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57 ABSTRACT 

The vertical rotating assembly of a vacuum pump 
(comprising a turbomolecular rotor and the rotating 
member of an electric driving motor located under the 
rotor) is centered by a magnetic bearing located above 
the pump rotor and is supported by a ball bearing as 
sembly located under the rotor and the motor. The ball 
bearing assembly is so constructed or connected to the 
pump housing as to tolerate radial deflection of the ro 
to. 

13 Claims, 6 Drawing Figures 
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VACUUMPUMPs 
BACKGROUND OF THE INVENTION 

The invention relates to vacuum turbomolecular 
pumps of the type described in French patent specifica 
tion 1,304,689, having a vertical shaft carrying a rotor 
which is rotated at high speed within a housing and is 
provided with a stack of disks which draw residual gas 
from an end of the rotor and move it toward the other 
end of the rotor connected to a source of primary vac 
uum (in the 10 torr range): such pumps are adapted 

...to create a vacuum in the 10 torr range. s 
it is one of the main difficulties in the construction of 

turbomolecular pumps that the rotor (rotating at 
speeds in the 10,000 rpm range) should be adequately 
supported and centered. The problem is still rendered 
more difficult by the requirement that contamination 
of the vacuum by lubricant vapors should be avoided 
in order to retain one of the advantages of turbomolec- 20 
ular pumps, namely the production of a clean vacuum; 
the latter requirement prevents from locating ball bear 
ings in the secondary vacuum. 

In the past, several attempts were made to solve the 
problem; one of them involves the use of gas bearings 
: but the rate of flow across gas bearings adapted to op 
erate correctly is so high that it has an adverse effect 
on the performances of the pump. Another solution de 
scribed in French patent No. 1,475,765 of one of the 
assignees of the present invention makes use of electro 

10 

5 

2 ...: - 

which constitutes a first embodiment of the invention 

FIG. 2 is a detail view on a large scale showing the 
lower portion of FIG. 1 and in particular the thrust 
bearing; " . . 

FIG. 3 is a view on a large scale showing the upper 
portion of FIG. 1 and in particular the magnetic bear 
ing for centering the shaft ; 
FIG. 4 which is similar to FIG. 2 shows a second em 

bodiment of the invention; . . 
FIGS. 5 and 6 which are also similar to FIG. 2 show 

two further embodiments. 
: The turbomolecular pump, which is illustrated in . . . 
FIGS. 1 and 3 comprises a housing 10 formed of a num 
ber of assembled parts and having an upper opening 11 
which is connected to a pipe for drawing the gases from 
the enclosure to be evacuated (not shown in the fig 
ures) and a lower opening 12 which provides a connec 
tion with a pipe 14 for discharging to a primary vacuum 
source (vane pump or oil vapor pump, for example). A 
rotor 16 having a vertical axis is placed within the cylin 
drical pump housing and provides a separation between 
the suction and discharge pipes. Said rotor is made up 
of stacked discs 18 which are mounted on a sleeve 20 

25 

30 
magnetic bearings for supporting the rotor and center 
ing it. The regulation of such a system requires an elab 
orate servo loop. 

SUMMARY 
It is an object of the invention to provide a vertical 

axis vacuum pump in which the mechanism supporting 
and centering the rotating assembly is improved with 
respect to the prior art mechanisms, particularly in that 
it is simple and rugged in design and provides satisfac 
tory performance and long life. It is a more particular 
object of the invention to provide a pump in which the 
rotor is centered by a magnetic bearing located on one 
side of the rotor, while the weight of the complete ro 
tating assembly of the pump is taken by mechanical 
bearing means located on the other side of the rotor 
and so mounted as to leave the rotating assembly free 
to tilt to a certain, extent, 

In the case of a turbomolecular pump, the thrust 
bearing may preferably be placed under the rotor, 
where the primary vacuum, is maintained, in order that 
degassing be lessened and in order to avoid any danger 
of contaminating the secondary vacuum, with lubricant 
vapors, - - 

In a preferred embodiment of the invention, the 
thrust-bearing is then placed between the lower end of 
the shaft and the pump housing whilst the magnetic 
centering bearing retains the upper end of the shaft. 

BRIEF DESCRIPTION OF THE DRAWINGs. 
The invention will be better understood from the fol 

lowing description of particular embodiments of the in 
vention given as-examples and without any implied lim 
itation, reference being made in the description to the 
accompanying drawings, in which: 
FIG. 1 is a very diagrammatic sectional view taken. 

along the vertical mid-plane of a turbomolecular pump 
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and clamped elastically by means of a terminal socket 
22 and tie-rods 24 against a flange 26 of the sleeve 20. 
The pump housing is also provided with stacked circu 
lar discs 28 which are interposed between the rotary 
discs 18 and clamped between an annular shoulder 30 
of the pump housing and resilient washers 32, the pres 
sure applied by said washers being adjustable by means 
of adjusting screws 34 which produce action on thrust 
members 36 (as shown in FIG. 2). The longitudinal and 
radial clearances which are necessary for operation are 
provided between the rotary discs 18 and the stationary 
discs 28. 

In accordance with the invention, the rotor is sup 
ported vertically by a thrust-bearing 38 which would 
permit angular displacement of the rotor if this latter 
were alone (FIGS. 1 and 2) and is centered by a mag 
netic bearing 40 (shown in FIGS. 1 and 3). . . . . . 
The thrust-bearing 38 which is illustrated in FIG. 2 is 

interposed between a shaft 39 which forms a downward 
extension of the sleeve 20 and a casing 42 which is se 
cured to the base 44 of the pump housing 10 by means 
of screws 46. Said thrust-bearing comprises a ball 
bearing made up of an inner ring 48 which is attached 
to the lower end of the shaft39, a stationary outer ring 
52 and balls 50 (which could in any case be replaced 
by rollers or needles). The stationary ring 52 is con 
nected to the casing 42 by means of a ball-joint cou 
pling which permits oscillation of the shaft 39 about a 
pointlocated at the intersection of its axis, with the cen 
tral plane of the bearing-ring 48. Said ball-joint, cou 
pling comprises a semi-spherical member 44 in which 
is forcibly, fitted the outer ring 52 and two half-cages 56 
which are secured in position, between circlips 58, said. 
circlips being mounted in grooves of the casing 42. The 
ball-joint coupling has only a small degree of play and 
the contacting parts are preferably impregnated with 
lubricant. Although it does not usually-prove necessary 
to take this precaution, the semi-spherical member 54 
can be secured against rotation in order to prevent this 
latter from being driven by the shaft across the ball 
bearing, ' . 
The magnetic centering bearing 40 which, is illus 

trated in FIGS. 1 and 3 is disposed between the cover 
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60 (in which is formed the suction opening 11) and the 
socket 22. Said bearing comprises a portion which is 
secured to the cover 60 and a rotary portion which is 
attached to the socket. The portion which is secured to 
the cover comprises a flange plate 62 (as shown in FIG. 
3) which can be rigidly fixed to the cover 60 by means 
of threaded rods 64. The terminal portions of a number 
of small columns 66 which are parallel to the axis of the 
rotor and may be three in number, for example, are 
fixed at uniform intervals around the periphery of the 
flange plate 62. The other end of each small column is 
attached to a box 68 which is formed of a plurality of 
assembled components. The main portion of the box 68 
which is of cylindrical shape contains a block 70 of ma 
terial having high magnetic permeability in which are 
placed magnets 72. The magnetic flux of said magnets 
is closed in a loop by means of a magnetic circuit which 
comprises in addition to the block 70 two magnetic 
plates 74 and 76 provided with oppositely-facing cen 
tering teeth (tha plate 76 forms the cover of the casing 
68). 
The rotary portion of the centering bearing 40 is con 

stituted by a magnetic plate 78 provided on both faces 
with teeth which are intended to be placed in alignment 
with the teeth of the magnetic plates 74 and 76. Said 
rotary plate 78 is keyed by means of a screw 80 on an 
extension 82 of the socket 22. The toothed magnetic 
bearings constitute elements which are now well known 
and the constructional make-up and operation of these 
latter do not call for any extended description here ; 
only the method of assembly of the centering bearing 
40 will accordingly be mentioned. The small columns 
66 which are formed of material having a high degree 
of elasticity (non-magnetic spring steel, for example) 
facilitate transition to the critical speeds of the rotor 
and compensate to a certain extent for the low degree 
of stiffness of the magnetic bearings. For example, a 
beater 84 which is shown in chain-dotted lines in FIG. 
1 can be substituted for the columns 66 for the purpose 
of damping oscillations and is placed within the sleeve. 
The magnetic bearing and the columns 66 exert a re 

storing force on the rotor in the centered position and 
damping of angular oscillations is carried out at least to 
a partial extent as a result of the friction which is set up 
between the half-cages 56 and the semi-spherical mem 
ber 54 of the ball-joint coupling. As shown in FIG. 3, 
elastic supporting elements can be provided for the box 
68 of the centering bearing 40. Each elastic element 

: comprises a spring 86 interposed between a stud 88 
which is applied against the box and an adjusting screw 
90. In practice, these elements are necessary only when 
the rotor is of large size. In the case of pumps of small 
size, said elements should preferably not be provided 
particularly as consideration must be given to the po 
tential danger of jamming resulting from degassing of . 
the constituent materials of said elements which work 
under a secondary vacuum (pressure within the range 
of 10 and 10 torr). 
The motor which serves to drive the rotor is placed 

between the thrust-bearing and the stack of discs and 
therefore works under a primary vacuum. The motor 
which is illustrated in FIGS. 1 and 2 comprises a stator 
winding 92 carried by the casing 42 and supplied with 
current through a sealed lead-in bushing 96 and a rotor 
winding 94 which is mounted on the shaft 39. 
The embodiment which is illustrated in FIG. 2 com 

prises a circulation system 98 for cooling the casing 42 
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and the stator 92. Apart from its intended function of 
removing the heat given off by the electric motor, the 
circulation system 98 serves to condense the vapor on 
the casing 42 (said vapor being liable to emanate from 
the oil vapor pump which produces the primary vac 
uum) and thus has a contributory function in maintain 
ing the purity of the secondary vacuum. 
A turbomolecular pump in accordance with the fore 

going description has been constructed and has rotated 
for a period of several hundred hours at its normal 
speed of 27,000 rpm without any incident. It has also 
been possible to increase the pump speed to 30,000 
rpm without giving rise to any major difficulty. . . . . . 

In the embodiment which is illustrated in FIGS. 1 and 
2, the angular displacements of the ball-joint coupling 
may possibly be braked as a result of friction forces de 
veloped between the moving parts. The embodiment 
which is illustrated in FIG. 4 differs primarily from the 
preceding form of construction in that provision is 
made for an elastic restoring device which serves to re 
turn the shaft to its centered position and which is asso 
ciated with the ball-joint coupling. In FIG. 4, in which 
the components corresponding to those which have al 
ready been illustrated in FIG. 2 are designated by the 
same reference numerals to which is assigned the prime 
index, there is again shown a pump housing 10' whose 
end-wall 44' carries a casing 42' which is provided 
with a cooling circulation system 98'. The shaft 39 
which forms a downward extension of the sleeve 20 
carries the inner ring 48' of a ball-bearing, the outer 
ring 52" of which is clamped within a semi-spherical 
member 54'. As in the case of FIG. 2, said semi 
spherical member is imprisoned between two half 
cages 56". Moreover, the member 54' is provided with 
a tubular tail-piece 100. A centering and damping de 
vice constituted by a toric ring 102 of deformable ma 
terial (such as synthetic rubber, for example), said ring 
being placed within a circular groove of an annular 
member 103 which is secured to the casing 42", tends 
to bring the tail-piece 100 back to an orientation in 
which the axis of this latter coincides with the normal 
axis of rotation of the shaft 39'. 

In the alternative embodiment which is illustrated in 
FIG. 5 (in which the components corresponding to 
those previously described are provided with the same 
reference numerals followed by the second index), the 
thrust-bearing comprises two ball-bearings between 
which the axial load is distributed. The inner rings 48' 
and 104 of the two ball-bearings are passed over the 
shaft 39'. The ring 48' bears on an annular shoulder 
of the shaft and the ring 104 is applied by a lock-nut 
106 against a tubular spacer member 108 which deter 
mines the distance between the two bearings. The outer 

5 rings 52' and 110 of the ball-bearings are carried by 
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the semi-spherical member 54'. The ring 52' is se 
cured in position between an internal shoulder and a 
threaded sleeve 112. The lower ring 110 is slidably fit 
ted within a bore of the semi-spherical member 54' 
and is supported by a spring 114, the compression of 
which is set by means of a threaded sleeve 116 at a 
value such that the lower ball-being carries approxi 
mately one-half of the axial loads. 
The bearing which is illustrated in FIG. 5 comprises 

a circulation system for lubrication of the ball-joint 
under pressure ; said system comprises a supply duct 
118 which extends through the pump housing and has 
its opening in a toric distribution recess 119 formed in 



5 
the space between the sliding surfaces of the ball-joint 
coupling. Said space has a width of a few hundredths 
of a millimeter (3/100 mm, for example) and the oil 
under pressure which is contained therein attenuates 
the oscillations and facilitates transition to critical 
speeds. A bore 120 formed in the semi-spherical mem 
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ber 54' also supplies oil to the two ball-bearings and 
ensures lubrication of these latter. Oil losses flow into 
a sump 122 (only the top portion of which is shown in 
FIG. 5) and can be collected in said sump. 

In the embodiment which is illustrated in FIG. 5, the 
shaft 39' is adapted to carry a deflector 124 which is 
located beneath the rotor 94' of the electric motor 
which serves to drive the shaft in rotation, with the re 
sult that any oil which may creep upwards along said 
shaft 39' is returned downwards by said deflector. 

In the embodiment which is illustrated diagrammat 
ically in FIG. 6 (in which the components correspond 
ing to those which have already been described are foll 
lowed by the same reference numeral to which is as 
signed the tierce index), the ball-type coupling or uni 
versal-joint assembly which permits oscillation of the 
shaft is constituted by a bearing consisting of a double 
row of balls. As in the embodiment of FIG. 5, provision 
is again made in this form of construction for two ball 
bearings between which the axial load is distributed. 
The outer rings 52' and 110' of said ball-bearings 
are carried by an annular member 54' which is con 
nected to an end-plate 124 of the pump housing by 
means of the universal joint assembly. Said assembly is 
constituted by a ball-bearing comprising an inner cage 
126 which is locked in position by means of a nut 126 
against a shouldered portion of the annular member 
54', a cage 130 which is locked in position against an 
annular shoulder of the end-plate 124 by means of a 
threaded retaining ring 131 and a row of balls disposed 
in staggered relation. The ball-race profiles are such as 
to permit a slight angular displacement of the outer 
cage 130 with respect to the inner cage 126. 

Further embodiments of this invention can evidently 
be contemplated and it must be understood that the al 
ternative forms of either all or part of the arrangements 
herein described which come within the definition of 
equivalent mechanical means remain within the scope 
of this patent. In particular, the magnetic bearing can 
be of a type other than that which has been described 
and could consist of a more conventional arrangement 
instead of magnets in the form of separate studs. In 
some cases, the small columns could be omitted or re 
placed by shorter tie-rods in the event that damping of 
oscillations is carried out by means of different ar 
rangements. 
We claim : 
1. A vacuum pump for producing and maintaining a 

pressure difference between an outlet adapted to be 
connected to a primary vacuum source and an inlet, 
said vacuum pump comprising : a housing provided 
with said inlet and outlet; a rotor carried by a vertical 
shaft and separating said inlet and outlet; motor means 
under said rotor for rotating said shaft; and means for 
supporting and centering said shaft, including a me 
chanical axial thrust-bearing located under said rotor 
and constructed and arranged to permit angular move 
ment of said shaft about said thrust-bearing means and 
centering magnetic bearing means located above said 
rotor and centering the shaft with respect to said hous 
Ing. 

10 

15 

25 

30 

35 

... 40 

6 ; 

2. A pump in accordance with claim 1, wherein said 
thrust-bearing means comprises a bearing ring secured 
to the shaft, a ring non-rotatably connected to the 
pump housing by a swivel connection and bearing 
members between said rings. 

3. A pump in accordance with claim 2, having first 
and second bearing rings secured to the shaft and sepa 
rated by a spacer member, first and second stationary 
rings and a universal-joint assembly providing a swivel 
connection between said stationary rings and the cas 
ing, said bearing rings being formed with raceways lo 
cated in register with raceways formed in said station 
ary rings. . . . 

4. A pump in accordance with claim 3, having resil 
ient means compressed between the casing and the 
lower of said first and second stationary rings and bias 
ing it upwardly. 

5. A pump in accordance with claim 1, wherein said 
mechanical thrust-bearing comprises a bearing ring se 
cured to the shaft and formed with raceways, a station 
ary bearing ring secured to the casing and formed with 
raceways, bearing elements disposed between the rings 
and rolling on said raceways, said element and race 
ways being so constructed as to permit angular dis 
placement of said rings with respect to each other. 

6. A pump in accordance with claim 1, wherein said 
magnetic bearing means comprises a rotary plate se 
cured to the shaft, two stationary plates, each of the 
two end faces of said rotary plate having centering 
teeth which cooperate with similar teeth carried by said 
stationary plates, and a box secured to said housing, 
carrying said stationary plates and provided with mag 
nets for producing a magnetic flux which is closed by 
air-gaps between oppositely-facing teeth of said rotary 
plate and said stationary plates. 

7. A pump in accordance with claim 6, wherein the 
box is connected to the pump housing by small columns 
which are parallel to the axis of the shaft and having a 
flexibility sufficient for them to follow high-frequency 
oscillations of the box transversal to the axis. 

8. A pump in accordance with claim 7, having fric 
tion members located between the box and the pump 
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housing for damping the oscillations of the box. 
9. A pump in accordance with claim 7, having a verti 

cal rod, a weight at the lower end of said rod and means 
for securing the upper end of said rod, axially in said 
shaft at a location close to the magnetic bearing means 
for counteracting the oscillations of the shaft. 

10. A pump in accordance with claim 2, having 
means for maintaining an oil film between the compo 
nents of the universal-joint assembly. 

11. A pump in accordance with claim 1, having a uni 
versal joint assembly comprising a stationary member 
secured to the casing, a swiveling member carrying said 
thrust bearing means and having a tail-piece, and resil 
ient means between said tail-piece and housing adapted 
to damp angular oscillations of said shaft. 

12. A vacuum pump in accordance with claim 1, hav 
ing a turbomolecular pump rotor comprising a stack of 
disks, wherein said thrust-bearing is located beneath 
the rotor and in the primary vacuum whilst said mag 
netic bearing means is above thr rotor in a secondary 
W3C 

13. A vertical turbomolecular pump comprising : a 
stationary housing provided with an inlet and an outlet 
; a driving motor having a stationary part and a part ro 
tatable about a vertical axis ; a turbomolecular pump 
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rotor located coaxially with said motor, separating said part, with respect to said housing, including magnetic 
inlet and outlet; a transmission shaft drivably connect- centering means located above said rotor and mechani 
ing said rotor and rotatable part, and means for sup- cal thrust bearing means located under said rotor. 
porting and centering said rotor, shaft and rotating k . . . . . . . 
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