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1

The present -invention .relates in general to
seals and sealing, and has more particular refer-
ence to the provision of means for sealing ro-
tating, shaft-like members to prevent fluid leak-
age along the member through a wall or journal
in which the shaft extends; the invention espe-
cially relating to the sealing of low pressure “Ves-
sels, such as the envelopes of X-ray generators,
particularly X-ray generators having rotating
anodes driven by motive means disposed outward-
1y of the envelope, wherein the anode and motive
means are drivingly connected by a shaft-like
member extending through a wall portion of the
envelope, - - RS .

" X-ray generators commonly ¢omprise an elec-
tron emitting cathode, and a cooperative anode
forming a target for receiving impingement .of
electrons emitted from thé cathode, X-rays being
generated by such electron impingement on the
anode target. The anode and cathode are com-
monly enclosed within- a sealed and exhausted
envelope, whereby the anode ard- cathode ele-
ments may operate- substantially ih vacuo. In
certain circumstances, particularly in heavy duty
generators, it is desirable to utilize a rotating
anode positioned to receive electrons, at any in-
stant, upon a portion only of the anode target,
said target being .of annular configuration,
whereby, when rotated; the target may be con-
tinuously moved to progressively shift the por-
tions thereof under electron bombardment, and,
thus, prevent any target area from becoming
overheated, it being understood- that electron
bombardment results in the generation of exces-
sive heat in the target element. : :

An important object of the present invention
is to provide an improved X-ray generator hav-
ing a rotating anode mounted within a sealed
and evacuated. envelope, together with facilities
for driving the anode, from outwardly of the ‘en-
velope, by shaft-like means drivingly connected
with the anode and extending outwardly of the
envelope through & novel-and effective shaft seal
forming a-portion of the'envelope. - -~ -
. Another important-object- is’to- provide im-
proved: mesans for mounting the-arode for rota-
tion within. g :sealed :envelope, dnchiding-an im-
proved seal structure:for vacuurm-sealing an en-
velope opening, through:which-an:anode connect:
ed drive shaft extends. - . BRI

Another important. object-is“to provide an.im-
proved. shaft - sealc structure,:s particularly. for
vacuum; or:low pressure; vessels; ‘a- further ob-
jeetbeing: to .utilize:s leuid :sealing medium.as
&.coraponens:part of thesealiarrangement: 3
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- Another important object is to provide a -shaft
seal embodying an expansible bellows element,
carrying a seal ring adapted to-form-a ground
joint with a cooperafing seal seat, whereby-said
ring and seat may provide a vacuum seal when
in relative rotation; a further object being to
provide for the retention of a liquid sealing me-
dium at, and on one side of, said ground joint;
a further object being to utilize the expansible
bellows as a means for-retaining the-liquid- seal-
ing medium at said ground joint. : ‘
Another important object is to provide reser-
voir means for insuring the maintenance of liquid
sealing medium at, and on one side of, the ground
joint; a further object being to regulate the sup-
ply of liquid sealing medium. to prevent leakage
thereof through the ground joint and into the
evacuated vessel. - - - .o S :
* Another important object is to provide a shaft
seal utilizing a liquid seal medium in.conjunc-
tion with a seal ring and cooperating seat form-
ing a running ground joint, including the novel
arrangement of parts whereby-the seal may be

_formed as a separate assembly unit, adapted for

application upon -an envelope--or housing’ at a
‘shaft opening therein, in position to sealingly co-
operate with-a. shaft-like member extending in
said opening, the particular arrangement of the
seal making it-adaptable for use as a replacement
unit,-said unit, when. mounted, forming a part of
the envelope or housing on.which it.is-assembled.

" Another important. object is to provide a shaft
seal for the rotating-anode of an X-ray genera-
tor, including sealed-means for circulating a cool-~
ing medium through the shaft to and from the
anode of the generator, for the purpose of con-
tinuously cooling the same while the _generator
is'in operation.” = .00 R

The foregoing and numercus other important
objects, advantages, and inherent functions. of
the invention will.become apparent as the same
is more: fully understood from the following. de-
seription, which, taken: in- connection. with *the
accompanying drawings, discloses a preferred
embodiment of the invention. -. ...~ - :

‘Referring.to the drawings: - = e

Tig. 1 is a sectional view through an X-ray
generator embodying the present invention; .-

_ Fig. 2 is an enlarged sectional view of a seal
structure forming. a part of the device shown in
Big. 1; and s : R
-+ Fig. 3 is a modified seal arrangement emhody-
ing the invention. o o T C -

Mg, illustrate the.invention, the drawings show

85 -arelectronic device tomprising an X-ray gener-
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ator i1, although it will be understood that the
invention is not necessarily limited, in all of its
aspects, to X-ray generators, some of the fea-
tures of the present invention having general ap-
plication wherever effective shaft sealing func-
tions are required. As shown on the drawings,
however, the generator {1 may comprise sealed
envelope means 12 containing an anode 13 and a
cooperating cathode {4 of any suitable or pre-
ferred construction.:

The envelope 12 may be formed in any con-
venient or preferred manner, and may comprise
any suitable envelope material. As shown, the
envelepe may comprise a tubular glass sleeve
{8, having a re-entrant neck 16, at one end,
upon which neck the cathode structure {4 may
be supported and sealed in any suitable fashion,
as by means of the seal ring 11, making an an-
nular glass-to-metal seal with the re-entrant
neck 18. The opposite end of the envelope sleeve
15 may, likewise, be sealed upon the upstanding
neck portion {8 of an annular flanged structure
19, the end of the sleeves I5 being sealed to the
neck portion 18, as by means of a ring 20, similar
to the ring 11, and forming a glass-to-metal
seal with the end of the sleeve (5.

The envelope {2 may, also, include closure
means 21, adapted for application to the flanged
member 18 for sealing the opening therethrough

into the sleeve 15, said closure means 2! being »

preferably formed to turnably support the anode
{3. To this end, the closure means 21 may in-
clude a preferably annular structure, compris-
ing a plate portion 22 formed with a central
opening and adapted to be clamped sealingly with
the flange structure 19, and a housing portion 23
of preferably sleeve-like configuration adapted
to form, with the plate 22 and the flanged strue-
ture 19, a bearing cavity 24 extending axially of,
and forming a continuation of, the space enclosed
by the envelope sleeve (5.

The closure means 2! carries a bearing struc-
ture 25 within the chamber 24, said structure
being preferably mounted on a support spider
26 disposed within the central opening of the
plate portion 22. This spider may conveniently
be formed as an integral part of the plate por-
tion 22. The housing portion 28 may extend out-
wardly of the plate portion 22, and may be formed
with a seal seat 2T at the end thereof remote
from the plate portion 22. This seal seat prefer-
ably defines a central opening 28 through which
the shaft member 30 extends. The flanged struc-
ture {3 and, also, the closure means 21 may be
made of any suitable, preferably metallic mate~
rial, and may comprise tubular and plate-like
sections welded, brazed, or otherwise sealingly
secured together, as shown, to provide the re-
quired envelope parts.

The anode 13, which may be of any suitable
or preferred structure, is supported within the
envelope sleeve 1§ on a shaft-like element 30,
said element preferably comprising a tube which
extends from the anode through the chamber
24 and outwardly thereof through the opening
28, said tubular shaft member being journaled
for rotation in the bearing means 25.

The entire structure may conveniently be sup-
ported in operating position on pedestals 21, com-
prising rods mounted on, and extending upwardly
of, a suitable supporting base 32, the rods 2i
carrying the flange structure 19 with closure
means 21 sealingly clamped thereto.

The end of the shaft sleeve 38, which projects
outwardly of the closure means 21, may be driv-

[+
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4
ingly connected with any suitable or preferred
shaft turning mechanism. Asshown, the project-
ing portions of the sleeve 30 carry a driving pulley
23 fixed thereto, whereby the member 39 may be
turned by a suitable motor belted to the pulley.
Obviously, any other suitable driving connection
may be employed.

The projecting end of the tubular member 30
may, also, be Journaled, if desired, in suitable
bearing means 34 supported on the base 32, which

- is also preferably formed with a packing gland

15

35 for turnably receiving the terminal end of the
member 30, the gland 35 providing a liguid seal
for connecting the open end of the member 30
with econduit means 36. The base 32 may, also,
be formed with a liquid conduit 37 connectad
with one end of a tube 38, which extends con-

" centrically within the tubular member 30, the
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tube 38 opening, at its remote end, into a cavity
3§ formed within the body of the anode 13, said
cavity communicating, also, with the anode con-
nacted end of the member 39. By circulating a
cooling medium, such as water, through the eavity
39 by way of the conduits 36 and 37 and the
concentric tubes 30 and 38, the operating tem-
perature of the anode may be held within safe
limits.

In order to maintain desired low pressure, sub-
stantially vacuum conditions within the envelope,
during operation of the generator, the closure
means 2! may be provided with a conduit 40
adapted for connection with suitable exhaust
means, such as a vacuum pump. -

The present invention provides novel and im-
proved means for sealing the envelope against
vacuum leakage along the shaft, at the place
where it extends through the envelope structure,
that is to say, through the opening 28. To this
end, the present invention contemplates the pro-
vision of novel vacuum seal means 41, preferably
arranged as a replaceable unit adapted to be
mounted on, and to form a part of, the envelope
structure. As shown, the seal means 41 com-
prises a housing 42 of preferably cup-shaped con-
figuration, having flange means 43 at the lip of
the cup member, said flange being adapted to
sealingly engage in the seat 27T formed on the
closure means 21. To this end, the flange 43
may be secured on the seat 27, as by means of
clamping studs 44, a suitable sealing gasket 45
being applied and clampingly received between
the flange 43 and the seat 21. The bottom of
the cup-like housing 42 is formed with a central
opening 48, sized to snugly, yet turnably, receive
the shaft member 230, said opening being prefer-
ably fitted with a packing gland 47 around the
shaft. The housing member 42 is preferably
made of metal.

The cup-shaped housing 42 is, thus, adapted
to define a chamber 48 around the shaft mem-
ber 30 at, and communicating with, the opening
28, and, thus, when mounted, comprises a part
of -the envelope ifself. The seal comprises a
pair of cooperating, preferably metal rings 49
and 86, one of which is mounted, or formed, on
the shaft member 30 in position providing an
annular sealing surface facing into the chamber
48, and the other of which is mounted on the
cup-shaped housing 42 in position providing an
annular sealing surface adapted to engage and
form a running seal with the sealing surface of
the cooperating ring. One of the ring elements
preferably comprises relatively hard material,
such -as steel, while the other may comprise a
relatively softer metal, such as bronze. The more
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readily replaceable ring 49 is preferably made of
the softer material to take the wear. One of
the ring elements, also, is yieldingly supported,
as on a metal bellows 51, whereby the resilience
of said bellows may serve to hold the ring ele-
ment in yielding engagement with the cooperat-
ing ring element. If desired, spring: means 52
may be employed to aid in holding the ring ele~
ments yieldingly in mutual sealing engagement,

If desired, the shaft mounted ring 50 may be,
thus, yieldingly supported on the shaft in the
manner shown in Pig. 3, wherein the shaft
mounted ring comprises an element 50’ supported
on the shaft by means of the bellows 51 and
urged by the spring 52 into engagement with the
seat element 498’ on the housing 42. It is pref-
erable, however, as a matter of manufacturing
convenience, to mount the ring 50 rigidly, and
sealingly on the shaft member 30, as shown in
Fig. 2, as by welding, or brazing, or otherwise
integrally fastening the ring 50 upon the shaft,
preferably in position extending in the opening
28. If desired, the shaft 30 may be integrally
formed with a shoulder in the opening 28, in
jposition to cooperatively engage the seal ring
49. In either case, the cooperating annular sur-
faces of the ring or shoulder 50 and the seal
ring 49 are finished aceurately, to provide smooth,
highly polished annular sealing surfaces. The
ring 49, also, is sealed, as by brazing the same
in a central opening formed in & metal plate 53,
the plate, in turn, being sealed, outwardly of the
ring 48, to one end of the bellows element 5l.
The other end of the bellows is sealed on & metal
mounting ring 54, adapted to sealingly engage
in an annular seat 55 formed in the cup-shaped
housing 42, the mounting ring being retained in
its seat as by means of clamping rings 56, which
may be threadingly secured in the housing. The
spring means 52 may comprise a helical spring
element encircling the shaft, and, as shown in
Fig. 2, bearing at one end on the seal ring 49,
the other end of the spring seating upon the
bottom of the cup-shaped housing around the
opening 46. As shown in Fig. 3, however, the
spring 52 may bear at one end on the shaft
mounted seal ring 50, the other end of the spring
engaging a shoulder formed on the shaft. In
this connection, the arrangement, as shown in
Tig. 3, embodies a removable mounting nut 54’
adapted for threaded, sealing engagement on
the shaft, said nut providing an annular spring
seat and a concentric annular rib, to which one
end of the bellows element is sealingly secured,

the other end of the bellows element carrying ¢

the disk 53’ on which the shaft supported seal
ring 50’ is sealingly mounted. In the Fig. 3
embodiment, the cooperating seal ring 49’ is
sealed directly on the mounting ring 54.

When the shaft 30 is rotating, the rings 49 and
50 will turn, one with respect to the other, to
form & running ground joint between the cooper-
ating seal faces of the rings, the rings being, at
all ‘times, maintained in tight sealing engage-
ment by the action of the spring 52. The en-
velope will, thus, be sealed against fluid leakage
around the shaft at the opening 28, since the
ving 50 is sealed around the shaft, the ring 49
is sealed to the bellows, which, in turn, is sealed
to the housing 42, the housing 42, in turn, being
sealed to the envelope closure member 21, and
the running ground joint sealing against leakage
petween the rings 49 and 50, as shown in Fig. 2.
In the Fig. 3 embodiment, the envelope is sealed
against fluid leakage since the ring 50’ is sealed
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6
to the bellows, which in turn is sealed to the
shaft, while the ring 49’ is sealed fo the housing
42, the running. ground joint sealing against
leakage between the members 49’ and 50°.

In order to enhance the efficacy of the seal,
means is provided for maintaining a supply of
a liquid sealing medium, such as oil, around the
shaft 30 at, and outwardly of, the seal ring 48,
said supply of liquid preferably being contained
within the space 57 defined around the shaft
between the bottom of the housing 42 and the
ring supporting means, comprising the disk 54;
bellows 51, and disk 53. 'To this end, the housing
42 is provided with conduit means 88 connect-
ing with an oil reservoir 59, whereby oil may be
supplied to, and held in, the space 51 to com-
pletely fill the same up to the ring 49. In this
connection, it is desirable, also, though not ab-
solutely essential, to connect the reservoir 59
with suitable exhausting means, so that the seal-
ing liquid in the reservoir 59 and the space 51
may be held under reduced pressure, to thus
minimize any tendency for the liquid sealing
medium to leak through the ground joint into the
evacuated envelope. :

It is thought that the invention and its numer-
ous attendant advantages will be fully understood
from the foregoing description, and it is obvious
that numerous changes may be made in the form,
construction and arrangement of the several parts
without departing from the spirit or scope of the
invention, or sacrificing any of its attendant
advantages, the forms herein disclosed being pre-
ferred embodiments for the purpose of illustrating
the invention. :

The invention is hereby claimed as follows:

1. An X-ray generator comprising means form-
ing s sealed envelope providing a main chamber
and a sleevelike extension, a cathode and a co-
operating rotatable anode mounted within the
main chamber, a shaft member drivingly con-
nected’ with said anode and extending in said
sleevelike extension and outwardly thereof
through a shaft opening in said extension, means
for sealing said opening against fluid leakage
therethrough along said shaft member, compris-
ing s running seal and flexible partition means
supporting the same in position forming a liquid
chamber in said sleevelike extension, at the end
thereof remote from said main chamber, and
around said shaft at said opening, means for
maintaining a supply of liquid sealing medium
in said liquid chamber, and exhaust conduit
means connected to said sleevelike extension be-
tween said main and liquid chambers.

9. An X-ray generator comprising means form-
ing a sealed envelope providing a main chamber
and a sleevelike extension, a cathode and a co-
operating rotatable anode mounted within the
main chamber, a shaft member drivingly con-
nected with said anode and extending in said
sleevelike extension and outwardly thereof
through a shaft opening in said extension, means

« for sealing said opening against fluid leakage

therethrough along said shaft member, compris-
ing means defining a liquid chamber in said
sleevelike extension, at the end thereof remote
from said main chamber, and around said shaft
at said opening, means for maintaining a supply
of liquid sealing medium in said liquid chamber
under substantial pressure of the order of atmos-
pheric pressure, and exhaust conduit means con-
nected to said sleevelike extension between said
main and liquid chambers to maintain low pres-
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sure conditions:therein of the:order-approaching
amn:absglute: vacuum:.

3. An X-ray generator.comprising means form-
ing a sealed:envelope-providing: o main:chamber
and: & sleevelike: extension, a cathode and a co-
operating rotatable anode mounted. within the
main. chamber, a shaft member drivingly con-
nected: with said anode and. extending in said
sleevelike: extension and outwardly thereof
throughr a shaft opening in said.extension, means
for sealing said' opening against fluid leakage
therethirough along said shaft member, compris-
ingr means forming annular abutments on said
shaft. and on.said. envelope extension adjacent
said. cpening; one. of’ said abubtments providing
an.annular running:seal seat, an. extensihle bel-
lows sealed at.one end on:the other of said-abut-.
ments, a seall ring sealingly secured on said
bellows at. the opposite. end. thereof in position
te: formr running: engagement with. said: seat,
whereby to define a liquid chamber-in said sleeve-
like extension around said shaft at said opening;
means-for maintaining a supply of liquid sealing
medium in: said: chamber, and exhaust conduit
means connected to said sleevelike extension
between said main and liquid. chambers.

4. An X-ray generator comprising means form-
ing a:sealed envelope-providing a main ehamber
.and a sleevelike extension, a cathode and. a co-

‘operating rotatable  anode mounted within the :

main chamber, a shaft member drivingly con-
nected with: said anode and. extending in said
sleevelike- extension and: outwardly thereof
through a shaft opening in said extension, means
for sealing said opening against fuid leakage
therethrough- aleng: said shaft member, compris-
ing means-forming an annular running seal seat
on said'shaft and an annular mounting abutment
on-said envelope extension adjacent said opening,
am: extensible - bellows sealed at one end on the
mounting abutment, a seal ring sealingly sectred
on: said bellows at the opposite:end thereof in
position to form running engagement with said
seal seat, whereby to define a liquid chamber in
sald:sleevelike extension around said shaft at said
opening, means for maintaining g supply of liquid
sealing medium in. said chamber, and exhaust
conduit means connected to said sleevelike exten-
sion between said main and liquid. chambers.

5. An X-ray generator comprising: means form-
ing a.sealed envelope providing a main chamber
and o sleevelike extension, a cathode and s co-
operating: rotatable anode' mounted within the
mein. chamber, a shaft member drivingly con-
nected with. said anode and extending in said
sleevelike extension and outwardly thereof
threugh a shaft opening in said extension, means
for sealing said opening against fluid leakage
therethrough along said shaft member, compris-
ing.means forming an annular mounting abut-
ment on said shaft and an annular running seal
seat on said envelope extension adjacent said
opening, an extensible bellows sealed at one end
on the mounting, a seal ring sealing secured on
said bellows at the opposite end thereof in position
to- form running engagement with said seat,
whereby to define a liguid chamber in said sleeve-
like extension around said shaft at-said opening,
means for maintaining a supply of liquid sealing

medium in said chamber, and exhaust conduit

means connected to said sleevelike: extension
between said main and liguid chambers.

6. A Iow pressure: device. comprising means
farming- a:. sealed: envelope: praviding: a: main

ehamber: and a: sleevelike: extension;. a rotatahle-
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elerment in:said main chamhber; a shatt-member-
drivingly connected with . saidt’ element and ex=
tending.in said sleevelike extension and-outwardly
thereof through a:shaft opening in.said exten=
sion, means for'sealing-said opening against fuid
leakage. therethrough. along-said shaft  member;
comprising a running seal and.flexible partition
means supporting: the same:in position.forming:a
lignid' chamber in: said sleevelike extension,. at
the end thereof remote from said main cham-
ber, and around said shaft atsaid opening; means
for'maintaining-a:supply. of liquid sealing medium
in: szid. liquid: chamber, and exhaust conduit
means: connected: to said sleevelike extension be-
tween:said main-and liquid chambers:.

7. A low pressure: device- comprising means
forming a sealed envelope providing. a main
chamber-and a sleevelike: extension,. a. rotatable
element in said main: chamber, a shaft member
drivingly. connected: with said element and ex-
tending in said:sleevelike extension and outwardly
thereof: through: a. shaft. opening in said exten-
siom; means for sealing-said opening against fluid.
leakage  therethrough: along said shaft. member;
ecomprising: means- defining: a. liquid chamber in
said sleecvelike extension, at: the end thereof re-
mote:from- said main:chamber, and around said
shaft at said opening; means for maintaining: a
supply- of liquid sealing meditm- in- said liquid
chamber-under substantial. pressure-of the order
of . atmospheric pressure, and exhaust conduit
means connected to.said sleevelike extension be~
tween said main and liquid.chambers to maintain
low. pressure conditions. therein of the order ap-
proaching an absolute vacuum.

8. A low pressure  device comprising means
forming a sealed.envelope providing a main cham-
ber- and a sleevelike extension; a rotatahle. ele-
ment insaid main chamber, a shaft member driv=
ingly connected with said element and extending
in said sleevelike extension and.outwardly thereof
thirough a shaft opening-in said extension, means
for sealing said opening against fluid- leakage
therethrough along said shaft-member; compris-
ing means: forming annular abutments on. said
shaft and on said envelope extension: adjacent
said. opening, one of said abutments providing
an annular running seal seat; an extensible bel-
lows sealed at one end:on the:other of.said abut-
ments; a.seal ring sealingly secured on said bel~
lows' ab. the. opposite. end. thereof in: position to
fornr running engagement with'said seat; whereby
to:define a.liquid chamber insaid sleevelike: ex-
tension around said:shaft at said- opening, means
for maintaining. a. supply of liquid sealing me=
dium’ in- said chamber, and exhaust conduit
means connected to szid slesvelike extension be-
tween said main and liquid chambers..

9. A low pressure device comprising means
forniing a'sealed envelope providing a main cham-
ber and: a. sleevelike extension, a rotatable ele-
ment in said main chamber, & shaft member driv-
ingly connected: with said element and extend-
ing' in.said sleevelike extension: and autwardly
thereof.through & shaft opening in said extension;
means. for ‘sealing said opening against fAuid
leakage therethrough along said shaft: member,
comprising’ means forming an annular running
seai seat on said shaft and.an sennular mounts
ing: abutment on said envelope extension: adja=
cent said copening, an extensible bellows sealed
at’one end on the: mounting abutment, a seal ring
sealingly secured on . said.bellows at tHe opposite
end thereof in:position:ta form running: engages
ment: with: said seal seaf; whereby to: define: 3
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liquid chamber in said sleevelike extension
around said shaft at said opening, means for
maintaining a supply of liquid sealing medium
in said chamber, and exhaust conduit means con-
nected to said sleevelike extension between said
main and liquid chambers.

10. A low pressure device comprising means
forming a sealed envelope providing a:main
chamber and a sleevelike extension, a rotatable
element in said main chamber, a shaft member
drivingly connected with said element and ex-
tending in said sleevelike extension and out-
wardly thereof through a shaft opening in said
extension, means for sealing said opening
against fluid leakage therethrough along said
shaft member, comprising means forming an an-
nular mounting abutment on said shaft and an
annular running seal seat on said envelope ex-
tension adjacent said opening, an extensible bel-
lows sealed at one end on the mountmg, a seal
ring sealingly secured on said bellows at the op-
posite end thereof in position to form running
engagement with said seat, whereby to define a
liquid chamber in said sleevelike extension
around said shaft at said opening, means for
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25

maintaining a supply of liquid sealing medium
in said chamber, and exhaust conduit means con-
nected to said- sleevelike extension between said
main and liquid chambers.

JOHN JOSEPH VLACH
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