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3. 

ator if, 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 may comprise sealed 
envelope means i 2 containing an ano de 3 and a 
cooperating cathode 4 of any suitable or pre 
ferred construction. 
The envelope 2 may be formed in any con 

venient or preferred manner, and may comprise 
any suitable envelope material. As shown, the 
envelope may comprise a tubular glass sleeve 
5, having a re-entrant neck 6, 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 , making an an 
nular glass-to-metal Seal with the re-entrant 
neck 6. The opposite end of the envelope sleeve 
f5 may, likewise, be sealed upon the upstanding 
neck portion 8 of an annular flanged structure 
9, the end of the sleeves 5 being sealed to the 
neckportion 8, as by means of a ring 20, similar 
to the ring 7, and forming a glass-to-metal 
seal with the end of the Sleeve f5. 
The envelope 2 may, also, include closure 

means 2 f, adapted for application to the flanged 
member 9 for sealing the opening therethrough 
into the sleeve 5, said closure means 2 being 
preferably formed to turnably support the anode 
f3. To this end, the closure means 2 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 9, and a housing portion 23 
of preferably sleeve-like configuration adapted 
to form, with the plate 22 and the flanged struc 
ture 9, 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 23 may extend out 
wardly of the plate portion 22, and may be formed 
with a Seal seat 27 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 3) extends. The flanged struc 
ture 3 and, also, the closure means 2 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 3, which may be of any suitable 

or preferred structure, is supported within the 
envelope sleeve 5 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 3, com 
prising rods mounted on, and extending upwardly 
of, a suitable Supporting base 32, the rods 3 
carrying the flange structure 9 with closure 
means 2 sealingly clamped thereto. 
The end of the shaft sleeve 30, which projects 
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4. 
ingly connected with any suitable or preferred 
shaft turning mechanism. As shown, the project 
ing portions of the sleeve 30 carry a driving pulley 
33 fixed thereto, whereby the member 30 may be 
tuned 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 iournaled, if desired, in suitable 
bearing means 36 supported on the base 32, which 
is also preferabiy formed with a packing gland 
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35 for turnably receiving the terminal end of the 
member 30, the gland 35 providing a liquid seal 
for connecting the open end of the member 30 
with conduit means 36. The base 32 nay, also, 
be formed with a liquid conduit 3 connected 
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 
39 formed within the body of the anode 3, said 
cavity communicating, also, with the anode con 
nacted end of the member 30. By circulating a 
cooling medium, such as Water, through the cavity 
39 by way of the conduits 36 and 3 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 4) 
adapted for connection with suitable exhaust 
means, Such as a Wa Culln punp. 
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 4, 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 4 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 27 formed on the 
closure means 2. 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 27. The bottom of 
the cup-like housing 42 is formed with a central 
opening 46, sized to snugly, yet turnably, receive 
the shaft member 3), 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 itself. The seal comprises a 
pair of cooperating, preferably metal rings 49 
and 50, 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 

outwardly of the closure means 2, may be driv- 75 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 5, 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 Fig. 3, wherein the shaft 
mounted ring comprises an element 50' supported 
on the shaft by means of the bellows 5 and 
urged by the spring 52 into engagement with the 
seat element 49' 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 
position 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 accurately, 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 a metal plate 53, 
the plate, in turn, being sealed, outwardly of the 
ring 49, to one end of the bellows element 5. 
The other end of the bellows is sealed on a 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 
Fig. 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 5.3' 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 a 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 
ring 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 2, and 
the running ground joint Sealing against leakage 
between 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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to the bellows, which in turn is sealed to the 
shaft, while the ring 49' is sealed to 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 49, 
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 5f, and disk 53. To this end, the housing 
42 is provided with conduit means 58 connect 
ing with an oil reservoir 59, whereby oil may be 
Supplied to, and held in, the space 57 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 57 
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 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 allong Said Shaft member, compris 
ing a 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. 

2. 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 

s 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 
an:absolute vacuum. 

3. 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 allong 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 
bellows at the opposite. end thereof in position 
to form 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 liquidsealing 
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 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 allong: Said Shaft member, compris 
ing neans forming an annular running seal seat 
on Said shaft and an annular mounting abutment 
on Said envelope extension adjacent said opening, 
an extensible bellows sealed at one end on the 
mounting abutment, a seal ring sealingly secured 
On Said belows at the opposite end thereof in 
position to form running engagement with said 
Seal seat, whereby to define a 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 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 a sleevelike extension, a cathode and a co 
epperating 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 allong 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 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. 

6. A. low preSSure, device... comprising means 
forming a . Sealed envelope. providing a main 
chamber and a sleevelike: extension a rotatable. 
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element in...said main chamber, a shaft member 
drivingly connected with said element and exe 
tendingin saidi sleevelike extensionandoutwardly 
thereof through a . shaft opening in Said extense 
sion, means for sealing said opening against fluid. 
leakage therethrough, along said shaft member, 
comprising a running seal and flexible partition 
means supporting the same in position forming:a 
liquid chamber in said sleevelike extension, at 
the end thereof renote from Said main cham 
ber, and around Said shaft. at Said opening, means 
för maintaininga Supply of liquid sealing mediumi 
in said liquid chamber, and exhaust conduit 
means, connected to said sleevelike extension be 
tween said main and liquid chambers. 

... 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 eleinent and ex 
tending in Saidsiesevelike extension and outwardly 
thereof through a shaft opening in Said exten 
Sion, Inleans for Sealing said opening against fluid. 
leakage, therethrough along said shaft member, 
coliprising near as defining: a liquid chamber in 
said Sleevelike extensiori, 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 ninedium in Said liquid 
chanber under substantial. pressure of the order 
of atmospheric greSSure, 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 
forning a Sealed envelope providing a main cham 
ber and a, SleeVelike eXtension, a rotatable, elle 
nent in Said main chamber, a shaft member drivia 
ingly connected with Said element 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 a long Said Shaft menber, compris 
ing meainS forríning annullar abutments on said 
Shaft and on Said envelope extension adjacent 
Said. Opening, One of Said abutments "providing 
an annular running Seal seat, an extensible bei 
lowS Sealed at. One end on the other of said abut 
mentS,.a. Seal sing Sealingly secured on said bel 
iOWS at the opposite end thereof in position to 
for in running engagement with Said seat, whereby 
to: define a liquid chamber in said sleevelike ex 
tension around said shaft.at, said opening, means 
for Inaintaining a Supply of liquid sealing mes 
dium in said chamber, and exhaust conduit 
means connected to said sleevelike extension be 
tween Said Imain and liquid chambers. 

9. A low pressure device comprising means 
forning a Sealed envelope providing a main cham 
ber, and a SleeVelike extension, a rotatable elle 
Inent in Said main chamber, a shaft member drive 
ingly connected with Said element and extends 
ing 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, 
comprising means forming an annular running 
Seai Seat. On Said shaft and an annular mounts 
ing abutment on said envelope extension, adja 
cent. Said opening, an extensible bellows sealed 
at One end on the mounting abutment, a seal ring 
Sealingly Secured. On said, bellows at the opposite 
endi tihereofin. position:to form running engages 

75 ment. With. Said Seal seat, whereby to define: a 
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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 mounting, 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 
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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. 
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