sleeve 96 concentric with the sleeve 92,
but of slightly less diameter than the latter for
the greater part of its length, threadedly engages
the metallic member 86 thus forming an annular
passage 97 therebetween which communicates
with the passage 88 between the metallic members
83 and 86.

This sleeve 86 projects slightly beyond the free
end of the sleeve 92 where its outer diameter in-
creases in steps to that of the sleeve 92 thus
forming, with the provision of a gasket 98, an oil-
tight connection as well as enabling the sleeve 92
to slightly overlap this sleeve 86 and support the
same. A portion 99 of increased internal diam-
eter is provided in this sleeve 96 and its free
end is provided with an annular groove 100 for
purposes hereinafter noted. A still further sleeve
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2,040,156 .

i0i is secured to the metaliic member 90 which is
also concentrically dlsposed relatlve ‘to the afore-

noted sleeves 82 and 96 but of lesser diameter -

than the latter; thus again forming an annular
passageway 102 between the respectlve sleeves
'96.and 107 ‘which commumcates w1th the’ open-
ings 91 in the metallic member 80, ~ Like the other
sleeves, this sleeve. IEH is of increased dlameter
near its outer end to form a shoulder portmn I03

housmg 6 might be said to be further journalled

” at the’ ‘Doints of frictional erigagement between

the ﬁanges 65. and 68 with the réspective cables’"

58 and’59. Due t0"the’ construetion. of this em-
bodiniént of our’ invention the entire unit may be "
" rotated as a whole alioit’ its longitudinal axis

formed by the cables 58 and 59 and i is nét restnc

ed to movement of shghtly léss than 360 degrees‘ B
as in the modification shown in Figs, 1 to 5in=""
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10 which fits into the annular groove 100 provided ~ clusive. Herce twisting of the cathode conduc-
in ‘the sleeve 96 and together with a suitable = tors 75 and 16 is prevented as well as that of the
gasket 184 renders thls connectlon 011 t]_ght COOhng COndU_ltS 38 and 49 for the modlﬁcatlon B
This latter sleeve 101 is provided with the bear- 0f Figs. 6 to 9 inclusive the bushings 106 and“[07 i
ing portion 50 (Flg 6) in the same manner as de- follow movement of the housing without” 1mpos-'\

15 scribed relative to the sleeve 47.in the embodi- . 1ng a siress upon the portions of the connecting
‘ment shown in Fig, 2, and its’ free end prOJects ‘ ducts (not' shown) to the reservoir. "Moreover, .
slightly beyond the shoulder portion (03 wlgere 61; f;lgz'fnﬁ%Srggﬁzsaﬂaig?fggﬁ‘%&;ug%%ﬁ flllctftemg:

€ emoper
;ilzggfﬁ?glycé?éz%fggb%ﬁ? egigguugdegl metalhc .~ allows considerable flexibility, although as before

20 sheathing of the cable 59, Inasmuch- as-the - Stated relative to Figs. 1 to 5, they would be twist-
flange 65 threadedly engages the insulated sleeve- ©d tg S%ucg ?ﬁ‘ extent als t‘; ﬁerhaps be destroyed
i81, in order to establish a ground-connection be- gr shut off the oil supply if the unit were rotated -
tween the metallic sheathing-of the cable 58 and 360 degrees or more.
the meta] housing section 44 we provide a me- - It thus becomies obvious to those skilled in the

%5 tallic hood or the like 105 which: fits over the: aﬁt that }fﬂgi have prt';owlclied a cak;l{e contn%cteci
threaded end of the sleeve 181 and upon'connec- : ggi{l'egﬁgrten;?ﬁe%mthwt;;el%;;’ -ray ﬁl e ol
tion of the flange 65 thereto this-hood is.forced: wired for & tube geratm nm - n‘%niﬁ" yare-‘
into frictional contact with-the metalhc end sec- gpphe d voltage naa;%e ut111gz "y air at the same

39 tmfr&l :ilgglteeguoslhsxlrrllgg gr the like. IOS is secured . Moreover, the unit is suppprped upon hlgh ten-
to the sleeve 96 in alignment with the annular - SO cables which so enter the’grounded metallic

Lo . ‘, - ray proof housing as to rediice the air gap spacing
groove formed by the increased-diameter portion normally required to prévent spatk over and the
88 thereof, and this bushing is arranged to~be . formation of corona at the maximum op erating
g5 connected to the reservoir «(not shown):in the - voltages of the tube, and which form a Tongi-
same manner as the inlet conduit 38' of Figs. 2 tudinal axis about which the unit may be rotated
a_nd 8. A sxlmllar‘, buShng 101 fo_r ms an 011', to various inclinations withoiit in any way inter-
tl.ght 'connectlon with the sleeue 92. n ahg_n_rhent fering with the circulatory system for the’ coohng
with-its ‘annular: groove 85 which ‘is likewise ar=: of the anode in all inclinations of the unit.

4o Faneed to be connected to the reservoir to'com-: Although we have shown and described several

- Plete jche return;‘ thereto s;mrlar t‘?‘ that Of_th?‘ embodiments of our present invéntion we do not °
eondult 6. D uring operatlo_h of ‘_thls;latyer ,qu-", desire to be limited to the preciseé structural de-
ification of our invention the cooling and:ingulat- " tails illustrated ‘as various modifications of our
ing-oil flows from the reservoir through the:con- - present invention may be madeé without depart-

45 necting duect (ot shown) "to* the' bushing “106; ing from the sp1r1t and scope of the appended
thence around the annular groové 99 ‘and ‘along ’ claims. -
the-annular passageway 102, through the longi- What is claimed:
tudinal“openings 81, to the passageway 89 ‘where’ 1. A"shockproof X-ray apparatus comprising
it then contacts. the rear surfdace’of *the anode’ . an X-ray tube having an envelope prov1ded “with

50 head at the point of greatest hest chcemraf- . oppositely. disposed reentrant stems, electrode
tion immediately in back of the target 21. terminals carried by said ‘envélope at the ‘inner-

The heated oil will flow around the meta_llm most extremities of said reentrant stems, an X-ray
member 83 to the annular.passageway 84,“and opaque ‘metallic housing sutrounding said tube
thence find its way through the openings -85 to™ and provided with an X-ray pervious window in-

w3 the passage 88, from which it flows’ along’ the . alighment with the ray projecting portion of
passageway 86 to the annular groove 85, and back™' said envelope, and means connected to said hous- -
through the bushing 107 and return’ duct to the -ing to ground the latter and provided with por- .
reservoir. Accordingly with!tHe cables 58 and 59 tions extending into said housing and connected“
in place and connécted to the €lectrode terminals'’ to said electrode terminals for the purpose of -

go and housing, as beforé explained, the ‘entire unit- supplying electrical energy thereto and for in- ¢
can be rotated. “The pins 81 'and 82 forming bear: sulatlngly supporting said X-r -y tube and hous—f .
ings: for rotation of the cathode ‘erd of thetube ing to enable rotation of said tube and housmg»
Wwhile the pin 63 engaging the recess 33 provided: , unit to various inclinations about said means,
in the metallic dnode. terrmnal portion 96 func~ and to prevent the formamon of corona, or a- dls-' -

65 ﬁ;’]:: 53‘5 a‘bearing for'the anode end of the X-ray charge between said electrode terminals during

At the same time the insulated sleeves 54 and opgraino;ﬁ:cfk;%%; u;fray apparatus comprising
101 will rotate about the bearings formed by their an X-ray tube having an envelope provided with -
respective portions 50 and the enlarged portions a thermionic cathode and a hollow anode, elec-

~o.67, 61 of the cables 58 and 59 while these latter trode terminals carried by said envelope, an X-ray

cables remain stationary. These sleeves being
an integral portion of the housing naturally cause
rotary movement of the outer sections thereof so
that the ray pervious window always aligns with
75 the ray projecting portion of the tube 5, and the

opaque metallic housing surrounding said tube
and provided with an X-ray pervious window in
alighment with the portion of said envelope
through which the X-rays emerge, means con-
nected to said housing to ground the latter and
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ing and connected to said electrode terminals for
the purpose of supplying electrical energy thereto
and for insulatingly supporting said X-ray tube
and housing to enable rotation of said tube and
housing as a unit to various inclinations about
said means, and to prevent the formation of
corona or a discharge between said electrode ter-
minals at the maximum operating potential of
‘said tube, and means connected to the electrode
terminal for said hollow anode for circulating a
cooling and insulating medium therethrough in
-all various inclinations of said X-ray tube and
housing.

3. A shockproof X-ray apparatus comprising
an X-ray tube having an envelope of foreshort-
ened length than that normally required for a
tube operating in air at the same applied voltage
and provided with oppositely disposed reentrant
stems extending a substantial distance longi-
tudinally of said envelope, electrode terminals
disposed at the innermost extremity of said re-
entrant stems, an X-ray opaque housing sur-
rounding said X-ray tube and provided with a
pervious window therein, and means for support-
ing said X-ray tube and housing to form a longi-
tudinal axis about which said tube and housing
may be rotated to various inclinations and for
supplying electrical energy to said X-ray tube
comprising grounded metallic sheathed cables
having an insulated portion extending into said
reentrant stems and connected to said electrode
terminals, to form bearings for the rotation of
said tube and housing and to provide sufficient
‘insulation between said electrode terminals and
grounded parts of said apparatus to enable the
spacing therebetween to be reduced from that
normally required for a tube operating in air
at the same applied voltage without the formation
of corona or spark-over resulting at the maxi-
mum operating voltage of said tube.

4. A shockproof X-ray apparatus comprising
an X-ray tube having an envelope of foreshort-
ened length than that normally required for a
tube operating in air at the same applied voltage
and provided with oppositely disposed reentrant
stems extending a substantial distance longitudi-
nally of said envelope, electrode terminals dis-
posed at the innermost extremity of said reen-
trant stems, an X-ray opaque metallic housing
surrounding said tube and provided with an
X-ray pervious window therein, and means for
‘supporting said X-ray tube and housing and for
supplying electrical energy to said X-ray tube
comprising grounded metallic sheathed cables
connected to said housing to ground the latter

and provided with an insulated portion extending-

into said reentrant. stems for supplying electrical
energy to said electrode terminals and forming
an axis for said X-ray tube to enable rotation
thereof and said housing as a unit to various
inclinations.

5. A shockproof X-ray apparatus comprising
an X-ray tube provided with a thermionie cathode

2,040,156

prdvided with portiohs éxtending into éaid hoﬁs—_

and a hollow anode and having an envelope of
foreshortened length than that normally required
for a tube operating in air at the same applied
voltage with oppositely disposed reentrant stems
extending a substantial distance longitudinally 5
thereof, electrode terminals for said anode and
cathode disposed at the innermost extremity of
said reentrant stems, an X-ray opaque housing
surrounding said X-ray tube provided with a

pervious window therein, means for supporting 10.

said X-ray tube and housing to form a longi-
tudinal axis about which said tube and housing
may be rotated to various inclinations and for
supplying electrical energy to said electrode ter-

minals comprising grounded metallic sheathed 153

cables having an insulated portion extending into
said reentrant stems to provide sufficient insula-
tion between said electrode terminals and ground-.
ed parts of said apparatus to enable the spacing;

therebetween to be reduced from that of the 20:

normal air-gap equivalent for the same applied.
voltage, and means connected to the electvade
terminal for said hollow anode for circulating-a:
cooling and insulating medium therethrough-and:

through said hollow anode in all various inclina- 25

tions of said X-ray tube and housing during op-
eration thereof and to prevent the potential im- .
pressed upon said anode from being transmitted:
to other portions of said apparatus.

6. A shockproof X-ray apparatus comprising-303

an X-ray tube provided with a thermionic cathede

and a hollow anode and having an envelope of:
foreshortened length than that normally required:
for a tube operating in air at the same applied:

voltage with oppositely disposed reentrant stems 353

extending a substantial distance longitudinally
thereof, electrode terminals disposed at the inner-
most extremity of said reentrant stems, an X-ray
opaque metallic housing surrounding said tube

and provided with an X-ray pervious window 40

therein, means for supporting said tube and hous-
ing to form a longitudinal axis about which said
tube and housing may be rotated as a unit to
various inclinations and for supplying electrical

energy to said electrode terminals comprising 45

grounded metallic sheathed cables connected to
said housing to ground the latter and provided
with an insulated portion extending into said re-
entrant stems to provide sufficient insulation be-

tween said electrode terminals and grounded parts 50

of said apparatus to enable the spacing there-
between to be reduced from that of the normal
air-gap equivalent for the same applied voltage,
and means connected to the electrode terminal
for said hollow anode for circulating a cooling and 535
insulating medium therethrough and through said
hollow anode in all various inclinations of said
unit during operation thereof and operable to
prevent the potential impressed upon said anode

from creating a potential stress between said 60

means and grounded metallic portions of said
apparatus.
CHARLES M. SLACK.
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