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. This mventlon relatesan general to electronics
_and has more; partmular,reference to X-ray. gen-
erators, the 1nvent10n pertamlng especrally ta
the conditioning of . X-ray generators for use.

-An.important . object of ~the : mventlon is

<to

":2;7:’,29,3137,1~ e
ME'LHOD OF, CONDITIONING ANODES

Zed J. Atlee, :Einmihiyrst, IIL, assignor-to- General
i i Eleetrie X-Ray: ‘Corporation Chicago, Ill.,
s corporation -of New York. -

,19 1941, Senal No 384 153 :
(CI. 250—27 5) .

provrde an. 1mproved method of producmg X—,ray :

.generators in condition. for service by submlttmg
the generator to aging .and conditlomng proc=
esses during the.fabrication of. the same An: order
that the finished; ‘product.. may.fhave desued 0P~

E pol1sh sthe.same.in-.order. t

-10

erating’ charactenstms, including .the 'ability.to

resist :deterioration” when- in. Qperatlon under.

hlgh Jload conditions. .
.Another important; ob.lect is to ,provrde an 1m-
proved ‘technique for.aging an X-ray: generator,
to the end that.the, parts thereof, and; especlally
_the anode,. may e condltloned o resist deterio-
ration, particularly through the deveIopment of
cracks thérein wheén exposed to high  tempera-
ture .encountered ;in: the operatlon of the gen-
erator :
Another 1mportant obJect Ls to prnvrde an:

‘aging technique for anodes, in order to improve. -

the grain structure of the constituent -arode ma-
terisl so-that the same may be ‘rendered hlgh}y

resistant to cracking under the destructlve forces v

applied - thereto:when in- service ¢ as 8 part of a
finished :X-ray:generator. :

<Another important. :object /is - to provrde an
X-ray ‘generator. embodymg -an-‘anode ;and-to
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eandition -the anode:during the: construction of -

the generator: by suceessively polishingi the ahode
prior to :the -assembly ithereof:inthe genierator,

aging :the polished - anode and:the génerator: byti

exposing it, after;assembly in'the generator; to-a
- suecession-of electrical loads. of progressively m-—
creasing mtensrty a%. a part of a process for- eon-
ditiening - the ;generator for;:service; & further

object being:to age the:anode during the evacuamk

tion- of the.generatar; thereby ‘conserving manu-

facturing t1me, andttoprovide. gettering \meams <+

adapted to: tunctmn du:rmg* the a.gmg: eperation
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'trolytlc action, in orde

‘generator embodying a rotatmg anode; -

along the line 6—6: m,‘F‘ ure.5;

: and j_a €0~ operatrng cathode C. supportedv ’w1th1n

239317

brrcatmg the bearmgs of he.. rotatmg. anode and-,,
to accompl:sh getterlng o

X-ray generators, by sub;lectmg the anode, and
especially .the target thereof, :to, electrolysxs to -
n

further, obJect bemg to:pr ide an: an‘ode havmg
improved g1 m structure derlved by aging .the
anode prior.t placmg it'l in serv1ce ‘a still further
object being ‘to” age. the anode after the same -
has ‘been polished.” :
Another important object is ‘to \provrde a con- ‘

ditioning -technigue for.anodes, embodying ‘the -
step.of pohshxng the same, “preferably by elec-
y reduce crackmg of: the

anode Jin service. .
Another 1mportant obJect to provrde an 1m-

proved .anede condltronmg method embodymg :

a. pohshmg operatlon to mh)brt cracking of; the

: anode in servrce, and:an aging sstep.to. 1mprove o

the gram structure-of the anode. materlal to fur- '
ther reduce crackmg tendenmes .

" These .and: numerous:other imp rtant obJects
advartages, . and inherent functrons of ‘the .in- =
ventlon will ‘become apparent -as the invention
is more fully Ainderstood from the following.de-"
scrrptlon, which, taken in connection ‘with the
accompanying: drawmg, dlscloses an preferred
embodiment, of the. mventmn )

. Referring to'the drawing:. e o

“Figure 1'is a. sectional view through:a X-ray

'Figure 2/is'a ‘plan view of the- end of thev;
of the generator -shown in- Flgure i; ‘

“Figure 3 is an’ en]arged sectmnal view: taken—
substantrally along the line 3—3:in Figure 1; .

- Figure4 is:a sectional view: taken substantrally ‘
along the line. 4—4'in Pigure 3 ¥

- Pigure:5:is a sectional view through an X-ray

- generator: .embodying..a stationary: anode,

‘Figure 6 is.a; sectional: _v1ew taken substantrally

To 111ustrate the mventlon the dr
X-ray;generator means. J,, comprising:;




a sealed and evacuated envelope O, the invention
being' illustrated in Figures 1-4, as applied in a
generator embodying a rotating anode,-and in
Figures 5-7, as applied in a generator embodying
a stationary anode. '

The anode F ‘and cathode C- comprise elec-
trodes supported on and in the envelope O, which
is formed with cylindrical envelope end portions
K for receiving the electrodes -at the opposite
ends: of the envelope, each extension having a
re-entrant sleeve-like portion R, forming an an-
nular space S between the extension K and the
re-entrant-portion- R, -the electrodes being me-
_chanically ‘secured to said re-entrant portions.

The invention has great value:in providing

X-ray generators having unusually fine operat-

-~ ing: characteristics at high temperature under

2,329,317
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relatively heavy load, and results-in the ability -

to produce unusual X-ray intensity from a gen-

erator of relatively small size without-destructive -
effect in the generator. . D

It should be understood that.X-ray generators ...
function to produce X-rays“in response ‘to-the ="

mechanical ‘working ' of the target material to
provide a fibrous grain structure. ,
Electronic action on the target, when in service,
with incidental -localized heating, changes the
grain structure of the target material, which even-
tually becomes a fine crystalline structure, de- -
spite pre-treatment of the material by mechanical
working... This change in structure, in accordance
with my present invention, is accomplished, with-~
out -cracking the target, by means of: an: aging
process ‘whereby ‘the development of the grain
structure is caused to take place slowly. If the
crystalline grain: structure is-thus developed suc-
cessfully without-cracking, then ‘danger of crack-
ing the anode in. service is substantially elimi-

»'nated. . :

. I have discovered that the successful develop-
ment of a satisfactory grain structure may be ac-

:complished with a greater degree of success by

activation of-the anode by electronic action pro-.

duced by the operation-.of the cathode C.  This
electronic action comprises-the impingement of
electrons emitted by the cathode upon‘a target
{1 forming a part-of the anode; such ‘electronic
impingement resulting in 'the generation of rela-
‘tively large quantities of heat, which is‘dissipated

30

thence through the body of the anode and out-

wardly of ‘the'envelope through the anode sup-
port structure; which extends through a sealed
opening in the envelope walls.  When in: opera-
tion, the temperature .of the generator, and par-
ticularly of the anode, may be of the order’of
500° centigrade. ‘ RN :

"'The intensity of X-rays produced is.a function
of the energy applied to ‘the anode, the greater
the energy applied; the more intense'is the re~
sulting X-ray production:. The more’ energy,
however, that is applied on the anode, the higher
is the-operating temperature to which the anode

' is subjected. Tt is desirable, "also, to produce .

X-rays in:a sharply ‘defined beam in order to
obtain sharp shadow definition; on a film" or
screen, or in applying the X-rays-to' a;desired
spot for therapy purposes. - For ‘this reason, it
is necessaryto accomplish electron impingement
on the anodé on a .small focal spot in the target,
since the smaller the spot, the greater'is the defi-
nition accomplished in the resulting X-ray beam.
The maxinmium amountof energy which may be
applied ‘on a focal spot or area, without melting
or cracking the ‘same, is dependent primarily
upon the target material and.its ability to resist

cracking under the influence of the temperature -

developed through electronic impingement at the

focal spot, which ordinarily is:a relatively small .

localized area -in-.the target face. .

Because of its high melting point, high atomic

weight and ease of procurement; tungsten-is com-
monly used as a target material for X-ray tubes,
-although numerous other materials are available.
Of all presently known materials, however, tung-
sten has the ‘greatest ability to resist cracking
under the influence ‘'of“high temperaturés:: The
* production’of tubes to meet the:demand for high
-capacity units has-resulted in a tendency toward
a-higher incidence of  tube failure due to crack-
- ing of the-target in setvice. Material available
for use in targets, including tungsten, has a defi-
nite crystalline grain-structure; and the tendency
toward target-cracking’ ‘may be - minimized by
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firstpolishing. ‘the ‘target in -order. to eliminate

even small fissures and other irregularities in the

surface .of the target, for by eliminating such ir-
" “regularities, I'find that I am able to greatly reduce

target:cracking, apparently because cracks start
as. a result of surface irregularities in the target,
even though such irregularities may be of minute
proportions.  “In'any-event, I have found that the
higherthe polish initially’ given 'to the target
the less is the cracking tendency.:72 + e ti 2

“Inkeeping with these deductions, ‘tubes built

“in gccordance with my-present invention are con-
-structed by first' finishing the anode F, including

its embedded target 11, to final form by a careful.
machining operation, the anode and target being

5 finished as smoothly. as ‘possible by “mechanical

means.  The completed anodeis then" given a
mirror polish by subjecting it to electrolytic ac-:
tion in a suitable bath, and where copper anodes
having tungsten targets are concerned, it, has been
found' that optimum chemical concentration for
anodic™ polishing by electrolysis ' comprises an
aqueous solution of sodium hydroxide and sodium -

carbonate, in the following proportions, "
e Moo oGrams per liter of ‘water

Sodium hydroxide (NaOH)_.._ .. _.__ ... +10

Sodium: carbonatd(NAzCOa):; 215

' Sodium carbonate is present.primarily as a cut-

%
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-on the tungsten may be increassd

rent carrier and- has. little, if any, action ‘upon
the tungsten target, but its. presence. in the solu-
tion is advisable to reduce heating. Furthermore,
by having sodium carbonate present in the solu-
tion, the minimum concentration of the sodium
hydroxide. polishing agent can be used, which,-in
general, tends to.produce the best results; The
temperature at which ‘satisfactory: polishing ‘is
obtained is somewhat critical, and for this Teason,
it is desirable to maintain the solution at a tem.
berature of:between 20° 'and 30° centigrade. . If -
the temperature of the polishing bath exceeds the
stated limit, the action:of the polishing medium
bhe to:a degree re-
sulting in a tendency to etch the ‘surface of the
target when a standard solution and electrical
current density. are employed.::
Polishing is' accomplished by passing an elec-

trical current throughthe anode and: the polish.
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ing solution in which it is suspended for:a prede-
termined time interval. - The ‘current: density. is
critical and should be- established - according to
the standard solution and temperature being used:
Optimum results with the solution at the concen-
tration and temperature herein disclosed.are ac-
complished at a current density of approximately

120 ampéres per square’ foot, maintained for a
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penod of the-order of tent mmutes until a satis-‘
factory polish’ is‘accomplishied:’: It is important

that the anode be not. immersed in; or.in.contact '
with, the solution for more than aifew: seconds,,

without application’ of. electrical current.’ sihée-

contact with ‘the solution:in.the:absence of an
electric current. will result in etching of the target.

oxidize as a result of the electrolytic polishing ac-~
tion.. - Oxidation ‘of the copper produces a black
coating:thereon,; which may be readily removed.by

immersing the anode in‘a 25%: hydrochlonc acrd'

solution without impairing:the polish.: B

-~ After::the-anode: has been mirror. polished as
aforesald, it/is assembled and sealed in:operative

postion‘in the envelope O, together with the. cath-

odel C; and: the tubeis conditioned for operation:
by first removmcr all gas present:within the-en-

velope O;and also any gas occluded in the anode

and. cathode and in:the material:of. the envelope: ¢
itself. ~If 'such -occluded gases:are: not substan--

tially ~entirely. removed, -they.: will gradually . be

released”within the envelope and.impair; the ex-

hausted conditmn at whzch the devrce 1s designed
- to operate. -

entire device at.a temperature short of the soften=

-1

* load:sho
15" 3

- ‘Removal of gases from the envelope is accom-'-,125‘
phshed by balnng or otherwise heat treating the

ation and 90% ‘of” target melting energy when‘
operated during g ¥gisecond interval, .- :

./For’ practical purposes, the aging: process pref-‘
erably is started with electrical: energy:applicas

‘tions or load shots of the ‘order-of one-half of the

rated-capacity of the tube; and:although the'in- -

7 yention:ismot limited-to any particular ‘schedule,
The" ‘copper.-of the ‘anode has: a tendency.to . - :

the fo]lowlng aging schedule has been found: sa SR

‘Rest period

Enerey "A ticatio
applica: pplication - between" -
- tions o time/shot |27 6™

(seconds seconds) i

e

) Short'lnt rval i

-~ Tt will: be: noted from the foregoing schedule"‘
that the ‘aginig’ procéss” consists Sériest of:
energy: exposures or shots the first ‘of “whichis-
merely'a’ heat exposure accomphshed" t: low
ehergy for'a twenty second penod forthe 'purpose

' “of mitially warming: the anode’ to-a temperature’

“ing point of the glass; while the envelope is con- ..

nected with a suitable; exhaustmg apparatus.

'moval of occluded ‘gases:may also be accomplis ed .
vby heatmg the electrodes. to.a’ hlgh temperature,‘

either. by electron bombardment or. by placing; the .
electrodes in . a, magnetlc field fluctuating at fre-‘ )

. quencies of the order.of radio frequency, . ,
Accordmg to: ‘the present inventxon however I,

prefer to. heat the electrodes by electron bom-

of ‘the’order 6f'100° centigrade:in order: ‘to'render ,'
the' target  material "dictile and minimize: ‘the . .

dange ‘of starting eracks durmg the:aging proc-: -
. '@s8.”

sthie initial warmmg and before’ the
ool down; say “within g

anode has a- chance t

. mmute or two the'tubé 1s’g1ven twelve suctessive

éxposures orload shots at: 60 kv p ‘and: 300 milli= - ‘

: ,",amperes, each shot’. lastmg twe seconds with'd -
. Yest ‘period” of 7.5 seconds: between ' loadings:

) 'Thereafter the tubeis’ subJected to twenty, oneé:

‘ bardment ‘and thereby accomphsh the aging of -

the anode as a part.of the tube condrtlomng proc—;
ess, although aging of the anode to, develop a sat-
‘isfactory grain. structure thereln May, be accom-

plished. after occluded gases have beéen completely

exhausted from the envelope and the electrodes

second exposures at 75:kv, p."and ‘300 m1lham—

péres; - with:d 4.5 second’ rest. period: between ex-

posures. . Then the tube. is subjected. to thlrty-'

- five, hdlfsecond;: exposures ‘at. 85:kv. p. “and: 300

Whether or not’ accomphshed durmg the removal' '

of occluded gases, the anode aging process con-
s1sts in applymg energy on the anode by electromc

. bombardment 1n1t1ally under small load, ‘the load
" being gradually increased unt11 the tube is: sub-
jected to loads substantially in-excess of it§. rated
capacity.. In this manner, the. target matenal is
~ caused to- crystalhze slowly ‘and’ the Strains in-
duced by the rearrangement of’ the molecular

structure of the materlal asa result of c1ystall1za- .

tion is held at a safe m1mmum whereby cracklng
is prevented

The anode preferably 1s not loaded contlnuo 'ly :

durmg the agmg process ‘but the. tube is grven'a; .

rest penod after each load’ appllcatmn éach’load~

ing comprlsrng a predetermmed amount of energy -

apphed on the anode .during a. predetermmed

time mterval AAAAA
course, determined by the ‘size and capac1ty ‘of

the tube being treated and are pr oportmnal to the“ i

rated capac1ty of the tube.
The ratmg ‘of an X: -ray. tube is ordlnanly deter—

The loadmgs and ‘times are, of

mlned ‘as .a. functlon of the” energy Yequired to

melt ‘the target mater1a1 and, consequently,
tube israted for operatlon at Voltage and’ current
values sufficient” to: impress’on ‘the anode only’'a
predetermined fraction’ of the energy requn‘ed to
. melt the anode materlal

Thus, for ten* :second’
operatlon, a tube may:-he’ rated to operate at yolt~

. the: envelope

70

5 amperes, W1t
: exposures

m1111amperes, wlth 8°2.5 rést period. between ex~
posures; and,;“finallyy to srxty exposures ‘of one="
fifth second duratmn 4t:100 kv, p.-and 300 milli=:.
st perlods of 1. 5 seconds between‘

‘The foregomg agmg process is de51gned to o
allow tHe ¢rystalline structure of the target mate- -
rial to:grow.slowly in order to condition the: tar-

) get for.full: 1oad” operation: without. destructive

cracking: = After the aging process ‘has been: ac-
comphshed “the :tube is. tested by: subjecting it
to.a& series-of over-load test exposures, which,:for
a tube rated at 50 Kv. p.'axid 500'milliamperes: for’
#5-second; may comprise twenty~-six exposures of:,
1o second each at 60 kv. p. and 500 milliamperes
Wlth a forty=two ‘secondirest’ period: between’ ex~
posures, - followed by ﬁfty-four test exposures :
each of % second duration; at:770’ kv, p. and 500

‘milliamperes, with a' forty-two second rest perlod =
between exposures. i

By -first glving the anode ‘@ mirror: pollsh and'

: then aging the anode, T have been'able substan-n

tially to‘eliminate anode cracking.i:v = i
+ After-all impurities, inchuding occluded gases‘: :
and other impurities, have been removed from:
‘the exhaust ‘connection: - may ‘he
sealedroff, as ‘at’ 13,”and as a final clean-up step,.
a suitablé gettering material-may be: volatilized .
within the envelope in order to’form end products’

- of ‘the gettering material and any” trace of gas:

age and current sufficient: to releaseenergy-at-the

anode equal to 60% of target meltmg eriergy, 80%:
second ‘oper~

of target meltmg energy durlng

or other impurities that may-rfemain:in'the en-’
velope;:: :such ‘end ‘products being. inert and in-. -
nocuous:and remaining Wwithin:the envelope dur-:
ing/the service life: of the tube in the form ot 8

7
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film-dike deposit :0f -the - gettering : ma.terial on:

such surfacés  of: “the device' upon . which  the: .

volatilized:material may. condenae as:. a result of
the gettering:aperation.. . -

_+"Phe gettering operation, of course is a p&rt
of the evacuation: and: cleaning ofthe: tube: and:
may be performed at-the conclusion ef:the:olean~:

upprocess -either; befare;: diuring,. or: .after the:

. aging of'theaniode. Any suitable gettering mate-
‘rial may, of course, be'employed; and I. prefer to
use barium and/or magnesium and .preferably a
mixture of the named metals. In any event, the

gettering material has a high melting point and

is: ¢haracterized by a tendency to remain im-.
“mobilized in the tube after being volatiliZzed and.
condensed as.a film as aforesaid... In electron:
flow -apparatus, and pa.rtlcular]y in:X-ray gen=
erators, it is important that the gettering oper-
ation be accomplished in’such fashion as to pre~
vent deposit- of the gettering ‘material on the
outer or active surfaces of the electrodes; and I.
therefore arrange.to. perform-the gettering: oper-
ation within the envelope-in. :position eliminating;
the-: possnbllity of .the deposn; of. ‘gettering: end:
products upon'the external: surfaces of the anode
and cathode.: o this end; I prowde forvaporizing,
the; gettering material. within a: gettering- cham-
‘ber 1 preferably formed withm one of the elec-
t1on w1th the mterion of the envelope through: a
restricted channel ‘which opens in: a direction
facing away.from the active surfaoces:of-the an-

ode -and- cathode;: so that- vola,txhzatmn ‘of sthe:

[
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combme wthh the vo&atrl!zed _gebtering materm}
and-be-thus rendered innocuous. - 'Fhe gettering:
vapors and: combined impurities, upon: impinge-
mient. on ‘wall-surfaces: defining: the chamber i},

will adhere - thereto: and: be: permanently !mmq- )

~ bilized asra:thin filny. on-such: surfaces::

.As:shown-in. Pigures 1-4, thg- gettermc sm—

. ratug:and chamber 17 may be formed: within the

10
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25:

- cHamber {1 arcind! the stém portioar ZB\ agd that

- gettering. material within the: confined .chamber.

‘will exert: a gettering .effect: throughout the. en-.
"velope, while preventing the escape of vaperized

gettering . material - into. the envelope;. the end"

products: of.: the. gettermg operation: being -de-:
posited on'the internal- surfaaces deﬂningr the get~
tering: chamber, :

lar wire 19, one'side of which is of reduced:- sec~:
tion; as at 21, the wire being arranged in-the-form:
_of & loop or loops within the:gettering. chamber:
with the portion of reduced thickness facing:in:
the direction- in which it is or may be- desired,
_ te: Hroject: volatilized gettering material. - One
end- of . the- wire is electrically connected, as at
23, upon anielectrode support: 24 comprising :a.

stem: having: a- portion 25 extending outwardly .

of the envelope and a portion 26 extending: with-
.. in the: envelope; the stem being formed: with: a:
shoulder 28 to which is. sealingly- secured: 8 cup-
shaped seal: member 2F, -the edges of which:form-
-8 glasg-to-metal seal 29 with: the re-entrant en-
velope portion R.: One end: ot the: wire: 19 is thug
eleetrically connected: with: the: stem: portion: 25
extending: outwardly of the envelope:through: the;
seal 28:: The other:end-of:the wire- 19 is electri-

dally- connected:- -outwardly :of -the envelope by

means of a conductor -wire - 30 whieh: extends:
throughithe-envelope seal 21 and through:a seal
3+ formed- iri-the electrode supbort 24. .- By con+:

necting the outwardly extending end of-the conz

ductor 38:and the outwardly projecting portions

40
Gettering is accomphshed by means of a tubu- .

~ing surfaces of the bearings 37, thereby' causing: -

<or o

45

~ the cathode C, the cathode in the' iliustrated’

60

of ‘the:stem: 26 with an external -power source,
the wire may be heated td-a temperature suffi-:

cient to:vapotize tHe gettering material 33 which:
is:disposed within'the hollow wire:-49; - The vapor:
thus: generated: will: . be-  expelled: outwardly,

70

through-the walls of the hollow wire-at:-the-sec-. -
tien 2i.0f reduced thickness.  Any trace of:gas:

or ‘other impurities: remaining in: the:envelope
" after the completioniof the extiausting operation:

will’ be: gttracted into: the chamber i1 and will! 75

55. support.
cavities 41 in Whlch are dlsposed cathode’ :B}a-

anode P; the anode in-the-illustrated embadiment
being of the rotating type and comprising 9 cylin:
dridal body: having an ‘open- end-extending in:the:
annuldr: space. S in’ pogition: emhracing: the  re-:
entrant envélope ' portion R and'the seéal 28.::The
cylindrical anode member, at: its: closed. end; ¢dr= -

riey the tardget 1 £ which, of caurse, .on'a rotating. -

anode, isiannular. . The. oylindrical ‘anode has 4
cavity 35 into ‘whichi the stemr portibn 26 of the
eléctrode support extends:. . The stem:portion 28’
¢axrries- spacéd: preferably. roller. Bearings’ 3%, the
inner races of which' are securéd on the stem’26:

and the”oliter races: of which are securéd ona.

eylindricalanode mount 3% which extetids: within:
the cavity. 38 and’ formiy the géttering chamber. =
i1, The ‘cylindrical ‘anode. iember snugly én<
circles: and embraces 'thé anode mount: and s

’secured thereto iR ahy suitable fashibit, s by k

It will be seeh that

the gettermg “wire’ ;dlsposed “within® the -

the” wire: I8 is” disposéd: 0" loops
tlons 'H of sald loops faéing to

i\re i electz-iea,lly con'-’

g’.
nected: wi 'e‘~stem 28 the other éhd béing coh-

35 nected to the'conductor 30 whleh -extends throtigh'

a duct 43 foried 16ngitudinally’ in-the steifi per-

‘tions 2§ and 26, the condietor being eleetricaily _

insulated from: the stem: portions in- the- diidt 4%
and extendmg through the seal’ s at the outeri
end ‘of the stem portion 25 ‘

When ‘the -gettering’ material ist vaporize . .
least a portion of it will ilipinge upon- the work-

the gettering material to- depomt ot
surfaces as a thin’ filin- which' forms’
alloy  with the bearing m aterial; whlch aloy;
during ‘the life’ of ‘the tube,will' form' s’ lubneat-_
ing ‘medium- uetween the workmg surfaces ol’ i
bearmgs

“: As shown'in Fﬁgures 5 6 and' 7, the gettering
apparatus ‘and-chamber 17 may ‘be forméed withity

bodiment comprlsmg a head 4% secured oh tﬁe 1A=
wardly - extending portion 2§ of the eléctrodé
The head 45 is formed witl’ electrox

ments 49 which are mounted on stenis 51 carried
in the insulated support brackets 53." The hedd 4G
carries 4 cyhnducal skirt 55 secured- at-one’ end;:
as by fastening screws 51 to- the'héad and extend-
ing with the other end of the skirt in the anntijar
space S'in position enmrcllng the ré-entrant en-
vélope portion R and’ the seal 29, and enclosing
the gettering chamber 1T Within- the skirt 55 be-

. tween the hedd 45 and'the’ seal member 2T

The filament stems are electrically connected :
as by clamp means 59, within theé chamber' ;'l" :
with conductors-:68. which. extend “olitwardly of
the: envelope through:seals 61 formed in the ‘sedl
member 21. ‘The gettering wire 1§ i forihed in'
a loop with the portion” 21’ of restricted thlck-

‘ness:-preferably fairig . outwardly towdrd’ the
‘inner surfaces of the skirt 55, one end of the wire

" being electrlca.lly connected w1th the inWardIy“ex- ‘
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',-mtensmy 'of. the shots unt11 the same are of the
~order ‘of iritensity:in; excess of the max1mum serv-
. ‘ice loading of the; anode

ftendmg portion 26 of the electrode support ‘and
‘the! other end.being :connected with.the ‘con-

" ductor:39-which is insulated from, and: extends in :

-the-duct 43 in the stem portions.28 and 26.:

The foregoing arrangement: of- .the: gettenng-.-

‘equipment within & .confined: chamber in’'dn.elec-
~trode:-effectively - prevents:the escape. 'of any .get-
: tering end: products and-insurés againstithe for-
“mationiof deposit upon. the active surfaces of the
- eélectrodes. - Alliiof:the; ‘metallic. vapor. produced
~during: the’ 'gettenng operation ‘impinges ipon
electrode surfaces:within: the ichamber §1..:The
vapotized: ‘gettéring material condenses upon such
surfaces immediately Updn’ impinging* thereon:so.
that 1ittle; if: any, vapor:may: escape:from within
‘the’ electrode during: the gettering operation. = If
“any- vapor should: escape; it must: ‘do so: :through
'th”"

‘remote” “from: the :active “electrode

"surfaces, an
‘S~ will “bécome: - condensed upon': the surfaces
thereof which are relatively cool: AORAEE
By arrangin ¢ gettering: material 33 on a
'conductor"and évaporatinig ‘the"same: ‘py heating
‘the conductor-électfically; I am ‘able ‘to control
,the mount Of gettering’ vapor produced gt any
“‘time; ‘and “T-may brovide'a ‘siiitable ‘excess of
‘»gettering ‘material’)

. l“tioninrr the! tupe:'fo ’»operation by evaporating

ny vapor ‘thus entering:the ‘pocket * 20

‘‘that-after-initially ‘condi-

portion' of ‘the ‘gettering: ‘material; the-re-:

‘15

nnular opening around the ‘seal:29 and into -

25

. 4::'The method -of: conditiomng the anode of an

?electron flow device; for; service which con51sts in
‘subjecting:it: 1n1t1ally :at successive 1ntervals to
-electrical-load shots; of the - order releasmg less
“than one-half anode meltlng ‘energy in the anode .

" .and :thereafter -to- successive:load’ shots of -in- -
~10

creased intensity, and-finally subJecting the: anode
to load shots-to release emergy:in the anode in-

excess.ef the energy to which it is de51gned to be
.subJected 1in service, whereby to0: promote: slow
scrystal: growth in:-the; -anode: matenal o obtam'
& crystal structure therein-fadapted 10 inhibit

heated in service.
5 The method of conditiom g the anode of -

an electron flow device to 1nh1b1tvcrack1ng there- . ‘

of in service which"consists in gradually- heating

“the anode to promote slow crystal growth in the '
~.anode-material by: dissipating electrical energy.in -

-the anode in:the form.of -energy: shots released
-at-intervals during an extended: treatment period
‘With .corresponding - rest.periods between ‘shots,

+ 6. The;method of conditiomng the anode of an

electron flow- device to inh1b1t cracking thereof :

_in service which consists in gradually heating the

30

. maining’ unused portion of:the getterlng ‘material -

* il be r 'ained and may be used later: in the.

‘condition the s “adl

ithie gettermg material to-clean- up

; : e result of ‘the" operation of
) the tub '"gr to recondition ‘the’ bearings in a ro-

‘tube.

‘ous'attendant’ advantages will be‘fully understood
- from the foregoing 'description,’ "and-it 1§:ebvious

‘that ntimeérous changes may ‘be made in the form,

construction: and” rrangement ‘of - the several
parts w1thout depar, hgfron’ the spirit 'or scope
of 'the mvention, O sacrific] g any-of its attend-
ant advantages, ‘the- form heréin® disclosed being
a’ preferred embodiment r the purpose of illus-
rating the invention: -

“iThe invention is hereby claimed: a§ follows E
1 The method of/ _conditioning the anode of :

of ‘the material to'crack’ when heated in service.

"2/ The method of conditioning'the anode’of an- S
65.; S
" an"electron flow device toiinhibit cracking thereof

electron flow device for service which consists in
aging "the” anode b subjecti g it at. successive

“‘\\'In this way, T can perform :

I is thought that the' 1nvent10n and its Aumer- -

" anode: to. promote slow. - .crystal growth: in: the -

anode material by ‘dissipating electrical. energy

“in the-anode in the;form of energy shots of pro-
-gressively. increasing- enérgy intensity . released at
;mtervals during ..an. extended treatment period'

ith- correspondmg ‘rest periods between shots.

- anode, to promote slow: crystal’ growth in the'

- anode. material by

) at intervals’ during

in the anode-in; th orm of energy. shots released
: extended treatment period
with: corresponding: rest penods between shots,

.and mcreasing the: energy~.value of: the shots at

' .intervals: during the treatment. penod

45

50

‘ .the treatment‘penod Progresses.:

mtervals to loadings- ‘comprising’ electrical energy -

f ‘progr sively increasing :intensity.’ :
"3:"The method of ‘conditwning the anode- of ‘an

electron. ﬁow device for service Whlch consists m
“agitg ‘the ‘anode’:by:: subJectmg it -ad

during an extended treatment: period to stceess -

sive: eléctrical Joad shots initially of the order re-~

leasing Jless: than‘ione=half anode: melting: energy:v
inis the anode and progressively 1ncreaslng sthe

70

t ‘1ts ‘preceding shot i T
211, The method vofi condxtionmg the anode of'

w

'treatment period: progresses

8..The method of. oonditiomng the anode of an‘

-electron ﬂow dev1ce to.inhibit- crackmg thereof - -

in-service wh1ch consrsts in gradually heating the

‘anode “£o: promote slow crystal growth in- the .

.anode matenal by, d1=51pat1n -electrical eniergy

~in-the anode -in-the:form of: energy shots released

at intervals during an. extended treatment period
with -corresponding rest. periods between shots;
and decreasing the: rest penods between: shots as

-9 The . method:of ; conditioning - the-anode of .

. an electron flow-device to 1nh1b1t crackmg thereof -

in; service -which consists in gradually. heating
the anode to promote’ slow crystal growth- in the’

‘:anode material by dissipating electrical energy inl
the'anode in the iform. of ‘energy shots released . -

at mtervals durmg an extended. treatment period . v
with+ correspondmg Test periods; ‘between-shots, ..~

-and-increasing the energy value of the shots-while
decreasing’:the rest period: between: shots as the T

:10: The method: of: conditiomng th

inservice- which ‘consists:in ,gx:aduallywheating V,
‘the anode to promote slow’ crystal growth'in the -

anode material by dlssipatmg electrical energy-in- .

theianode in-the form-of. energy shots;released
atiintervals-during an.extended-treatment: period
with -corresponding: rest. periods between shots,
eachrest period: being of nger duration thanrr ‘

&

/7. The method of conditioning the anode of-an”
'electron ﬂow dev1ce to_inhibit;cracking :thereof ;
inservice; which, COIISIStS‘ln gradually heatmg the . .

dissipating electrical energy.




an electron flow deviee to inhibit crackmg therect
i ‘service ‘Which consistsin: gradually heating the

anode. to promote  slow’-crystal -growth in -the
gnode: matenal by dlssmatmg Electrical ‘energy

in“the anode in the: ‘form of ‘energy shots released -

at mtervals during - R:0cY extended treatment period
with correspondlng rest periods between -shots,
-each rest period being of longer duration than its

s preceding -shot-and’having ‘a ‘higherratio between
a rest ‘period and-the “preceding - Shot as. the g

energy-value of ‘the shots is increased. .

*12.The method of::conditioning the anode of
-an electron ‘flow device to inhibit eracking there-

of, which -consists in “first polishing the surfaces

-of the #hodé 1o miirer ‘smoothness. whereby to-

eliminate surface irregularities and then progres-
‘sively increasing ‘the ‘temperature of the .anode

gradually to promqbe slow crystal growth in the
20 gebtemng ‘material in -the tube while pm :

-anode ‘materigl,’ .ol
13. The. me‘chod of conditmmng the anode of

-an-glectron oW device to’ inhlbit ‘eracking there- . :

of in ‘seivice' Which “consists in mirror “pelishing
and then aging the a.nede bysubJecting it dnitially
to 16ad shots of eleebncaﬂ ‘energy -of the order of
one<half: anode melbxng ‘enéfgy; then to'load shots

of, hxgher ENEergy:; a.nd ‘finally a,pplying to the»
anode load shots of energy intensity in -excess of .

that at whmh the «anode i8 deeigned to dperate
in- gervice;:

34 "I'he methiod - of oonelitiemng the mode ‘of
an elestron fHow-device to inhibit orack!ng ‘thete-
‘of =m Service wh1ch eonslsts in first Jelectrélytx-

cally pohsh'ing the anode 406 ~eliininate Surface -
pirror smooth- finish
“35 of electrical load shobs of progressively ineteas- -

“irregularities by- 2pplying i

thereto and then aging it b’y#applymg dlectrical

energy loadsin excessiof the: energy load art W’hmh ‘

itis desrgned 1o operate in ser\#iee

~15. The method 'of -conditioning - the &nbde of

an electron flow ‘deviee to dhhibit ‘eracking thére-
of in-service ‘which- ‘eonststs Thifially Jnexposing
the- anode 10 eleckrolytic action ih.-a polishing
bath to apply a mirrorsmeoth finish to ‘the tar-
get, area thereof and: thereafter ag{ng ‘bhe ‘anode
by ‘subjecting it ‘at ervals ‘during -an ‘extended
“trestment ‘period -
'progresswely mcreasmg intensity; ‘said loads Ini-
tially be&ng of the -order-6f Jess than one-half
‘snode elting energy- ‘and-increasingup to energy
loads in ‘excess of the loading at ‘which ‘the. anode
is designed to- operate in service,
-16. The met;hod of con&ltioning the- anode of
-an electron flow device which' co;&sistvs In apply-

ing a mirror polish ‘thereto’ ‘snd ﬂ;hen aging the

anode by ‘subjeeting it “to loads
increasing “intensity, emnmmemg
the order of Iess than one-half anode melting

energy

17. ’I‘he method of conditlonjng the : anode of

an X-ray-ttibe to irthibit cracking thercof in'serv-
“ice - which- consists in“-assenibling the -anode in
operatlve position -in'- the: tube, vacudting the
‘tube toelean up bccluded ‘gases while subjecting
‘the ahode to an’ aging process: compnsmg @ geries
of successively applied: Je!ectrical 1oad shots of

progressiwﬂy mcreasing imensity azspli“ed on.the g

18, The amethod of cbna:tionmg e anode ‘of

“ah x-t@y ‘tube sto ~inhibit cracking thereof :in

serﬁce ‘which ¢onsists In assembling the- anode

in-aperative position in the. tupe,: evacuating the
tube Yo -¢lean up-oecluded -gases ‘while subjecting
the anode to an aging proeess coniprising. ‘a series
.ot successively  applied electrical. losd whots “of
progressively increasing intensity applieq on the

EY

éleeﬁrleai ‘ehergy leoads of .

ith leads of .55
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‘mhivde, -and: gettering the tobe as the fpal sbep
i:the clegh-Up process by evapdrating - metaltic
gettering material :in:ihe tube  While peevehting -
the: deposit 0f gettering: md pmduuts Jon mem-

b t\tve surfaces of the anaode;:

2719, Fhe methed  of: mmditbm bhb m xot L
ffan X-ray dulse boimhibit eracking, which sonsists
{n pre<formiing the’anode »with & mirror pelish.

“on’ the active surfaces.of ‘thre Aode, sacenthlitng

the ‘anade:in operative position in'the tube, eysec-

amting the tube to thesn-up ocelided gaises windle.
wubjecting: the anode: 1o hh -agidg Proetas Com-
‘prising 'a. series. .of vélectrioal lond shots of pro--
‘gressively: increasing’ intensity spplied sucopssive-
1y sit-imtervals on the anede during an iexbended
itreatmient period:0o heat the mame grexdually fo
bromote slow: cryatal Brewih 40 the eBode made-
rial mnd ke’,ttmm the taube ai the ﬂml step;in

the ' deposit - of gettening: K W‘B on; the‘- o
active surfaces:of ‘the: anode.: : :
.20, "The: ;method: -of - condi.t :
anode ‘of 1an  X-ray: tube te; md;ﬁon«the same
25 for- service “which ‘comprises. ‘pre-ferm the -
anode with an. internal pocket; assemb),ing ‘the
“anede in operative position in the tube with anede -
Dbearings”in: the pocket; evacyating, the bube -to
«clean up oco&uded ®ases, rotating the -anede and
30 evaporating - a - metaHie  medim - in - the - -apode
‘pocket While-directing the Yaporiged: mdium AR
condensing: it wpon 'the -anode bearings te form
thereon & lubriesting alloy, -and- \sublecbing the
anode 40N _AEing Proeess: comprising :a. epries .

ing-intensity -applied suocamively at intervalg on
the -anode -during -am extended aging Beried fo
therely -graduadly -heat the anede throggh the
issipation of elecirical energy therein; Haus pais-
40 ing: the ‘anade from. & temperadame -of the order

0f: 200° -sentigrade, -or - Jess 1o a %meruhm of - -

the order. of 500° - centigrade or more, in opde\r‘-
o promote. slow crystal ‘erewth- in the amode
material. for the mhibtﬁqn <o, anade »anclshg
: whenhe&tedm\serviee i
o oval ’IYhemeJ;hodof condmomng ﬂnmof '
an.X-ray-tibe to jahibit-crackiag, which gen~ .
s.;sts in presformmg -the -gnede with an integral
pocket and -a mirrer polish on- Abe .aetive ex-
ternal surfaces of -the -anode; assembling the
_anade “in: —operatwe -position in- the - tube - -yith
anode bearings in ‘the poocket, ewcuatlu bhe:
tube to clean up: aecluded mases, Yofating the.
-anede end evaperating & metallic medium in the -
; apode  pocket .. while -directing - the vaporized
medium-and-condensing it Wpen the- -anode-bears -
ings to form thereon a jubricating alloy; subjeot-
ing-the-active surfages-of the shode -to 'an aging
. proeess compnsmg & series; of- electrical energy-
60 J.oad shots:ef progressivaly “increasing - intensity
applied -on the -anode at intervals during an -ex+

%‘

tended. treaﬂment perigd whlle {he same i% retat~ -

ing,-and evaporating the ‘matallic-medinm in the
: anoede. pocke,t at the eonclusion of-—the cleanqlp
Process. . : : e

22, The method «oyf conditioning he

wanode of

Sists in aging the same by gradually. inereasing
the: temperature of the -anode. from-a tempera-
ture.:of . the: -order -of .ome. Jhundred - dograes -
aenﬁgmde or-less to-g temperature: -of the order:
- -of--five -hundred :degrees ‘centigrade or moge
’durmg ‘afu;Apprecialle tme fnterval of the onder
_of-several. minutes: wherthy: sto - gtomute ~ilow
75 crystal growth'in e mmﬂmia:lnml therehy

.melectron flow gdevice -for. .service which -cofa~ - :
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inhibit the tendency of the material to crack
when heated in service, and finally allowing the
anode to cool at & rate such as to preserve the

crack resistmg crystal- structure produced by the :

aging process.

23. The method of conditioning the anode of
an electron flow device for service which  con-
sists in aging the same by subjecting it initially,
at succesive intervals, to-electrical-load shots of
the .order releasing iess than .one-half anode
melting energy in the anode, and thereafter sub-
jecting the anode to successive load shots of in-
creased - intensity, and finally subjecting the
anode to load shots to release energy in the anode
- in excess of the energy to which it is designed to
be subjected in service whereby to promote slow
crystal growth'in the anode material to obtain
a crystal structure therein adapted to inhibit

cracking of the anode when heated in service and

then allowing the anode to cool at a rate such as
-to preserve the crack resisting crystal structure.

24. The method of conditioning the anode of
-an electron flow device to inhibit cracking there-

_of in service which consists in aging the.same by

gradually heating the anode up to:a temperature
of the order of five hundred degrees centigrade to
promote slow crystal growth in-the anode mate-

rial by dissipating electrical energy in the anode

in the form of energy shots released. at mtervals

during an extended treatment period ‘with cor-:

7
of in service wh1ch consists in first polishing
the surfaces of the anode to mirror smoothness -

whereby to eliminate surface irregularities and .

then aging the anode by progressxvely increasing
the temperature thereof gradually to  promote

“slow crystal growth in the .anode material and

thereby develop crack resisting’ erystal structure

10

30

responding rest periods between successive shots,

and finally allowing the anode to.cool at-a rate:

such as to preserve the cracking resisting crystal
- structure developed in the' anode by the aging
DProcess.

25. The method of conditioning the a.node of
“an electron ﬁow device to inhibit cracking there-

therein, and . finally allowing the anode to:cool
at a rate such as to preserve the crack res15t-,
ing crystal structure.

26. The - method of condmonmg the rotary
anode of an X-ray tube for service which con-
sists in pre-forming the anode with an-internal .
pocket and a mirror polish on-the active in-
ternal surfaces thereof, assembling the anode in
operative position in the X-ray tube with anode .
bearings in the pocket, evacuating the tube to
clean up occluded gases, rotating the.anode in
the tube while evaporating. a metallic gettering
medium -in the anode pocket for preliminary
gettering purposes ‘and directing. the vaporized.
medium and condensing the same upon the anode

bearmgs to form thereon a lubricating alloy, sub-
Jectmg the active polished surfaces of the anode:
to an -aging process comprising ‘a ‘series of elec-

trical energy load shots of progressively ‘increas-

ing intensity . apphed on the anode: at intervals ,
during an-extended treatment period, while the:

anode is rotating, in order to promote slow crys-
tal growth in the anode to develop crack resist-
ing crystal structure” therein, evapora.tmg addi-. -
tional - quantities - of ~the - metallic ‘gettering

) medmm in the anode pocket for final gettering

* .purposes, -and then allowing the anode to ‘cool

35

at a rate such as to preserve the crack resisting
- crystal structure produced by the aging process.:
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