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(54) Turbo-molecular pump

(57) A turbo-molecular pump of high safety and reli-
ability was presented, so that if an abnormal condition
should develop on the rotor side, it will not lead to dam-
age to the stationary portions such as the stator or
pump casing to cause loss of vacuum in a vacuum
processing system.

The turbo-molecular pump comprises: a rotor; a
stator assembly surrounding the rotor; and a casing por-
tion surrounding the stator assembly, wherein at least a
partial clearance is formed between the stator assembly
and the casing portion, so that, when an abnormal
torque is applied from the rotor to the stator assembly,
direct impact transmission is prevented from the stator
assembly to the casing portion.
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Description

BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a turbo-
molecular pump for evacuating gas by using a high
speed rotor.

Description of the Related Art

[0002] An example of a conventional turbo-molecu-
lar pump is shown in FIG. 25. The turbo-molecular
pump is comprised by a cylindrical pump casing 14
housing a vane pumping section L4 and a groove pump-
ing section L, which are constituted by a rotor (rotation
member) R and a stator (stationary member) S. The
bottom portion of pump casing 14 is covered by a base
section 15 which is provided with an exhaust port 15a.
The top portion of pump casing 14 is provided with a
flange section 14a for coupling the pump to an appara-
tus or a piping to be evacuated. Stator S comprises a
stator cylinder section 16 provided upright at the center
of the base section 15, fixed sections of vane pumping
section L4 and groove pumping section L.

[0003] Rotor R is comprised by a rotor cylinder sec-
tion 12 attached to a main shaft 10 which is inserted into
stator cylinder section 16. Between main shaft 10 and
stator cylinder section 16 are constituted a drive motor
18, an upper radial bearing 20 and a lower radial bear-
ing 22 disposed on the upper and lower sides of drive
motor 18 respectively. Under main shaft 10, there is an
axial bearing 24 having a target disk 24a at the bottom
end of main shaft 10 and an upper and a lower electro-
magnets 24b on the stator S side. In this configuration,
a high speed rotation of rotor R is supported under a
five coordinate active control system.

[0004] Rotor vanes 30 are provided integrally with
the upper external surface of rotor cylinder section 12 to
form an impeller, and on the inside of pump casing 14,
stator vanes 32 are provided in such a way to alternately
interweave with rotor vanes 30. These vane members
constitute vane pumping section L4 which carries out
gas evacuation by cooperative action of the high speed
rotor vanes 30 and stationary stator vanes 32. Below
vane pumping section L4, groove pumping section L, is
provided. Groove pumping section L, is comprised by a
spiral groove section 34 having spiral grooves 34a on
the outer surface of the bottom end of rotor cylinder sec-
tion 12, and stator S comprises a spiral groove section
spacer 36 surrounding spiral groove section 34. Gas
evacuation action of groove pumping section L, is due
to the dragging effect of spiral grooves 34a of spiral
groove section against gases.

[0005] By providing groove pumping section L, at
downstream of vane pumping section L4, a wide-range
turbo-molecular pump can be constructed so as to ena-
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ble evacuation over a wide range of gas flow rates using
one pumping unit. In this example, the spiral grooves of
groove pumping section L, are provided on the rotor
side of the pump structure, but some pumps have the
spiral grooves formed on the stator side of the pump
structure.

[0006] Such turbo-molecular pumps are assembled
as follows. Firstly, groove pumping section spacer 36 is
attached by coupling the lower surface of step 36a to
protruded ring section 15b formed on base section 15.
Next, rotor R is fixed in some position, and stator vanes
32, which are normally split into two half sections, are
clamped around to interweave between rotor vanes 30.
This is followed by placing a stator vane spacer 38, hav-
ing steps on its top and bottom regions, on top of the
clamped rotor vane 30. This assembling step is
repeated for each rotor vane 30 to complete the assem-
bly of stator vanes 32 around rotor R.

[0007] Lastly, pump casing 14 is attached by sliding
it around the layered stator vane structure and fixing
flange 14b to the base of stator S by fasteners such as
bolts, thereby pressing the top stator vane spacer 38
firmly against stepped surface 14c on the inside surface
of pump casing 14 and binding the entire layered
assembly and groove pumping section spacer 36. It can
be understood from this assembly structure that the
peripheries of each of stator vanes 32 are pressed
together by stator vane spacers 38 located above and
below, and similarly groove pumping section spacer 36
is pressed down by the lowermost stator vane 32, stator
vane spacer 38 and protrusion section 15b of base sec-
tion 15, so that the axially applied pressing force pre-
vents induced rotation of stator vanes 32 and groove
pumping section spacer 36 with rotor R in the circumfer-
ential direction.

[0008] Also, though not shown in the drawing,
sometimes groove pumping section spacer 36 is fas-
tened to stator cylinder section 16 of stator S by bolts to
assure such fixation.

[0009] In such turbo-molecular pumps, abnormal
rotation caused by eccentricity of rotor R may some-
times occur, and they may be accompanied by damag-
ing of rotor R itself, especially rotor cylinder section and
rotor vanes 30. In such a case, the stator structure can
also be subjected to significant circumferential or radial
force by rotor R and its fragment, which may impact on
not only stator vanes 32 but stator vane spacers 38 and
groove pumping section spacer 36.

[0010] Such abnormal force can cause not only
deformation of stator vanes 32 and spacers 36, 38, but
can cause fracture of pump casing 14 and stator cylin-
der section 16, or damage to their joints or severing of
vacuum connections attached to the pump. Such dam-
age and severing to any parts of stator S cause break-
age of vacuum in the whole processing system
connected to and evacuated by the pump not only to
damage the system facilities and in-process goods, but
also to lead to accidental release of gases in the system
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to outside environment.

SUMMARY OF THE INVENTION

[0011] It is an object of the present invention to pro-
vide a turbo-molecular pump of high safety and reliabil-
ity so that if an abnormal condition should develop on
the rotor side, it will not lead to damage to the stator or
pump casing to cause loss of vacuum in a vacuum
processing system.

[0012] The present invention is a turbo-molecular
pump comprising: a rotor; a stator assembly surround-
ing the rotor; and a casing portion surrounding the sta-
tor assembly, wherein at least a partial clearance is
formed between the stator assembly and the casing
portion, so that, when an abnormal torque is applied
from the rotor to the stator assembly, direct impact
transmission is prevented from the stator assembly to
the casing portion. Accordingly, when an abnormal
torque is transmitted to the stator assembly due to some
abnormal condition developing in the rotor side, the
direct transmission of the impact from the stator assem-
bly to the casing portion is prevented so that damage to
casing portion itself and the vacuum connections to the
exterior devices can be avoided. The casing portion
means the portion constructing an outer envelope for
the turbo molecular pump including the above-men-
tioned pump casing 14 or base section 15.

[0013] The turbo-molecular pump may further com-
prise a reinforcing member for reinforcing the stator
assembly. This is because it is preferable to compen-
sate the lowered strength of the stator assembly due to
formation of the clearance between the stator assembly
and the casing portion. The reinforcing member may be
a cylindrical member arranged between the stator
assembly and the casing portion. Also, the reinforcing
member may be made to combine the elements consti-
tuting the stator assembly.

[0014] The stator assembly may comprise a
stacked configuration for fixing the stator vanes in a
vane pumping section, and the reinforcing member may
be axially aligned to penetrate the stacked configura-
tion. The reinforcing member may be made of a material
capable of absorbing impact generated by abnormal
torque through its deformation or fracture. The reinforc-
ing member may be comprised of a hollow pipe.

[0015] The turbo-molecular pump may further com-
prise a slide facilitating member for facilitating the stator
assembly to slide in a circumferential direction relative
to the casing portion. Accordingly, the slide facilitating
member facilitates the stator assembly to rotate when
an abnormal torque is applied from the rotor to the sta-
tor, and to absorb the impact energy thereby to prevent
transmission of torque to the casing portion, so as to
prevent the breakage of the stator assembly and its con-
nections with the exterior devices. The slide facilitating
member may be a low friction member provided
between the stator assembly and the casing portion.
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The slide facilitating member may be a support struc-
ture for rotatably supporting the stator assembly.

[0016] An impact absorbing member may be pro-
vided between the stator assembly and the casing por-
tion. The stator assembly may have a multiple structure.
The turbo-molecular pump may further comprise a tem-
perature adjusting mechanism for directly or indirectly
heating or cooling the stator assembly.

[0017] Another aspect of the present invention is a
turbo-molecular pump comprising: a casing portion
housing a stator and a rotor therein; and a vane pump-
ing section and/or a groove pumping section comprised
by the stator and the rotor, wherein an impact absorbing
structure is provided in at least a part of the stator, the
impact absorbing structure being arranged to coopera-
tively work or interlockingly move with the rotor to
absorb impact loaded on the stator when abnormal
torque is applied from the rotor to the stator.

[0018] Accordingly, when an abnormal torque is
transmitted to the stator assembly due to some abnor-
mal condition developing in the rotor side, the impact
absorbing structure cooperatively works with the rotor to
absorb the rotational energy of the rotor, as well as to
prevent transmission of torque to the casing portion, so
as to prevent the breakage of the casing portion and its
connections with the exterior devices.

[0019] The impact absorbing structure may com-
prise an inner casing surrounding the vane pumping
section and/or a groove pumping section. The inner
casing prevents the fragments of the rotor from scatter-
ing when the pump is in an abnormal operation, and
also absorbs the impact energy by deforming itself
thereby to act to minimize the affect on the casing por-
tion.

[0020] A clearance may be provided between the
inner casing and the casing portion. This facilitates the
inner casing to smoothly rotate while preventing it from
hard contacting with the casing portion, when an abnor-
mal torque is transmitted from the rotor to the stator due
to some abnormal condition developing in the rotor, thus
absorbing the rotating energy of the rotor. Even when
the inner casing somewhat deforms, torque transmis-
sion to the casing portion is prevented to avoid the
breakage of the casing portion or its connections with
the exterior.

[0021] The inner casing may be fixed by fitting a
part of an inner surface or an outer surface of the inner
casing to a cylindrical portion of the stator or to the cas-
ing portion. Thus, when an abnormal torque is transmit-
ted from the rotor to the stator due to some abnormal
condition developing in the rotor, the inner casing
rotates by being guided by the cylindrical portion of the
stator or to the casing portion thereby suppressing
transmission of a large rotational torque to the casing
portion.

[0022] The impact absorbing structure may com-
prise a friction reducing mechanism intervening
between the inner casing and the stator or the casing
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portion. This facilitates rotation of the inner casing so as
to prevent the impact due to rotor fracture from being
transmitted to the casing portion.

[0023] As for such impact absorbing structure, not
only an inherent low friction material such as tetrafluor-
oethylene polymer, but mechanical bearings such as a
ball bearing or a roller bearing can be used. Accord-
ingly, when an abnormal torque is developed by an
abnormal situation in the rotor, the bearing in the impact
absorbing structure cooperatively rotates with the rotor
to absorb the rotational energy of the rotor thereby to
prevent a large rotational torque from being further
transmitted to the casing portion.

[0024] The mechanical bearing can be located in a
groove pumping section which includes a large space
between the casing portion and outside of the rotor, so
that the impact absorbing structure can be assembled
without increasing the overall dimension of the turbo-
molecular pump. Also, when using more than two bear-
ings, it is preferable, for the purpose of enhancing sup-
porting ability for the inner casing against loaded impact
thereon, to locate one of them close to intake port of
vane pumping section, and the other close to exhaust
port of the spiral groove pumping section, thereby pro-
viding a wide axial distance therebetween.

[0025] The impact absorbing structure may com-
prise an impact absorbing member provided between
the stator in the vane pumping section and/or groove
pumping section and the inner casing. Accordingly, the
member can absorb and moderate the radial and cir-
cumferential impact forces due to collision of the frac-
tured rotor fragments, so as to prevent deformation of
the inner casing or damaging of supporting structures
for the inner casing, thus reducing the impact force
transmission to the casing portion.

[0026] The impact absorbing structure may be
formed as a connected structure of inner and outer por-
tions respectively located in- and outside the rotor.
Since the fragments of the fractured rotor are scattered
outwardly to collide with the outer portion outside the
impact absorbing structure thereby to deform it, thus the
large impact force and rotational torque is reduced. On
the other hand, the fragments scarcely collide with the
inner portion inside the rotor, so it does not deform and
maintains its original shape. Therefore, the impact
absorbing structure can be rotated as a whole by being
guided by the inner portion, thereby enabling to prevent
large impact force and rotational torque from being
transmitted to the casing portion.

[0027] The impact absorbing structure may be pro-
vided at the upstream of vane pumping section, so that
it is located where it is not affected by scattering frag-
ments of the rotor. Although the upstream area of vane
pumping section basically does not need the rotor, it is
preferable to extend the rotor to the upstream side as
necessary. In this case, it is necessary to assure a suf-
ficient flow passage area in order not to interfere the
pumping operation itself.
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[0028] In the impact absorbing structure, a sealing
section may be provided in at least a part of a neighbor-
ing space with the casing portion or stator. Accordingly,
it is possible to prevent generation of reverse flow flow-
ing from discharge side to intake side in the impact
absorbing structure which does not perform any pump-
ing action. The sealing section also serves to protect the
mechanical bearing from corrosive gases or by-product
materials.

[0029] The inner casing and/or the casing portion
may be comprised by a high thermal conductivity mate-
rial. When the pump comprises double casings, the
space between the inner and outer casings puts the
inner casing in a vacuum and thermally isolated state.
Thus, the generated heat within the vacuum pump (heat
generated through gas agitation by the rotor or heat
generated in the motor) cannot be released to the exte-
rior effectively, resulting in raising of inner temperatures
and narrowing of operation ranges of the pump for gas
flow rate and pressure. By constructing the inner casing
and/or casing portion by a high thermal conductivity
material (aluminum alloys or copper alloys), dissipation
of the heat inside the pump can be effectively performed
to expand the operation range of the pump. It is also
permissible to enhance the heat transfer between the
inner casing and casing portion, by providing a high
thermal conductivity heat transfer member therebe-
tween, or by putting the inner casing and casing portion
in a close contact at least partially.

[0030] The turbo-molecular pump may further com-
prise a temperature adjusting mechanism for directly or
indirectly heating or cooling the inner casing. By provid-
ing a heater or a cooling water pipe to the inner casing,
it is possible to provide a local temperature control for
raising or cooling the temperature at desired location of
the pump. It can prevent generation of by-product mate-
rial within the pump during specific processes and
expands the operational range of the pump.

[0031] The vane pumping section may comprise a
stacked configuration for fixing the stator vanes of the
vane pumping section, and the impact absorbing struc-
ture may comprise a bar member axially penetrating the
vane pumping section and capable of absorbing an
impact generated by abnormal torque through its self
deformation or by fracturing. Accordingly, in the normal
operation, the bar member maintains rigidity of the
apparatus, and when the abnormal torque due to abnor-
mal situation in the rotor is transmitted to the stator
vanes, it deforms to allow the stator assembly to deform
in a shearing direction, and concurrently absorbs the
impact energy through its deformation. Thus, the bar
member prevents the transmission of abnormal torque
to the casing portion to avoid the fracture of the casing
portion and its connections with exterior devices.
[0032] The vane pumping section may comprise a
multiple structure. Accordingly, by constructing the vane
pumping section at least partially as a multiple struc-
ture, it is possible to enhance its rigidity and impact
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absorbing ability.

[0033] The bar member may comprise a hollow
pipe. Accordingly, it is possible to reduce weight while
maintaining its rigidity and energy absorbing character-
istics required for the bar member.

[0034] The stator assembly may be attached to the
casing portion by way of a friction reducing mechanism.
The turbo-molecular pump may further comprise a tem-
perature adjusting mechanism for directly or indirectly
heating or cooling the stator portion in the vane pump-
ing section and/or the groove pumping section.

[0035] In another aspect of the present invention, a
turbo-molecular pump may comprise: a rotor; a stator
assembly surrounding the rotor; a casing portion sur-
rounding the stator assembly; and a constriction releas-
ing structure for releasing constriction of the stator
assembly when an abnormal torque is applied to the
stator assembly from the rotor. Accordingly, since the
stator assembly can slide easily within the casing por-
tion, the impact transmitted to the stator assembly is
prevented from being transmitted directly to the casing
portion, and the energy is absorbed in a sliding process.
[0036] In another aspect of the present invention, a
turbo-molecular pump may comprise: a rotor; a stator
assembly surrounding the rotor; a casing portion sur-
rounding the stator assembly; and an impact absorbing
structure for absorbing impact transmitted to the stator
assembly when an abnormal torque is applied to the
stator assembly from the rotor. Accordingly, the impact
transmitted to the stator assembly is prevented from
being transmitted directly to the casing portion, and the
energy is absorbed by the impact absorbing structure.
[0037] In another aspect of the present invention,
turbo-molecular pump may comprise: a rotor; a stator
assembly surrounding the rotor; a casing portion sur-
rounding the stator assembly; and a reinforcing member
for reinforcing the stator assembly. Accordingly, the sta-
tor assembly is reinforced and equipped with sufficient
strength and energy absorbing ability.

[0038] In another aspect of the present invention,
turbo-molecular pump may comprise: a rotor; a stator
assembly surrounding the rotor; a casing portion sur-
rounding the stator assembly; and a rotation facilitating
structure for facilitating rotation of the stator assembly
relative to the casing portion when an abnormal torque
is applied to the stator assembly from the rotor. Accord-
ingly, since the stator assembly can slide easily within
the casing portion, the impact transmitted to the stator
assembly is prevented from being transmitted directly to
the casing portion, and the energy is absorbed in a slid-
ing process. The rotation facilitating structure may be
comprised by a low friction member provided between
the stator assembly and casing portion, or a supporting
mechanism rotatably supporting the stator assembly.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0039]

FIG. 1 is a cross sectional view of a turbo-molecular
pump of another embodiment according to the
present invention;

FIG. 2 is a cross sectional view of a variation of the
pump shown in FIG. 1;

FIG. 3 is a cross sectional view of another variation
of the pump shown in FIG. 1;

FIG. 4 is a cross sectional view of a turbo-molecular
pump of another embodiment according to the
present invention;

FIG. 5 is a cross sectional view of a variation of the
pump shown in FIG. 4;

FIG. 6 is a cross sectional view of another variation
of the pump shown in FIG. 4;

FIG. 7 is a cross sectional view of a turbo-molecular
pump of another embodiment according to the
present invention;

FIG. 8 is a cross sectional view and a perspective
view of another embodiment of the impact absorb-
ing member;

FIG. 9 shows a cross sectional view of a turbo-
molecular pump of another embodiment according
to the present invention;

FIG. 10 is a top view of a turbo-molecular pump
shown in FIG. 9;

FIG. 11 is a cross sectional view of a turbo-molecu-
lar pump of another embodiment according to the
present invention;

FIG. 12 is a top view of a turbo-molecular pump
shown in FIG. 11;

FIG. 13 is a cross sectional view of a turbo-molecu-
lar pump of another embodiment according to the
present invention;

FIG. 14 is a cross sectional view of another embod-
iment of the mechanical bearing;

FIG. 15 is a cross sectional view of a turbo-molecu-
lar pump of another embodiment according to the
present invention;

FIG. 16 is a cross sectional view of a turbo-molecu-
lar pump of another embodiment according to the
present invention;

FIG. 17 is a partially enlarged view of a turbo-
molecular pump shown in FIG. 16;

FIG. 18 is a cross sectional view of a turbo-molecu-
lar pump of another embodiment according to the
present invention;

FIG. 19 is a cross sectional view through a plane X-
Xin FIG. 18;

FIG. 20 is a cross sectional view of a turbo-molecu-
lar pump of another embodiment according to the
present invention;

FIG. 21 is a cross sectional view of a turbo-molecu-
lar pump of another embodiment according to the
present invention;
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FIG. 22 is a partial cross sectional view of a turbo-
molecular pump of another embodiment according
to the present invention;

FIG. 23 is a partial cross sectional view of a turbo-
molecular pump of another embodiment according
to the present invention;

FIG. 24A is a cross sectional view of an embodi-
ment of the impact absorbing member;

FIG. 24B is a cross sectional view of another
embodiment of the impact absorbing member; and
FIG. 25 is a cross sectional view of a conventional
turbo-molecular pump.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] In the following, preferred embodiments will
be presented with reference to the drawings. FIG. 1
shows a first embodiment of the turbo-molecular pump
according to the present invention. In this embodiment,
an inner casing (impact absorbing structure) 142 is con-
structed by a lower inner casing 140 and an upper inner
casing 141 respectively shaped cylindrically, which fixes
stator vanes 32 and stator vane spacers 38 therein.
[0041] That is, upper inner casing 141 houses a
stacked or layered assembly comprising stator vanes 32
and stator vane spacers 38 by suppressing the stacked
assembly by a stepped surface 141a while being fixed
to lower inner casing 140 by fitting the lower edge to an
annular protrusion 140a formed on the upper edge of
lower inner casing 140. Lower inner casing 140 also
functions as a spiral groove section spacer to constitute
groove pumping section L2 together with spiral groove
section 34 of rotor cylinder section 12.

[0042] The outer diameter of inner casing 142 is set
to be smaller than the inner diameter of pump casing 14
so as to form a clearance T therebetween. Inner casing
142 is fixed only by fitting the inner surface of its lower
edge to the outer surface of a cylindrical large diameter
portion 145a formed on stator cylinder section 145 of
stator S. Such arrangement facilitates inner casing 142
to be dragged to rotate when the abnormal torque is
transmitted to stator vanes 32 or lower inner casing (spi-
ral vane section spacer) 140 to absorb the impact, so as
to prevent such impact to be loaded to the stator system
especially to pump casing 14.

[0043] The turbo-molecular pump is operated by
connecting flange 14a to a vacuum process chamber,
for example, and when rotor R is under abnormal rota-
tion or fractured, rotor R will contact with stator vanes 32
or lower inner casing 140 to transmit the rotational
torque to inner casing 142. Thus, inner casing 142 is
loaded with a large force, and the stacked assembly of
stator vanes 32 or inner casing 142 will partially deform
to absorb the impact. Since clearance T is formed
between inner casing 142 and pump casing 14, even
when a part of inner casing 142 is broken or deformed,
the impact is not directly transmitted to pump casing 14
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so as to prevent breakage of pump casing 14 or its con-
nection with other facilities or devices.

[0044] When a larger impact is transmitted, due to
weak engagement with the stator system, fitting
between inner casing 142 and large diameter portion
145a is released, and inner casing 142 is dragged to
rotate by being guided by large diameter portion 145a
so as further to absorb and dissipate the impact.

[0045] Here, description was made for an embodi-
ment having a clearance T between inner casing 142
and pump casing 14, it is also effective to fill the clear-
ance with an impact absorbing member so that the
impact can be more positively absorbed. The impact
absorbing member 186 can be made of relatively soft
materials such as metal, high polymer, or composite
materials thereof, as described above with reference to
FIGS. 24A, 24B, or as will be described hereinafter with
reference to FIG. 8.

[0046] Although inner casing 142 has a single layer
configuration in FIG. 1, it is preferable, in order to mod-
erate the impact caused by collision of rotor fragments
or to reinforce inner casing 142 itself, to construct inner
casing 142A having a multiple cylindrical (more than
double cylinder) construction comprising an outer sec-
ondary inner casing 142a around inner casing 142 of
FIG. 1, as shown in FIG. 2.

[0047] FIG. 3 shows a variation of the turbo-molec-
ular pump of FIG. 1. In this embodiment, a friction
reducing structure 143 is provided between the inner
surface of lower inner casing 140 and outer surface of
large diameter portion 145a of stator cylinder section
145. For such friction reducing structure 143, low-fric-
tion structures comprised by ball bearings or rod bear-
ings may be used, as well as a member made of an
inherently low friction material such as tetrafluoroethyl-
ene polymer.

[0048] In this turbo-molecular pump, friction reduc-
ing structure 143 provided between lower inner casing
140 and large diameter portion 145a of stator cylinder
section 145 reduces the frictional force acting between
them so as to facilitate lower inner casing 140 to rotate
by being guided by large diameter portion 145a. Thus,
lower inner casing 140 has improved impact absorbing
ability so that it can effectively prevent abnormal rota-
tional torque, which is generated through breakage of
rotor R, from being transmitted to pump casing 14.
[0049] FIG. 4 shows another embodiment of the
present invention. In this embodiment, lower inner cas-
ing 146 has a double cylinder configuration comprised
by an outer cylindrical portion 146A located outside spi-
ral groove portion 34 of rotor R and an inner cylindrical
portion 146B located inside spiral groove portion 34,
which are connected at their bottoms through connect-
ing portion 146C. Thus, spiral groove portion 34 of rotor
cylinder section 12 rotates in a space between outer
cylindrical portion 146A and inner cylindrical portion
146B. On the upper inner surface of inner cylindrical
portion 146B, a protrusion 148 is formed inwardly to fit
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with outer surface 147a of stator cylinder section 147 of
stator S thereby to fix stator cylinder section 147.

[0050] Outer cylindrical portion 146A also functions
as a spiral groove section spacer to construct groove
pumping section L2 together with spiral groove section
34 of rotor cylinder section 12. A communicating hole
146D is formed in connecting portion 146C to communi-
cate groove pumping section L2 with exhaust port 15a.
Outer cylindrical portion 146A forms an inner casing
142 together with upper inner casing 141 having a
clearance between pump casing 14 as in an embodi-
ment of FIG. 1.

[0051] In this turbo-molecular pump, since the frag-
ments of fractured rotor R are scattered outwardly, inner
cylindrical portion 146B inside spiral groove section 34
is not likely to deform so that it can maintain the cylindri-
cal shape. Also, since protrusion 148 for fixing inner
casing 142 is in the furthest location from upper inner
casing 141 which is likely to be affected by abnormal
torque, the impact loaded on the upper inner casing 141
is damped in the transmission path so that shapes in the
fitting between protrusion 148 and outer surface 147a of
stator cylinder section 147 is also maintained for a rela-
tively long period.

[0052] Therefore, even after inner cylindrical portion
146B and outer surface 147a are disengaged, inner
casing 142 can rotate as a whole, by being guided by
those engagement surfaces, together with outer cylin-
drical portion 146A and upper inner casing 141, thereby
to suppress transmission of abnormal rotational torque
caused by rotor fracture to pump casing 14.

[0053] FIG. 5 shows a modification of the embodi-
ment shown in FIG. 4, in which inner cylindrical portion
146B is formed as lower inner casing 146, for construct-
ing inner casing 142, having a smaller thickness than
that shown in FIG.17, and a friction reducing member
184 made of a material such as tetrafluoroethylene pol-
ymer is inserted between the inner surface of inner
cylindrical portion 146B and outer surface 147a of stator
cylinder section 147 of stator S.

[0054] In this turbo-molecular pump, friction reduc-
ing member 184 provided between inner cylindrical por-
tion 146B and stator cylinder section 147 reduces the
frictional force acting between them so as to facilitate
inner cylindrical portion 146B to rotate by being guided
by stator cylinder section 147 together with outer cylin-
drical portion 146A or upper inner casing 141. Thus, it
can further reduce transmission of abnormal rotational
torque, which is generated through breakage of rotor R,
to pump casing 14.

[0055] FIG. 6 shows another modification of the
embodiment shown in FIG. 4, in which a mechanical
bearing such as a ball bearing or a roller bearing 185 is
used as the friction reducing structure instead of friction
reducing member 184 shown in FIG. 5, so that inner
cylindrical portion 146B etc. can be more easily rotated.
[0056] FIG. 7 shows a turbo-molecular pump of
another embodiment according to the present invention.
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In this embodiment, lower inner casing 150 and spiral
groove section spacer 151 are separately provided.
That is, the stacked assembly comprising stator vanes
32 and stator vane spacers 38, and spiral groove sec-
tion spacer 151 are fixedly held by lower inner casing
150 and upper inner casing 153, which are mutually fit-
ted to construct inner casing 152. Upper inner casing
153 comprises an annular suppressing portion 153a
protruding inwardly from the upper edge thereof.

[0057] An impact absorbing member 186 is pro-
vided between the inner surfaces of outer cylindrical
portion 150A and upper inner casing 153 and the outer
surfaces of each stator vane spacer 38 and spiral
groove section spacer 151, which is made of a material
such as relatively soft metal, high polymer, or composite
material thereof.

[0058] The lower inner casing is comprised by an
outer cylindrical portion 150A and an inner cylindrical
portion 150B connected by connecting portion 150C
comprising communicating hole 150D, as similar to FIG.
6. A friction reducing structure (mechanical bearing)
185 is provided between the inner surface of inner cylin-
drical portion 150B and outer surface 147a of stator cyl-
inder section 147 of stator S.

[0059] In this embodiment, since impact absorbing
member 186 is provided between outer cylindrical por-
tion 150A and upper inner casing 153, and each stator
vane spacer 38 and spiral groove section spacer 151,
additional effects to that of the embodiment of FIG. 6
are obtained such that, the amount of impact force
transmitted to inner casing 152 itself is reduced, which
has been transmitted from rotor R to stator vane spac-
ers 38 etc. The protection function of inner casing 152
has been improved, resulting in that clearance T
between upper inner casing 153 or outer cylindrical por-
tion 150A and pump casing 14 can be smaller to enable
the overall pump to be compact.

[0060] FIG. 8 shows another embodiment for
impact absorbing member 186 shown in FIG. 7, com-
prising axially elongated pipes 189 which are laterally
stacked into a cylindrical shape and arranged in a space
between inner casing 142 and stator vane spacer 38 or
spiral groove section spacer. The impact absorbing
member 186 of this embodiment has advantages of
enabling easy manufacturing of the pipe and easy
assembly of the turbo-molecular pump. Impact absorb-
ing member 186 is not limited to this embodiment, and
materials such as relatively soft metal, high polymer, or
composite materials thereof can be shaped into an
impact absorptive configuration such as honeycomb
structure or aggregate of simple spheres. It is preferable
to select corrosion resistant raw material in considera-
tion of evacuating corrosive gases, and a similar effect
can be obtained at a lower cost by applying corrosion
resistant surface treatment such as nickel coating.
[0061] FIGS. 9 and 10 show a turbo-molecular
pump of another embodiment according to the present
invention. In this embodiment, another impact absorb-
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ing structure 154 is additionally provided at the
upstream of vane pumping section L1, i.e., at the
entrance of the turbo-molecular pump shown in FIG. 7.
Specifically, an extended portion 10a is provided at the
top of main shaft 10, and an annular suppressing por-
tion 154a is formed at the top of upper inner casing 153.
Stay members 154b are provided to inwardly protrude
form annular suppressing portion 154a and are con-
nected to a ring shaped upper inner cylindrical portion
154c, which surrounds extended portion 10a with a
small gap t.

[0062] In the turbo-molecular pump, additional
effects can be obtained to that of FIG. 7, as follows. That
is, separate impact absorbing structure 154 is provided
at the upstream of vane pumping section L1, where
there are no rotor vanes 30 or stator vanes 32 so that it
is not affected by collision etc. resulting from fracture of
the vanes. Thus, suppressing portion 154a, stay mem-
ber 154b, upper inner cylindrical portion 154c can main-
tain their configuration, so that whole inner casing 152
can rotate about main shaft 10 for longer period while
sliding against extended portion 10a of main shaft 10
thereby to maintain the impact absorbing function for
longer period.

[0063] FIGS. 11 and 12 show a turbo-molecular
pump of another embodiment according to the present
invention. In this embodiment, impact absorbing struc-
ture 154 at the entrance is mounted on a shaft body
fixed to stator S, instead of rotor R, by way of friction
reducing structure. That is, the upper end of main shaft
10 is shorter, and bearing supporting member 190 is
provided to protrude inwardly from the top inner surface
of pump casing 14.

[0064] Bearing supporting member 190 comprises
an annular section 190a fixed to pump casing 14, stay
members 190b extending radially inwardly from annular
section 190a, a disc 190c connected to stay members
190b at the central region, and cylindrical shaft 190d
extending downward from disc 190c. On the other hand,
a rectangular plate-like stay members 154b is provided
to radially inwardly extend from annular suppressing
portion 154a of upper inner casing 153, and upper inner
cylindrical portion 154c is formed at the central region of
stay members 154b above main shaft 10. A mechanical
bearing (friction reducing mechanism) 192 is provided
between the outer surface of shaft body 190d and upper
inner cylindrical portion 154c.

[0065] In the turbo-molecular pump, since impact
absorbing structure 154 is attached around shaft body
fixed to stator S by way of friction reducing mechanism
192, it can more effectively function to maintain the rota-
tion of inner casing 152 than the embodiment shown in
FIG. 9.

[0066] FIG. 13 shows a modification of the embodi-
ment shown in FIG. 7, in which a lower inner casing 150
and upper inner casing 153, for constructing inner cas-
ing 152, have respective different outer diameters. That
is, lower inner casing 150 is not provided with inner
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cylindrical portion 150B so that lower inner casing 150
has a smaller outer diameter than upper inner casing
153. This is because stator S is loaded with a higher
stress from rotor R in spiral groove pumping section L2
than in vane pumping section L1 so that smaller diame-
ter in spiral groove pumping section L2 than in vane
pumping section L1 makes the turbo-molecular pump
operation more stable.

[0067] Likewise FIG. 7, an impact absorbing mem-
ber 186 is arranged in the spaces between upper inner
casing 153 and stator assembly comprising stator vane
spacers 38 of vane pumping section L1 or lower inner
casing 150 and spiral groove section spacer 151, which
is made from a coil-shaped pipe, respectively.

[0068] A friction reducing mechanism 196 compris-
ing two (upper and lower) mechanical bearings 194 are
provided in a space between lower inner casing 150
thus constructed and pump casing 14. Friction reducing
mechanism 196 has a larger diameter than the mechan-
ical bearing provided on stator cylinder section 147 side
shown in FIG. 7, so that it can support inner casing 152
more stably while it rotates when abnormal torque is
generated. Since mechanical bearing 194 is arranged in
a space between lower inner casing 150 and pump cas-
ing 14, impact absorbing structure can be assembled
without increasing the overall dimension of the turbo-
molecular pump.

[0069] Since these two bearings 194 receive a
large radial force when rotor R is fractured, it is prefera-
ble to enhance their supporting ability by providing a
wide axial distance therebetween thereby to avoid slant-
ing of inner casing 152. It is preferable to locate one
close to intake port of vane pumping section L1, and the
other close to exhaust port of spiral groove pumping
section L2, or more than three bearings can be provided
along the axial direction.

[0070] As for mechanical bearing 194, a deep
groove ball bearing or a roller bearing can be used for
exclusively receiving the radial direction load, but angu-
lar bearings can be used in a single or combined
arrangement to receive axial load potentially loaded in
case when rotor R is fractured. It is preferable, in case
of handling corrosive gases, to manufacture the bearing
from corrosion resistant material such as stainless
steel, or to apply surface treatment such as nickel coat-
ing to a less corrosion resistant material.

[0071] Mechanical bearing 194 can be constructed,
instead of using a readily assembled one, by forming
raceway surfaces 195 directly on the surfaces of pump
casing 14 and inner casing 152 and providing only balls
195a on the raceway surfaces when assembling
thereby to save the manufacturing cost.

[0072] In this embodiment, in order to prevent the
exhaust gas from reversely flowing from discharge side
to intake side or to protect the mechanical bearing from
corrosive gases, sealing members 200 are provided
between the uppermost stator vane spacer 38 of vane
pumping section L1 and suppressing member 198 pro-
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truding from inner surface of pump casing (outer casing)
14, and between lower inner casing 150 and stator. Seal
member 200 can be made as an O-ring or a sheet
formed from material such as fluoro rubber.

[0073] Since stator vane spacers 38 or spiral
groove section spacer 151 may be brought in contact
with pump casing 14 or stator S when inner casing 142,
152 are rotated to interfere with rotation, it is preferable
to reduce its radial direction thickness as much as pos-
sible so as to minimize the area of regions close to or in
contact with pump casing 14 or stator S. It is also pref-
erable to provide a local fragility structure (such as cir-
cumferential slot) so as to assure axial mechanical
disengagement of those members when an abnormal
torque is applied.

[0074] In the above described embodiments, suita-
ble thickness of inner casing 142, 152, or clearance T
between inner casing 142, 152 and pump casing 14 is
several millimeters (3mm ~ 10mm). Also, configuration
of the connection between upper inner casing 141, 153
and lower inner casing 140, 146, 150 shown in FIG. 15
is effective, in which the lower flange thickness t1 is
made as small as 3~5 mm and the bolts are inserted
radially from outside, because such configuration can
reduce the radial size of the pump as well as secure a
wide axial length between the bearings. Size of the bolt
is suitably M6 ~ M10, and number is suitably from sev-
eral to less than 50.

[0075] In the embodiments above, inner casing
142, 152, stator vanes 32 or stator vane spacers 38 are
loaded with impact in case of rotor fracture, so that
these elements should be made of materials with high
strength and high elongation such as stainless steel or
aluminum alloys. Especially aluminum alloys are effec-
tive in consideration of cost saving and weight reduction
of the pump. Also, use of aluminum alloys having high
specific strength for pump casing 14 is effective for
weight reduction. Stator vane spacer 38 can be made
into deformable shape by providing a circumferential
groove etc. so that the spacer itself can moderate the
impact force.

[0076] FIGS. 16 and 17 show a modification of the
embodiment shown in FIG. 13, in which a pump casing
14 has two sections having different outer diameters
corresponding to respective different diameters of vane
pumping section L1 and spiral groove pumping section
L2, i.e., groove pumping section L2 has a smaller diam-
eter than vane pumping section L1. That is, pump cas-
ing 14 comprises an upper pump casing 14A on the
intake side and a lower pump casing 14B below having
a smaller diameter. An impact absorbing member 186 is
provided between lower inner casing 150 and spiral
groove section spacer 151. Lower inner casing 150 is
supported at its upper and lower edges of the outer sur-
face by two mechanical bearings 194a, 194b.

[0077] A heat transfer member 202 made of a high
thermal conductivity material (such as aluminum alloy
or copper etc.) is arranged inside the upper flange of
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lower inner casing 150, which is in contact with a sec-
ond heat transfer member 204 attached to upper flange
14d of exhaust side pump casing 14B. On the other
hand, a cooling pipe 206 is provided in the vicinity of
upper flange 14d of exhaust side pump casing 14B for
flowing cooling water therein. Thus, heat generated by
rotor R when it agitates exhaust gas in the downstream
area of vane pumping section L1 is transferred to
exhaust side pump casing 14B via heat transfer mem-
bers 202, 204 to be dissipated. Therefore, the gener-
ated heat is effectively removed so that a wide operation
range (range for gas flow rate and pressure) for the
pump is obtainable. Even when rotor R is in an abnor-
mal situation and inner casing 152 is going to rotate, two
heat transfer members 202, 204 are separate so as not
to interfere with rotation thereby to reduce the gener-
ated torque.

[0078] On the other hand, a heater 208 for prevent-
ing the deposition of exhaust gas components is
assembled below spiral groove pumping section spacer
151. By adjusting the temperature by controlling the
heater 208, which is directly attached to the area of the
spiral groove section spacer of the spiral groove pump-
ing section vulnerable to such deposition, in combina-
tion with temperature sensing function, such deposition
is effectively prevented. In this embodiment, heater or
cooling pipe can be attached or heat transfer members
can be incorporated to inner casing 152 or its auxiliary
elements so that necessary localized temperature con-
trol is provided at desired location of the pump. It can
prevent generation of byproduct material within the
pump during specific processes thereby to expand the
operational range of the pump.

[0079] FIGS. 18 and 19 show a turbo-molecular
pump of another embodiment according to the present
invention, which differs from the conventional turbo-
molecular pump shown in FIG. 25 in that a vane pump-
ing section stator assembly 244, having a stacked con-
figuration comprising stator vane spacers 252 of vane
pumping section, is not in a close contact with pump
casing 14.

[0080] Vane pumping section stator assembly 244
is comprised by a plurality of annular stator vane spac-
ers 252 mutually stacked and holding stator vanes 32
therebetween. Stator vane spacers 252 comprises cir-
cumferential step 252a for facilitating mutual alignment
and preventing mutual displacement. The outer diame-
ter of stator vane spacer 252 is smaller than the inner
diameter of pump casing 14 so that a clearance T hav-
ing several millimeters (3mm ~ 10 mm) thickness is
formed therebetween.

[0081] Each of stator vane spacer 252 is formed
with apertures 262 (recesses 264a on the uppermost
stator vane spacer 252), so that axially extending
through holes 263 are formed when vane pumping sec-
tion stator assembly 244 is assembled by stacking sta-
tor vane spacers 252. A bar member (reinforcing bar)
242 having almost same length with vane pumping sec-
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tion stator assembly 244 and hollow cylindrical shape is
inserted in each of through holes 263 to penetrate stator
vane spacers. Bar member 242 may be solid or have
any shape, but a hollow pipe shape can provide a light
weight while maintaining necessary rigidity and specific
energy absorption characteristics. Bar member 242 has
almost the same outer diameter as the inner diameter of
through holes 263 in this embodiment, but a smaller
diameter may be applicable, or, by forming longitudinal
grooves on the outer surface, bar member may contact
partially with the inner surface of through holes 263.

[0082] Bar member 242 should have a mechanical
property such that it does not deform during normal
operating conditions to maintain the shape of vane
pumping section stator assembly 244, while, when an
impact torque is loaded due to abnormal contact of rotor
R, it absorbs the impact energy through its plastic defor-
mation or fracture. Therefore, material, dimension such
as diameter or thickness, shape of bar member 242, or
number to be installed in one stator assembly 244
should be determined in consideration of anticipated
magnitude of impact. Material such as stainless steel
having high toughness and high deformability is suita-
ble. Also, it may be a composite material comprising dif-
ferent materials combined together.

[0083] Spiral groove pumping section L2 comprises
a spiral groove section 34 of rotor cylinder section 12
and spiral groove section spacer 256 surrounding spiral
groove section 34. Spiral groove section spacer 256 is
attached to cylindrical lower inner casing 250 via cylin-
drical impact absorbing member 254 made of a material
such as relatively soft metal, high polymer or composite
material thereof. Lower inner casing 250 is slidably
mounted on pump casing 14 by being supported by two
vertically spaced mechanical bearings (friction reducing
mechanism) 258.

[0084] A flange 251 is outwardly protruding from the
upper portion of lower inner casing 250, and a recess
264b having the same diameter as and corresponding
locations to through holes 263 are formed on the upper
surface of flange 250. The tips of bar member 242 pro-
truding from the lower end of through holes 263 are
respectively inserted into recesses 264b so that vane
pumping section stator assembly 244 and lower inner
casing 250 are connected together to restrict relative
circumferential move, thereby to construct a pump sec-
tion stator assembly 265 separate from pump casing
14.

[0085] These two bearings 258 are widely distant to
each other in an axial direction so that supporting per-
formance is enhanced for holding pump section stator
assembly 265, thus, it would not tilt even a large radial
impact force is loaded when rotor R is fractured. In order
to establish this, one bearing may be located adjacent
the intake port of vane pumping section L1, that is, on
the outer surface of vane pumping section stator
assembly 244, and the other adjacent the exhaust port
of spiral groove pumping section L2. Also, more than
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three bearings may be provided along the axial direc-
tion. In this embodiment, since the spaces for installing
bearings 258 is defined by taking advantage that spiral
groove pumping section L2 has smaller diameter than
vane pumping section, it is not necessary to increase
the overall diameter of the pump thereby to maintain its
compactness.

[0086] As for mechanical bearing 258, a deep
groove ball bearing or a roller bearing can be used for
exclusively receiving the radial direction load, but angu-
lar bearings can be used in a single or combined
arrangement to receive axial load potentially loaded
when rotor R is fractured. It is preferable, in case of han-
dling corrosive gases, to manufacture the bearing from
corrosion resistant material such as stainless steel, or
to apply surface treatment such as nickel coating to a
less corrosion resistant material.

[0087] Assembling such pumping section stator
assembly 265 is basically similar to that of conventional
one shown in FIG. 25. That is, a stator vane 32 compris-
ing two half sections is arranged on the upper surface of
lower inner casing 250 from both sides, then stator vane
spacer 252 is mounted by fitting thereon, further, a sta-
tor vane 32 is built in from both sides of rotor vanes 30,
and stator vane spacer 252 is mounted by fitting ther-
eon. This assembling step is repeated to complete the
stacked assembly of stator vanes 32 surrounding rotor
R. Pumping section stator assembly 265 is inserted into
pump casing 14 from the bottom side thereof, which is
then covered with base section 15. Thus, pumping sec-
tion stator assembly 265 is fixed between suppressing
member 260 protruding from upper inner surface and
base section 15.

[0088] In this embodiment, seal members 266 are
provided between the uppermost stator vane spacer
252 and suppressing member 260 of pump casing 14,
or lower inner casing 250 and stator for preventing the
exhaust gas from reversely flowing from exhaust side to
intake side or protecting mechanical bearings 258. Seal
member 266 is, for instance, an O-ring or a sheet
formed from material such as fluoro rubber.

[0089] In this embodiment, since vane pumping
section stator assembly 244 (stator vane spacers 252
and stator vanes 32) and lower inner casing 250 for con-
structing pumping section stator assembly 265 are
loaded with impact in case of rotor fracture, these ele-
ments should be made of a material with high strength
and high elongation such as stainless steel or aluminum
alloys. Especially aluminum alloys are effective in con-
sideration of cost saving and weight reduction of the
pump. Also, use of aluminum alloys having high specific
strength for pump casing 14 is effective for weight
reduction of the pump.

[0090] The turbo-molecular pump is operated by
connecting flange 14a to a vacuum process chamber or
conduits thereto, for example, and when rotor R is frac-
tured or under abnormal rotation, rotor R will contact
with stator vanes 32 or spiral vane section spacer 256
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and its rotational torque will be transmitted to vane
pumping section stator assembly 244 or lower inner
casing 250, i.e., pumping section stator assembly 265.

[0091] Here, in vane pumping section L1, impact is
loaded to some of stator vanes 252 in a peripheral
direction which is then loaded to bar members 242 to
deform or fracture it. Since bar members 242 plastically
deform or fracture to absorb the impact energy thereby
to prevent impact from being transmitted to pump cas-
ing 14. Since clearance T is provided between vane
pumping section stator assembly 244 and pump casing
14, even if vane pumping section stator assembly 244
has deformed to some degree, the impact would not be
transmitted directly to pump casing 14. Therefore, frac-
turing of pump casing 14 itself or connections between
pump casing 14 and external devices will be prevented.
[0092] Concurrently with, or before or after this
deformation of bar members 242, pumping section sta-
tor assembly 265 is dragged to rotate by rotating rotor
R. Pumping section stator assembly 265 is rather
weakly engaged to pump casing 14 because it is held
only through seal member 266 from top and bottom
ends. Also, mechanical bearings 258 are intervened
between pumping section stator assembly 265 and
pump casing 14. Thus, pumping section stator assem-
bly 265 is easily dragged to rotate by rotor R thereby to
further absorb the impact. Here, clearance T is provided
between stator vane spacers 252 and pump casing 14,
impact would not be transmitted directly to pump casing
14 even when pumping section stator assembly 265 is
dragged to rotate. In spiral groove pumping section L2,
impact force transmitted from rotor R to lower inner cas-
ing 250 is moderated by impact absorbing member 254.
Deformation and dragging of pumping section stator
assembly 265 do not always happen concurrently, and
only one of them may happen depends on cases, which
can be set according to assumed magnitude of potential
impact.

[0093] FIG. 20 shows another embodiment accord-
ing to the present invention, in which stator vane spac-
ers 252 do not comprise the step on their upper or lower
surface for fitting into neighboring stator vane spacer.
Thus, mutual positioning of stator vane spacers 252 in a
radial direction is performed only by bar members 242,
providing weaker constraint therebetween. Other con-
struction is same as the previous embodiment.

[0094] In this embodiment, stator vane 32 can slide
in a radial direction as well as peripheral direction when
fragments of rotor R collide with stator vane spacers
252. Thus, bar members 242 deform or fracture in both
radial and peripheral directions thereby to absorb a
larger amount of impact energy. Since stator vane spac-
ers 252 are not provided with fitting steps requiring a
high precision machining, they can be easily manufac-
tured to raise productivity.

[0095] FIG. 21 shows another embodiment accord-
ing to the present invention, in which, as similar to the
embodiment shown in FIGS. 16 and 17, necessary tem-
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perature control is provided at desired location of the
pump thereby to prevent generation of byproduct within
the pump during given process to enlarge the opera-
tional range.

[0096] FIG. 22 shows a further embodiment
according to the present invention where stator assem-
bly comprises a double cylinder construction corre-
sponding to configuration that the rotor vanes in the
exhaust side have a smaller diameter than the intake
side in vane pumping section L1. In the drawing, a
detailed illustration for a magnetic bearing and motor
section for supporting and rotating the rotor is omitted.
Vane pumping section stator assembly 244a, 244b are
comprised by outer and inner stator vane spacers 252A,
252B and bar members 242 respectively penetrating
stator vane spacers 244a, 244b. It is necessary to con-
struct inner stator vane spacers 252B, likewise outer
stator vane spacers 252A, from plural segmentations in
order to house stator vanes 32 therein. Assembly of
turbo-molecular pump according to this embodiment is
performed by, firstly, forming vane pumping section sta-
tor assembly 244b, and then assembling it inside outer
vane pumping section stator assembly 244a formed
from outer stator vane spacers 252A. The upper surface
of the flange of lower inner casing 250 is formed with
recesses 264b for receiving lower edges of outer and
inner bar members 242a, 242b.

[0097] By such configuration, surface area of rotor
vanes for agitating the gas at the exhaust side of the
vane pumping section is reduced thereby to suppress
the heat generation due to the gas agitation. Also, such
partial dual cylinder construction will provide a higher
rigidity and higher impact absorbing ability to vane
pumping section stator assembly 244.

[0098] FIG. 23 shows a modified embodiment of the
one shown in FIG. 22, in which, impact absorbing mem-
bers 254a, 254b are provided between vane pumping
section stator assembly 244a, 244b or vane pumping
section stator assembly 244b and pump casing 14. In
this drawing also, a detailed illustration for a magnetic
bearing and motor section for supporting and rotating
the rotor is omitted. It is preferable to use a pipe element
made of energy absorbable material, which deforms
when abnormal torque is generated, formed in a coil
shape or arranged into a cylinder shape. By such con-
figuration, overall energy absorbing ability is further
enhanced. It is also preferable to use a base material or
a surface layer having a good slidability for impact
absorbing member 254b installed between pumping
section stator assembly 265 and pump casing 14.
[0099] FIGS. 24A and 24B show embodiments of
the composite structure of an impact absorbing member
186. In FIG. 24A, impact absorbing member 186 is
made as a combined material by laminating a relatively
tough or rigid material such as stainless steel plate 187
with a relatively soft and high impact absorbing material
188 such as lead plate, thus providing both impact
absorbing function and shape retaining function. In FIG.
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24B, impact absorbing member 186 is made as a metal
pipe wound into a cail.

[0100] It should be noted that, in the foregoing
embodiments, the invention was represented by wide-
range type turbo-molecular pumps having a vane pump-
ing section L4 and groove pumping section L,. However,
depending on the nature of the processing facilities
under consideration, the invention can be applied to
those pumps having only vane pumping section L4 or
only groove pumping section L,. For those wide-range
pumps having both pumping sections L4 and Ly, it is
understandable that the invention can be provided only
on one of the two pumping sections. It is equally under-
standable that any of the embodied structures can be
combinedly used.

SUMMARY OF THE INVENTION

[0101]
1. A turbo-molecular pump comprising:

a rotor;

a stator assembly surrounding said rotor; and
a casing portion surrounding said stator
assembly,

wherein at least a partial clearance is formed
between said stator assembly and said casing
portion, so that, when an abnormal torque is
applied from said rotor to said stator assembly,
direct impact transmission is prevented from
said stator assembly to said casing portion.

2. A turbo-molecular pump

wherein said stator assembly comprises a stacked
configuration for fixing said stator vanes in a vane
pumping section.

3. A turbo-molecular pump

further comprising a reinforcing member for
reinforcing said stator assembly.

4. A turbo-molecular pump

wherein said reinforcing member is a cylindrical
member arranged between said stator assembly
and said casing portion.

5. A turbo-molecular pump
wherein said reinforcing member combining ele-
ments constituting said stator assembly.

6. A turbo-molecular pump
wherein said reinforcing member is axially aligned
to penetrate said stacked configuration.

7. A turbo-molecular pump
wherein said stator assembly includes a groove
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pumping section spacer.

8. A turbo-molecular pump

wherein said reinforcing member is made of a
material capable of absorbing impact generated by
abnormal torque.

9. A turbo-molecular pump
wherein said reinforcing member comprises a hol-
low pipe.

10. A turbo-molecular pump

further comprising a slide facilitating member
for facilitating said stator assembly to slide in a
circumferential direction relative to said casing
portion.

11. A turbo-molecular pump
wherein said slide facilitating member is a low fric-
tion member provided between said stator assem-
bly and said casing portion.

12. A turbo-molecular pump

wherein said slide facilitating member is a support
structure for rotatably supporting said stator assem-
bly.

13. A turbo-molecular pump

wherein an impact absorbing member is provided
between said stator assembly and said casing por-
tion.

14. A turbo-molecular pump
wherein said stator assembly has a multiple struc-
ture for fixing stator vanes.

15. A turbo-molecular pump

further comprising a temperature adjusting
mechanism for directly or indirectly heating or
cooling said stator assembly.

16. A turbo-molecular pump comprising:

a casing portion housing a stator and a rotor
therein; and

a vane pumping section and/or a groove pump-
ing section comprised by said stator and said
rotor,

wherein an impact absorbing structure is pro-
vided in at least a part of said stator, said
impact absorbing structure being arranged to
cooperatively work with said rotor to absorb
impact loaded on said stator when abnormal
torque is applied from said rotor to said stator.

17. A turbo-molecular pump



23 EP 1 030 062 A2 24

wherein said impact absorbing structure comprises
an inner casing surrounding said vane pumping
section and/or a groove pumping section.

18. A turbo-molecular pump
wherein a clearance is provided between said inner
casing and said casing portion.

19. A turbo-molecular pump

wherein said inner casing is fixed by fitting a part of
an inner surface or an outer surface of said inner
casing to a cylindrical portion of said stator or to
said casing portion.

20. A turbo-molecular pump

wherein said impact absorbing structure comprises
a friction reducing mechanism provided between
said inner casing and said stator or said casing por-
tion.

21. A turbo-molecular pump

wherein said impact absorbing structure comprises
an impact absorbing member provided between
said stator in said vane pumping section and/or
groove pumping section and said inner casing.

22. A turbo-molecular pump

wherein said inner casing and/or said casing por-
tion is comprised by a high thermal conductivity
material.

23. A turbo-molecular pump

wherein said vane pumping section comprises a
vane pumping section stator assembly of a stacked
configuration for fixing said stator vanes, and said
impact absorbing structure comprises a bar mem-
ber axially penetrating said vane pumping section
and capable of absorbing an impact generated by
abnormal torque.

24. A turbo-molecular pump
wherein said reinforcing member absorbs impact
through its self deformation.

25. A turbo-molecular pump
wherein said deformation is performed through
elastic or plastic deformation.

26. A turbo-molecular pump
wherein said deformation is accompanied by frac-
turing.

27. A turbo-molecular pump
wherein said vane pumping section comprises a
multiple structure.

28. A turbo-molecular pump
wherein said multiple structure is formed corre-
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sponding to said stator vanes having a different
diameters along the axial direction.

29. A turbo-molecular pump
wherein said bar member comprises a hollow pipe.

30. A turbo-molecular pump

wherein said vane pumping section stator assembly
is attached to said casing portion by way of a fric-
tion reducing mechanism.

31. A turbo-molecular pump

further comprising a temperature adjusting
mechanism for directly or indirectly heating or
cooling said stator portion in said vane pump-
ing section and/or said groove pumping sec-
tion.

32. A turbo-molecular pump

wherein said impact absorbing structure comprises
an inner casing surrounding said vane pumping
section and/or said groove pumping section, said
temperature adjusting mechanism being provided
on said inner casing.

Claims

A turbo-molecular pump comprising:

a rotor;

a stator assembly surrounding said rotor; and
a casing portion surrounding said stator
assembly,

wherein at least a partial clearance is formed
between said stator assembly and said casing
portion, so that, when an abnormal torque is
applied from said rotor to said stator assembly,
direct impact transmission is prevented from
said stator assembly to said casing portion.

A turbo-molecular pump according to claim 1,
wherein said stator assembly comprises a stacked
configuration for fixing said stator vanes in a vane
pumping section.

A turbo-molecular pump according to claim 2, fur-
ther comprising a reinforcing member for reinforc-
ing said stator assembly.

A turbo-molecular pump according to claim 3,
wherein said reinforcing member is a cylindrical
member arranged between said stator assembly
and said casing portion.

A turbo-molecular pump according to claim 3,
wherein said reinforcing member combining ele-
ments constituting said stator assembly.
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6. A turbo-molecular pump according to any of the
preceding claims wherein said reinforcing member
is axially aligned to penetrate said stacked configu-
ration,

and/or wherein preferably said stator assembly
includes a groove pumping section spacer,

and/or wherein preferably said reinforcing
member is made of a material capable of
absorbing impact generated by abnormal
torque,

and/or wherein preferably said reinforcing
member comprises a hollow pipe,

and/or further preferably comprising a slide
facilitating member for facilitating said stator
assembly to slide in a circumferential direction
relative to said casing portion,

and/or wherein preferably said slide facilitating
member is a low friction member provided
between said stator assembly and said casing
portion,

and/or wherein preferably said slide facilitating
member is a support structure for rotatably
supporting said stator assembly,

and/or wherein preferably an impact absorbing
member is provided between said stator
assembly and said casing portion,

and/or wherein preferably said stator assembly
has a multiple structure for fixing stator vanes,

and/or further preferably comprising a temper-
ature adjusting mechanism for directly or indi-
rectly heating or cooling said stator assembly.

7. A turbo-molecular pump comprising:

a casing portion housing a stator and a rotor
therein; and

a vane pumping section and/or a groove pump-
ing section comprised by said stator and said
rotor,

wherein an impact absorbing structure is pro-
vided in at least a part of said stator, said
impact absorbing structure being arranged to
cooperatively work with said rotor to absorb
impact loaded on said stator when abnormal
torque is applied from said rotor to said stator.

8. A turbo-molecular pump according to any of the
preceding claims wherein said impact absorbing
structure comprises an inner casing surrounding
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said vane pumping section and/or a groove pump-
ing section,

and/or wherein preferably a clearance is pro-

vided between said inner casing and said cas-
ing portion,

and/or wherein preferably said inner casing is
fixed by fitting a part of an inner surface or an
outer surface of said inner casing to a cylindri-
cal portion of said stator or to said casing por-
tion,

and/or wherein preferably said impact absorb-
ing structure comprises a friction reducing
mechanism provided between said inner cas-
ing and said stator or said casing portion,

and/or wherein preferably wherein said impact
absorbing structure comprises an impact
absorbing member provided between said sta-
tor in said vane pumping section and/or groove
pumping section and said inner casing,

and/or wherein preferably said inner casing
and/or said casing portion is comprised by a
high thermal conductivity material.

9. A turbo-molecular pump according to any of the
preceding claims wherein said vane pumping sec-
tion comprises a vane pumping section stator
assembly of a stacked configuration for fixing said
stator vanes, and said impact absorbing structure
comprises a bar member axially penetrating said
vane pumping section and capable of absorbing an
impact generated by abnormal torque,

and/or wherein preferably said reinforcing
member absorbs impact through its self defor-
mation,

and/or wherein preferably said deformation is
performed through elastic or plastic deforma-
tion,

and/or wherein preferably said deformation is
accompanied by fracturing,

and/or wherein preferably said vane pumping
section comprises a multiple structure,

and/or wherein preferably said multiple struc-
ture is formed corresponding to said stator
vanes having a different diameters along the
axial direction,

and/or wherein preferably said bar member
comprises a hollow pipe,
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and/or wherein preferably said vane pumping
section stator assembly is attached to said cas-

ing portion by way of a friction reducing mech-
anism.

10. A turbo-molecular pump according to any of the
preceding claims further comprising a temperature
adjusting mechanism for directly or indirectly heat-
ing or cooling said stator portion in said vane pump-
ing section and/or said groove pumping section, 10

and/or wherein preferably said impact absorb-

ing structure comprises an inner casing sur-
rounding said vane pumping section and/or
said groove pumping section, said temperature 15
adjusting mechanism being provided on said
inner casing.

20

25

30

35

40

45

50

55

15



EP 1 030 062 A2

FlG. 7

142 :S}R 141a 141 14a
i \_/ (

16



EP 1 030 062 A2

FlG. 2

10
12
[

IR

141\a 141

/

14a
(

142a-

L1

30

»

17




EP 1 030 062 A2

F/G &
10
142 R 141
Z 12}
/
L1 )
N D
Lz Wb /
L
145a4 \\\
U3 A

18




EP 1 030 062 A2

FlG. 4

142 1O}R

« 1NN I 147
N ) \\ 147a

- X

732

38

N 148

NS SN NSNS Y

TS 1 SSS T RS

—

— 14
—T

—20
~149

s
5
-\
’
V
N\
V

}/f
N1 7 Y X

146A
——146

—146B

)

NN

|
24a
24 b} 24

19

\7&\\\\\\\5

~15 15a



EP 1 030 062 A2

F/l1G &
132 lg}R 121
[
/ 30 vaw,
/ N\ 32
N JE738
L1 ) \ 114
N 0\ B e
2 !
Y \‘\ ‘ 3 .4 ‘L//‘lllg
AN /0 B € e a )
o M-‘:'.'/ '.: /:'._'-\\\ \ —H—146A
L2 SINMEMT TN 146
SN wraferde L1408
' BRLN R % g_‘:'_\ %ﬁ;hﬂé
T M%7 J_-,\-\\\ N ‘—?éoa
ar N LA 4
146C 146D
o BN % <
%~ \15 15a
s ”\l\L\ <X
Zéa} 24 22
24b

20



EP 1 030 062 A2

F/G 6

o)s

30

7

AN \1\\ LSS
~

147
147a

N
\
o)
o

2

N NN N NN N NN\ Y/

]
24a
24 b} 24

21

22




EP 1 030 062 A2

== ©
=1/
|/
NN /]
YAV f
ool IRTA A g
h | / /
% 147a A
~— O/ L/
A A / N
. 7
150C 150D [
A RN . <
< ALK
S

P

22



EP 1 030 062 A2

189

X
X0

EYOIQION

23



152

154

EP 1 030 062 A2

F/G 9

10 14a

1%4b t 10 R 154c 154b 154
VAT ‘?}/C////“/

)\ 7/

i

N AN ‘

< e
< YA B A ) L A
\ i.\\‘ / ‘\ 1\1\ \\ {\ \\'\\,T*

1-H

[* 1

-

i
'.';‘,'. R '." 2y

7

AR
N7 7

NN

)
150C

':L

‘ \"?‘\QV‘Y\L\ X

._'s._‘l
[= ==

[ o o =~
cx:z::J

ANNAN
AL
283

ar
VAN
1\);
o

e A -

™
P U AN Y
L

ISP N OF D OO
- e

roa y - e

D .S SAN|
L
(03]

147
147a

“\*\\[I\\ /
A

SHN AN

4
| -
y
v

]
g=
N5
oy

LN N N . N N

I
24a 22
o) 24

24



EP 1 030 062 A2

F/lG 70

154a

25



EP 1 030 062 A2

F/1G 77
154 190b 190c 190  154b
152.190a (154b | 192 19?d 154¢ 19{Ob / 15/z.a 1(1.3
N K NEA'$ ’ )
| T XV 7 < < \ AN \l’ AN ‘. //30
T Hi SN s
I J ;EEE_153
L1 ,‘ ‘.:*i T
[ : & / N D\ s -ib‘ ‘1816
: : Hip—14
/ i 12 - A/LBV/—-ZO
AV N R 4AT—s
B o PR iz
L2 AL ~ OV 147 { ﬁ’:k:
] R 1478 NG 4190
l N g AL NS H—34
' AL — R V . .T.\:,_‘d 34a
Sy Y 2 N R T4H—185
AV A4 % ( ’/ A
l—_J 150C 1500
g BN U -
\15 15a
S I&Xr\ NN N NN
zz.a} 2% 22
24b

26



EP 1 030 062 A2

F/G. 72

190

190¢ | 190

)g )><]90d

\

{
\

.’

27



EP 1 030 062 A2

ARIANANEAN
\
[#%)
(@)

—152
-194(196)

34a
186 150
—34
—51
194

L —200
A

B . N, N

<Y X 7 '

Adi

NN

o 4N

[+1{¢]
[<1{-]

£
y.

N5 1%a

A

I\\l\ NN NN
22

24a

be}zl'

28



EP 1 030 062 A2

LN N W N N ¥

IR
3
AN
2iek
ALk
\\
N
\_/t\.’
T
N Y-
AN B
N ¥
/ \\~:
N
/‘ ~
\
M.

O O N
O O
VAN ”r‘ AN N N N
24a
by 2

29

22

~\15 18a



EP 1 030 062 A2

t

NS

(][]
0|0

LS
7

AN SANER AN

.. I *
>
L)

2Ry

ya

32

38
153
Y

s 7

AN

186
~—T

~—152
1194(196)

| _—34a
2150

—34

A R .
L4 L4 Cd ’//
L.\ 4

151

N

194

_—200
\_ﬂ—Tﬁ

%

A U A
A W NI NI N N

2%
a
24 b} 2

30

22

T

N5 16a



EP 1 030 062 A2

20%;
194a
204

L2 506
194b,

AN

.
/l—".
\ .

208-

N5 1Ba

yd
N\ l\\l\\\\—\\
24a} 22

24bf 28

31



EP 1 030 062 A2

Fl1G. 77

14A—

202 —_
194a __

204—175 \
14b~" \
206—

32



EP 1 030 062 A2

242 1O}R 266 260 (e
(24 (7 il {
1 264a 1 30242 | /
¥ 732
7252
X t 252 X
L1 _L_/ 4.y
2537 1 265
.]“—/5 Raq 258"
264b| Mgt | U % A a4
L / 254
: —£2%250
I 3,
| \ES L 256
/\ /‘ Ny / i-_/258
//A — 266
T E Nk \
~N15 15a
Z
KIS S8 N N NN
S 22

]
24a
26y 2

33



EP 1 030 062 A2

FI1G 79

34



EP 1 030 062 A2

N
AN
\\

R

)
3
‘<
N\

732

252

| AN \i\\ AN

263 =] - ~—T
) : AR —251
26571 NI N T258
264D : : 34a

]
N

AN

/
7 :
| NN EEH T 256
il 7 Ly 258

Y.
)
NI

_—266

Q]0
y4

NS Ba

/A

! 22
24a
o) 24

35



EP 1 030 062 A2

10
242 244 2R 266 260 242 /”’a
[ / [ \ I/I ,
/ S 30 .
7 32
™ r 7
7252
/1
L1 x\ = _14A
265 ’ J:° ~—T
1 : 244,
[ 2024 / 5 | 258a
/1 N ~—~14b
2583 T
204 53 NS 4B
Lz | / . j ./__—250
25801 t// 256
y L - o \P__/258b
208 1> - N/ /N/*-ZGG)<
l O \ \1
\15 15a

N\

/

A<

|
24a
26y 2

22

36



EP 1 030 062 A2

F/lG 22
l4a

266 \

30 32

¥
A4
-
/

\

N

N\

R
LN |

N\

N\

\
AVAR'N

|_-244a
—252A
—242a

N\

| 14A
| 4-244b

2528
242b

< 8
T
N
\
N
N
=,
/X‘l\ N

N =4

7

/=
% S—
{ qud
/T;Lﬁ7ﬁg7‘f7 AR
AN

- 258a

T
\\/ /

/O/Y/
ALA

| 258
__-14B

254
— 256

LN N N N N N N N N

7
/

Z
A

/

_- 258b

266

37



l4a

EP 1 030 062 A2

F1G 23

14}
LR VA I AT
N
i e \ ) \V\
A Z APV
o< ™~ \ i

38

266

77777/
N

N
N\

AN
Czzz7r
AN

AN
\\)
Zzp

% .MM%/@W\
77 7
\/

NN

;

N




187

EP 1 030 062 A2

/186
) A0

{ a 1

CC —

C —— e

C—

39



EP 1 030 062 A2

FIl1G 25

/:?}R l4a

///

30 £

T T 1
NN
Y/

\\l\
o

L
7
]

7
L/
4
|/
%
"

|
245}

N
~

40



	bibliography
	description
	claims
	drawings

