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The present invention relates to X-ray generators, and

particularly to a new and improved neuiral grounded type -

X-ray generator or tube having a 360° useful beam of
radiation.

Prior neutral grounded 360° radiation X-ray tubes, that
is, tubes having an X-ray gencrating target positioned in
a central location of a tubular envelocpe through which
the X-rays are projected, have been suiiable for only
intermediate voltages, for example, up to about 180 kilo-
volts. The upper range of operating voltage has been
limited heretofore because of the lack of protection for the
tubs envelope against electron impingement. At high po-
tentials, the electrons in an X-ray tube are highly excited
and if permitted to impinge upon the envelope cause de-
teoriation of the envelope material, and, additionally,
collect to form areas of high charge subjecting the en-
velope to electrical strain under which it may fail. Ac-
cordingly, it is a principal cbject of the invention fo
provide a neuiral grounded X-ray tube capable of gen-
erating a 360° radiation beam and having means for
protecting the tube envelope from eleciron impingement
whereby the tube may be operated at significantly higher
voltages than has been permissibie heretofore.

It is presently the practice to inspect by X-ray the
soundness of annular welds between sections of pipe lines,
penstocks and like structures formed of pipes of large
diameter. Such inspection is most convenienily done by
placing a source of X-rays within the structure to be
welded and positioning a film strip circumferentially
about the weld on the exterior of the pipe, and apparatus
has been designed to provide a 360° beam of radiaticn so
a complete picture of the weld may be made with one
exposure. However, with the X-ray generators or tubes
provided heretofore for such apparatus, it was necessary
to provide shielding within the apparatus moved through

the pipe line so as to confine the radiation to a narrow *

beam sufficient to obtain the necessary exposure but to
“eliminate extraneous radiation as protection to personnel.
This shielding added materially to the weight of the appa-
ratus, thus increasing the difficulty in marneuvering and
handling the same and, furthermore, created design prob-
lems because of the space requirements. Thus, it is
ancther principal cbject of the present invention to pro-
vide an X-ray tube which will emit a circular useful beam
of radiation of relatively narrow depth, thus requiring a
minimum of exterior shielding to protect personnel.

More particularly, it is an object to provide an X-ray
tube constructed and arranged with shielding members
therein to prevent extraneous X-radiation from the tube
and to prevent impingement of electrens upon the tube
envelope.

Another object of the invention is to provide a new and
novel arrangement for mounting shielding hood members
within an X-ray tube.

A further object is to provide an X-ray tube having a
360° beam of useful radiation which may be manufac-
tured at relatively low cost,
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Other objects and advantages of the invention will be-
come more apparent hereinafter.

In accordance with the illustrated embodiment of the
present invention, an X-ray generator is provided having
spaced apart anode and cathede units with shielding mem-
bers so arranged within the generator that all X-rays gen-
erated at the target are intercepted except for a circular
beam of relatively narrow depth and the envelepe of the
generator is protected from electron impingement.

For a more compiete description of the invention, ref-
erence is made to the accompanying drawing wherein:

Fig. 1 is a fragmentary side elevation of an X-ray tube
constructed in accordance with the invention;

Fig. 2 is a view of the annde and cathode units of the
generator of the invention shown partially in medial
section;

3—3 of Fig. 2;

Fig. 4 is a secticnal view taken substaniially along line
4—4 of Fig. 2;

Fig. 5 is a sectional view taken subsiantially along line
5—5 of Fig. 2; and

ig. 6 is a sectional view taken substantially along lins
6—=6 of Fig. 2.

The illustrated embodiment i the invention includes
an evacuated envelepe 1% which is shown as being of
glass but which may be of any other csuitable material.
Mounted within the envelope 10 in any suitable manner
is a cathode unit indicated at 12 and an ancde unit 2t 14
which are shown as mounied in coaxial facing relation,
The cathode unit 12 inciudes a cylindrical head portion
16 of iron or similar metal having elecircn generating
means therein including an elongate filament 18 extend-
ing at right angles to the axis 26 of the anode and cathode
units and substantially equidistantly on opposite sides of
the axis 28. The filament 18 is mounted within a cathode
cup 21 which is focused to project a beam of electrons,
indicated at 22, toward the ancde nunit. Energy for the
filament 18 is supplied to leads 23 which extend out-
wardly of the envelope 1§ in any suitable fashion.

The ancde unit 14 includes a generaily cylindrical body
26 which is preferably a casting of copper or oiher metal
having good heat conductivity properties. The body 26
is formed with a planar end 28 facing the cathode unit
12, in which end is embedded an X-ray generating target
3§ and upon which the electron beam 22 is focused on
a fecal spot indicated at 31 in Fig. 4. As is well known,
the electrons impinging upon the target element 3¢ cause
the generation of X-rays which wiil be emitted from the
face of the target in a generally hemispherical pattern of
substantially uniform intensity with the excsption of the
zone next adjacent the target face wherein a zone of weak
field intensity exists. Beyond a smail angle suchas 5 or 6
degrees, as indicated at A in Fig. 2, the field intensity of
the radiations from the target 3¢ will be substantially uxi-
form in all directions.

In accordance with the preferred embodiment of the
present invention, the tube is constructed and arranged
so that all of the X-rays will be intercepted within the
tube except for a field or beam 27 extending in annular
fashion about the axis of the fube and having a relatively
narrow width or depth longitudinally of the tubs. Mounted
on the anode body 26, and projecting outwardly from
the face 28 in coxial relation to the anode unit, is a tube
or sleeve 32 formed of a material having high perme-
ability to X-rays but impermeable to electrons and having
sufficient mechanical strength for its purpose as a shield
or hood supporting means, to be further described. A
suitable material for the sleeve is beryllium. Mounted
on the distal end of the sleeve 32 is an annular hood
member 34 composed of a material relatively opaque to

. X-rays such as, for example, copper, wolfram or other



— e e . . N

-

metal of high atomic number.
ber 34 is spaced from the plane of the body face 28 so
as to define a relatively narrew, annular window or portal
space 36 immediately in front of the anode body face
through which X-rays may pass as indicated by the dotted
lines. 37." The heod member 34 is formed with an in-
wardly directed flange 38 on the end thereof adjacent
the cathode unit 12 defining a coaxial, circular, electron
admitting opening - 48 for the passage of the beam 22
to the target 38, The opening 40 is prefsrably of a di-
.ameter substantially equal to the length of the filament
18, which provides an opening of just sufficient width to
admit the electron beam 22.  An opening of larger di-
~amter than necessary is not desired, for -it provides a
greater opening for the escape of X-rays from the target
30 whereas, if it is tco small, the electron beam 22 wili

impinge upon the hood member 34, which may cause

excessive  heating and melting thereof in the case of
metals having relatively low meiting points, or may even
cause a . generation of X-rays if the hood member is
composed of materials of relatively high atomic weight
such as, for example; wolfram.

In a preferred embodiment of the invention, the cathode
head portion 16 is -of relatively large diameter and is
spaced frcm the anode unit at a distance whereby all
X-rays generated at the focal spot 31 of the target ele-
ment escaping through the hood opening 40 will impinge
upon the head portion as. indicated by the dotted line
42 which represents the escapmg X-ray of greatest di-
vergence through the opening 40.

In X- ray generators operating at high potentlals, some
of the X-rays generated at the target face will pass back-
wardly through the target and the body 26 of the anode
unit.
instances it is desirable to provide a collat 46 of X-ray
impermeable material about the sleeve 32 .and  body
26 immediately rearwardly of the body face to intercept

As shown, the hood mem- »

Thus, to provide -additional protection, in some.
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of the tube and that a minimum weight of shielding is

utilized toobtain- this result:: I shielding were placed
outside of the X-ray tube-to confine the radiation to

the narrow band which is produced in the operation of :
the tube. of the invention, a vastly gréater amount of

shielding - material would be- necessary, which -would,

of course, increase- the -overall- weight of the apparatus

with which the X-ray tube is used and which shielding

may furthermore present difficulties in that it interferes

with the arrangement of the other paris of an apparatus

with -which the X-ray tube is used.

While X-rays. may pass through tne portal 36, the
sleeve 32 and hood member 34 will -attenuate any- elec-
trons which may diverge from the beam 22 or attenuate
secondary electrons scattering. laterally from the target
29, thus preventing such electrons from striking the enve-
lope 19. As a result of this protection, a tube made in

. accordance with the invention can be operated at voltages

207

30

any X-rays which may escape through this relatively -

thin portion of the body 26. It will ordinarily not be
necessary to extend the collar or shield 46 for a greater
distance rearwardly than substantially as shown since
the body length- through which the X-rays pass in other
directions will be sufficiently great to attenuvate and. stop
substannally ail the X-rays.-

‘While the shield 32 and hcod members 34 46 may be
secured in. any suitable fashion, they may be mounted
conveniently in the manner now to be described.. As
shown in Figs. 2 and 6, the body member 26 is formed
with-a groove 50 over which. the sleeve 32 is positioned
and -in which groove a ring of solder 52 is placed prior
to the positioning of the sleeve.  ‘Similarly, the hood
member 486 is provided with a groove or recess 54 in the
surface which abuts the sleeve 32, and in which groove
a ring of solder 56 is positioned prior to the assembly of
the hood member upon the sleeve. - In assembling the
tube, after placing the sleeve 32 and hood member 46
upon the body 26, pins 58 are driven through cooperative
openings. formed in the hood member 48, sleeve 32 and
the body member 26 so as temporarily to-secure . the
various parts together. - The hood member 34 is also
provided with a groove, indicated at 60, in' which a ring
of solder 62 is positioned’ prior-to its assembly on the
_ sleeve 32, and fastening pins 64 are driven through the

hoed member 34 into suitable openings in thé sleeve 32
_similarly to -the pins 58. :After the anode and cathode
units are mounted in the envelope 10, the tube -is ex=
hauvsted and the anode unit heated by any suitable means,
such as by induction heating, so as' to cause the solder
rings 52,-5§, 62 to melt, thereby effecting soldering of
the heood members 24, 46, sleeve 32 and bcdy 28 to-
gether and into an mtegral unit.

- It will be observed that with the X—ray tube of-the
present invention, an X-ray beam 37 will be emitted in
complete 360° fashion from the tube but that the beam
wiil be of relatively narrow width or depth longitudinally
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in the neighborhood of 250 kilovolts or- h10her as comi-
pared to a limit of 180 kilovolts in similar tubes having .
no electron protection for the envelope.. Moreover; the
tube of the invention can be made at relatively low cost.
as.compared with end grounded tubes which heretofore
were the only type of tube capable of operating at volt-
ages comparable to- those under which the tube of the

" invention can be operated.

Having illustrated and described a preferred embodi-
ment of the inventicn, it should- be apparent to: those
skilled in the art that the invention permits of modifica-
tion in arrangement and detail. I claim as my invention-
all such modifications as come within the true spirit and
scope of the appended clalms

I claim: - -

1. An X-ray generator comprising an anode unit and a.
cathode unit mounted in coaxial spaced apart facing re-
lation, said anode unit comprising a cuprous- body hav-
ing a planar face extending perpendicularly to the axis of
said anode unit and a target element embedded in said:
face, a tubular X-ray impervious hood member spaced "
between said anode and cathode units defining a passage
for the electron beam from said cathode unit to said.tar-
get element, said hood member being spaced wholly from
the plane of said body face in the direction of said cath-
ode unit, and means composed of X-ray pervious. ma- -
terial extending between said anode body and hood mem--
ber and supporting said hood member from-said bedy, -
whereby an annularly extending opening is provided be-
tween said anode body and said hood member for’ the
passage. of X-rays generated at said target in. a beam -
extending radially from the axis of said anode unit in an
arc of 360 degrees.

2. An X-ray generator comprising spaced: apart an-
ode and cathode units facing one another, said anode
unit comprising an elongate cast body having a front
end facing said cathode unit and an electron target em--
bedded in said end, means on said cathode unit for. fo-
cusing a beam of electrons upon said target; a layer of
X-ray shielding material surrounding said body imme-
diately adjacent said end, a heod member of X-ray shield-
ing material positioned between said cathode and anode
units and having an aperture therethrough for passage
of said electron beam, said hood. member being: spaced.
from said body in the direction of said cathode unit so
as to provide an annular opening between:said body. and
hood member for X-rays generated at.said target, and
support means permeable to X-r ays surportmg said hood
member from said body.

3. .An X-ray generator cornprlsmg ceaxial, spaced apart
anodé and cathode units, said anode wunit compnsm'f
a generally cylindrical body having a planar end fac-
ing said cathode unit and extending at right angles to .
the axis of said units, a target element embedded in said
body end, a beryllium tube secured at one end to said
body in coaxial relation therewith and:extending out-
wardly from said end toward said cathode: unit, and an .
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annular hood member composed of material opaque to
XK-rays secured to the distal end of said tube, said hood
member being spaced from said anode body end where-
by to define an annular portal space immediately in front
of said end through which X-rays from said target may
pass, said cathode unit including a head portion facing
said anode unit comprising means for generating and fo-
cusing upon said target element a beam of electrons.

4., An X-ray generator comprising coaxial, spaced
apart ancde and cathode units, said ancde unit compris-
ing a generally cylindrical copper body having a planar
end facing said cathode unit and extending at right angles
to the axis of said anode unit, a planar target element
embedded in said body end, a sleeve of X-ray transpar-
ent metal mounted on said body in coaxial relation there-
with and projecting toward said cathode uait, an annular
hood member composed of material relatively cpaque to
X-rays secured to the distal end of said sleeve, said hood
member being spaced a predetermined distance from said
anode body end whereby to define an annular portal
space immediately in front of said end through which
X-rays from said target may pass, and a collar member
composed of material relatively opague to X-rays sur-
rounding said sleeve and body adjacent said body end
so as to intercept any X-rays passing through said body
in the portion adjacent the said end thereof whereby
X-ray radiation from said tube is confined substantially
to the radiation passing through said portal space.

5. An X-ray generator comprising coaxial, spaced apart
anode and cathode units, said ancde unit comprising 2
generally cylindrical body having a planar end facing
said cathode unit and extending at right angles to said
axis, a target element embedded in said body end, a
beryllium sieeve secured to said body in coaxial relatiocn
therewith and extending cutwardly from said end toward
said cathode unit, and an anmuilar hocd member com-
posed of material relatively opaque to X-rays secured
about the distal end of said sleeve, said hood member
being spaced a relatively short distance from said anode
body end whereby to define a narrow, annular portal
space immediately in front of said end through which
X-rays from said target may pass, said cathode unit in-
cluding a cylindrical head portion comprising an elon-
gate eleciron generating filament extending at right angles
to said axis and substantially equal distances on oppe-
site sides thereof, said filament having a length substan-
tially less than the inner diameter of said sleeve, said
hood member having an inwardly directed flange on the
end thereof defining a coaxial, circular electron admiiting
opening of a diameter substantially equal tc the length
of said filament, said cathode head portion being of a
relatively large diameter, and said cathode unit being
spaced from said anode umit at such distance whereby
all X-rays generated at the focal spot of said target ele-
ment and escaping through haid hood electron admit-
ting opening impinge upon said head portion whereby
K-ray radiation from said tube is confined to the radia-
tion passing through said portal space.

6. An X-ray generator comprising an elongate cylin-
drical envelope and an anode unit and cathode unmit
mounted in said envelope in facing, spaced apart relation,
a planar target element on the end of said anode unit
facing said cathode unit, said cathode unit comprising
means for generating a beam of electrons and focusing
the same upon said target element, and tuobular hood
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means extending from said anode unit coaxially of the
path of said electron beam including a first annular por-
tion immediately forward of said target permeable to
X-rays but impermeable to electrons and a further annu-
lar portion spaced from said target element impermeable
to X-rays whereby electrons in the interior of said hood
means cannot escape through the wall of such hood
maeans, but X-ray radiation from said target element may
pass unimpeded through said first annular portion to pro-
vide a beam throughout an arc of 360 degress.

7. An X-ray generator comprising an ancde unit and
a cathode unit mounted in coaxial spaced apart facing
relation, said anode unit comprising a cuprous body hav-
ing a planar face extending perpendicularly to the axis
of said anode unit and a target element embedded in said
face, a tubular X-ray imprevious hood member spaced
between said anode and cathode units defining a passage
for the electron beam from said cathode unit to said
target element, said hood member being spaced from the
plane of said body face in the direction of said cathode
unit, and tubular means composed of X-ray pervious,
electron imprevious material extending between said
anode body and hood member and supporting said hood
member from said body.

8. An X-ray generator comprising a sealed, elongate,
cylindrical, X-ray permeable envelope having mounted
therein longitudinally spaced apart coaxial cathode and
anode units facing one another, an X-ray generating target
clement on the end of said anode urit facing said cathode
unit, electron generating means in said cathode unit for
focusing a beam of electrons upen said target element, and
hood means in said envelope including a portion defining
a window for X-rays generated at said target element, said
window portion completely encircling said axis and being
of relatively narrow width with respect to the longi-
tudinal direction of said envelope whereby the field of
X-rays emitting from said envelope extends radially
thereof in a 360 degree arc but is of relatively narrow
depth longitudinally of the envelope, said window por-
tion being impermeable to electrons.

9. An X-ray generator comprising spaced apart anode
and cathode units facing cne another, said anode unit
comprising an elongate cast body having a front end fac-
ing said cathode unit and an clectron target embedded in
said end, means on said cathode unit for focusing a beam
of electrons upon said target, a hood member of X-ray
shielding material positioned between said cathode and
anode units and having an aperture therethrough for
passage of said electron beam, said hood member being
spaced from said body in the direction of said cathode
unit so as to provide an annular opening between said
body and hood member for X-rays generated at said
target, and support means permeable to X-rays support-
ing said hood member from said body.
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