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UNITED STATES

1,961,718

PATENT OFFICE

X-RAY TUBE

Clayton T. Ulrey, East Orange, N. J., assignor to
Westinghouse Lamp Cﬂmpany, a corporatmn of

- Pennsylvania

Applma,tmn Ja,nuary 26 1932, Serial No. 588 8'76

3 Claims.

This invention relates to electrical discharge
devices, such as X-ray tubes, rectlfymg tubes and
the like adapted to be employed in compact
shock-proof X-ray apparatus, simple and com-
pact rectifying apparatus and the like. In its
more specific aspect the invention is d1rect_ed to
the provision of an electrical discharge device
which is an nnprovement over that disclosed by
William A. McKay in United States patent appli-
cation. Serial Number 572,785, filed November 3,
1931, and assigned to the same asmgnee as the
pr esent invention.

Heretofcre it has heen pmposed by McKay to

provide a relatively compact electrical discharge

device adapted to operate at its working voltages
in an ambient medium such as air, or the like,
without any danger of spark—over between its
high tension electrode terminals. The tube as
proposed by him consists essentially of an enve-
lope comprising a body portion, a generally hem-
ispherical upper end and a lower end in the form

of a plurality of spaced sleeves, plaits or folds ex-

tending upwardly into said body portion. On the

exterior and at the upper end of the body por-

tion, adJacent the hem15pherma,1 portion are a
plurality of cathode terminals. A tubular sleeve

is secured to the upper end of the innermost

plait or fold and supports an anode terminal and

“an anode located within the envelope. 'The tube.

is so designed that the shortest distance between
the high tension anode and cathode terminals
measured outside the tube is less than -that nec-
essary to prevent spark-over between these ter-

minals at the maximum working voltage of the
s tube in a particular ambient medium. This tube

is carried by or mounted in a dielectric cup hav-
“ing 'a plurality of concentric dielectric .baffle
members integral with. the base thereof and ex-
tending upwardly into the spaces between the re-
entrant plaits or folds.,

In a simple relatwely compact structure of

this character the plaits or folds and the dielec-
“tric means are so dimensioned and designed that
“the spark-over distance between the high ten-
‘siocn electrode terminals is great enough to pre-

vent spark-over therebetween at the maximum
- working v::ﬂta,ge of the tube In the partmula,r
medium.

A constructlon of thls character has supplled a
lonﬂ*-felt need. Like most electrical discharge
devices, and all X-ray tubes, the tube per se re-
guires a number. of operations to complete the

same. The manufacture of these tubes and es-

‘pecially the lower end thereof having three re-

. entrant folds to provide adjacent spaces to ac-

(CL. 250—35)

commodate the two baffles of a dielectric cup, in-
volves the utilization of three flared separate cy-
lindrical sections composed generally of glass, a
material of the same general composition as that
of the body’ portion of the envelope. In. order
that these plaits or folds may be properly united
with each other and with the body portion, it is
necessary that three separate fusion or union
operations be carried out, which operations are
essentially hand operations and therefore costly.

60
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In order that a tube of the same general char-
acter may be manufactured at less cost I have

developed the following invention.

One of the objects of my invention is to pro-

vide a relatively compact rugged X-ray tube

which is relatively inexpensive to manufacture.
Another object of my invention is to provide an

X - -ray tube having relatively fewer dielectric

parts than tubes of the same general charactel
heretofore designed.

"~ These as well as other obJectS and advantages
of my invention will become apparent fr om the
followmg specification and drawing wherein,

Figure 1 represents a cross-sectional view with
some of the parfs in elevatmn of an X-ray tube
embﬂdymg my invention;

Figure 2 is a fragmentary cross sectlonal view
taken along line IT—II of Figure 1 in the direc-
tion of the arrows; - |

Figure 3 is a modlﬁca,twn of Flgure 1 |

As shown in Figure 1, one embodiment of my
invention comprises a gas-tlght envelope 10 of
suitable glass or the like consisting of a body por-
tion 11, a generally hemispherical upper end 12
and a re-entrant tube 13 at its lower end extend-
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ing upwardly within and spaced from the body

portion 11. The upper end of said re-entrant
tube 13 has sealed thereto a metallic tubular
sleeve member 14 which supports both an anode

‘15 and an anode extension 16. This anode exten-

sion 16 extends outside of the envelope, is sur-
rounded by and spaced from the re-entrant tube
13 and is in axial alignment with the anode 15.

In the same manner as that disclosed in the
United States patent application of Nelson H.
Stewart, Serial Number 578,243, filed December
1, 1931, and assigned to the same assignee as
- the present invention there is a tubular metallic

100

skirt 17 supported by the sleeve 14 and having a =

major portion thereof spaced therefrom and ex-

tending downwardly below the glass-metal seal.

A second re-entrant tube 19 composed of a suit-
able dielectric has its lower end fusion ring sealed
to the interior wall of the body portion 11 at a
position slightly below the plane of the glass-
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metal seal. This re~entrant tube 19 extends up-
wardly in the envelope and has a major portion
thereof spaced from the inner wall thereot.

The ancde 15 extending upwardly in the enve-
lope and having a portion thereof surrounded by
the re-entrant tube 19 has a target (not shown)
embedded in its free end. Betwesn the anode 15
and the inner wall of the re~entrant tube 19 is a
spring siteeve 22 fivtmly secured to the anode and
adapted to frictionally engage the inner wall of
the re-entrant tube 19 to serve as a shock ab-
sorbing and distributing means therefor and also
to assist in supporting the anocde.

At the upper poirtion of the envelope 10 there
may be provided a chrome~iron or other suitable
X-ray screen 23 of appropriate thickness dis-
posed around the target end of the anocde, hous-
ing g filamentary cathode (not shown) and serv-
ing to screen out undesirable X-rays. The cath-
ode is electrically connected by means of con-
ductors 24 to a pair of terminal caps 25 located
on the outside of the envelape Secured to said
X-ray screen 23 is a spring sleeve 26, the outer
surface of which is in frictional contacy with. the
inner wall of the envelope 10 to hold the screen in
position.

In accordance with my invention, there is pro-
vided means 29 which may be directly fused to
the outside of the envelope to provide an annular
space 30 adapted to receive a cylindrical dielectiric
bafile plate 30’ which co- ~operates with said means
and said envelope to increase the length of the
spark-over path between the high-tension elec-
trode terminals. As shown said means 29 may
comprise a glass cylmder 31 having an inward-
lyv directed glass flange 32 integral therewith.
The inner limit of said flange 32 is in the form of
a circle whose diameter is substantlally the same
as the diameter of the envelope 10.

This means 29 may be readily secured to the
envelope by merely inse: rting the lower end of the
envelope through the opening in the inverted
cup-shaped means 29 until the flange is located
an appropriate dlstﬂ nece from the lower limit
of the envelope. Generally, the distance between
the flange 32 and the lower limit of the envelope
is about one-half the length of the envelope.
Thereafter, the inner periphery of the flange 32
is fusion ring sealed to the envelope at the ad-
jacent area thereof.

In a construction of this char acter the shortest
dlSt&IlCE} between the high tension cathode ter-
minal 25 and the hig zh tension anode terminal 16
measured outmde tho tube may be less than that
equired to prevent spar k-over therebetween when
the maximum working voltaﬂ*e as for exampie
the operating and normal surge volt&ges are ap-
phed therebetween in a. particular ambient me-
dium. Because of the unique construction of the
tube which includes the envelope 10 and the in-
verted cup or skirt 29 fusion ring sealed thereto
and including a cylindrical pertion 31 spaced
therefrom and extending downwardly to the low-
er end of the envelope, a dielectric cup with cylin-
drical dielectric baffie means may co-operate
therewith to increase the length of the spark-over
gap betwee*l the high tension electl ode terminals
so that the tube is capable af operating at its
maximum working voltage. mthout any danger of
sparking there}*etwnen_

In the manufacture of a construction of this
character, it is apparent that at least one fusion

~operation 1s dispensed with and fewer parts are

necessary in the manufacture of the envelope and
its appended dielectric parts as compared with

1,961,718

the structure heretofore proposed for the same
purpose.

Ancther embodiment of my invention as shown
in Pigure 3 is a modification of fthe structure
heretofore described. As shown the X-ray tube
comprises a glass cylindrical member 40 having
a generally hemispherical glass upper end 41l.
Leocated within said cylinder 40 and adjacent the
upper end thereof is a metallic X-ray screen 42
composed of nickel-ircn, 'This screen serves as a
housing means for a cathode (not shown) and
further to screen cut undesirable X-1rays pro-
duced therein. On the cutside surface of the cyl-
inder are secured s plurality of spaced terminal

caps 43 electncally connacited o the cathode by

means of conductors 44 and 45.
Located within the lower open end of the cylin-

der 40 are a plurslity of cylindrical glass plaits
or folds 48 and 49.

The innermost cylindrical
plait or fold 48 may be of a diameter genemily
corresponding to that of the re-entrant tube 13
of Figure 1. This cylindrical plait or fold 48 has
sealed thereto at the upper end thereof a metallic
tubular sleeve 50 which supporis both an anoade
52 and an anode extension 53. Alsc supported by
said sleeve B0 is an inverted cup shaped shield 51
which extends downwardly therefrom and spaced
therearcund. The ancde extension 53 may ex-

tend outside of the cylinder 40, may be surround-

ed by and spaced from the cylinder 48 and may
be in line with the anode 52.

The other cylindrical plait or fold 498 has a
major portion thereof spaced from the plait or
fold 48 and has the lower portion thereof in-
tegrally united with the lower portion of the
cylinder 48 to form a bend 54. This cylindrical
plait or fold 49 may be of a length about one half
that of the cylinder 40 and of a diameter ap-
preciably less than the diameter of said cylinder
40, TPusedly ring sealed as alt 55 to said cylinder
40 on the inner wall thereof at about the middle
length thereof is the upper end of said cylindri-
cal plait or fold 49 which is in the form of an
outwardly flared ring. |

The length and diameter of the plait or fold
49 as well as the diameter of the flared poriion
thereof are of appropriate magnitudes so that
the space between the lower end of said cylinder
40 and plait or fold 49 may readily accommodate
cylindrical dielectric baffle means 3907,

Tike the embodiment shown in Figure 1, the
construction shown in Figure 3 is so designed that
the shortest distance between the anode terminal
53 and the cathode terminal 43 measured ouflside
the tube, is less than that necessary to prevent
spark-over therebetween when the maximum
working voltage of the tube is applied hetween
these terminals in a particular ambient medium.
The tube of this character including the envelope
having a skirt portion depending therefrom and
integral therewith and the cylindrical plaits or
folds is so designed and dimensioned that a cup
with cylindrical dielectric bafile means may Co-
operate therewith. to so increase the length of
the. spark-over gap that no spark-over will oc-
cur between its high-tension terminals.

In the manufaciure of either of these construc-
tions heretofore deserived and embodying my in-
vention it is apparent that at least one fusion
sealing operation is dispensed with and fewer
parts are necessary in the manuiacture of the
envelope and its appended parts as compared to
the structure heretofore proposed for the same
purpose.
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‘anode and a cathode therein, said envelope hav-
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What is claimed is: |

1. An X-ray tube comprising an enclosmg en-
velope, an anode and a cathode therein, a re-
entrant tube at one end of said envelope, means
secured to one end of said reentrant tube and
adapted to support said anode, and a sleeve in-
tegral with said envelope at a point on said en-
velope above the union of said means and said
reentrant tube, said sleeve having a portion

thereof spaced from and  surrounding said en- .

velope, said sleeve having a free end adjacent the
other end of said reentrant tube, said sleeve be-

ing located 0uts1de the space enclosed by said

envelope.
2. An X-ray tube comprising an envelope an

ing a portion thereof in the form of a cylinder,
another portion of said envelope being in the form

- of a plurality of spaced folds, another cylinder

20

25

J0

39

40

45
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integral with said first mentioned cylinder and

314
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of approximately the same diameter as said first
mentioned cylinder, said other cylinder surround-

ing and located exteriorly of said folds and hav-~

ing its lower limit adjacent the lower limit of
said folds.

3. An X-ray tube comprlsmg an elongated en-

3

80

velope, an anode and a cathode therein, said

envelope having a reentrant tube, means secured
to said tube and supporting said anode, an anode
extension surrounded by saild reentrant tube, a
pair of contacts carried by said envelope and elec-
trically connected to said cathode, a sleeve located
exteriorly of the space enclosed by said envelope,
said sleeve having a free end located adjacent

the lower end of said reentrant tube, said sleeve

having its other end integrally united with said

B3

90

envelope at a point above the union of sald e

entrant tube and said means.

CLAYTON T. ULREY.
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