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(54) Rotating anode X-ray tubes 

(57) In a rotating anode x-ray tube it 
is proposed to mount the rotating 
anode (4), or means such as a shaft 
affixed to it, to rotate on bearings 
(12) in a race the seating (9) for 
which is cooled by a suitable cool-
ant flow. A suitable bellows ar-
rangement (10) allows the coolant 
pressure to determine the contact 
pressure of the seating on the bear-
ings. This allows the thermal impe-
dance to be varied and the bearing 
wear to be optimised therewith as 
well as allowing adjustment for 
wear. The use of two bellows allows 
the seating section therebetween to 
move towards the other section as 
the rollers wear. 

FIG 2 

The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 



205SS75 



2 / 2 

2059675 



1 G B 2 0 5 9 6 7 5 A 1 

SPECIFICATION 

Rotating anode X-ray tubes 

5 The present invention relates to rotating an-
ode x-ray tubes. An X-ray tube comprises an 
electron gun producing a beam of electrons 
and an anode on which the beam is incident. 
In the region of incidence of the electrons, X-

10 rays are generated and these are allowed to 
emerge from the tube through a suitable 
window. A considerable quantity of heat is 
generated at the anode when such tubes are 
in operation and the anode is generally pro-

15 vided with a through flow of cooling fluid, 
such as oil, to remove much of the heat. 
Nevertheless such fixed anode x-ray tubes 
generate considerable heat and this commonly 
imposes limits on the energy output of the 

20 tube or the time for which it may be continu-
ously operated. 

A solution to this problem has been found 
in the rotating anode x-ray tube. The anode is 
usually provided in the form of a disc, but 

25 whatever the form it is adapted to be rotated 
about an axis when the tube is operating so 
that the region of incidence of the detectors 
moves over the anode surface. This reduces 
heat build up at limited regions of the anode 

30 so allowing higher energies or longer operat-
ing time. 

Nevertheless, when rotating anode tubes 
fail it is in part due to thermal erosion of the 
anode and in part due to bearing wear. In one 

35 typical computerised tomographic (CT) scan-
ner application, the life of a commercially 
available rotating anode X-ray tube has proved 
to be about 20 hours (equivalent to about 
20 ,000 exposures), which is undesirably 

4 0 short. 
It is an object of this invention to provide 

an improved rotating anode X-ray tube capa-
ble of longer life at least in respect to one or 
both of the considerations mentioned herein-

45 before. 
In order that the invention may be clearly 

understood and readily carried into effect it 
will now be described by way of example with 
reference to the accompanying drawings, of 

„ 50 which:-
Figure 7 shows an X-ray tube incorporating 

the invention, and 
Figure 2 shows an alternative form of this 

tube including a disc shaped anode and a 
55 smaller bearing. 

The improved X-ray tube in accordance with 
this invention utilises adaptations of known 
mechanical and vacuum techniques to com-
pensate for bearing wear and reduces bearing 

60 wear by allowing the anode to be operated at 
a lower temperature. The anode is located in a 
roller race, the seating for which is cooled by 
a suitable coolant flow. One half of the seat-
ing is movable and the pressure of the coolant 

65 is controlled, independently of its flow rate to 

adjust the thermal impedance of the seating-
roller-anode contact system. The pressure is 
adjusted to give an optimum of thermal impe-
dance to allow good cooling and lower operat-

70 ing temperature, which requires a higher pres-
sure, and bearing wear, which requires a 
lower pressure. 

One example of a tube incorporating this 
invention is shown in Fig. 1. An anode mem-

75 ber 1, preferably made of tungsten, is circu-
larly symmetrical about an axis 2 and is 
mounted for rotation about that axis in a 
manner which will be discussed hereinafter. 
An electron gun, illustrated schematically at 

80 3, directs a beam 4 of electrons to be incident 
on the anode at a target surface 5 to generate 
X-rays 6. The anode 1 is extended into a 
substantially cylindrical stator 7, of aluminium 
or similar material. Electrical connections, not 

85 shown, are provided in the usual manner. 
In conventional manner the X-ray tube is 

under vacuum in a glass vacuum envelope 8. 
As is usual for rotating anode x-ray tubes the 
envelope in the region of the rotor 7 is 

90 surrounded by a stator (not shown) which 
creates a field in the envelope 8 causing the 
stator 7 and anode 1 to rotate about axis 2. 
This is exactly as in known rotating anode 
tubes and in the known manner the rotation 

95 causes the region of incidence of beam 5 to 
move over the target surface without moving 
X-rays 6 relative to the envelope. 

Around the anode 1 and the glass envelope 
includes a metal section 9 with two circular 

100 bellows 10. There is also an outer wall 11 
forming, with section 9, a closed chamber, 
The metal ring sections 9 form a seating for a 
pair of rollers 12 which are between the 
seating and the anode 1. In one example 

105 three pairs of rollers 12 may be used in the 
bearing race thus formed around the entire 
periphery of the anode 1 but they can be 
increased in number to fill the race entirely if 
required to give adequate wear. If a smaller 

110 number is used a cage, 13, of a type well 
known in roller bearings, should be used to 
hold them in place. The rollers are of conical 
section where they fit between seating 9 and 
anode 1 and also the upper and lower rollers 

115 12a and 1 2b of one pair are in contact. 
Study of the arrangement of such a pair of 

rollers will show that not only are they in 
rolling contact with the anode and the seating 
but the two rollers of the pair are in rolling 

120 contact with each other giving a low friction 
motion. The opposing conical sections of rol-
lers 12 ensure that the anode 1 is properly 
centred. The chamber formed between wall 
11 and seating 9 is filled with cooling fluid 

125 14 which flows between at a rate which is 
suitable for withdrawal of heat. The coolant 
pressure is adjusted independently of the flow 
rate to press the seating 9 against the rollers, 
a motion which is allowed by the bellows 10. 

130 The pressure is a compromise between ob-
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tained a suitable thermal impedance and re-
ducing wear and can be readily determined by 
those skilled in the art to suit a particular tube 
design bearing in mind the effect of the 

5 vacuum which will tend to pull the seating in. 
The use of two bellows allows the section of 
the seating between the two bellows to move 
towards the other section as wear of the 
rollers increases. This provides a degree of 

10 automatic adjustment for bearing wear. 
It should be noted that the rollers should be 

of a hard material having good thermal con-
ductivity to give maximum transfer of heat 
from the anode. Tungsten, from which the 

15 anode is preferably also made, would be a 
good choice. It will be realised, however, that 
it is preferable for the anode and rollers to be 
of dissimilar metal to minimise wear. For this 
reason the rollers may be tungsten plated 

20 with, for example, rhodium, chromium, gold, 
silver or tin. 

The invention may be used with different 
tube and anode arrangements. Fig. 2 shows 
an alternative form in which the anode 1 is of 

25 a disc shape well known for rotating anode 
tubes, rather than the ring of Fig. 1. The disc 
is fixed to a centre shaft 1 5 which is mounted 
in a roller race in the manner of this inven-
tion. Attached thereto is the rotor 7. In this 

30 example, the heat flow for cooling is from the 
anode through shaft 15 and, as before, via 
rollers 12 and seating 9 to the cooling fluid 
14. As for Fig. 1 the shape of the rollers and 
the cooling fluid pressure gives a self-adjust-

35 ing and centering arrangement. As shown the 
cooling fluid inlets and outlets are together. In 
practice they will usually be opposed, the 
cooling fluid arrangement which is shown 
schematically in both figures being according 

40 to principles well known for X-ray tubes. 
In the normal manner the entire x-ray tube 

will be enclosed in an outer shielded casing, 
not shown, incorporating an X-ray window. 

Other variations of this tube will be appar-
45 ent to those familiar with X-ray tubes. 

CLAIMS 
1. A rotating anode x-ray tube including: 

an anode; seating means; bearings mounted 
50 between said seating means and said anode 

or means supporting said anode, and ar-
ranged to mount said anode to be rotatable 
about an axis thereof; a coolant system includ-
ing coolant fluid, the system arranged so that 

55 the fluid cools said seating and, by a thermal 
path through the bearings, cools said anode; 
wherein at least part of said seating is mov-
able, in response to the pressure of the cool-
ant fluid, to vary the contact pressure of the 

, 60 bearing with said seating and with said anode 
or said means supporting said anode thereby 
to vary the thermal impedance of said thermal 
path. 

2. A rotating anode x-ray tube according 
65 to claim 1 in which the pressure of the 

coolant fluid is set to optimise the opposing 
requirements of cooling, which requires a 
higher pressure, and bearing wear, which re-
quires a lower pressure. 

70 3. A rotating anode x-ray tube according 
to either of the preceding claims in which the 
seating includes a fixed part and a movable 
part connected to the fixed part with a flexible 
means. 

75 4. A rotating anode x-ray tube according 
to claim 3 in which the flexible means is 
bellows. 

5. A rotating anode x-ray tube according 
to any preceding claim in which the bearings , 

80 are roller bearings. 
6. A rotating anode x-ray tube according 

to claim 5 in which the roller bearings are 
arranged in pairs rolling against each other 
and between said seating and said anode or 

85 means supporting said anode. 
7. A rotating anode x-ray tube according 

to claim 6 as dependent on claim 3 in which 
one roller of each pair rolls against the fixed 
part of the seating and the other roller rolls 

90 against the movable part. 
8. A rotating anode x-ray tube according 

to any of claims 5 - 7 in which the rollers are 
conical rollers. 

9. A rotating anode x-ray tube according 
95 to any preceding claim in which the bearings 

are made of tungsten. 
10. A rotating anode x-ray tube according 

to any preceding claim in which the bearings 
and said anode or said means supporting said 

100 anode are, at least at the contacting surfaces, 
of dissimilar metals. 

11. A rotating anode x-ray tube according 
to claim 10 in which said anode or said 
means supporting said anode is made of tung-

105 sten and the bearings are of tungsten plated 
with one of rhodium, chromium, gold, silver 
and tin. 

12. A rotating anode x-ray tube subtanti-
ally as herein described with reference to the 

110 accompanying drawings. 
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