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Pivot for rotating molecular pumps comprising a sta 
tor element ?xed to the stator of the pump, a rotor el 
ement coupled to the rotor of the pump, and in the 
space comprised between the rotor and stator ele 

308/ 36.3 ments, a dynamic molecular seal, a dynamic viscous 
seal, several gas bearings, a gas stop and a gas coun 
ter-stop. ‘ [56] References Cited 
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PIVOT FOR ROTATING MOLECULAR 

The present invention concerns a pivot for rotating 
molecular pumps. 

It is known that several types of rotating molecular 
pumps exist: cylindrical rotor pumps such as described 
by Holweck (French Pat. No. 1,293,546), pumps with 
a rotor in the form of a disk such as described by Gon 
det and Siegbahn (U.S. Pat. No. 1,942,139), and turbo 
molecular pumps such as described by Becker (French 
Pat. No. 1,165,792) and Hablanian (French Pat. No. 
1,297,182). 

It is also known that these pumps comprise a rotor 
rotating in a vacuum, this setting serious sealing and lu 
bricating problems along the rotor shaft, the ingress of 
oil or of grease giving rise to the producing of vapor 
which prevents thorough vacuums from being ob 
tained. 
Moreover, to provide a solution to these problems, 

the applicant has designed a molecular pump of the 
Holweck type using no oil lubrication, but comprising 
fluid gas bearings and molecular seals intended for en 
suring ?uid-tight sealing along the rotating shaft. This 
pump has the advantages of rotating without wear with 
a low drive power, for the power lost in a fluid gas bear 
ing is in?nitely slight, of being completely free from oil 
vapor and also of being capable of bearing radiations 
and of being installed by heating because it is entirely 
metallic and has no lubricating or cooling liquid. More 
over, this pump has the advantage of being driven by 
a drive means installed in the outside atmosphere. 

lt is further known that the discharge and compres 
sion conditions imposed by- the user determine his 
choice in favour of onev type of rotating molecular 
pump or another, this leading manufacturers to pro 
duce small series of pumps of all kinds and this affects 
the manufacturing price of these pumps. 
The applicant has therefore sought to perfect a 

model of pivot capable of being adapted to rotating 
molecular pumps of all types, by providing the pivot ac 
cording to the invention with the required elements for 
the pump installed on such a‘ pivot to have advantages 
which can compare with those mentioned above, ob 
tained with the pump of the Holweck type in French 
Pat. No. 1,293,546 in the name of the applicant. 
Moreover, according to a major characteristic of the 

invention, the pumps are installed in an overhanging 
position on the pivot according to the invention, this 
making them more compact and easier to house on 
pump frames, and making the dismantling thereof eas 
ier. , 

Consequently, the pivot according to the invention 
on which any type of rotating molecular pump may be 
installed in an overhanging position, this pivot compris 
ing a stator element ?xed to the stator of the pump by 
means of a connecting part as well as a rotor element 
having a cylindrical shape, mechanically coupled to the 
rotor of the pump, is characterized in that the rotor ele 
ment rotates with slight play inside an internal space 
formed in the stator element, and in that this space 
comprises successively, from the upper part of the 
pivot to the lower part of the pivot, a dynamic molecu 
lar seal, a dynamic viscous seal, several gas bearings, a 
gas thrust bearing and a gas counter-thrust bearing. 
The pumps using such a pivot may easily be disman 

tled by the user. . 
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These pumps have excellent axial and radial ‘stability. 

The following description, with reference to the ac 
companying ?gures will make it easier to understand 
how the invention may be implemented. 
FIG. 1 shows the pivot according to the invention; 
FIG. 2 shows the pivot according to the invention‘ on 

which is assembled a molecular pump of the Holweck 
type in an overhanging position; 
FIG. 3 shows the pivot according to the invention on 

which is assembled a turbomolecular pump in an over 
hanging position. i . 

FIG. 4 shows the pivot according to the invention on 
which is assembled a disk type molecular pump in an 
overhanging position. 
FIG. 5 shows the molecular seal and the viscous seal 

used in the pivot according to the invention. 
FIG. 1 shows the pivot 1 according to the invention. 

That pivot comprises a stator element 2 (called, herein 
after, in the description, stator 2) inside which is ar 
ranged a cylindrical chamber 3 in which is a rotor ele 
ment 4 (called, hereinafter, in the description, rotor 4) 
constituted by a hollow cylinder. 
The upper part of the rotor 4 has a cylindrical ring 5 

whose central part is tapped and whose lower part has 
a ring 6, having a toroidal shape with a rectangular 
cross-section. The stator 2 of the pivot 1 comprises two 
series of ducts 7, 8, whose axes are situated in two hori 
zontal planes and which bring a gas under pressure into 
the cylindrical chamber 3 at points 9, 10. These points 
are regularly spaced on the inside surface 11 of the sta 
tor 2 in two equal parallel circumferences.‘ 
The ducts 7, 8 are connected to a device supplying 

gas under pressure (not shown) and lead into the bot 
tom 12 of a cutaway part provided in the outside sur 
face of the pivot 1 between these two series of ducts. 

Vertical ducts 13 connected to the ducts 8 direct the 
gas under pressure on the upper surface of the ring 6. 

Vertical ducts 14 having the same axis as the ducts 
13 and connected to these latter’ by U-shaped ducts di 
rect the gas under pressure on the lower surface of the 
ring 6. 
A cavity 15 in which the ring 6 rotates, as well as four 

circular grooves 16, 17, 18, 19 are provided in the sta 
tor 2. The first groove 16 is arranged above the injec 
tion points 9, the second 17, between the injection 
points 9 and 10, the third 18 below the injection point 
10, just above the cavity 15 and the fourth 19 just 

, below the cavity 15. 
The grooves 16 and 17 communicate with an exhaust 

_ tube 20, for gases to be let out into the open atmo 
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sphere, to which is ?tted a pipe (not shown). 
An exhaust tube 21 is provided for the groove 18. 
The space between the stator 2 and the lateral sur 

face of the ring 6 which has remained free is connected 
to the outside atmosphere by a tube 22. ' 
Two series of helical grooves 23, 24 are provided in‘ 

the inside surface 11 of the stator 2 above .the groove 
16, and are separated from each other by a portion of 
surface without grooves. 
The form and the arrangement of the grooves are de 

scribed in greater detail with reference to FIG. 5. The 
smooth surface of the rotor 4 cooperates with the 
grooves 23 to constitute a molecular seal ‘25 and with 
the grooves 24 to constitute a viscous seal 26 U.S. Pat. 
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Nos. 3,131,940; 3,131,942; and 3,071,384, disclose 
seals of a general type similar to the molecular seal and 
viscous seal of the present invention. 
The gas under pressure injected at the points 9 is ex 

panded and evacuated in the grooves 16 and 17; like 
wise, the gas under pressure injected at the points 10 
is expanded and is evacuated in the grooves 17 and 18 
thus enabling the operation of a ?rst gas bearing 27 
placed between the grooves 16 and 17, and of a second 
gas bearing 28 placed between-the grooves 17 and 18. 

The bearing 27 and 28 ensure the radial stability of 
the rotor 4. 
The more the rotating speed of the rotor 4 increases, 

the more the rotor has a tendency to expand under the 
effect of the centrifugal force, and the more the play 
between the rotor 4 and the stator 2 decreases, this 
tending to increase the efficiency of the bearings as 
well as the efficiency of the molecular seal, and of the 
viscous seal. 
Air under pressure injected through the ducts l3 and 

14 is removed after expanding into the outside atmo 
sphere through the ducts 21 and 22, as well as through 
the space 29 comprised between the stator 2 and the 
rotor 4, placed below the groove 19, thus enabling the 
operation of a thrust bearing 30, respectively of a gas 
counter thrust bearing 31, constituted by the upper sur 
face, respectively the lower surface, of the ring 6 coop 
erating with the walls of the cavity 15. The thrust bear- 
ing 30 and the gas counter-thrust bearing 31 provide 
axial stability for the rotor 4. 
The drive of the rotor 4 is ensured by a drive device 

not shown (motor, air turbine, pulleys, gear trains, etc.) 
exterior to the pivot and placed in the outside atmo 
sphere. ’ 

FIG. 2 shows the pivot 1 according to the invention, 
on which is installed a Holweck pump 32 with a vertical 
axis, in an overhanging position. The pivot 1 being in 
all points identical to that described in FIG. 1, it will 
not be described again here. The elements of that pivot 
are referenced with the same numerals as in FIG. 1. 
That pump 32 comprises, in a conventional way, a 
rotor 33 formed by a smooth cylinder closed at its 
upper part, and a stator 34 having a cylindrical shape. 

One or several helical grooves 36 connecting a lower 
chamber 37 in which there is a primary vacuum to an 
upper chamber 38 in which there is a secondary vac~ 
uum or a thorough vacuum are arranged in a known 
way in the inside walls 35 of the stator 34. 
Inasmuch as concerns the shape and the depth of the 

grooves, it will be a great advantage to refer to the 
aforementioned French patent. 
A duct 39 leading into the lower chamber 37 is con 

nected to a primary pump (not shown). 
The stator 34 of the pump 32 is connected to the sta 

tor element 2 of the pivot 1 through a hollow and cylin 
drical connected part 40. , 
That connecting part 40 comprises a cutaway part 41 

formed in its inside wall and arranged facing the bot 
tom cutaway part 12 formed in the outside surface of 
the pivot 1, thus de?ning, with the stator element 2, a 
toroidal chamber 42. 
The toroidal chamber 42 communicates, on the one 

hand, with an air inlet tube 43 for air under pressure 
formed in the connecting part 40, and, on the other 
hand, with the ducts 7 and 8 of the pivot 1. 
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The toroidal chamber 42 therefore acts as a gas sup 

ply chamber for gas under pressure and as a stabilizer 
chamber for the bearings 27 and 28 of the pivot 1. 
The connecting part 40 is also provided with a pas 

sage 44 for the pipe (not shown) connected to the gas 
exhaust tube 20 leading to the outside atmosphere. 
The rotor 33 of the pump 32 is provided at its center 

with a screw 45 which engages in the central part of the 
ring 5 of the rotor element 4 and mechanically coupling 
the rotor 33 to the rotor element 4. 
The nut 46 of the screw 45 is tightened hard against 

the ring 5. 
It should be observed that the dismantling of the 

pump is very easy; it is sufficient, indeed, to unscrew 
the nut 46 as wellas the nuts (not shown) ?xing the sta 
tor 34 to the connection part 40. f 

It should be observed, moreover, that the upper part 
of the pump rotor in contact with the secondary vac 
uum has a smooth surface with a simple shape, this 
making degassing easier and enabling a very thorough 
vacuum to be obtained. 
The molecular seal‘ 25 and the viscous seal 26 ensure 

?uid-tight sealing between the space 47 under primary 
vacuum comprised between the rotor 33 and the stator 
element 2 and the groove 16 of the pivot 1. 
FIG. 3 shows the pivot according to the invention, in 

stalled in a turbomolecular pump. 
The pivot l is identical to that shown in FIG. 1 and 

it will not be described again here. The elements of that 
pivot are referenced by the same numerals in that ?g‘ 
ure as in FIG. 1. 
The turbomolecular pump 48 comprises a rotor 49 

provided with rotating disks50 between ?xed disks 51 
fast with a stator 52. . 

The stator 52 of the pump 48 is connected to the sta 
tor element 2 of the pivot 1 through a mushroom 
shaped connecting part 53 whose central part has been 
removed to allow the pivot 1 to pass. 
The connecting part 53 comprises a cutaway part 54 1 

formed in its inside wall and arranged facing the cut 
away part 12 in the bottom, formed in the outside sur 
face of the pivot 1, thus de?ning, with the stator ele 
ment 2, a toroidal chamber 55. 
The toroidal chamber 55 communicates, on the one 

hand, with air inlet tube 56 for air under pressure 
formed in the connecting part 53, and, on the other 
hand with the ducts 7 and 8 of the pivot l. 
The toroidal chamber 55 therefore acts as a gas sup 

ply chamber for gas under pressure and as a stabilizer 
chamber for the bearings 27 and 28 of the pivot l, as 
does the toroidal chamber 42 in the preceding exam 
ple. 
The connecting part 53 is also provided with a pas 

sage 57 for the pipe'tnot shown) connected to the gas 1 
exhaust tube 20 leading to the outside atmosphere. 
The rotor 49 of the pump 48 is provided at its center 

with a screw 58 engaging in the central part of the ring 
5 of the rotor element 4 and mechanically coupling the 
rotor 49 to the rotor element 4.v 
The nut 59 of the screw 58 is tightened against the 

ring 5. 
It must be observed that, as in the preceding exam 

ple, the dismantling of the pump is very easy; indeed, 
all that is needed is to undo the nut 59 as well as the 
nuts (not shown) ?xing the stator 52 to the connecting 
part 53. 
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It must be observed, moreover, that, as in the preced 
ing example, the upper part of the rotor of the pump in 
contact with the secondary vacuum has a smooth sur 
face and a simple shape this making degassing easier 
and making it possible to obtain a very thorough vac 
uum. 

A chamber 60 containing a primary vacuum, con 
nected to a primary pump (not shown) by a tube 61 is 
placed at the bottom of the pump 48. 
The molecular seal 25 and the viscous seal 26 of the 

pivot 1 ensure ?uid-tight sealing between the space 
containing a primary vacuum 60 and the groove 16 of 
the pivot 1. 
FIG. 4 shows the pivot according to the invention in 

stalled in a pump of the disk type. 
The pivot l is identical to the pivot shown in FIG. 1 

and it will not be described again here. 
The elements of the pivot are referenced by the same 

numerals in that ?gure as in FIG. 1. , 
The pump 62 comprises a rotor 63 in the form of a 

disk rotating in a stator 64 in whose walls are arranged 
several helical grooves 65. _ ' ' 

The stator 64 of the pump 62 is connected to the staj 
tor element 2 of the pivot 1 through hollow cylindrical 
connecting part 66. 
That connecting part 66 comprises a cutaway part 67 

formed in its inside wall and arranged facing the cut 
away part in the bottom 12, formed in the outside sur 
face of the pivot l,'thus de?ning, with the stator ele 
ment 2, a toroidal chamber 68. 
The toroidal chamber 68 communicates, on the one 

hand, with an air inlet tube 69 for air under pressure 
formed in the connecting part 66 and, on the other 
hand, with the ducts 7 and 8 of the pivot l. 
The toroidal chamber 68 therefore acts as a supply 

chamber for gas under pressure and as a stabilizer 
chamber for the bearings 27 and 28 of the pivot l, as 
do the toroidal chambers 42 and 55 in the preceding 
examples. ' 

The connecting part 66 is also provided with a pas 
sage 70 for the pipe (not shown) connected to the gas 
exhaust tube 20 leading to the outside ‘atmosphere. 
The rotor 63 of the pump 62 is provided at its center 

with a screw 71 which engages in the central part of the 
ring 5 of the rotor element 4 and mechanically coupling 
the rotor 33 to the rotor element 4. 
The nut 72 of the screw 71 is tightened hard against 

the ring 5. ' 
It should be noted that, as in the preceding examples, 

the dismantling of the pump is very easy; it is suf?cient, 
indeed, to unscrew the nut 72 as well as the nuts (not 
shown) ?xing the stator 64-to the connecting part 66. 

It should be observed moreover, that, as in the pre 
ceding examples, the upper part of the pump rotor in 
contact with the secondary vacuum has a smooth sur 
face with a simple shape, this making degassing easier 
and enabling a very thorough vacuum to be obtained. 

The stator 64 comprises vertical tubes 73 making the 
grooves 65 communicate with a'space 74 containing a 
primary vacuum. That space is connected by a tube 75 
to a primary pump (not shown). 
The molecular seal 25 and the viscous seal 26 pro 

vide ?uid-tight sealing between the space 74 containing 
a primary vacuum and the groove 16 of the pivot l. 
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FIG. 5 shows the molecular seal and the viscous seal 

used in the pivot according to the invention. 
The inside surface 11 of the stator 2 of the pivot l is 

shown developed. v 

The molecular seal 25 consists of n grooves 23 having 
a constant depth a, inclined at an angle of a in relation 
to the horizontal and extending between the upper end 
of the stator 2 and an intermediate space havingno 
groove. 
The viscous seal 26 consists of m grooves 24 having 

a constant depth b, inclined at an angle of B in relation 
to the horizontal, and extending between that interme 
diate space and the groove 16 of the stator 2. Accord 
ing to an example of an embodiment, a = 15°, B = 10°, 
m=n=50, a=300,u,b= 100;!“ 
The applicant has also produced satisfactory molecu 

lar and viscous seals in which the depth of the grooves 
decreases in degrees starting from the upper part of 
these seals. 
To improve the operation of these seals, the appli 

cant has formed, in certain cases, in the inside surface 
1 l of the stator 2, at the level of the intermediate space, 
a groove in which a partial vacuum (of about 20 Torr) 
is produced. ' 

Although the device which has just beenydescribed 
appears to afford the greatest advantage for the imple 
menting of the invention, it will be understood that var 
ious modifications may be made thereto without going . 
beyond the scope of the invention, it being possible to 
replace certain of these elements by other elements ca 
pable of ful?lling the same or an equivalent technical 
function therein. > 

The use of vacuum pumps provided with the pivot ac 
cording to the invention is a particular advantage in de 
vices which are to be heated or which have to provide 
a vacuum entirely free from all traces of oil. 
Needless to say, the use of the pivot is in no way lim 

ited to the production of molecular pumps cited by way 
of examples having no limiting character,.but on the 
contrary is extended quite naturally to all devices rotat 
ing at high speed and operating in a vacuum, and more 
particularly to ultracentrifuging devices. 
What is claimed'is: , - _ 

l. Pivot for use with various types of rotating molecu 
lar pumps of the type having a pump rotor and a pump 
stator; said pivot comprising: 
a stator element,_ 
stator connecting means for connecting said stator 
element to the pump stator, I ' ' ' 

a rotor element rotatably mounted in an internal 
space formed in said' stator element with slight play 
between said rotor element and said stator ele 
ment, 

rotor-connecting means for connecting said rotor ele 
ment to said pump rotor, 

dynamic sealing means for sealing the opening ‘be-1 
tween said stator element and said rotor element 
from adjacent pump structure, 

gas bearing means for radially supporting said rotor 
element in said stator element, and 

gas thrust bearing means for axially supporting sai 
rotor element in said stator element. ' > 

2. Pivot according to claim 1, wherein said rotor con 
necting means and stator connecting means include 
means for installing a rotating molecular pump in an 
overhanging position at the upper-part of said pivot‘. 
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3. Pivot according to claim 2, wherein said dynamic 
sealing means includes a dynamic molecular seal ar 
ranged in said internal space adjacent the top of said 
pivot and a dynamic viscous seal arranged in said inter 
nal space below said dynamic molecular seal. 

4. Pivot according to claim 3, wherein said gas bear 
ing means include a plurality of axially spaced gas bear 
ings arranged in said internal space below said dynamic 
viscous seal. 

5. Pivot according to claim 4, wherein said gas thrust 
bearing means includes a gas thrust bearing and a gas 
counter-thrust bearing. 

6. Pivot according to claim 2, wherein said stator 
connecting means includes a. stator connecting part po 
sitionable between said pump stator and said stator ele 
ment, and wherein said stator element includes a cut 
away part formed on its outside surface, said stator 
connecting part and said cutaway part forming a stabi 
lizer chamber for the gas bearing means. 

7. Pivot according to claim 4, wherein said stator 
connecting means includes a stator connecting part po 
sitionable between said pump stator and said stator ele 
ment, and wherein said stator element includes a cut 
away part formed on its outside surface, said stator 
connecting part and said cutaway part forming a stabi 
lizer chamber for the gas bearing means. 

8. Pivot according to claim 2, wherein said gas thrust 
bearing means includes a gas thrust bearing and a gas 
counter~thrust bearing constituted by a ring of the rotor 
element rotating in a cavity formed in the stator ele 
ment and held in a middle position in the cavity under 
the combined action of pressurized gas jets on respec 
tive upper and lower faces of said ring. 

9. Pivot according to claim 6, wherein said gas thrust 
bearing means includes a gas thrust bearing and a gas 
counter-thrust bearing constituted by a ring of the rotor 
element rotating in a cavity formed in the stator ele 
ment and held in a middle position in the cavity under 
the combined action of pressurized gas jets on respec 
tive upper and lower faces of said ring. 

10. Pivot according to claim 3, wherein said molecu 
lar seal includes several grooves formed in the stator 
element and inclined at a certain angle in relation to 
the horizontal. 

ll. Pivot according to claim 10, wherein the depth of 
the grooves of the molecular seal decreases by degrees 
starting from the upper part of said molecular seal. 
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l2. Pivot according to claim 3, wherein said viscous 

seal includes several grooves formed in the stator ele» 
ment and inclined at a certain angle in relation to the 
horizontal. _ 

l3. Pivot according to claim 12, wherein the depth of 
the grooves of the viscous seal decreases by degrees 
starting from the upper part of said viscous seal. 

14. Pivot according to claim 12, wherein said molec 
ular seal includes several grooves formed in the stator 
element and inclined at a certain angle in relation to 
the horizontal. . 3 

l5. Pivot according to claim 14, wherein the depth of 
the grooves of the molecular seal decreases by degrees 
starting from the upper part of said molecular seal. 

16. Pivot according to claim 10, wherein an interme 
diate space not having grooves is provided between the 
molecular seal and the viscous seal. 

17. Pivot according to claim'14, wherein an interme 
diate space not having grooves is provided between the 
molecular seal and the viscous seal. 

18. Pivot according to claim 16, wherein means for 
producing a partial vacuum in said intermediate space 
is provided. 

19. Pivot according to claim 17, wherein means for 
producing a partial vacuum in said intermediate space 
is provided. 

20. Pivot according to claim 2, ‘wherein said gas bear 
ing means includes two axially spaced gas bearings ar 
ranged in said internal space below said dynamic seal 
ing means. 
21. Pivot according to claim 9, wherein said gas bear 

ing means includes two axially spaced gas bearings ar 
ranged in said internal space below said dynamic seal 
ing means. 

22. Pivot according to claim 2, wherein said rotor el 
ement includes means for attaching to a rotor driving 
means at a position placed in the outside atmosphere. 

23. Pivot according to claim 20, wherein gas exhaust 
grooves are formed in said stator element at positions 
axially spaced from gas inlets to said gas bearings. 

24. Pivot according to claim 8, wherein gas exhaust 
openings communicate directly with the outer circum 
ference of said ring for exhausting gases supplied to the 
thrust, and counter-thrust bearings. 

* * * * * 


