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(57) ABSTRACT 

The present invention provides a very compact, lightweight, 
turbomolecular pump for evacuating a chamber at Volumet 
ric flowrates of less than 10 liters per second. In one 
embodiment a turbomolecular pump is provided having a 
bladed rotor disposed within a housing, and mounted for 
rotation at one end on a passive magnetic main bearing and 
at the other end on a ball bearing. The pump is configured 
Such that the magnetic bearing carries a majority of the rotor 
unbalance load. The rotor may be beneficially tapered from 
a larger diameter at the high Vacuum end to a Smaller 
diameter at the low vacuum end. The invention also provides 
a method of machining the blades of the rotor from a rotor 
blank using a single point tool in a two-step numerical 
control lathe operation. In another method of the invention, 
the rotor blades are individually cut using a high Speed 
circular Slitting Saw by plunging the Saw radially into the 
rotor blank. 

11 Claims, 6 Drawing Sheets 
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MINATURETURBOMOLECULAR PUMP 

RELATED APPLICATION 

This application is based on priority under 35 U.S.C. 
119(e) of U.S. provisional patent application serial No. 
60/145,236, filed Jul 26, 1996, the entire content of which 
is incorporated by reference herein. 

TECHNICAL FIELD 

The present invention generally relates to vacuum pumps, 
and more particularly, to pumps known as turbomolecular 
pumps characterized by “bladed’ rotor and Stator construc 
tion with running clearances in the millimeter range which 
are particularly effective in the free molecular flow range. 
More specifically, this invention is directed to a novel rotor 
design and bearing System useful in vacuum pumps of the 
Single-ended type in which the rotor is Supported by bear 
ings at either end in a So-called “Straddle-mount' arrange 
ment. 

BACKGROUND OF THE INVENTION 

High rotational Velocity vacuum pumps are used today in 
many high vacuum applications, where a high vacuum of 
best quality is required, as well as when a relatively large 
amount of gas is intended to be pumped away. Typically 
turbomolecular pumps are used in combination with a higher 
preSSure "roughing pump' in a Series arrangement, where 
the turbomolecular pump is connected to the Volume to be 
evacuated at one of its ends and at its other end to the 
roughing pump. Turbomolecular pumpS utilizing a rotor 
with multilple rows of blades operate according to the 
principle that fast moving Solid Surfaces transfer a linear 
momentum to Substances in gas phase which come in their 
path. Turbomolecular pumps can in this manner impart a 
Velocity to gas molecules and thereby direct gas molecules 
out from a Volume to be evacuated. 
A drag Stage is commonly incorporated into modern 

turbomolecular pumps downstream of the bladed rotor por 
tion. Drag Stages normally operate at higher preSSures by 
means of friction against a rotating wall forcing gas particles 
into an arrangement of helical grooves in an adjacent Static 
member. Different types of pumps or Stages can also be 
combined in Several Steps to give a higher compression. 
Common for all of these types is that they demand extremely 
fast rotating parts. 

In most turbo molecular pumps, the pressure ratio varies 
exponentially with the rotational Speed of the rotating parts, 
and the pumping Speed varies linearly. Therefore it is highly 
advantageous to be able to operate at as high of rotational 
Speed as possible. However, higher rotational Speeds trans 
late into higher rotor unbalance loads which must be carried 
by the bearings, and thus the bearings become critical from 
an operational design Standpoint. 

Manufacturers have traditionally used mechanical ball 
bearings and the like to Support the rotor because of their 
reliability and relatively low cost. However, mechanical 
bearings have certain inherent deficiencies which limit their 
use in high Speed turbomolecular pumps. For example, ball 
bearings inherently consume power as a result of friction 
induced by the balls orbiting around the axis at very high 
angular velocity, causing Substantial contact forces between 
the balls and raceway. Also, power consumption can 
increase dramatically when increased radial or axial loads 
are imparted to the bearings from rotor unbalance or from 
operation at harmonic modes of the System. The internal 
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2 
contact forces in ball bearings also inherently cause wear of 
the bearing parts and heat generation, both of which are 
exacerbated by rotor unbalance. Therefore precise balancing 
of the rotor and alignment of the bearings becomes para 
mount when using ball bearings. 

High vacuum pump manufacturers have progressed from 
Solely using mechanical bearings, to using different types of 
magnetic bearings, Sometimes in combination with 
mechanical bearings. Generally, So called active magnet 
bearings, i.e. electronically regulated electro-magnet 
bearings, are used. Occasionally, So called passive bearings, 
where the force usually is generated by repulsion between 
appropriately magnetized permanent magnets, are used. In 
designs where a pair of magnetic bearings is used to Support 
the rotor, an additional axial Stabilizing feature is required, 
Such as a ball bearing or a pair of opposed jewler's bearings, 
or alternatively a regulated axial electro-magnet. A disad 
Vantage of this type of design is that the rotor is inherently 
unstable despite the use of eddy current damping, usually 
necessitating additional external damping means to prevent 
large rotor excursions and blade rubbing. Alternatively the 
rotor may be Supported radially by one permanent magnet 
bearing and one mechanical bearing Such as a ball bearing, 
in which case the mechanical bearing may also provide 
Stability to the rotor. In Such designs, additional external 
damping devices may not be necessary. The advantage with 
passive Systems in general is the lack of complex regulating 
Systems associated with the electromagnet bearings and a 
lower price. 

Turbomolecular pumps have seen wide use in both the 
Semiconductor and medical industries. Generally Speaking 
for these applications the Size and weight of the vacuum 
pumping equipment has not been a significant design factor. 
The Smallest and lightest turbomolecular pumps currently 
available are in the range of 5 pounds in weight, and in a size 
range of 4 inches in diameter by 6 inches in length. Also, 
power consumption has generally not been a driving factor 
determining the design of prior art pumps. 

However, for certain new applications, Such State of the 
art turbomolecular pumps are not Satisfactory. For example, 
turbomolecular pumps are desired for certain Space-based 
applications in which greatly reduced weight, Size, power 
draw, and complexity are all critical. A Suitable turbomo 
lecular pump for Such applications preferably would weigh 
less than % pound, and draw less than 7 Watts power while 
pumping a chamber to typical high Vacuum levels. Regu 
lated electro-magnet type designs are unsuitable because of 
problems associated with Scaling down the internal regulat 
ing Systems, and the Overall complexity of Such Systems. 
Existing Systems that use mechanical bearings, or mechani 
cal bearings in combination with passive magnetic bearings, 
fail because of the high relative power consumption of the 
mechanical bearing, or because of the need for additional 
external dampers with a two passive bearing System. 

Thus, a need exists for a simple, efficient, compact, and 
lightweight turbomolecular pump. 

SUMMARY OF THE INVENTION 

In one embodiment of the invention, a turbomolecular 
pump is provided comprising a housing having an intake for 
connecting to a chamber to be evacuated, and an exhaust for 
exhausting to lower vacuum. A rotor is disposed within the 
housing having a high vacuum end exposed to the intake, a 
low vacuum end, and a plurality of rows of rotor blades 
disposed about an Outer periphery thereof. A non-contacting 
type main bearing is provided for rotatably Supporting the 
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rotor Substantially at the high Vacuum end; and a contacting 
type bearing rotatably Supports the rotor Substantially at the 
low vacuum end. Preferably the non-contacting bearing is a 
passive magnetic bearing, and the contacting type bearing is 
a ball bearing. The pump may be configured wherein the 
non-contacting bearing is Substantially axially nearer the 
rotor's axial center of gravity than the contacting bearing. 
The noncontacting main bearing is exposed to the high 
Vacuum of the intake. An emergency main bearing is pro 
vided for Supporting the inlet end of the rotor in the event of 
large rotor excursions. 

In accordance with the present invention a Serpentine gas 
flowpath is defined. An annular pumping Section defining a 
first gas flowpath axially extends in a forward-to-aft direc 
tion from an inlet end in fluid communication with volume 
being evacuated, to a pumping Section outlet end. An 
annular drag Stage defines a Second gas flowpath axially 
extending in an aft-to-forward direction from an inlet end in 
fluid communication with the pumping Section outlet end, to 
a drag Stage outlet end. A third gas flow path extends axially 
in a forward-to-aft direction from an inlet in fluid commu 
nication with the drag Stage outlet end, to an exhaust port. 

In another embodiment of the invention, a method of 
machining the rotor blades of a high Speed vacuum pump 
rotor is provided, comprising the following Steps: An axi 
Symmetric rotor blank having an outer Surface is provided. 
A plurality of closely spaced helical grooves are machined 
in the Outer Surface of the rotor blank extending along a 
desired pitch angle, the walls of the helical grooves defining 
the working Surfaces of the rotor blades. A plurality of 
adjacent annular grooves are machined in the Outer Surface, 
intersecting the helical grooves, whereby the annular 
grooves separate the rotor blades into distinct rows and 
define the leading and trailing edges of the rotor blades. 
Preferably the Steps of machining the helical grooves and 
machining the annular grooves are performed in a numerical 
control lathe operation, using a single point cutting tool for 
each Step. 

In still another embodiment of the invention a method is 
provided for machining the rotor blades of a high Speed 
Vacuum pump rotor, comprising the following Steps: An 
axisymmetric rotor blank is provided and a plurality of 
adjacent annular grooves are machined in the Outer Surface. 
A plurality of angled regularly Spaced slits are cut into the 
rotor blank material between annular grooves, the Slits 
defining the working Surfaces of the rotor blades, and the 
annular grooves Separating the rotor blades into distinct 
rows. The Slits may be formed by plunging a high Speed 
rotary saw blade radially into the rotor blank to the depth of 
a rotor blade. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

The present invention will hereinafter be described in 
conjunction with the appended drawing figures, wherein like 
numerals denote like elements, and: 

FIG. 1 is a cross-sectional view of an exemplary turbo 
molecular pump embodying the present invention; 

FIG. 1A is an enlarged view of a portion of FIG. 1; 
FIG. 2 is an exploded perspective view of the turbomo 

lecular pump embodiment shown in FIG. 1; 
FIG. 3 is a cross-sectional view of a drag Stage portion of 

a turbomolecular pump in accordance with the present 
invention; 

FIG. 4 is a cross-sectional view of a unique eddy current 
damper System; 
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4 
FIG. 5 is a cross-sectional view of a turbomolecular pump 

embodying the present invention, indicating the location of 
the rotor bearings relative to the rotor center of gravity; 

FIG. 6 is a plan view of the bladed portion of the 
turbomolecular pump rotor; 

FIG. 6A is an enlarged croSS Sectional view of a portion 
of the bladed rotor of FIG. 6; 

FIG. 7 is a perspective view of a partially machined rotor 
using a machining method in accordance with the present 
invention; and 

FIG. 8 is a plan view from within a machined helical 
groove in a rotor blank indicating the path of a Saw cutting 
operation. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

A turbomolecular pump according to embodiments of the 
present invention will be described below with reference to 
the drawing figures. Although the Subject invention is 
described herein in conjunction with the appended drawing 
figures, it will be appreciated that the Scope of the invention 
is defined entirely by the claims, and not limited to the 
specific embodiments shown and described. One skilled in 
the art will recognize that various modifications in the 
Selection and arrangement of parts, components, and pro 
cessing StepS may be made without departing from the Spirit 
and Scope of the invention as Set forth in the appended 
claims. 
AS shown in FIG. 1, a turbomolecular pump 8 according 

to a preferred embodiment of the present invention has a 
high vacuum end 2 for connecting to a chamber to be 
evacuated (not shown) and a low vacuum end 4 which 
typically exhausts to roughing pump (not shown). Where 
convenient the high vacuum and low vacuum ends will also 
be referred to herein as the front and rear ends or the forward 
and aft ends respectively. It should be also noted that radial 
and axial directions referred to herein correspond to the 
directions indicated by arrows R and A respectively in FIG. 
1. The turbomolecular pump 8 comprises a rotor 6 having a 
main Shaft 10, a cylindrical or tapered rotating bladed 
Section 12 in Surrounding concentric relation to Shaft 10, and 
a radial web 11 which connects shaft 10 and bladed section 
12 and causes integral rotation of the rotating bladed Section 
12 with the main shaft 10. A rear frame 18 is rigidly mounted 
inside an outer housing 20 at the aft end of the turbomo 
lecular pump 8, and has a Static cylindrical drag member 14 
which Surrounds the main shaft 10. A stator shroud 16 is 
fixedly disposed inside of housing 20 in Surrounding relation 
to the rotating cylindrical Section 12 of rotor 6. AS shown in 
FIG. 2, the shroud 16 may be formed in two separate halves 
to allow for assembly with rotor 6 and housing 20. Rotor 
blades 50 are integrally provided on the outer circumferen 
tial Surface of the rotating bladed Section 12, and Stationary 
vanes 52 which alternate with the rotating blades 50 are 
provided on the inner circumferential Surface of the Shroud 
16 (as best viewed in FIG. 1A). A blade pumping section 54 
which evacuates gas by the interaction of the blades 50 
rotating at a high Speed, and in cooperation with the Sta 
tionary vanes 52 is thus formed. 
A drive motor 23 for rotating the rotor 6 at high speeds is 

provided between the main shaft 10 and the cylindrical drag 
member 14. The motor 23 includes a rotating permanent 
magnet sleeve 26 fixed to shaft 10, preferably by means of 
a mechanical interference fit, and windings 28 Surrounded 
by a fixed permanent magnet 27 rigidly mounted to an inner 
bore of the drag member 14 of rear frame 18. At the aft end 
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of the main shaft 10 there is provided a mechanical ball 
bearing 32. The outer race of ball bearing 32 is press fit into 
a mating cavity in rear frame 18. It will be appreciated that 
other types of mechanical bearings with Suitable mechanical 
properties and capabilities may be utilized as well for 
bearing 32. 

The forward end of rotor 12 is supported by a passive 
magnetic bearing 34 comprised of a Stationary permanent 
magnet inner sleeve 36 and a rotating permanent magnet 
outer sleeve 38. The outer sleeve 38 is preferably press fit 
into an inner bore 40 of bladed section 12, and the inner 
sleeve 36 is mounted to a static front frame 42. Although 
sleeves 36, 38 are depicted in FIG. 1 as one continuous 
piece, it may be preferable to construct each sleeve using a 
plurality of Stacked together ring Sections instead. An 
example of Such a Stacked bearing arrangement is disclosed 
in U.S. Pat. No. 5,152,679 by Kanemitsu, the relevant 
portions of which are incorporated herein by reference. 
At the forward end of shaft 10 is an emergency main 

bearing 64. Preferably bearing 64 is a dry-lubricated ball 
bearing to minimize contamination of the gas flow. The 
clearances in bearing 64 are Set up Such that in normal use 
it does not carry any load. However, upon failure of the 
magnetic bearing 34, or large transient excursion of the shaft 
10, emergency bearing 64 will engage and prevent damaging 
contact from occurring between the rotating and Static parts 
of the pump. 

The front frame 42, best viewed in FIG. 2, is rigidly 
mounted inside the housing 20, and includes a bearing 
mount portion 44, struts 46, and outer frame portion 48. The 
Struts 46 Support the bearing mount portion 44, while 
allowing free flow of gas from the chamber being evacuated 
into the pump 8. Generally three struts 46 are sufficient, 
however additional Struts may be used without detracting 
appreciably from the performance of the pump. 

Referring now to FIG. 3, a drag stage 60 is formed 
between the outer circumferential Surface 56 of the static 
cylindrical drag member 14 and an inner circumferential 
surface 58 of the bladed section 12 of rotor 6, defining a 
narrow annular space therebetween. A spiral or helical 
groove 62 is provided along the Outer circumferential Sur 
face of the drag member 14. Due to the close proximity of 
the rotating Surface 58 to grooved Surface 56, gas entering 
the drag Stage at inlet end 64 is pumped by drag effect along 
the helical grooves to the outlet end 66. 

In operation, gas enters the turbomolecular pump 8 at the 
high vacuum (forward) end and is pumped by pumping 
Section 54 in forward-to-aft axial direction to the aft end of 
rotor 6. From there, the gas flow then reverses direction and 
enters the drag Stage 60 at the aft end, where it is then 
pumped in an axially aft-to-front direction to the forward 
end of the drag Stage 60. Upon exiting the drag Stage 60, the 
gas flow again reverses direction flowing past motor 23 in a 
forward-to-aft axial direction, and exhausting to the low 
vacuum end through exhaust ports 29 and 31. Thus a 
Serpentine gas flowpath is defined by the Structure of the 
preferred embodiment pump shown in FIG. 1 in which gas 
entering the high Vacuum end of the pump reverses direction 
twice before being exhausted at the low vacuum end. 

The present invention utilizes a unique eddy current type 
damping System 66, shown in FIG. 4, for maintaining 
Stability of the main magnetic bearing 34. The damping 
System consists of a rotating copper damper 68 in combi 
nation with two rotating magnets 70 and 72 at one end of 
bearing 34. The damper System may also include a Static 
damper 74 in combination with two static magnets 76 and 78 
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6 
at the opposite end of bearing 34. Eccentric excursions of the 
rotating components induce electrical currents in the copper 
dampers, with resulting forces acting always to center the 
rOtOr. 

The inventors have discovered in attempting to design 
turbomolecular pumps of Scaled down in Size and weight 
Sufficient to Satisfy the current needs, that the relative size 
and relative power consumption of the mechanical bearings 
increases as the pump Size decreases and pump Speed 
increases. The inventors further discovered that an efficient 
compact design utilizing a mechanical bearing could nev 
ertheless be achieved by incorporating design features that 
reduce the proportional load carried by the mechanical 
bearing, and bias the proportional load to the magnetic 
bearing. 
The loading bias toward the main magnetic bearing 34 

may be achieved in part by tailoring the axial placement of 
the bearings relative to the rotor center of gravity. In a 
preferred embodiment of the invention the main magnetic 
bearing 34 is located axially near the center of gravity of the 
rotor 12, relative to the mechanical bearing 32 which is 
axially located relatively far from the rotor center of gravity. 
Referring to FIG. 5, the ratio of the distance D1 (between the 
centerline 80 of the magnetic bearing 34 and the center of 
gravity 82 of the rotor 12) to the distance D2 (between the 
centerline 84 of mechanical bearing 32 and the center of 
gravity 82 of the rotor 12) is preferably between about 1/3 
and 1/1, and most preferably about 1/2. 
The desired relative bearing loading may also be achieved 

by Selective geometric positioning of the bearings 32, 34 
relative to the rotor 6. For example, as shown in FIGS. 1 or 
5, the magnetic bearing 34 is located closer to the geometric 
center of the rotor 6 than the mechanical bearing 32. In the 
embodiment shown, the magnetic bearing 34 is axially 
positioned entirely within the axial span of the rotating 
bladed section 12 of rotor 6, while the mechanical bearing 
32 is axially positioned entirely outside the axial span of 
bladed section 12. Thus, the rotor unbalance loads will in 
general be biased to the magnetic bearing. It will be appre 
ciated that either bearing could be shifted further toward the 
low vacuum end of the pump than the positions shown in the 
drawing figures to further bias the load toward the magnetic 
bearing 34. 
The rotor 6 of the present invention may be cylindrical, or 

alternatively tapered So as to form a conical shaped bladed 
section 12. Referring to the conical shaped rotor of FIG. 6, 
the diameter of the rotor measured at the tips of blades 50 
tapers from the high vacuum end to a Smaller diameter at the 
low vacuum end. In one preferred embodiment of a rotor 
having a conical rotating Section 12 that is 1.3 inches in axial 
length, the diameter of the rotor measured at the blade tips 
(DR) tapers from approximately 1.3 inches at the high 
Vacuum end to 0.9 inches at low vacuum end, or a taper of 
approximately 0.3 inches diameter per inch of axial length. 
Moreover, the inventors have determined that good results 
are achievable by using a taper in the range of 0.0 (not 
tapered), to 0.5 inches of blade tip diameter per inch of rotor 
axial length. It will be appreciated that the rotor need not 
necessarily taper Smoothly as depicted, but may instead 
taper in a Stepwise manner. For example, as shown in FIG. 
6A, the blade rows may taper in pairs whereby the diameter 
changes after every other blade row rather than every row. 
The diameter of the bladed section 12 at the root of blades 
50 may also taper from the high vacuum end to the low 
vacuum end, as best seen in FIGS. 1 and 5. In the embodi 
ment shown, the diameter at the blade roots tapers in a 
Stepwise fashion, although a Smoother taper or alternative 
Stepwise taper, or even no taper may work equally as well. 
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By the above described arrangements, a majority of the 
radial operating loading is carried by the magnetic bearing 
34. Consequently, the relative power consumption of the 
mechanical bearing is greatly reduced over that possible 
with Scaled down conventional turbomolecular pump 
designs using one or more mechanical bearings. In addition, 
a tapered design of the rotor provides for a more compact 
and lighter design. The tapering allows the magnetic bearing 
to be placed geometrically relatively near the high vacuum 
end of the rotor while maintaining the desired load bias 
toward the magnetic bearing, thereby leaving more room for 
the electric motor 33 and mechanical bearing 32. This results 
in less overall length of the pump 6, and consequently leSS 
weight. 

The blades 50 of bladed section 12 are preferably manu 
factured by a unique process that utilizes a single point 
cutting tool. In this process the blades are integrally 
machined from an axisymmetric metal rotor blank pre 
machined to an outside diameter, with a taper if desired, 
matching the desired finished blade tip diameters and taper. 
Referring now to FIG. 7, a series of helical cuts 80 are made 
in a rotor blank 81 using the Single point tool, the cuts 
extending axially from end to end of the rotor. The cuts 80 
define the working surfaces of the blades 50, and the angle 
C. of the helical cuts to the axial direction defines the pitch 
angle of the finished blades 50. The angle C. may also be 
varied along the axial length of the rotor as needed to 
ultimately produce blade rows with different blade angles. 
After all of the cuts 80 are complete a second single point 
tool cutting operation is performed in which a Series of 
Spaced apart annular channels 82 are formed. The annular 
channels 82 define the leading and trailing edges of the 
blades, and also define the annular gaps between blades 50 
into which the stator vanes 52 fit. The width and spacing of 
the annular channels 82 may also be varied as needed. 
An advantage of this process is that a Single numerical 

control lathe or similar tooling having spiral or thread 
cutting capability may be used for the entire operation, 
resulting in an extremely simple and fast blade machining 
process. In addition to time Savings, large cost Savings may 
be realized over the more typical multi-axis milling opera 
tions requiring complex computer controls and perhaps 
multiple cutting operations to complete the blade rows. 

Referring now to FIG. 8, in an alternative manufacturing 
technique, a high speed “slitting” saw blade 90 is used rather 
than the Single point tool. The Slitting Saw can be used in the 
Same manner as described above for the Single point tool, by 
cutting helical grooves 80, and then annular channels 82 to 
define the rotor blades 50. In a preferred method however, 
the Slitting Saw or a single point tool is first used to form the 
annular channels 82. The Slitting Saw is used to cut the 
working Surfaces of individual rotor blades by orienting the 
Slitting Saw at a desired blade angle C. and plunging the saw 
radially into the rotor blank to the depth of a rotor blade 50, 
and then raising the saw radially out of the rotor blank. The 
above individual blade cutting Step is repeated for each 
blade on each of the blade rows. As can be seen in FIG. 9, 
because of the size of the saw blade 90, each individual saw 
cut is wider than the blade being cut and the adjacent annular 
grooves 82, and in fact overruns into the adjacent blade 
rows. Consequently, the dimensioning of rotor blades 50 
must be Such that the Saw blade only cuts into Sacrificial 
material between blades of the adjacent upstream and down 
Stream blade rows, and not the rotor blades themselves. 
A Slitting Saw process of this type can be conveniently 

performed on a multi-axis milling machine having a rotary 
table. An advantage of Such a method is that the blade angle 
C. can be easily adjusted as desired from one blade row to the 
next. Also, the high Speed rotating Saw can cut much faster 
than a single point tool operation in which cutting Speed is 
limited to the rotation Speed of the workpiece. 
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8 
In another alternative manufacturing method, a long 

straight wire EDM is used instead of the slitting saw to cut 
the individual blades. As with the slitting saw method, the 
wire EDM cut also overruns axially the ends of the rotor 
blade being formed, and thus must be calculated to fall in the 
Space between blades of the adjacent blade rows. A typical 
cutting path of a wire EDM is indicated by dotted line 93 in 
FIG. 8. 

A turbomolecular pump according to the present inven 
tion is considerably Smaller, lighter, and operates at a 
considerably higher rotational Speed than known pumps. In 
a preferred embodiment, the maximum diameter of the rotor 
6 is between approximately 1 and 2 inches, preferably about 
1.5 inches; and the length of the rotor 6 is between about 1 
inch and 2 inches, and preferably about 1.5 inches. Because 
of the Small size, the total weight of Such a turbomolecular 
pump is less than 200 grams, and preferably less than 150 
grams. To produce an approximate range of Volumetric flow 
rates of pumped gas of between 1 and 10 liters per Second, 
the rotational velocity of the rotor is preferably between 
about 120,000 and 200,000 RPM. At these high speeds, 
power consumption is nevertheless much lower than in prior 
art turbomolecular pumps because of the design features 
discussed above, including the rotor loading bias favoring 
the non-contacting bearing. The power consumption of a 
pump in accordance with the present invention operating at 
the above described Speeds and pumping rates is between 
approximately 2 watts and 7 watts, and preferably about 4 
Watt.S. 

What is claimed is: 
1. A method of machining the rotor blades of a high Speed 

vacuum pump rotor, comprising the Steps of 
providing an axisymmetric rotor blank having an outer 

Surface; 
machining a plurality of closely spaced helical grooves in 

the outer Surface of the rotor blank extending along a 
desired pitch angle, the walls of the helical grooves 
defining the working Surfaces of the rotor blades, 

machining a plurality of adjacent annular grooves in the 
Outer Surface interSecting the helical grooves, the annu 
lar grooves Separating the rotor blades into distinct 
rows and defining the leading and trailing edges of the 
rotor blades. 

2. The method of claim 1, wherein the Steps of machining 
the helical grooves and machining the annular grooves are 
performed in a lathe operation, using a single point cutting 
tool for each Step. 

3. The method of claim 2, wherein the step of machining 
the helical grooves is performed first, and the Step of 
machining the annular grooves is performed Second. 

4. The method of claim 1, wherein the outer Surface 
profile of the rotor blank is conical. 

5. The method of claim 1, further comprising the step of 
varying the pitch angle of the helical grooves along the axial 
length of the rotor. 

6. A method of machining the rotor blades of a high Speed 
Vacuum pump rotor, comprising the Steps of: 

providing an axisymmetric rotor blank having an outer 
Surface; 

machining a plurality of adjacent annular grooves in the 
Outer Surface; 

cutting a plurality of angled regularly Spaced slits into the 
rotor blank material between annular grooves, the Slits 
defining the working Surfaces of the rotor blades, and 
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the annular grooves Separating the rotor blades into 
distinct rows. 

7. The method of claim 6, wherein the cutting step is 
performed using a high-Speed rotary Saw blade. 

8. The method of claim 7, wherein the cutting step is 
performed by plunging the Saw blade radially into the rotor 
blank to the depth of a rotor blade. 

9. The method of claim 6, wherein the cutting step is 
performed using a straight wire EDM. 
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10. The method of claim 6, further comprising the step of 

changing the angle of the slits on at least one row of blades 
is changed. 

11. The method of claim 6, wherein the slits formed in the 
cutting Step extend into the immediately adjacent blade rows 
upstream and downstream of the blade row being cut. 
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