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COOLING MEANS FOR ELECTRODES 

BACKGROUND OF THE INVENTION 

‘ Electron discharge devices such as X-ray tubes, for 
example, are provided with electrodes such as anode 
and cathode within an evacuated dielectric enclosure 
or envelope. At timesone of thevelectrodes becomes 
extremely hot during operation of the device. This 
problem is particularly illustrative inthe X-ray tube 
wherein the anode is bombarded'by a dense beam of 
electrons for generation of X-rays from the bombarded 
anode ‘surface. ‘ 

In attempts to solve this problem, such heated elec 
trodes or targets have often been made to rotate so as 
to continuously present cool surface areas to the im 
pinging electron beam. However, in such devices cool 
ing of the electrodes is almost entirely by radiation. It 
is, therefore, desirable to operate the electrodes or tar 
gets at high'temperatures because radiated power in 
creases with the fourth power of the temperature. Also, 
the heat storage capability of the target increases ap 
proximately with the limiting temperature. 
Rotating targets have only partially solved heat dissi 

pation problems, however, and in turn presented new 
problems relating to device designs suchas, for exam 
ple, bearing failures, and material evaporation, war 
page and crackage at high temperatures. It has been 
found that the target body should be a material of high 
heat storage capacity and heat transfer capability but 
which is usually of only low to average temperature sta 
bility. 

It has also been found that when the heat storage ca 
pacity of a target is increased by replacing refractory 
metal'with a light weight material of high speci?c heat, 
such as, for example, beryllium, graphite, boron car 
bide, molybdenum, etc., there is introduced the added 
problem of securing and maintaining this material in 
efficient heat-conductive relation with another mate 
rial ‘such as tungsten in the case of an X-ray tube, for 
example, which is an efficient X-ray generating mate 
rial. It is extremely difficult to establish a stable high 
temperature bond between such materials and mechan 
ical‘retention is sometimes unreliable. 

SUMMARY OF THE INVENTION 

The above and other objections to the prior art are 
partially or entirely overcome in the present invention 
by the provision of novel means for cooling a rotatable 
electrode, this being achieved by the utilization of heat 
conductive means in the envelope wall which are mov 
able into direct physical engagement with the electrode 
during nonrevolving cooling intervals. The heat 
conductive means provides a thermal ?ow path 
whereby the heat from the electrode is conducted exte 
riorly of the envelope where it may be dissipated more 
efficiently by radiation or by an enveloping coolant liq 
uid. ~ 

The heat-conductive means may be one or more 
metal rings which are resiliently supported in the enve 
lope wall, during rotation of the electrode, in slightly 
spaced relation from the rotatable target or electrode 
to'be cooled. Adjacent the ring or rings is an arrange 
ment of one or more electromagnets which are electri 
cally connected into the control system of the device so 
as to be operated during intervals when the target is im 
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mobile whereupon the ring will engage the target and 
thus conduct heat away from it. 

In one alternative structure, the heat-conductive 
- means takes the form of a plurality of longitudinally 
movable rods, pins or ?ngers movable by the magnet 
toward and away from the electrode. In a still further 
modi?cation, the heat~conductive means comprises a 
wire brush. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other advantages of the invention will 
become apparent from the following description taken 
in connection with the accompanying drawings, 
wherein: 
FIG. 1 is an axial sectional view of an X-ray tube em 

bodying one preferred form of the invention; 
FIG. 2 is an enlarged fragmentary axial sectional view 

of the heat-conductive means shown in FIG. 1 in inop 
erative position; 
FIG. 3 is a view similar to FIG. 2 showing the heat 

conductive means in operative position; 
FIGS. 4 and 5 are views similar to FIGS. 2 and 3 re 

spectively illustrating an alternative form of heat 
conductive means; 
FIGS. 6 and 7 are views similar to FIGS. 2 and 3 re 

spectively illustrating a still further modification of the 
heat-conductive means; and 
FIG. 8 is an axial sectional view similar to FIG. 1 

showing a further embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring more particularly to the drawings wherein 
like characters of reference designate like parts 
throughtout the several views, the embodiment of the 
invention disclosed in FIG. 1 is illustratively depicted 
as applied to an electron discharge device of the X-ray 
generating type. The X-ray tube 10 includes a dielec 
tric X-ray transparent bulb or envelope 12 having a 
neck portion 14 of reduced diameter extending from 
one end thereof. A target electrode 16 which is a part 
of the anode electrode of the tube is mounted for high 
speed rotation within the bulb 12. Details of the general 
construction of an X-ray tube are omitted here since 
such details do not in themselves form a part of the 
present invention. Therefore, only such details as are 
necessary for a clear understanding of this invention 
are included herein and for additional details reference 
may be made to any of the many X-ray tube technical 
publications in existence. 
The target 16 is a disc of selected high thermal capac~ 

ity material such as beryllium, graphite, boron carbide, 
molybdenum, etc., which carries on one surface a focal 
track ring 18 of ef?cient X-ray generating material. By 
high thermal capacity is meant that the material has a 
high thermal storage capacity per unit weight in com 
parison to the X-ray generating focal track 18 which is 
preferably made as a coating of tungsten, rhenium, 
tungsten-rhenium alloy or other material known to effi 
ciently generate large quantities of X-rays in response 
to electron bombardment. Focal track 18 may be me 
chanically separate from the target 16 or may be a met 
allurgically applied coating. 
The bulb 12 supports a cathode electrode 20 which 

includes an electron emitting structure 22 located so as 
to direct a stream of high intensity electrons onto the 
focal track 18 of the target 16. A beam of X-rays then 
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is generated and leaves the focal track through the wall 
of the envelope. 

In order to continuously present cool areas of the 
focal track to the electron beam, and thereby prevent 
locallized heat buildup and consequent target damage, 
the target is made during an X-ray generating cycle to 
rotate at high speeds such as l0,000 rpm, for example. ' 
In general practice, therefore, a tube is operated to pro 
vide only a single short burst of X-rays or a series of a 
few extremely short bursts, since any extended cycles 
will cause considerable damage if not complete de 
struction of the tube. 
The target 16 is mounted on the end of a shaft 24 by 

any suitable means such as by being gripped between 
a nut 26 and a circumferential ledge 28 formed on the 
shaft. The shaft 24 is carried within a rotor structure 30 
of any suitable type such as shown, for example, in U.S. 
Pat. No. 2,648,025. The rotor structure 30 is mounted 
as by a metal ring seal 32 on the end of the envelope 
neck portion 14 which encircles the structure 30 in 
slightly spaced relation as shown. Encircling the neck 
portion 14 of the envelope adjacent the rotor structure 
30 is suitable inductive means 34 including a coil 36. 
Upon energization of the inductive means 34 the coil 
36 acts upon the rotor structure 30 to cause the target 
16 to rotate at high speed about the axis of the struc 
ture. 

The present invention is provided to reduce damage 
to the target by conducting away during stationary peri~ 
ods of the target considerable amounts of the heat 
which is built up in the target during the X-ray generat 
ing cycles. This is achieved by disposing within the en 
velope wall heat-conductive means 38 which is 
adapted to move into physical engagement with the tar 
get 16 when the target is stationary. The means 38 ac 
tually forms a part of the envelope between the bulb 12 
and the neck portion 14 and, therefore, is en: osed to 
the cooling atmosphere external of the tube, which at 
mosphere may comprise a cooling air ?ow, or a liquid 
coolant such as oil or the like. 
As shown in FIG. 1, a kovar or like metal collar 40 

is sealed into the lower open end of the bulb 12. One 
end of a cylindrical outer mounting ring 42 is affixed to 
the collar 40. A second metal collar 44 is sealed at one 
end to the adjacent end of the envelope neck portion 
14 and at its other end is affixed to an inner mounting 
ring 46. A number of electromagnets 48 are carried be 
tween the mounting rings 46-48 at selected intervals 
throughout the annulus formed by the rings 46-48. 

Flexibly connected between the collar 40 and a sup 
port ring 50, which is also sealed to collar 44, are one 
or more ringlike heat-conductive members 52, which 
members 52 are interconnected to one another and to 
the supporting structure by ?exible metal members 54. 
It will be noted that the axial dimensions of the ring 
members 52 are reduced in the vicinity of the magnets 
48 so as to provide recesses in which the magnets are 
disposed. , 

In the normal cooperative relationships of the parts 
of the invention, the target 16 is stationary and no en 
ergy is applied to the magnets 48. The ?exible spring 
like members 54 in their unstressed condition normally 
urge the heat-conductive ring members into intimate 
physical contact with the adjacent surface of the target 
16 as shown in FIG. 3. I 

When an X-ray generating cycle is to occur, the con 
trol system (not shown) ?rst operates the magnets 48 

20 

25 

35 

40 

45 

50 

55 

60 

65 

4 
which attract the ring members 52 toward them, mov 
ing the members 52 out of contact with the target 16 
so that the target may be rotated without hinderance, 
as shown in FIG. 2. Such movement of the members 52 
will be accomplished against the tension of the resilient 
members 54. Thus, when-the magnets 48 are deener 
gized at the end of an X-ray exposure cycle, the mem 
bers will return the ring members 52 into engagement 
with the target 16 whereupon they will function to con 
duct heat away from the target. 

Referring to FIGS. 4 and 5, there is shown a collar 56 
sealed to the end of bulb 12 and a collar 58 sealed to 
neck portion 14. A supporting metal annulus 60 is 
sealed throughout its inner edge by a resilient spring 
like ring 62 to an outwardly directed ?ange portion of 
the collar 58. A second ?exible ring 64 seals an annular 
upper surface area of the annulus 60 to the ?rst collar 
56. Thus, an evacuated enclosure is completed. 
The inner surface of the annulus 60 carries a multi 

plicity of annular arrays of rods, pins or fingers 66 
which extend toward the target 18. The adjacent sur 
face of the target 16 is provided with a series of concen 
tric grooves 68 into which the adjacent ends of the rods 
66 extend. A number of electromagnets 70 are 
mounted on the outer peripheral surface of collar 56 
and connected either directly or through associated 
structure (not shown) to an apertured disc 72 which is 
also affixed to collar 58 for immovably interconnecting 
the dielectric envelope bulb and neck portions. 

In the inoperative condition of the device, the target 
18 is stationary and the magnets 70 are energized. The 
tension inherently present in the resilient rings 62 and 
64 is overcome by the magnets and the annulus 60 is 
pulled toward the target 16 and the ends of the rods 66 
are pulled into the grooves 66. It is to be noted that 
sides walls of the grooves 66 are inclined so that 
contact of the rods with the inclined walls is insured. To 
provide greater surface area of contact, each rod has an 
inclined surface which is adapted to engage the in 
clined walls of the grooves. 
At the beginning of an X-ray generating cycle the 

magnets 70 are deenergized. This allows the resilient 
rings 64 to return to their normal unstressed condi 
tions, pulling the annulus 60 in a direction away from 
the target and withdrawing the rods from their contact 
with the walls of the grooves in the target, as shown in 
FIG. 4. The target thus may be rotated without interfer 
ence. At the end of the cycle the target is again stopped 
and the magnets then energized. This returns the rods 
66 into heat-conductive contact with the target and 
aids in the dissiptation of heat from the target. 
Referring now to the further embodiment disclosed 

in FIGS. 6 and 7, a ring seal 74 connects the end of bulb 
12 to a supporting ring 76. Ring 76 carries magnets 78 
which are in turn connected to the outer edge of an ap 
ertured disc 80 which has its inner edge affixed to a ring 
seal 82 sealed to the envelope neck portion 14. 
An annular heat dissipation plate 84 is sealed adja 

cent its inner edge to ring seal 82 by a ?exible ring 
member 86 and is sealed near its outer edge by a sec 
ond ?exible ring member 88 to the ring seal 74. Energi 
zation and deenergization of the magnets 79 causes 
consequent movement of the heat dissipation plate 84 
toward and away from the target 16. 
The target 16 is provided with a number of relatively 

?ne resilient wires 90 which form a heat brush on its 
surface nearest the heat dissipation plate 84. 
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When the target 16 is stationary and the magnets are . 
deenergized, the heat dissipation plate 84 is pulled by 
the resilient ring members into engagement with the 
heat brush 90. Upon operation of the device, the mag 
nets 78 will be energized to draw the heat dissipation 
plate 84 out of contact with the heat brush 90, as shown 
in FIG. 6. Upon completion of the X-ray generating 
cycle the targetwill become stationary and the magnets 
78 will be deenergized. This will-allow members 86-83 
to again pull the heat dissipation plate 04 into contact 
with the heat brush 90 as shown in FIG. 7. This will 
allow heat to be conducted from the target 16 through 
wires 90 into the plate 84 for dissipation into the exter 
nal ambient. 

In some instances, particularly where the wires 90 are 
of extremely small diameter, the magnets 78 are unnec 
essary since centrifugal force will cause the wires to 
bend outwardly out of contact with the plate 84. Even 
if magnets are used in a structure of this type, only an 
initial separation pulse is required at the start of the tar‘ 
get’s rotation to reduce friction. 

It will be noted that in all of the described embodi 
ments of the invention, the anode target is disclosed as 
takingthe form of a disc and the cooling device of the 
invention comprises members which form a part of the 
envelope bulb portion 12 for engaging one of the pla 
nar surfaces of the disc. 

However, it is to be understood that the cooling 
means may be located elsewhere and that the target 
may be shaped in other manners to cooperate with the 
cooling means. An illustrativeembodiment is shown in 
FIG. 8 wherein a central rotatable shaft 92 supports at 
one end a target 94 which rotates about the axis of the 
shaft in the well~known manner. The shaft 92 is sup 
ported by bearings 96 in a coaxial bore 98 formed in 
one end of a block 100. Block 100 has an outer surface 
which is hermetically sealed by'a sealing ring 102 to the 
dielectric envelope neck portion 14. 
The target 94 is provided with a skirtlike portion 104 

which extends freely down into the space between the 
block 100 and the encircling envelope neck portion M. 
As shown in FIG. 3, the inner cylindrical surface of said 
skirt 104 carries a conductive wire brush 106 which is 
adapted to engage the adjacent surface of the block 
100 when the target is stationary. When the target ro 
tates, ‘centrifugal forces will cause the flexible wires of 
the brush to be displaced from engagement with the 
block‘s surface. 

It will be understood that magnet means may be pro 
vided in the envelope neck portion 14 or in the block 
100 to cause a desired moving engagement of a con 
ductive member (not shown) with the brush 106 in a 
manner similar to that discussed in connection with 
FIGS. 6 and 7. It will also be understood that rings or 
rods and magnet means such as shown in FIGS. L5 
may be employed with an anode structure as shown in 
FIG. 8. Also, the block 100 may be provided with con 
duits or passages 108 whereby a fluid coolant may be 
introduced to aid in dissipation of heat from the block. 

With any of the described structures, cooling of the 
electrode is greatly increased. Assuming beryllium to 
be the target material, 500 grams of beryllium have an 
average heat storage capability of 1,300 joules per de 
gree C temperature increase. Because of the extremely 
high strength of beryllium below 800°C, and a vapor 
l0‘lo torr at 600°C, a target will store 1,300 X 570°> 
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700,000 heat units (joules) by heating the target from 
room temperature to 600°C. In addition the mechani 
cal strength of beryllium is high enough at 600°C to 
allow target diameters up to 10 inches at 10,000 rpm 
or up to 25,000 rpm at a diameter of 4 inches. 
This will give an increase of instantaneous power by 

dLpercent over conventional targets which rotate at 
10,000 rpm and have a diameter of 4 inches. 

If the target is at 600°C and the tube is immersed in 
oil at 80°C, and the length of the heat conducting ele 
ments 52-66-90 (copper or silver) is 1 cm, more than 
2 KW per cm2 would be transferred even when the ac 
tual contact area is somewhat smaller. This is 120,000 
heat units and surpasses the cooling down rate of all 
known X-ray tube anodes. Each additional square cen 
timeter conducting area gives an additional 2 KW cool 
ing rate. This heat transfer rate cannot, however, be 
considered actual heat transfer density of 2 KW/cm2 
because it is spread out over the whole area of contact 
ing surfaces. 
Accordingly, many improvements have been 

achieved by the presently described invention in accor 
dance with the objectives of this invention. However, 
it is to be understood that various modifications and 
changes in the structures shown and described may be 
made by those skilled in the art without departing from 
the spirit of the invention as expressed in the accompa 
nying claims. Therefore, all matter shown and de 
scribed should be interpreted as illustrative and not in 
a limiting sense. 

I claim: 
ll. An electron discharge device comprising an enve 

lope containing an electrode and means for heating 
said electrode, and heat-conductive means between 
said electrode and envelope for conducting heat from 
the electrode to the exterior of the envelope, said heat 
conductive means being movable into and out of inter 
connection between the envelope and electrode during 
cycling of the device. 

2. An electron discharge device as set forth in claim 
1 wherein said movable heat-conductive means com 
prises a portion of the envelope. 

3. An electron discharge device as set forth in claim 
ll wherein said movable heat-conductive means is ?xed 
to the electrode. 

4. An electron discharge device as set forth in claim 
it further comprising magnet means carried by said en 
velope adjacent said heat-conductive means for moving 
same. 

5. An electron discharge device comprising an enve 
lope comprising a dielectric portion and a heat 
conductive portion, an electrode within the envelope, 
means for heating said electrode, and means for mov-' 
ing said heat-conductive portion of the envelope into 
and out of engagement with the electrode during cy 
cling of the device. 

6. An electron discharge device as set forth in claim 
5 wherein said means comprises at least one magnet ad 
jacent said heat-conductive portion for moving same 
toward or away from the electrode. I 

7. An electron discharge device as set forth in claim 
5 wherein said heat-conductive portion of the envelope 
comprises at least one metal member attached to said 
dielectric portion of the envelope for movement 
toward and away from said electrode. 

8. An electron discharge device as set forth in claim 
7 wherein said heat-conductive metal member is a ring 
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?exibly attached to the dielectric portion of the enve 
lope. 

9. An electron discharge device as set forth in claim 
7 wherein said heat-conductive metal member further 
comprises a rod, and wherein said electrode has a re 
cess in a surface thereof adapted to be engaged by said 
rod. 

10. An electron discharge device comprising an en 
velope containing an electrode and means for heating 
said electrode, said electrode having a surface located 
adjacent a wall of the envelope, said wall of the enve 
lope including heat-conductive means movable toward 
and away from said electrode and shaped for broad 
area surface heat-conductive engagement with said 
electrode. 

11. An electron discharge device as set forth in claim 
10 wherein said surface of the electrode is substantially 
planar, and said heat-conductive means comprises a 
plurality of rings ?exibly mounted in said envelope wall 
and simultaneously movable into and out of heat 
conductive contact with said surface of the electrode. 

12. An electron discharge device as set forth in claim 
11 wherein magnet means is attached to the envelope 
adjacent said rings for controlling movement of the 
rings relative to the electrode. 

13. An electron discharge device as set forth in claim 
10 wherein said surface of the electrode is provided 
with a plurality of recesses, and said heat-conductive 
means comprises a plate ?exibly mounted in said enve 
lope wall and carrying on its inner surface a plurality of 
pins movable upon movement of the plate into engage 
ment with the walls of said recesses. 

14. An electron discharge device as set forth in claim 
13 wherein magnet means is attached to the envelope 
adjacent said plate for controlling movement of the 
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plate and consequently of the pins relative to the elec 
trode. 

15. An electron discharge device comprising an en 
velope containing an electrode and means for heating 
said electrode, said electrode having a surface located 
adjacent a wall of the envelope, said wall including 
heat-conductive means, and heat-conductive members 
carried by said electrode movable into and out of heat 
conductive relation with the heat-conductive means of 
the wall. 

16. An electron discharge device as set forth in claim 
15 wherein said heat-conductive members on the elec 
trode are ?exible wires. 

17. An electron discharge device as set forth in claim 
16 wherein said wires have a ?exibility such that they 
will be displaced by centrifugal force from said heat 
conductive means in the envelope wall when the elec 
trode is rotated. 

18. An electron discharge device as set forth in claim 
15 wherein said heat-conductive means in the wall in 
cludes a plate ?exibly mounted in the wall, and magnet 
means is carried by said wall adjacent the plate for 
moving said plate with respect to said heat-conductive 
members. 

19. An electron discharge device as set forth in claim 
18 wherein said heat-conductive means comprises a 
plurality of wirelike metal elements. 

20. An X-ray tube comprising an envelope, a rotat 
able target supported in the envelope, a cathode in the 
envelope adjacent the target for heating the target, said 
envelope including a heat-conductive portion located 
in spaced adjacent relation to said target when the tar 
get is rotating and movable into engagement with said 
target when the target is stationary for conducting heat 
from the target externally of the tube. 

* * * * * 
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