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PATENT OFFICE

2,121,630
X-RAY APPARATUS

Malvern J. Gress and Zed J. Atlee, Chicago, Ill,
assignors to General Electrie X-Ray Corpo-
ration, a corporation of New York

Application May 11, 1936, Serial No. 78,994

9 Claims.

The present invention relates to X-ray appa-
ratus, and more particularly to improvements in
apparatus embodying an X-ray tube in which
one of the discharge electrodes is movable with

5 respect to the other to provide relative motion
petween the electron beam and the surface of the
anode or target. .

Our invention has for an object the provision

of conveniently usable X-ray apparatus especi-
10 ally adapted for heavy duty use, and for long

commercial life under such use. To this end

we have combined an improved form of rotatable

anode X-ray tube with a distinctive apparatus

assembly which besides being rugged and well
15 protected against mechanical vibration is excep-
tionally light and compact and is easily de-
mountable to facilitate inspection and replace-
ment of parts. The construction is also made
unusually safe from the standpoint of operator
and patient by novel shielding means rendering
the whole apparatus electrically shockproof and
essentially impervious to random X-ray emana-
tions.

The features of our invention which we desire
2 to protect herein will be pointed out with par-

ticularity in the appended claims. The inven-
tion itself, however, both as to its construction
and mode of operation, together with additional
objects and advantages thereof, will best be un-~

30 derstood by reference to the following specifica~
tion taken in connection with the drawings, in
which Fig. 1 is a longitudinal sectional view of a
portable X-ray apparatus embodying the inven-
tion: Fig. 2 is a detail view showing the frontal

35 appearance of the cathode structure; Fig. 3 is an
enlarged fragmentary view in section showing
the details of the anode construction and mount-
ing; Fig. 4 is an end-view of the embodiment of
Fig. 1, in which the casing has been cut along

4p the lne 4—4 and removed to reveal the tube
supporting structure; Fig. 5 is another fragmen-
tary section disclosing the appearance from be-
low of the contact mechanism illustrated at the
extreme left of Fig. 4; Fig. 6 is a longitudinal

45 sectional view showing the application of the
invention in a modified form wherein the alter-
nating current transformer units as well as the

X-ray tube are enclosed in a single container;

and Fig. 7 shows diagrammatically the circuit
g connections pertaining to the construction of
Fig. 6.

Referring now more particularly to Fig. 1, we
have illustrated our invention as applied to a
portable X-ray apparatus which combines high
allowable X-ray output with small bulk and

2

(=]

=1

@
[

(CL. 250—34)

weight to an extent not previously attainable in
devices of this class.

Externally viewed this apparatus comprises a
metal casing | which terminates at each end in
a2 rounded bulbous portion and consists centrally
of a substantially cylindrical section of some-
what reduced diameter.

Arranged axially within the casing { and sup-
ported therefrom in a manner to be specified
more fully hereinafter is provided a novel X-ray
tube of our invention. This comprises a glass
envelope 10 evacuated in accordance with the
procedure outline, for example, in Coclidge Patent
No. 1,203,495. At one end of the envelope. is

arranged a cathode structure i2 offset from the ]

center of the tube. As shown in greater detail
in Fig. 2 this cathode structure comprises a
focusing cup 3 having in the face thereof a pair
of recesses 14 and 15 each containing a substan-
tially linear filamentary cathode. These fila-
ments, numbered 16 and i1, respectively, are of
different size and are electrically separate so that
they may be used alternatively to permit a
greater range of operation of the X-ray tube.
The respective outer faces of the focusing cup
associated with each of the filaments 16 and -1
as well as the filaments themselves are angularly
disposed so that their projections on the face
of the target or anode 18 will produce substan-
tially parallel focusing spots. The details of
construction of the cathode are disclosed and
claimed in our copending application Serial No.
78,995 filed May 11, 1936, and assighed to the
same assignee as the present invention.

The anode I8 may comprise a disk of refrac-
tory metal such as tungsten, preferably rough-
ened to increase its heat dissipating qualities.
Adjacent its outer periphery the anode is pro-
vided with a smooth. beveled face 19 angularly
inclined to the major plane of the anode by a
relatively small angle in the neighborhood of
15°. This beveled face is adapted to receive elec-
trons projected from the cathode and to gener-
ate X-rays which may bass through the wall of
the X-ray tube and of the casing | into the cone
20, which may also constitute a supporting hase
for the entire apparatus. Since the target as a
whole is rotated during tube operation, as will
be more fully explained in the following, more
intense bombardment and greater X-radiation
can be permitted than is allowable with station-
ary anode devices. Heating current is supplied
to the filament of the cathode 12 through a cable
23 which also serves to connect the cathode to
an external source of high potential. This cable
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& L
is heavily insulated as shown and is enclosed for
2 portion of its length in an insulating bushing
24, for example, of porcelain, which projects to-
ward the interior of the casing i.. Mechanical
bracing and protection are afforded to the cable
by an outwardly projecting metal sleeve 26 com-
prising a separately affixed extension of the main
casing. A high potential connection to the an-
ode is made at the other end of the casing by a
similar insulated cable 27 brought in through
corresponding sleeve and bushing parts 29 and
é8 and having a projecting stud 31 adapted to
make friction contact with the terminal struc-
ture of the anode. In comnection with each of
the sleeves 2§ and 28 clamping portions 82 and
338 are provided having adjustable tightenhing
means for causing them to grip the surface of the
cable 2nd to hold it firmly in place.

In accordance with our invention the anode {8
is coupled through a shaft 35 with a rotor struc-
ture comprising - a - bearing housing 36 and. an
induction rotor 27. To this latter element, the
construction of which will be more fully described
in the following, driving force is transmitted from
a cooperating stator 39 mounted outside the tube
envelope. As .is best shown in Fig. 1, this stator
comprises a core of stacked laminations of mag-
netic ‘material having exciting windings 40 and
&1 arranged in slots provided for that purpose
in the inner periphery of the stator core. The
construction of the stator corresponds to that
employed in induction motors of known types and
need not be described in-detail.” It is sufficient for
present purposes to state that when a rotating
field is established in the field space within the
magnetic core by energization of the stator wind-
ings, the rotor 37 will be subjected to a powerful
rotatiocnal torque due to circulating currents in-
duced in its conductive parts.

The spacing and creepage distances required
between the exposed electrode connections to pre-
vent electrical break-down are considerably less-
ened by the provision in the casing { of a suitable
liquid dielectric as, for example, a suitable oil.
Furthermore, the clearance between the X-ray
tube and the wall of the casing is made much
less than would be permissible with an air filling,
The combination of .these factors results in an
impressive reduction of the bulk of the whole unit.

An even more significant economy of space and
welght is realized, however, through the particu-
lar disposition of the stator which we have pro-
vided. In the first placeé, the superior cooling
properties of the oil, in which it is immersed,
permit the use of much smaller dimensions in
the core and windings than would be allowable in
open air. In addition, by electrically ‘grounding
the stator core to the casing rather than main-
taining it at the potential of the anode we avoid
the use of a massive insulating transformer for
insulating the stator supply connections. It may
be noted that the presénce of the oil makes such
grounding feasible in spite of the relatively short
creepage distance to the anode lead-in connec-
tion. We further prevent direct break-down to
the rotor through the wall of the envelope by the
interposition of a shield 78, which comprises a
continucus shell of insulating material, for ex-
ample, phenolic resin. . This shield includes g, por-
tion projecting into the gap between the rotor
and stator, and a further portion surrounding the
enlarged central eylinder of the envelope, By the
provision of such .a- unitary shield, having no
joints or regions -of low -dieleciric strength, we
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have found that a high degree of protection is
afforded.

Referring now to Fig. 3, we have shown in
greater detail the particular features of construc-
tion of the anode and rotor structure and of the
means employed for supporting the various parts.
It will be seen that the rotor structure is sup-
ported on. a rigid shaft 45 of conducting material,
ior example, copper, which projects through the
envelope wall. The shaft is affixed to the envelope
by means of a hermetically tight glass-to-metal
joint comprising a tapered metal flange 46 fused
into a reentrant glass stem 47. Externally it is
rigidly fixed as by the connection to the stator
frame shown in the drawings.

We have found that if the envelope 18 is sup-
ported within the casing by a rigid or unyielding
ciamping connection to the outside of the en-
velope, torque impulses occurring during the
starting period of the motor are transmitted from
the rotor 37 to the shaft 45 and must be absorbed
by the frangible glass-to-metal connection be-
tween the shaft and the glass envelope. - In order
to prevent this possibility and to avoid the danger
of breakage resulting therefrom, we support the
envelope as well as the rotor 87 from the shaft
45. Apart from this connection the envelope -is
substantially free to move within the casing, fur-
ther support being made unnecessary by the pres-
ence of the oil bath which more or less floats the
envelope in a condition of equilibrium. Whereas
this type of mounting might be impractical in air
or other gaseous atmospheres because of biurring
or apparent enlargement of the focal spot due to
vibrations generated by the high speed rotation of
the anode (8, in the present arrangement such
vibrations are largely damped by the presence
of the oil. Further, the magnitude of the vibra-
tions is substantially lessened by the shortened
envelope permitted by the corona-preventing
properties of the oil.

In order to provide a simple and compact sup-
port for the shaft 45 and to prevent as far as
bossible the transmission of shaft vibrations to
the wall of the casing, we provide a substantially
rigid connection between the stator frame and
the shaft 45 which effectively suppresses any
tendency for relative .motion to occur between
these parts. . This connection includes the con-
ducting terminal 49, which is rigidly clamped to
the shaft 45 as best shown in Fig. 4, a segmental
block 58 of phenolic resin or other insulating ma-
terial and a supporting element shown as a semi-
cylindrical shell §{ securely bolted to the periph-
eries of both the segmental block and the stator

Proper orientation of the X-ray tube and more
particularly of the focal spot with respect to the
cone 28 is secured by an adjustable aligning
means comprising the circular ring 84, the set
screw €3, and the key 66. Prior to the assembly
of the apparatus, the proper position of the ring
64 on the shaft 45 may be determined by setting
the tube in an aligning jig provided for that pur-
pose. - After such alignment is once made the
tube may be installed in its casing in the manner
shown with assurance that its parts will be prop-
erly disposed with respect to the X-ray window.

A major problem in the construction of a satis-
factory rotatable anode X-ray tube consists in
the provision of suitable kearings adapted to
stand up under the unusual conditions encoun-
tered in this particular use. For example, the
bearings must be able to withstand heating to
extremely high temperatures over g considerable
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period of time during the process .of degassing
and evacuating the envelope.
to the extremely high vacuum. which must be
maintained at all times during operation, the
bearings must be qualified to run at high speed
without any form of lubrication whatever. In
order to meet these qualifications we provide
anti-friction bearings of the form illustrated in
Fig. 3. These comprise ball bearings of the so-
called “full” type having inner and outer races
55 and 55 respectively but preferably omitting
the retainer rings, which we have found particu-
larly susceptible to abrasion during tube opera-
tion. ‘The balls 57 as well as the cooperating race
members should be made of a hard abrasion-re-
sisting metal capable of retaining iis properties
under the normal conditions of manufacture and
operation of the X-ray tube. Materials satis-
factory for this use comprise precipitation hard-
ened metals which are characterized by a “Rock-
well C” hardness of at least 55, and preferably
between 60 and 65, units and which maintain this
hardening after vacuum firing at a temperature
of at least 600° C. and are capable of high speed
operation without substantial abrasion in the
entire absence of a lubricating film. Bearings
comprising such materials are the invention of
George Hotaling and are fully described and
claimed in his application Serial No. 123,222, filed
January 30, 1937. A particular metal which has
been found adequately to. fulfill these require-
ments consists of a precipitation hardened alloy
having an analysis of approximately 0.77 per cent
carbon; 18.5 per cent tungsien; 4.52 per cent
chromium; 145 per cent vanadium; 1 per cent
molybdenum; 9 per cent cobalt, and a comple-
mentary percentage of iron. After hardening to
o Rockwell C hardness of from: 63 to 65 units,
this material will maintain a hardness in excess
of 82 units after heating for prolonged periods
at from 500 to 656° C. Furthermore, it will
stand use in the bearing structure above de-
scribed under normal operating conditions with-
out the occurrence of substantial abrasion.

The heat treatment required satisfactorily to
degas the bearings inevitably produces pitting
and roughening of their working surfaces. Since
these surfaces are required to run without lubri-
cation, considerable friction will be present and
a rotor structure capable of developing high
torque is desirable fo overcome this friction.
However, in view of the extreme difficulty of
effectively degassing rotor structures, the tend-
ency has been to use simple low-torque construc-
tions and to avoid bearing difficulties by failing
to heat the parts to a true degassing tempgperature.
We have succeeded in incorporating into a thor-
oughly degassed X-ray fube a laminated rofor
construction having high torque characteristics
by casting the windings into slots in the periph-
ery of the stacked laminaticns under vacuum
conditions.

Referring again to Fig, 3 the details of con-
struction of our improved rotor will be evident.
1t is shown as consisting of a stack of annular
laminations 69 provided with longitudinally ex-
tending slots slightly skewed with respect to the
rotor axis: These slots are filled with  vacuum
cast material §2, preferably copper, and the
windings thus formed are interconnected at their
ends by peripherally -extending rings 683 of the
same material. Due to-the fact that the wind-
ings and laminations are degassed during the
casting process, little difficulty is experienced in
sufficiently degassing the assembled rotor struc-

PFurthermore, due’

3

ture after installation in the tube in spite of the
relatively great mass of material comprised in
the laminated core. This rotor construction is
claimed in our copending application, Serial No.
78,996, filed May 11, 1936 and assigned to the
same assignee as the present invention.

During operation, heat flow to the bearings and
rotor structure from the anode 48 is minimized
by the fact that the thermal circuit - between
thern consists only of the relaiively small shaft
35 which is inherently of limited heat conductiv=

ity. Heat flow may be still further reduced.by

forming a part of the shaft 3% or of its coupling
with the anode I8 of a refractory insulating ma-
terial such as magnesium oxide. For accomplish-
ing sufficient heat dissipation from the anode
surface we are able to rely on the radiation of
heat to the walls of the envelope adjacent the
anode and its subsequent absorption by the: oil
bath. 'This effectual separation of the anode and
bearings obviates the necessity of providing spe-
cial cooling means in connection with the latter
to avoid their deterioration by the heat trans-
mitted to them. Expansion and contraction of
the oil due to changes in temperature is permit-
ted by the provision of a sylphon bellows 87 in
communication with the casing through 2 cen-
tral duct 68.

In a rotating anode X-ray tube it is desirable
to have a large diameter anode in order to make
available as great a target area as possible. On
the other hand, it is desirable to have a small
rotor and stator structure in order to obtain min-
imum weight. It is also desirable to reduce the
clearance between the stator and rotor to a
smaller value than the clearance required be-
tween the anode disk and the glass. Further, ‘it
is desirable to get the rotor and the anode disk
as close together as possible in order to obtain a
short tube, 8 minimum weight of rotating struc-
ture and minimum vibration. To accomplish
these purposes the shape of the tube envelope
shown in Fig. 1 is most advantageous, viz: &
large cylindrical section in which the anode {8
rotates, converging abruptly into & smaller cyin-
drical section about which the stator 87 is placed.

An additional factor which necessitates a.large
clearance between the rotating ancde and the
envelope is that some melting of the tungsten of
the beveled face 19 may be allowaed because the
melting is spread over a large area. Where this
actually occurs, & considerable surface of glass
must be provided for condensation of the tung-
sten, and this surface must be an appreciable
distance from the interelectrode space so that it
is out of the strong electrical fieid. .

The apparatus is made substantially impervious
to X-rays emanating in directions other - than
through the cone 20 by the provision of a cylin-
drical lead sheath 75 surrounding 2 major pro-
portion of the envelope 18, including particulariy
the interelectrode space. This sheath is grounded
to the casing by direct connection thereto and is
adequately insulated from the high potential
electrode parts by the extended enlarged portion
of the sleeve T0. : .

Additional protection against radiations com-
ing from the target as well as against secondary
radiations from the other parts of the tube: is
afforded by the metal masses of the cathode
structure, by lead cap 71 partially lining the
cone 20, and by the cathode base 18. This latter
may be constituted of an insulating material, for
example, phenolic resin impregnated with. an
oxide of a metal of high atomic number, and may
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comprise a flaring collar 78 attached to the main
portion of the base. It may also have a lining
80 of lead or a similar X-ray impervicus metal.

In order to minimize absorption of X-rays
emitted in the desired direction, viz: outwardly
through the cone 28, the glass wall of the en-
velope comprises a portion 81 of reduced thickness
adjacent the cone opening. The X-ray window
formed by aligned apertures in the lead sheath
15 and the casing 1 is closed by a reentrant cone
82, suitably of phenolic resin. Since the face of
this cone closely approaches the outer surface
of the sleeve 18, it decreases substantially the
amount of intervening oil required to be trav-
ersed by the X-rays. :

It is further desirable to make the apparatus
demountable to permit occasional inspection and
replacement of parts. To this end the casing |
is divided in the region adjacent the stator 38.
Here the bulbous cap portion 98 is joined to the
main body of the casing by removable means such
as screws 91. During the use of the apparatus
this joint may be concealed by a cover plate or
ring 93.

The X-ray tube is so arranged that the section
comprising the rotor mounting projects from the
main body portion of the casing {8. The stator
core 39 is removably supported against the end
of the casing by means of an annular mounting
ring 96 rigidly affixed to the stator core as by
riveting thereto. With this arrangement the re-
moval of the casing end-portion 98 renders ac-
cessible whatever retaining means, correspond-
ing to the screw 95 shown in Figs. 1 and 3, is
employed to hold the mounting ring in place.

To further facilitate the removal of the stator
without requiring the severance or manual dis-
connection of its current leads, we provide the
special contact arrangement best seen in Figs. 5
and 6. This comprises a series of conducting
screws 98 projecting into the casing { but being
externally connected to a low potential supply
source through a cable 99. Within the casing the
ends of these screws are in contact with a series
of flat resilient leaf springs {80 which in turn
are connected to wires 104 leading directly tc the
stator windings. The resilience of the springs (80
is sufficient to permit the tips of the screws 88
to slide past without substantial interference so
that disengagement of the contacts is an inci-
dent of the removal of the cap-portion.

Once the cap portion is taken off the removal
of the stator and envelope structure is a rela-
tively simple matter.
comprise simply spring conductors #03 friction-~
ally engaging terminals stud {04, and the en-~
velope is otherwise unsecured within the casing.

In Fig. 6 we have shown a modified use of our
invention as applied to a self-rectifying type of
apparatus in which the high potential alternating
current transformers as well as the X-ray tube
and motor structure are immersed in a liguid di-
electric medium. In this embodiment the trans-
formers are shown schematically rather than in
detail, and other elements corresponding to those
already described in connection with the preced-
ing figures are identically numbered. The sup-
porting means for the transformers and X-ray
tube are not shown but may conveniently con-
sist of insulating braces depending from the top
of the casing. .

In the construction illustrated the casing com-
prises an oil-filled metal tank ! {8 suitably of cast
aluminum provided at each end thereof with stub
shaft projections [1f adapted for mounting the

- ‘connections indicated in Fig. 7.

The cathode connections

2,121,630

apparatus in trunnion supports. The tank is
sealed at the top by a closure plate 112, tightly
bolted thereto, and is furnished with a removable
cover 113 surmounting the closure plate. Here
again, a sylphon bellows |14 is provided in the

- upper left-hand corner of the tank for permitting

expansion of the oil.

Low voltage electrical connections are brought
to the inside of the tank by means of a plurality
of insulated conductors {16. The connections be-
tween these and the various transformers have
been omitted in Fig. 6 in order to avoid con-
fusion of the drawing, but will correspond to the
The high po-
tential circuit connected to the high voltage side
of the transformers {18 comprises the conductors
shown in Fig. 6 in full outline. - These include the
anode connection 121, the corresponding cathode
connection 122, and the heating circuit connec-
tions 123 leading from the secondaries of the
filament transformers 119,

The other portions of the apparatus are sub-
stantially similar to. those already described al-
though it will be noted that in this case the sup-
porting member 51 and the attached segmental
insulator 58 are connected to the top rather than
the bottom of the stator 38. The conducting
clamp 125 is also of somewhat different form
than the corresponding element described in con-
nection with Fig. 1 because of the possibility of
making a permanent rather than removable con-
nection to the source of anode supply voltage.
Also in this case the lead sheath 127 is given ad-
ditional mechanical support by means of an en-
closing sheath (27’, suitably of brass or steel,
fitted on to the periphery of the stator core 38.

In Fig. 7 we have illustrated diagrammatically
the complete circuit ‘connections pertaining to
the apparatus assembly described in connection
with Pig. 6. It will be seen that the low poten-
tial connections, which are accessible externally
of the casing {10, include terminals {28 for con-
necting the transformer primary (29 to a suit-
able source of external potential (not shown) and
similar terminals {30 for the filament transform-
er primaries 31. Also connected in series with
these latter transformer windings may be in-
cluded variable impedance means {32 for regu-
lating the heating of the respective filaments.
Additional connections which it is desirable to
have externally available include terminals such
as those indicated at 133 for the inclusion in
the transformer secondary 1i8 of means for
measuring the intensity of the discharge current.

With the arrangement just described, the
apparatus is intended to operate as a self-rec-
tifying unit, a mode of operation for which it is
particularly well adapted. In self-rectifying
tubes of prior construction a relatively low upper
limit of permissible discharge current has been
imposed by the condition that the target surface
must not be permitted to become so hot as to be
electron emissive. With a moving target surface,
a temperature of emissivity is attained only under
very much heavier bombardment, and a consid-
erable gain in energy rating of the apparatus
for self-rectifying use may be realized.

While we have described particular embodi-
ments of our invention it will be understood by
those skilled in the art that modifications may
be made without departing from the invention,
and we aim by the appended claims to cover all
such modifications as fall within the true spirit
and scope of our invention.
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. What we claim as new.and desire fo secure by
Tietters Patent of the United: States is: -

1, In:X-ray apparatus, a casing' comprising a
main -body: portion open at one end ‘thereof, an
X-ray tube envelope arranged’ within said-main
body -portion But having a section projecting
from said open.end;cooperating discharge elec-
trodes within said envelope, a rotor structure
within said projecting section of said envelope
for rotating one of said electrodes, means for
transmitting driving force to said rotor struc-
ture, said means comprising an electromagnetic
stator surrounding said section of said envelope,
means readily accessible at the open end of said
casing for removably supporting said stator, and
a cap portion removably closing said open end
of said casing and enclosing the projecting sec-
tion of said envelope and said stator.

2. Tn X-ray apparatus, a casing comprising a
main body portion open at one end thereof, an
X-ray tube envelope arranged within said main
body portion but having a section extending to-
ward said open end, cooperating discharge elec-
trodes within said envelope, a rotor structure
within said section of said envelope for rotating
one of said electrodes, means for transmitting
driving force to said rotor structure comprising
an electromagnetic stator surrounding said sec-
tion of said envelope, contact terminals on said
stator for conducting electrical current thereto,
a cap-portion removably closing said open end
of said casing and including means frictionally
contacting said terminals for conducting current
thereto.

3. In X-ray apparatus, a casing comprising a
body portion open at one end thereof, an X~
ray tube envelope arranged within said body por-
tion but having a section projecting from said
open end, cooperating discharge electrodes with-
in said envelope, a rotor structure within said
projecting section of said envelope for rotating
one of said electrodes, means comprising an elec-
tromagnetic stator surrounding said section of
said envelope for transmitting driving force to
said rotor structure, contact terminals associated
with said stator for conducting current thereto,
means readily accessible at the open end of said
casing for removably supporting said stator, a
second portion of said casing removably closing
the open end thereof and enclosing the project-
ing section of said envelope and said stator,
one of said casing portions including contacts
engaging said terminals for conducting current
thereto, disengagement of said contacts being
an incident of the removal of said second casing
portion.

4. ITn X-ray apparatus, a casing comprising a
main body portion open at one end thereof, an
electrode containing envelope arranged within
said main body portion but having a section in-
cluding an electrode terminal projecting from
said open end,-a rotor structure within said pro-
jecting section of said envelope for rotating said
one of said electrodes, means for transmitting
driving force to said rotor structure, said means
comprising an electromagnetic stator surrounding
said section of said envelope, contact terminals
mounted on said stator for conducting electrical
current thereto and a cap portion removably
closing said open end of said casing and enclos-
ing the projecting section of said envelope and
said stator, said cap portion comprising means
frictionally contacting all of said terminals for
conducting electrical current thereto.

5. In X-ray apparatus, a casing comprising a

B

‘portion :open -at one end -theéreof; an: X-ray tube
_envelope withinisaid :portion~but-having a ‘sec-
‘tion theéreof  accessible :from: said. open-end, co-

operating - discharge electrode’ within ‘said en-

:velope, .4 rotor structure.within said section of
isaid envelope-for' rotating one of-said electraodes,
“means fortransmitting driving force to said rotor

structure including an electromagnetic stator
surrounding said section of said envelope, means
readily accessible at the open end of said casing
for removably supporting said stator, and a sec-
ond portion of said casing removably closing
the open end thereof.

6. In X-ray apparatus, a casing substantially
completely filled with a liquid dielectric medium,
an envelope consisting at least partly of glass
immersed in said medium, cooperating discharge
electrodes within the envelope including a rotat-
able ancde, means for producing rotation of said
anode, means including a member which is sub-
stantially immovable with respect to the casing
for rotatably supporting said anode from saidcas-
ing, and means subporting said envelope on said
member, said envelope being otherwise substan-
tially unsupported within the casing.

7. An X-ray apparatus comprising a casing, an
X-ray tube within the casing including an en-
velope enclosing a cathode, a rotatable anode
and an electromagnetic rotor structure for driv-
ing the anode, a shaft having a portion projecting
externally of the envelope at one end thereof
and a portion bprojecting internally of the en-
velope for supporting said rotor structure, an
electromagnetic stator structure for supplying
driving force to the rotor structure, means in-
dependent of the envelope and connecting with
the externally projecting portion of said shaft
for substantially immovably supporting the shaft
within said casing, a connection including a her-
metic seal between the shaft and said envelope
providing substantially the sole support for said
envelope, and a liquid dielectric medium sur-
rounding the envelope -and effective to dampen
relative vibratory motion between the shaft
and the envelope occasioned by rotation of said
rotor structure.

8. An X-ray apparatus comprising a casing, an
X-ray tube within the casing including an en-
velope enclosing a cathode, a rotatable anode
and an electromagnetic. rotor structure for
driving the anode, an electromagnetic stator
structure outside the envelope for supplying driv-
ing force to the rotor structure, means supporting
the stator structure within the casing, a shaft
comprising a portion projecting externally of the
envelope at one end thereof and a portion pro-
jecting internally of the envelope for supporting
said rotor structure, means independent of the
envelope and connecting with the externally pro-
jecting portion of the shaft for supporting the
shaft substantially immovably within the casing,
said last named means including a mechanical
connection effective to prevent relative move-
ment between the stator structure and said shaft,
a connection including a glass-to-metal seal
between the shaft and the envelope providing the
principal means of support for said envelope and
a liguid dielectric medium surrounding the en-
velope and effective to dampen vibrations thereof
caused by rotation of said rotor structure.

9. An X-ray apparatus comprising a casing,
an X-ray tube within the casing including an
envelope which encloses a cathode and a rotat-
able anode, means including a rotor structure
within the envelope for driving the anode, a
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shaft extending within the envelope for rotat-
ably supporting the anode and rotor structure,
a glass-to-metal seal rigidly connecting said
shaft to the envelope, means outside the envelope
for immovably supporting the shaft from the
casing independently of the glass-to-metal seal
s0. as to protect the seal from torsional forces

2,121,630

-exerted on the shaft by the rotor structure, and

a filling of liquid dielectric medium within the
casing serving in cooperation with the shaft-sup-
porting means- to support the envelope and to
prevent vibratory motion thereof.
MALVERN J. GROSS.
ZED J. ATLEE,



