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[57] ABSTRACT 
The vertical rotating assembly of the turbomolecular 
pump, is centered by two magnetic bearings located 
each on one side of the pump rotor and supported by 
ball bearings located under the rotor, one on each side 
of the driving motor. The length of transmission shaft 
portion between the rotor and the rotating part of the 
motor is sufficient to compensate for radial de?ection 
of the rotor. 

8 Claims, 3 Drawing Figures 
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_VERTICAL TURBOMOLECULAR PUMPS 

BACKGROUND OF THE INVENTION 

The invention relates to turbomolecular pumps of the 
type having a vertical shaft carrying a rotor rotated at 
‘high speed within a housing and formed with disks 
which draw residual gas from an end of the rotor and 
move it‘toward the other end of the rotor connected to 
a primary vacuum source. 

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 supported 
and‘accurately centered. The problem is still rendered 
more difficult by, the requirement that contamination 
of the vacuum by lubricant vapors should be avoided. 

In the past, several attempts were made to. solve the 
problem v; one of them involves the use of gas bearings 
: but the rate of ?ow 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 Pat. No. l 475 765 ?led Jan. 31, 
1966 makes use of electromagnetic bearings for sup 
porting the rotor and centering it. The regulation of 
such a system requires an elaborate servo loop. 

SUMMARY 

It is an object of the invention to provide a vertical 
axis turbomolecular pump in which the rotor support 
ing and centering mechanism is improved with respect 
to the prior art mechanism particularly in that it com 
bines centering accuracy and. simplicity in design. It is 
a more particular object of the invention to provide a 
pump in which the rotor is centered by a part of mag 
netic bearings located one\on each side of the rotor, 
while the weight of the complete rotating ‘assembly of 
the pump is taken by machanical bearing means lo 
cated under the rotor. ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood from the fol 
lowing description of particular embodiments of the in 
vention given by way of non-limitative examples. The 
description will refer to the accompanying drawings, 
wherein : ' ‘ - : 

‘- FIG. 1; is a very diagrammatic sectional view ‘along 
the vertical mid-plane of a turbomolecular pump which 
constitutes a ?rst embodiment of the invention ; 
— FIG. 2 is a detail view on an enlarged scale show-. 

ing the upper magnetic half-bearing of the pump of 
FIG. 1 ; . 

—- FIG. 3 is a view on an enlarged scale showing the 
' lower portion of a pump which constitutes a mbdi?ed 
embodiment of the invention, this view being in cross 
section along thevertical mid-plane and showing in 
particular the thrust-bearing. 
The turbomolecular pump which is illustrated in 

FIGS. 1 and 2 comprises a housing lo'formed of a num 
ber of assembled parts and having an upper opening 11 

' which is connected to a pipe for drawing gases from the ' 
enclosure to be evacuated and a lower opening _12 
which provides a connection with a pipe 14 for dis 
charging said gases to a primary vacuum source. A ver 
tical rotor ‘16 which provides a separation between the 
openings 11 and I2 is placed within the pump housing 
which has a cylindrical shape anda vertical axis. Said 
rotor is made up of stacked discs 18 which are mounted 
on a sleeve 20 and retained by a lower end-plate 22. 
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2 
The pump housing 10 is also adapted to carry a stack 
of stationary circular discs 28 which are interposed be 
tween the rotary discs 18 and clamped between an an 
nular ‘shoulder 30 of the pump housing and elastic re 
taining members as represented diagrammatically in 
FIG. 1 by a simple washer 32. The longitudinal and ra 
dial clearances which are necessary for good operation 
of the pump are provided between the rotary discs and 
the stationary discs 28. These general arrangements 
need not be described further since reference can be 
made to the prior literature and in particular to US. 
Pat. No. I 475 765 which has already been cited. 
The upper end portion of a supporting and driving 

shaft 34 is secured to the end-plate 22 of the rotor 16., 
Said shaft is driven in rotation by an electric motor 36 
which is placed beneath the rotor 16. The motor 36 
comprises‘ a stationary assembly which is essentially 
constituted by a stator winding 92 carried by a casing 
93 which is mounted on the base 95 of the pump hous 
ing 10 and by a rotary assembly. Said rotary assembly 
is essentially made up of 'a rotor winding 94 which is 
carried by a sleeve 96. 

In the embodiment which is illustrated in FIG. 1, pro 
vision is made for a circulation system which serves to 
cool the electric motor. Said system comprises a ?uid 
supply pipe (arrow f), a jacket 98 which de?nes with 
the casing 93 an annular chamber which surrounds the 
stator winding 94 and a delivery pipe 5 (arrow 1' ) : the 
heat which is'generated in the stator winding passes 
through the jacket into the coolant ?uid. 
The rotary assembly of the electric motor 36 is car 

ried by a thrust-bearing which also accommodates the 
vertical stresses produced by the rotor 16 and transmit 
ted by the shaft 34 (arising in particular from the 
weight of the rotor). Said thrust-bearing is made up of 
two ball-bearings 38 and 38'. The bearing 38 is inter 
posed between the upper extremity of the sleeve 96 and 
a ?ange plate 40 which is‘placed at the top portion of 
the casing 93.v The second ball-bearing is interposed be 
tween the lower extremity of the sleeve 96 and a socket 
which is attached to the end-plate 42 of the casing 93. 
A sump 44 located beneath the end-plate 42 serves to 
collect any oil leakage which may develop. 

' The lower portion of the shaft 34 is provided with a 
boss 46 and below this latter with an extension 48 of 
smaller diameter. Said extension'is adapted to engage 
within a bore having a diameter which corresponds to 
the sleeve and is secured in position within this latter 
by'means of nuts 50. That portion of the shaft 34 which 
is located above the boss 46 passes through the sleeve 
within a passage having a diameter which is suf?cient 
to permit slight bending of said shaft. Finally, the upper 
poition of the shaft has a cone' 52 for receiving the end~ 
plate 22 of the rotor 16. ' 
The rotor 16 which is carried by the ball-bearings 38 

and 38' is centered by means of two magnetic half 
bearings 54 and 54' which are placed respectively 
above and below the rotor. These two bearings are of 
identical constructional design and are both placed be 
tween the rotor 16, and the pump housing so that only 
the ?rst bearing will therefore be described.‘ 
The upper half-bearing 54 (shown in FIG. 2) com 

prises astationary portion which is rigidly ?xed to the 
cover 56 of the pump housing 10 and a rotary portion 
which is rigidly ?xed to the rotor 16. The portion which 
is secured to the cover 56 comprises an annular ?ange 
plate 62 which is rigidly fixed to the cover 56 by means 
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of threaded rings 64. The upper end portions of a num 
ber of small columns 66 which are parallel to the axis 
of the rotor and are three in number, for example, are 
fixed at uniform intervals around the periphery of the 
?ange plate 62. The lower end of each column is at 
tached to a casing 68 formed of a plurality of assembled 
parts. Said casing contains a number of magnets 72 (six 
magnets by way of example). The magnetic ?ux of said 
magnets is closed by means of a circuit comprising two 
plates 74 and 76 provided with oppositely-facing cen 
tering teeth. The rotary portion of the magnetic center 
ing half-bearing 54 is essentially constituted by the 
plate 76, the teeth of which are intended to be located 
in alignment with the teeth of the plate 74. 
The lower half-bearing 54' is similar in construc 

tional design to the upper half-bearing and is fixed on 
a ?ange plate 78 which is secured to the pump housing 
10 by means of small columns 66’. 
The magnetic bearings are characterized by a rela 

tively low degree of stiffness. It is in order to take this 
property into account that the stationary portions of 
the two half-bearings 54 and 54' are not rigidly 
mounted on the pump housing but are mounted by 
means of small columns 66 or 66’ formed of material 
having a high degree of elasticity (non-magnetic spring 
steel, for example). The presence of said columns facil 
itates transition of the rotor to critical speeds. 
The action of said small columns 66 and 66' can be 

completed by elastic supporting elements. Each of 
these elements (shown in FIG. 2) comprises a spring 80 
interposed between a stud 82 which is carried by the 
casing of the corresponding half-bearing and an adjust 
ing screw 84 which is attached to the ?ange plate 62. 

It is apparent that, by means of the assembly which 
has just been described, two different units are in 
tended to perform the respective functions of transmis 
sion of axial stresses and of centering. By virtue of the 
fact that the shaft 34 is of substantial length between 
the point of attachment to the sleeve 96 (centering of 
this latter must clearly remain within the tolerance 
range specified in order to ensure good operation of the 
electric motor) and the point of attachment to the rotor 
and the fact that the shaft is slightly flexible, radial dis 
placement of the rotor is consequently permitted. Cen 
tering is thus carried out solely by the mangetic bearing 
which is constituted by the two half-bearings 54 and 
54', each half-bearing being intended to retain one of 
the opposite faces of the rotor 16. 
The ball-bearings illustrated in FIG. 1 are of the 

permanently-lubricated type and therefore do not re 
quire any additional lubrication. However‘, in order to 
prevent any oil vapour from escaping towards the ro 
tor, provision is made for a bell-housing 86 which is 
fixed on the ?ange plate 40 and allows sufficient clear 
ance for the radial displacements of the shaft 34. 
The embodiment which is illustrated in FIG. 3 differs 

from the preceding embodiment primarily in the fact 
that it makes use of lubricated bearings. In FIG. 3 in 
which the components corresponding to those already 
illustrated in FIGS. 1 and 2 bear the same reference nu 
merals followed by the index a, there is again shown a 
pump housing 10a, and end-plate 95a and a casing 93a 
which is carried by said end-plate and provided with a 
cooling system 98a. The shaft 34a which supports the 
rotor 16a is secured to the lower portion of a sleeve 
96a. Said sleeve is centered by means of two ball 
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4 
bearings 42a and 38a which form a thrust-bearing. A 
lubrication system is associated with said bearing and 
has an admissionpassage 100 which opens into a space 
defined at the upper end of said passage by two sealing 
rings 102 and 104 which are adapted to cooperate so 
as to constitute a labyrinth seal. The inner ring 102 is 
attached to the sleeve 96a whilst the outer ring 104 is 
attached to the cover 78a which closes the casing 93a 
and carries the outer raceway of the ball-bearing 38a. 

Oil which is admitted through the passage 100 ?ows 
downwards through the ball-bearing 38a, is projected 
outwards by a centrifugal de?ector 106 which protects 
the motor, flows through a bore 108 towards the lower 
ball-bearing 42a and thence into the sump 44a. 
Other embodiments can obviously be devised and it 

must be understood that any alternative forms of either 
all or part of the arrangements herein described which 
come within the de?nition of equivalent mechanical 
means are covered by this patent. In particular, the two 
magnetic half-bearings can be of a type other than that 
which has been described by way of example. 
We claim : 
l. A vertical turbomolecular pump comprising : a sta 

tionary housing provided with an inlet and an outlet; a 
driving motor having a stationary part and a part rotat 
able about a vertical axis; a turbomolecular pump rotor 
located above said motor and coaxial therewith, sepa 
rating said inlet and outlet; a transmission shaft driv 
ably connecting said rotor and rotatable part, and 
means for supporting and centering said rotor, shaft 
and rotating part, with respect to said housing, having 
: a pair of magnetic centering bearings located one at 
each axial end of said rotor, and mechanical thrust 
bearing means located under said rotor. 

2. A pump in accordance with claim 1, wherein the 
thrust-bearing means comprises'ttwo ball-bearings lo 
cated one at each end of the rotating part of said motor. 

3. A pump in accordance with claim 1, wherein said 
rotating part includes a central sleeve carried by said 
thrust-bearing means and wherein said shaft is secured 
to said rotor and to said sleeve at locations separated 
with a free length which imparts to said shaft a ?exibil 
ity allowing radial displacement of the rotor. 

4. A pump in accordance with claim 3, wherein said 
rotor and said sleeve are located under the rotor, the 
lower end of said shaft is secured to the lower portion 
of said sleeve, said shaft extends through said sleeve 
with a radial clearance and the upper end of said shaft 
is attached to the rotor. 

5. A pump in accordance with claim 1, wherein each 
of said magnetic nearings comprises a rotating toothed 
plate securely connected to an end face of the rotor 
and a stationary casing provided with magnets and with 
a toothed plate operatively associated with said rotat 
ing plate. . _ 

6. A turbomolecular pump in accordance with claim 
1, wherein said outlet ‘is for connection with a primary 
vacuum source and is so located that said'motor is im 
mersed in'the primary vacuum. 

7. A pump in accordance with claim 6, having means 
for circulating a ?uid coolant along the housing for 
cooling the motor‘. 1 ‘ 

8. A pump in accordance with claim 7, having sealing 
means which separates the thrust bearing and the 
motor from the rotor. 

* * * * * 


