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6 Claims.
1
The present invention relates in general to elec-
tronies, and has more particular reference to an
X-ray generator of improved construction and
particularly well suited for use in the diffrac-

tion analysis of materials, although, of course, !

useful for other and general purposes, as well.

An important object of the present invention
is to provide an X-ray generator structure of
compact arrangement and small overall dimen-
sions, thereby facilitating manipulation of the
same; g further object being to provide novel and
improved means rendering the apparatus sub-
stantially shockproof for the protection of the
user.

Another important object is to provide an X-
ray generating unit adapted for operation at rela-
tively high intensity, yet safely insulated for the
brotection of the user, the generating unit em-
bodying an X-ray tube having an envelope com-
prising an insulator formed to embrace and thus
aid in insulating a high tension power supply
cable used for energizing the tube; a further ob~
ject being to provide an improved commutator
construction for electrically connecting the power

supply cable with the operating elements of the 2¢

tube within the cable insulating portions of the
tubs envelope. :

Another important object of the invention is to
provide an X-ray tube having an envelope com-

prising an insulator, such as glass, and forming ¢

a relatively deep re-entrant pocket for the recep-
tion of a power cable, including improved com-
mutator meaas for electrically connecting the
cable with an interior operating element of the

tube upon insertion of the cable in the pocket; :

a further object being to form the commutator
as g plate of insulating material mounted on a
conducting stem extending within and cutwardly
of the envelope, the commutator including elec-
trical contact shoes in position to engage and
electrically connect with cable conductors, out-
wardly of the envelope, upon insertion of the
cable in its mounting pocket, whereby to permit
said stem to be used for the operation of getter-
ing means within the envelope, during the fabri-
cation of the tube, and for short-circuiting and
thus inactivating the gettering means when the
tube is placed in service.

Anocther important object is to provide improved
means for circulating a cooling liquid in heat
exchange relation with the anode element of the
tuke; a further object being to incorporate the
fluid circulating facilities in a shockproof hous-
ing in which the tube is mounted.

Another important object is to provide an im-
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proved shockproof housing of relatively simple
and inexpensive construction for enclosing an
X-ray tube of the character described, in order

- to provide an X-ray generating unit, the housing
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and tube, when in assembled relationship, having
interconnecting ducts for the circulation of a
cooling fluid through the housing and in heat ex-
change relation with an operating element of the
tube.

Another important object is to provide an X-ray
generator unit of the character described, hav-
ing an improved X-ray outlet window arrange-
ment affording minimum absorption of X-rays,
and wherein the window is disposed closely and
immediately adjacent the X-ray generating
source of the tube, whereby rays of maximum
intensity may be delivered from the unit when in
operation. )

Another important object is to provide an X-ray
tube in which the anode portion of the tube com-
prises a unitary, preferably metal base fitted with
anode target and closely adjacent X-ray window
openings, said base being sealed in the end of a
sleevelike envelope member of insulating mate-
rial, such as glass, to form the anode end of
the tube; a further chject being to form the anods
as a generally cup-shaped element, with means
for sealing the edge or lip of the cup-shaped
element with the facing end of the sleevelike
envelope member; a still further object being to
provide g novel guard sleeve adapted to be inter-
lockingly fitted in the cup-shaped element in po-
sition to shield the seal against electron im-
pingement thereon during the operaticn of the
tube as an X-ray generator.

Another important object is to provide an X-
ray tube having an anode structure of the char-
acter mentioned mounted at an end of a sleeve-
like envelope member of insulating material,
such as glass, wherein said envelope member
comprises an outer sleeve portion carrying said
ancde membper at one end and a deeply re-en-
trant enveloge portion secured to the outer sleeve
portion at the end thereof remote from said
anode member, said deeply re-entrant portion
having an inner end terminating within and ad-
jacent the anode carrying end of the outer sleeve
portion, and carrying sealed thereon a cathode
structure embodying an electron emitting ele-
ment disposed adjacent and in alinement with
an anode target formed on said anode member,
whereby said envelope portions provide a rela-
tively deep pocket at the cathode end of the
tube for receiving, enclosing, and insulating a
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cable for delivering tube operating power to the
cathode. .

Another important object is to form the elec-
tron emitting element of the tube as a filament
and to provide improved commutator means
within the cable pocket, outwardly of the en-
velepe and adjacent the cathode supporting end
of the re-entrant envelope portion, for electri-
cally interconnecting the cable with the fila-
ment, said means including a member for oper-
ating getbering means within the envelope and
for rendering the gettering means inactive when
the cable is in mounted position in contact with
the commutator means.

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

Referring to the drawings:

Fig. 1 is a sectional view taken through an
X-ray tube embodying the present invention, the
tube being shown as manufactured and ready
for assembly in operating position in its enclog~
ing easing;

Figs. 2 and 3, respectively, are sectional views
taken substantially along the lines 2-—2 and 8—2
in Fig. 1;

Fig. 4 is a sectional view taken through an
X-ray generator unit embodying the present in-
vention and incorporating the tube shown in Fig.
1; and

Figs. b and 6 are enlarged sectional views, re-
spectively, taken substantially along the lines
5—b5 and 8—38 in Fig. 4.

To illustrate the invention the drawings show
an X-ray generator unit {{ comprising an -ray
tuke {2 and a casing or housing #3 in which the
tube is mounted and enclosed in service.

The tube {2, as shown more particularly in
Figs. 1-3 of the drawings, comprises an anode
structure {4, and a cooperating cathode structure

15 enclosed in sealed and evacuated envelope i

means {6. As shown, the anode structure 18
preferably comprises a frame or base {7, as of
metal, forming a generally cup-shaped element
sealed to the envelope means and forming a
part thereof.
bottom {8 and cylindrical walls {9 enclosing g
cavity 24, an anode target element or button 21
being mounted preferably centrally on the bottom
of the cup-shaped element, with a target surface
22 facing into the cavity 28.

+ The cathode assembly preferably comprises a
head 23 forming a disk of metal supported in
spaced apart facing alinement with respect to
the anode target surface 2. To this end, the
head 23 may be supported on a stem 24 which,
in turn, extends through and is mounted cen-
trally in the bottom of a seal member 25, by
means of which the member 24 and the cathode
structure supported thereon is sealed to and sup-
ported on the envelope structure {8. The cath-
ode structure also comprises an electron emit-
ting element, shown as a filament 28, mounted
on, extending between, and electrically connected
with conductor stems 27 supported on the head
23, the filament 26 being thus carried in spaced
registration with respect to the target surface
22. The stems 27 are supported on, insulated
from, and extend through the head 23, as by
means of insulating sleeves 28 mounted in chan-
nels formed through the head, and by insu-

The cup-shaped member has a
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4
lated clamps 29 supported on the head 23 or the
stem 24 behind the head, that is to say, the side
thereof facing away from the anode target sur-
face 21.

The envelope means {6 preferably comprises a
member of insulating material, such as glass,
having an outer sleevelike portion 390, to one end
of which the anode member {4 is sealed, as by
means of a sealing sleeve 31 of metal adapted to
seal with glass. The sleeve 3i at one end is seal-
ingly secured to the lip or rim of the cup-shaped
anode member, as by a welded or brazed seal 32,
the opposite end edge of the sleeve 3! forming a
glass-to-metal seal 33 with the end of the outer
sleeve portion 20 of the envelope member. The
envelope member 16 also preferably includes an
inner re-entrant sleeve portion 34, integral with
and secured to the outer sleeve portion 38 at the
end thereof remote from the anode member {7,
said re-entrant or inner portion 34 extending
within the outer portion 3§ adjacent the anode
connected end of said outer portion, the terminal
edges of the inner portion forming a glass-to-
metal seal 35 with the rim of the cup-shaped
cathode supporting member 25, which preferably
comprises metal readily sealable with glass.

It will be seen from the foregoing that the
envelope means {6 comprises the glass member
having outer and inner portions 38 and 34, the -
cup-shaped anode member T sealed to the end
of the outer envelope portion 38, and the cup-
shaped cathode supporting and sealing member
23, sealed in the end of the inner envelope portion
34. The envelope portions 36 and 34 also form
a deep, cylindrical, double wall pocket 36, the
bottom of which is defined by the cathode sup-
port member 28, said cylindrical pocket 35 open-
ing at the anode and cathode remote ends 37 of
the glass envelope member.

If desired, the walls 19 of the anode member
{7 may be formed with an annular groove 238 in-
wardly of and adjacent the seal 32, and a gleeve-
like shield 89, having a locking bead €8 at one
end and longitudinal slits 41 extending from said
beaded end in the material of the sleevelike mem-
ber, may be mounted on the anode member by
interlocking the beaded end 40 thereof in the
locking groove 88, whereby the sleeve member 39
may be mounted in position to screen the glass-
to-metal seal 38 from the stray electrons and
other energized particles emitted by the anode or
cathode when the device is in operation. The
cathode, likewise, may embody a sleevelike ele-
ment 42 mounted on and carried by the cathode
head 23, encircling the same and enclosing the
space between said head and the cathode mount-
ing element 25, said sleevelike element 42 having
a terminal skirt 43 embracing and enclosing the
cup-shaped member 25 and the glass-to-metal
seal 35, in order to protect said seal against the
deleterious action of stray electrons or other en~
ergy particles. If desired, the sleevelike member
42 may be extended beyond the head 23 in the di-
rection of the anode target 22 in order to provide
a focusing cup 44 for the electron emitting ele-
ment 26.

The cathode mounting stem 24 extends through
and is sealed, as at 45, in a preferably central
opening in the member 25. OCutwardly of said
central opening, the member 25 is formed with
openings 46 disposed about the central opening
and sealingly fitted each with a sleeve 47 of ma-
terial readily sealable with glass. Conductor
members 48 and 48’ of metal readily sealable with
glass are mounted coaxially within the sleeves 41,
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sealed therein, and insulated therefrom by seal-
ing globules 49 of glass surrounding and sealed
to the stems 48 and 48’, within and sealed to the
sleeves 41. The conductor stems 48 and 48’ thus
extend inwardly and outwardly of the sealed en-
velope means 18. The inner ends of a pair of
stems 48 are electrically connected, respectively,
with the filament stems 27, as by means of flexible
connecting conductors 58. Outwardly of the en-
velope, said pair of stems 48 are each connected
with a corresponding conductor wire 5i. The
inner end of another of said stems 48’ may be
electrically connected with one end of a gettering
member 52, comprising a hollow conductor con-
taining evaporable gettering material, such as
barium or the like, said gettering member extend-
ing in the spacs enclosed by the sieeve 42 between
the head 28 and the cathode mounting and seal-
ing member 25, the remote end of said gettering
member being electrically connected with the
stem 24, as at 52. The outer end of the stem 48’
may be electrically connected with a flexible con-
ductor §1’.

It will, of eourze, be undsrstood that X-ray
tubes function to produce X-rays in rssponse to
the activation of the ancds membar by impinge-
ment therson of electrons emitted by the eathode.
Operation of the tube as an X-ray generator, in-
cluding electron impingement upon the anode,
results in the generation of large quanfitiss of
heat within ths envelope, and particularly at
the anode. In conditioning an X-ray generator
for operation, it is necessary o remove not only
all of the gas that may be present within the en-
velope, but also all oceluded gas contained in ths
ancds and cathode and in the material of the
envelope itself. If such occluded gases are not
entirely removed, they will be gradually released
thin the envelops and impair the exhausted
condition at which the generator is designed to
opsrate. Removal of occluded gases may be
accoiaplished by baking or otherwise heat tregt-
ing the entire tube at a tempersturs short of the
softening point of the glass portions thereof,
while maintaining the intevior of the envelope
undsr vacuum conditions, and also by heating
the electrede elements of the tube to a high tem-
perature, either by operating the cathode for
electron bombardment of the anode, or by plac-
ing the electrodes in a magnetic field fluetuating
at radio frequency.

The envelope, for tube conditioning purposses,
may be connected with a suitable molecular ex-
haust pump, as by connecting the envelope with
the pump by means of a connection, as at 54,
at the junction 387 of the ocuter and inner en-
velope portions 39 and 34.

After all of the oceluded gases and impurities
have thus besen removed from the envelope, the
exhaust connection may be sealed off to form a
globular seal 53. As s final step of the tube con-
ditioning process, the gettering means 52 may
be operated by passing an electric current there-
through to heal the sams, in ordsr to velatilize
or flash the gettering material and release it in
vaper form in the space within the sleeve 42,
batween the cathoede head 28 and the cathode
mounting element 45. This space, it will be
noted, ecommunicates with the interior of the
envelope through the annular channel definad
between the skirt 45 and the seal 35. Thsa va-
poriration of gettering material, such as barium,
within the sleeve 42 will form innoecuous end
products threugh the combination of any gases,
remaining within the envelope, with the metallic

5
\7

1)

el

20

35

&

Al

50

60

85

70

6
gettering vapor which, after combining with any
residual gases, becomss deposited as a permanent
film upon the interior of the sleeve 42.
Operation of the electron emitting filament
28, in conditioning the tube for service, may be
accomplished by applying filament energizing
power between the conductors 5i. Operation of
the getiering element 52 may be accomplished
by applying an elecirical potential between the
conductor 51’ and the portions of the stem 24
which project outwardly of the envelope, within
the cavity 38. The outwardly projecting end
of the stem 24 may be provided with an axially
extending, internally thrzaded opzning §§ in its
end to facilitate the attachment and elsctrical
connection thereto of a suitable conductor for
power application during the gettering oparation.
After the tube has hsen completaly condi-
tioned for service, the conductors B! and 5{’
may be cub off approximately opposite the ouf-
wardly projecting end of the stem 24, and the
gettering connection with said outer end of the
stem meay be removed and discarded, and a con-
nscting commutator 53 may be assembled on
the oculwardly projecting end of the stem. This
comimnutator, as shown more particularly in Fig.
5 of the drawings, preferably comprises a plate
or disk BY adapted to be mounted on the out-
wardly projecting end of the stem 24, as by means
of a headed screw 58 adapied to be secured in
the threaded opening 58. The plate 87 prefer-
ably comprises insulating material having a
centrally disposed socket 58’ opening on one side
for receiving the end of the stem 24, On iis
other side, the plate is preferably formed with
an annular rib 89 disposed conecentric with re-

spect to the axis of the socket 58’, said rib de-

fining a central seat adapted for the reception of
g preferably cup-shaped commutator member 51,
which may be held in place by the head of the
screw 53. :

One of the conductors 8! and, il desired, the
conductor 51’, also, may extend through a duct
62 formed in the disk 57 and electrically con-
nected, as by soldering or otherwise, with the
cup-shaped commutator member 61. Outwardly
of the rib 80, the disk 57 forms a seat for an
outer annular commutator ring 63 which may
be secured to the head 57 as by means of screws
or other suitable fastening means. The other
conductor 5f may extend through a duct 64 and
be electrically connected, as by soldering or
otherw!se, with the commutator member 63. The
head 57 of insulating material thus electrically
isolates the commutator ring §3 and the conduc-
tor 8{ connected therewith from the inner com-
mutator member 8! and the conductors electri-
cally connected therewith.

It should be noted fhat, since the gettering
member 52 is electrically connected at 52 with
the stem 24, the connection of thes conductor 5i’
with the inner commutator member 81, which is
electrically connected with the stem 28 by the
screw B8, serves to connect the other end of the
getiering element with the stem- 24 and thus
completely inactivate the gettering member. If,
during the service life of the tube, it should be-
come necessary tc operate the gettering member,
the conductor 51’ may be disconnected from the
commutator member §1 and the gettering opera-
tion may he performed by applying electrical
potential between the conductor 5i’ and the
commutator member 6§, which is electrically con-
nected with the stem 24.

It will be seen that the commutator assembly
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_ 59 affords means for making electrical connzsction
with the filament 26, and that it is disposed within
and substantially at the bottom of the envelope
cavity or pocket 35. The walls of the pocket 36
are preferably cylindrical and of uniform internal
d:ameter from the commutator 39 fo the open
end 37 of the pockst; and the pockst is adapted
to receive and enclose a power cable §8 for sup-
plying operating power to the cathode. This
cable preferably comprises at least a pair of con-~
ductors 68 enclosed in suitable insulation and
adapted, respectively, to be electrically connected
with the filament conductors 5{. To th’s end,
the cable 65 is preferably enclosed in an insulat-
ing sleeve 67 of relatively rigid material, which
may comprise ceramic, plastic, or other self-sup-
porting insulation material, the external dimen-
sion of the sleeve 67 being such as to allow free
insertion thereof within the pocket 36.

At its distal end, the cleeve 87 is formed with
a, cavity providing a seat 68 in which is mounted
a disk 69, preferably of insulating material having
a central portion forming a seat 78 for a prefer-
ably metal nut 71, which, as shown, is secured in
the seat 18 as by means of a holding screw 12,
to wh'ch one of the cable conductors 6§ is elec-
trically connected.  This nut 7{ forms a mounting
for one end of a preferably helical spring membex
13, the other end of which supports and electri-

cally contacts with a ring forming a contact shoe 3

T4. The disk member 82 also forms a seat 78 cen-
centrically around the seat 79, in which seat is
mounted a support ring 76, which is secured in
place as by means of one or more set screws 77

mounted through the cable sleeve 67 and taking ¢

radially into the ring 76, thereby holding the
ring and the disk 68 in the distal end of the
cable sleeve 61. 'The ring 76 is electrically con-
nectad with the other of the cable conductors 65
and forms a mounting for one end of a prefer-
ably helical spring 78, the other end of which
supports and electrically connects with a ring 7%
forming a contact shoe.

The springs 18 and 78 are disposed concentri-
cally the one within the other, and project from
the distal end of the cable sleeve 67 in position
supporting the annular shoes 74 and 79 yield-
ingly in coaxial alinement and equal spacemen?
from the d'stal end of the cable sleeve §%. The
contact shoes 784 and 7§ are of electrically con-
ducting material, and are thus elecirically con-
nected through the springs 73 and 78 and the
mounting members 71 and 7§, respectively, with
the conductors 65 of the cable. Upon insertion
of the cable sleeve §7 into the cavity 36, the shoes
74 and 79, respectively, will be brought into con-
tact and yieldingly held, respectively, against the
commutator members 8! and 83, whereby, as the
result of insert'ng the cable sleeve in the pocket
26, the cable conductors 68 will become electri-
cally connected with the conductors 51 and hence
with the filament 286.

As shown more particularly in Figs. 4-6 of the
drawings, the housing 13 comprises an outer,
preferably cylindrical shell 88 of metal, having
external screw threads at one end for threaded
engagement with a ring 8{ forming a retaining
gland, having a cylindrical internally threaded
portion for engagement with the threaded end
of the housing member 89 and an inturned annu-~
lar retaining flange §2. At its opposite end, the
cylindrical shell 20 is provided with internal
screw threads 83 for threaded connection with a
mounting collar 84. Said collar is adapted to
receive and support a mounting ring 85 therein
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in concentric alinement with the end of the tubu-
lar member 89, set screws 86 being provided for
securing the ring 85 in the collar 84. The ring
85 carries a sleeve 87 shaped substantially in con-
formity with the external shape of the outer
glass portion of the envelope of the X-ray tube,
said sleeve extending within the member 88 to
entirely enclose the envelope portions 3§ within
the casing member 88. The ring 8% also supports
a sleeve 88, which extends axially outwardly
thereof and encloses the outwardly projecting
portions of the sleeve 81. This sleeve 88 also en-
closes the entire anode end of the X-ray tube,
and carries a cover cap member 89 at the fer-
minal end of the sleeve 88.

"The anode member {7 is provided with a cavity
30 communicating with the side of the anode
member 21 opposite from the target surface 22,
said cavity 90 opening at the bottom of the mem-
ber {7 in a direction away from the target mem-
ber. The ancde member 17 also is provided with
preferably threaded bolt openings 81 disposed
around the cavity 80. The cover cap member 88
includes a portion adapted to seat upon the end
of the anode member {1, and a portion adapted
to extend into the cavity 98 behind the targst
member 21, said portion being provided with a
duct 92 adapted to open upon the back of the
target member 21, Suitable cap screws 33 may
be provided in the cap member 89 in position to
threadingly engage in the bolt holes 81 in order
to secure the cap member 88 upon the end of the
anode member 7. )

The cap member is also provided with a duct
94 opening therein upon the cavity 9§ at one side
thereof. These ducts 92 and 84 communicate,
respectively, with radially extending channels
92’ and 94’ formed in the cap member 88, said
radial ducts, respectively, communicating with
longitudinal ducts 95 disposed in ribs 9§ formed
on opposite sides of and along the sleeve 88 from
the head 89 to the collar 85. These ducts 85
communicate each with an outwardly opening
seat 87 formed in the ring 85 to receive inlet and

a outlet fittings 98 for connection with a suitable

supply of cooling fluid, the collar 86 surrounding
the ring 85 being provided with openings oppo-
site the seats 97 to allow for the assembly of the
fittings 98 therein through the collar 86.

Cooling liquid may thus be introduced through
one of the fittings §8, thence through a semi-
circular duct 99, in the ring 88, and through one
of the ducts 85 to and through the ducts 92 and
§2’, and delivered in the space immediately be-
hind the target member 21, to thereby cool the
same. Cooling liquid may thence circulate from
the chamber §0, through the connected ducts 84
and 84’, and one of the ducts 95, to the outlet
fitting 98.

The cooling arrangement thus is exceedingly
simple and readily demountable for access to the
anode end of the tube, this facility, in part at
least, resulting from the novel arrangement of
the entire anode end of the tube as a sleevelike
member having the partition wall {8 carrying the
target member 2{ and dividing the anode mem-
ber into the generating and cooling chambers 28
and $6 on opposite sides of the integral partition
£8. When the tube is in operation as an X-ray
generator, electrons emitted by the cathode ele-
ment 26 will impinge at high velocity upon the
target surface 22 and constitufe the same as a
source of X-rays, in accordance with well known
brinciples. X-rays thus generated at the target

® surface 22 will be transmitted rad:ally of the
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tube and may pass outwardly thereof through
windows 1608, which may comprise panes of any
suitable X-ray pervious material set into and
sealed in openings formed in the sleevelike walls
of the anode member (7, said windows being dis-
posed closely adjacent the peripheral edges of the
target member 21, preferably on opposite sides
thereof as shown.

Electron impact upon the target member re-
sults in the generation of excessive heat whereby
the temverature of the target element, particu-
larly at the target surfacs 22, may approach the
melting temperature of the material at the target
surface, the higher the intensity of electron
bombardment of the target surface, the higher
the temperature to which it will be raised when
the device is in operation. The present inven-
tion affords most efficient yet simple means for
maintaining the temperature of the target mem-
ber within limits preventing or minimizing the
destructive action of electron bombardment on
the surface 21, by providing for the delivery and
circulation of a cooling fluid immediately behind
and in direct heat exchange contact with the
target element 2{. As a-conseguence, the X-ray
generator may be operated at much higher elec-
trical pressure for the generation of high in-
tensity X-rays without destroying the target.

As shown more particvlarly in Pig. 4 of the
draw’'nes, the cable 85 is secured in place within
the socket or cavity 35 by mounting it on the
housing 3. To this end, the slseve 87, within
which the end of the cabls is mounted. prefer-
ably comprises insu'atine material and is formed
with an ovtstanding r'm 18! at ifs end remote
from the connecéting commutator 59, said rim
extending outwardly of the end 37 and’seal 55
of the tube enve'ope when the same are in
mounted position within the horsing 13. 'The
marginal edge of the rim 181 may be fitted with
a collar (02 of electrical conductng material
sized to slidinelv fit within the end of the sleeve
portion 88 of the housing. This rim provides
means for ¢'ampincly securing a preferably cylin-

drical bushing 183 of any suitab'e insilating

material to and in concentric alinement with
the member 67, in pesition extending outwardly
of the housing 13 throush the clamping gland
81, the bushing 183 embracing and encirclng

the cable 25 outwardly of the housing. To this !

end, the bushing {83 has an outstandine flange
193’ to which the collar 182 may bhe clampingly
secured, as by means of holts 122’. The bushing
183 thus may be used as a convenient handle for
manipulating the end of the cable when inserting
it in the cavity 36.

The cable preferab’y includes an outer sheath
184 of elsctrical conducting material, such as
woven wire, an extension {85 of which is prefer-
ably clamped hetween the bushing flange {83’
and the rim collar 182 in electrical contact there-
with through the bolts 182’, making contact with
the clamp'ng gland 81, whersby said eabls sheath
184 is electrically connected with and grounded
upon the housing {2, The entire cable end as-
semb'y may be held in the housing {3 by means
of the remecvable clamping gland 8§, the re-
silience of the springs 73 and 7§ of the com-
mutator assembly serving to yieldingly press the
cable end assembly in one direction against the
inturned flange 82 of the clamping gland, while
at the sams time vrging the contact shoes 74
and 79 in the opposite direction against the con-
tact members 81 and 3.

It will be seen from the foregoing that the

10

" apparatus of the present invention is adapted for
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easy assembly and disassembly. The cable may
be mounted and removed merely by inserting or
withdrawing the same and manipulating the
clamping gland 8! to secure the ecable end in
place or tc permit of its removal from mounted
position in the housing, The cable thus may
be applied or removed without disturbing the rest
of the assembly. After the cable has been re-
moved, it is likewise possible to dismount the
X-ray tube from the housing merely by removing
the holts 93 and withdrawing the tube axially
from the housing through its open end which
normally carries the clamping gland 8. Re-
moval of the X-ray tube thus may be accom-
plished without disturbing the assembly other-
wise than by removal of the cable and the clamp-
ing gland 8. The structure of the X-ray tube
itself, including the novel anode structure and
also the structure and arrangement of the com-
mutator assembly 59, greatly facilitates the
fabrication of the generator.

It is thought that the invention and its
numerous atlendant advantages will he fully
vnderstood from the foregoing deseription, and
it is obvious that numerous changes may he made
in the form, counstruction and arransement of
the several parts w'thout departing from the
spirit or scope of the invention. or sacrificing any
of its attendant advantages, the form herein dis-~

- closed being a preferred embodiment for the

purpose. of illusirating the invention. :
The invention is hereby claimed as follows:
1..The combination of an X-rey tubs including

2 sealed eunvelops having a metal anode head

- forming an end of said enveloge. said head ¢om-
" prising s sleeve-like side wall and a medial par-
" tition, integral with said side wall, means sealing
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said side wall 'in said envelope, at one end of
said head. seid partition having a central open-
ing therein providing a seat facing the opposite
end of the head, a targst block sealad in said
seat and closing said opening, said block forming
an electron farget facing into said eanvelope, an
clectron emitting cathode in said envelope in posi-
tion facing said target, and mesns forming an
X-ray pervious window in said side wall at the
junction thereof with szid partition, a housing
for receiving said X-ray tube, said housing hav-
ing a sleeve-like porficn snugly enclosing the side
wells of said aneode head, said sleeve-like portion
being formed with Auid inlet and cutlet channels
extending longitudinally therein, and a removable
cover sealed on the envelope remocte end of said
head to form a cavity therein, in which cavity
the back of said target block is directly exposed,
said removable cover being formed with ducts
therein for connecting said cavity with said chan-
nels for the circulafion of target cooling fluid
into and out of said cavity.

2. The combination as set forth in claim 1, in-
cluding rsmovable fastening means for securing
said cover on said hezad, said cover and housing
having interengaging means for anchoring the
tube in said housing when said cover is secured
on said head.

3. In an X-ray tube, a sealed envelope having
a sleeve-like glass portion and a metal anode
head forming an end of said envelope, said head
comprising a sleeve-like side wall, in alinement
with said sleeve-like glass portion, and a bottom
wall forming an anode target facing intc the
envelope, an electron emitting cathode, in said
envelope, in position facing said target, said side
wall of said anode head having an X-ray pervious
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window formed therein at the juncture thereof
‘with said bottom wall, means forming a periph-
eral glass-metal seal sealingly connecting said
sleeve-like side wall with the end of said sleeve-
like glass portion, and a shield for said seal com-
prising a metal sleeve having an end secured on
and within said sleeve-like wall of said anode
head, between said window and said seal, and
extending thence outwardly of said head, within
the sealed end of said sleeve-like glass portion,
int ‘position underlying said peripheral seal and
extending between said seal and said anede.

4. An X-ray tube, as set forth in claim 3,
wherein said shield is formed with spring fasten~
ing means at one end thereof and the side wall
.of the anode head is formed with an inwardly
opening keeper notch to latehingly interfit with
said fastening means to hold said shield in place
on said head in seal shielding position.

5. An X-ray tube, as set forth in eclaim 3
wherein said shield is formed with spring fasten-
ing means at one end thereof and the side wall
of the anode head is formed with an inwardly
opening keeper nctch to latchingly interfit with

said fastening means to hold said shield in place =

on said head in seal shielding position, said side
wall of the anode head being formed also with
an inclined cam surface over which said fasten-
ing means may ride to denress same for enftry
into said notech.

6. An X-ray tube comprising sealed envelope
means, including a glass member having an outer
and @ re-entrant inner sleeve portion, sealed to-
gether at one end of the member and presenting
concentrically disposed. sealing ends at the oppe~
site end of the member, an anocde comprising a
metal cup member having a rim sealed. to the
sealing end of said outer sleeve member, means
forming an anode target on the bottom of said
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cup member, a cup-shaped metal seal member
having sleeve-like walls and sealed to the sealing
end of the re-entrant sleeve portion, said metal
seal member having a bottom formed with a cen-
tral copening, said inner sleeve portion of the
envelope forming a pocket having a botfom at
said metal seal member and opening at the re-
mote end of said inner sleeve portion, a cathode
structure embodying an electron emitter, a
mounting stem supporting the cathode structure
in the envelope with the emitter in position fac-
ing said target, said stem extending through said
central opening in the bottom of said metal seal
member and being mounted and sealed on said

- metal seal member at said opening, and extending

into said pocket, a terminal block supported on
said stem in said pocket, and emitter leads con-
nected with the emitter within the envelope and
extending into said pocket, through glass seals
formed in the bottom of said seal member, in

position for connection with contact megns on
said terminal block.

JOHN J. VLACH.
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