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(57) ABSTRACT 

In a turbo-molecular pump, a rotor is supported by a 
magnetic bearing (3) in a non-contact mode. Apump control 
section (2) has a magnetic bearing control device (8) With a 

CFR 1_53(d)_ digital signal operating processor or DSP (7) Which is 
programmable by a softWare or Which can execute a pro 

(21) Appl, No; 09/347,452 grammed softWare. The digital signal operating processor 
(7) performs the control of a heating system, namely, a 
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TURBO-MOLECULAR PUMP 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a turbo-molecular pump in 
Which a rotor forming a pump is supported in a non-contact 
mode With the aid of a magnetic bearing. 

[0002] Some turbo-molecular pumps of this type are pro 
vided With a heating system, namely, a heater, in order to 
eliminate a problem that compresses gas is coagulated to be 
stuck or accumulated on the inside of the pump. In this case, 
in order to prevent the over-heating of the heat, a tempera 
ture detecting device is provided. A temperature adjusting 
unit, Which controls the heater according to the output signal 
of the temperature detecting device, is provided in a pump 
control section Which is adapted to control the magnetic 
bearing. 
[0003] In the turbo-molecular pump having the heating 
system, since the pump control section has the temperature 
control unit, the pump control section is unavoidably bulky; 
that is, the resultant turbo-molecular pump is high in manu 
facturing cost. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, an object of the invention is to solve 
the above-described problems. More speci?cally, an object 
of the invention is to provide a turbo-molecular pump in 
Which, although it includes the heating system, the pump 
control section can be miniaturiZed and reduced in manu 
facturing cost, and Which is therefore high in ?exibility. 

[0005] Aturbo-molecular pump according to the invention 
is the one in Which a rotor is supported by a magnetic 
bearing in a non-contact mode, and in Which a pump control 
section has digital operating system programmable by a 
softWare or capable of executing a programmed softWare, 
the digital operating system performs the control of heating 
system and at least part of other controls. That is, the digital 
operating system performing the other controls, performs 
the control of the heating system. 

[0006] As the digital operating system, a micro-computer, 
a digital signal operating processor, etc. can be used. In the 
speci?cation, the digital signal operating processor (or digi 
tal signal processor) is a dedicated hardWare Which is 
programable by a softWare or capable of executing a pro 
grammed softWare, and achieves a high-speed time opera 
tion. Hereinafter, it Will be referred to merely as a “DSP”, 
When applicable. 

[0007] The pump control section has the digital operating 
system, so that the control of the heating system as Well as 
the other controls is carried out thereby. Therefore, unlike 
the turbo molecular pump discussed in the “Background of 
the Invention” section, it is unnecessary to provide a tem 
perature adjusting unit in the pump control section. This 
feature makes it possible to miniaturiZe the pump control 
section and to reduce the manufacturing cost. Furthermore, 
the control of the heating system can be freely designed With 
the softWare programs of the digital operating system; that 
is, the turbo-molecular pump of the invention is consider 
ably high in the ?exibility of use. In addition, the digital 
operating system can be utiliZed for other various purposes. 

[0008] For instance, the digital operating system performs 
the control of the heating system, and at least the control of 
the magnetic bearing. 
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[0009] In this case, the digital operating system such as a 
DSP, Which is provided in the pump control section to 
perform the control of the magnetic bearing, can be com 
monly used to perform the control of the heating system. 

[0010] For instance, the digital operating system performs 
the control of the heating system and at least the control of 
the display system. 

[0011] In this case, the digital operating system such as a 
micro-computer, Which is provided in the pump control 
section to perform the control of the display system adapted 
to display a state of the pump, can be commonly used to 
control the heating system. 

[0012] The present disclosure relates to the subject matter 
contained in Japanese patent application Nos. Hei. 9-194694 
(?led on Jul. 22, 1997) and Hei. 10-192752 (?led on Jul. 8, 
1998), Which are expressly incorporated herein by reference 
in their entireties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a block diagram outlining the arrange 
ment of a turbo-molecular pump, Which constitutes a ?rst 
embodiment of the invention. 

[0014] FIG. 2 is a How chart for a description of an 
example of the operation of a digital signal operating 
processor in the magnetic bearing control device of a pump 
control section shoWn in FIG. 1. 

[0015] FIG. 3 is a How chart for a description of another 
example of the operation of the digital signal operating 
processor in the magnetic bearing control device of the 
pump control section shoWn in FIG. 1. 

[0016] FIG. 4 is a block diagram outlining the arrange 
ment of a turbo-molecular pump, Which constitutes a second 
embodiment of the invention. 

[0017] FIG. 5 is a How chart for a description of the 
operation of a microcomputer in the display control device 
of the pump control section shoWn in FIG. 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0018] Preferred embodiments of the invention Will be 
described With reference to the accompanying draWings. 

[0019] FIGS. 1 and 2 shoW an example of a turbo 
molecular pump in Which a DSP adapted to control a 
magnetic bearing is provided in a pump control section, 
Which is a ?rst embodiment of the invention. 

[0020] As schematically shoWn in FIG. 1, the turbo 
molecular pump comprises a pump body (1) and a pump 
control section 

[0021] The pump body (1) comprises: a digital control 
type magnetic bearing (3) Which supports a rotor in a 
non-contact mode Which forms the rotary section of the 
pump; a position detecting device (4) adapted to detect the 
position of the rotor; a heating system, namely, a heater (5) 
adapted to heat a predetermined part in the pump body (1); 
and a temperature detecting device (6) adapted to detect the 
temperature of a predetermined part in the pump body 

[0022] The control section (2) includes a magnetic bearing 
control device (8) With a DSP 
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[0023] The magnetic bearing (3) utilizes the magnetic 
attracting forces of a plurality of electromagnets to support 
the rotor (a controlled shaft) in a non-contact mode in an 
axial direction at one position of the axial direction of the 
rotor as Well as to support the rotor in a non-contact mode 
in tWo radial directions, Which are perpendicular to each 
other, at tWo positions of the axial direction. 

[0024] The position detecting device (4) employs a plu 
rality of position sensors to detect the position of the rotor 
(the controlled shaft) in the axial direction, and the positions 
of the rotor (the controlled shaft) in the aforementioned tWo 
radial directions, Which are perpendicular to each other, at 
those tWo positions of the axial direction. 

[0025] The magnetic bearing (3), the position detecting 
device (4), the heater (5) and the temperature detecting 
device (6) may be conventional ones, and therefore the 
detailed description of them are omitted. 

[0026] The magnet bearing control device (8) controls the 
magnetic bearing (3) based on the output signal of the 
position detecting device (4); that is, the position of the 
rotor, and controls the on and off of the heater (5) based on 
the output signal of the temperature detecting device (6), that 
is, the temperature of the inside of the pump body. More 
speci?cally, the DSP (7) outputs electromagnet control sig 
nals corresponding to the electromagnets of the magnetic 
bearing (3) to the respective poWer ampli?ers based on the 
position of the magnetic bearing The poWer ampli?ers 
apply exciting currents based on the electromagnetic control 
signals to the respective electromagnets, so that the rotor is 
supported at the aimed position in a non-contact mode. The 
DSP (7) detects Whether or not the temperature of the inside 
of the pump body (1) is in a predetermined variation range. 
When it is loWer than the variation range, the heater (5) is 
turned on (heating); and When it is higher than the variation 
range, the heater (5) is turned off (non-heating). Hence, the 
temperature of the inside of the pump body (1) is kept in a 
constant temperature range, Which prevents the compressed 
gas from being coagulated, and stuck and accumulated on 
the inside of the pump body Furthermore, this feature 
prevents the over-heating of the heater 

[0027] An example of the operation of the DSP (7) in the 
magnetic bearing control device (8) Will be described With 
reference to FIG. 2, a How chart. 

[0028] When, in FIG. 2, the operation of the pump starts, 
the DSP (7) sets an aimed temperature of the inside of the 
pump body (1) (Step 101), and then sets a temperature 
variation (Step 102). It is assumed that the aimed tempera 
ture set value is represented by T, and the temperature 
variation set value is represented by 6. Next, a position 
control operation is carried out. That is, the position of the 
rotor is detected from the output signal of the position 
detecting device (4) (Step 103), and a PID calculation is 
carried out based on the rotor position thus detected (Step 
104), and electromagnet control signals are applied to the 
respective poWer ampli?ers (Step 105). Next, a heat control 
operation is carried out. That is, ?rst, the temperature of the 
inside of the pump body (1) is detected from the output 
signal of the temperature detecting device (6) (Step 106). It 
is assumed that the temperature detection value is repre 
sented by t. Next, t is compared With (T-b) Which is the 
loWer limit value of the temperature variation range (Step 
107). When t is smaller than (T-6), Step 108 is effected. In 
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Step 108, the heater (5) is turned on, and Step 103 is effected 
again. When, in Step 107, t is not smaller than (T-6), then 
Step 109 is effected. In Step 109, t is compared With (T+6) 
Which is the upper limit value of the temperature variation 
range. When t is larger than (T+6), Step 110 is effected. In 
Step 110, the heater (5) is turned off, and Step 103 is effected 
again. When, in Step 109, t is not larger than (T+6), Step 103 
is effected again. Hence, the temperature inside the pump 
body (1) is kept in a constant temperature range Which is 
substantially equal to the temperature variation range from 
(T-b) to (T+6). 

[0029] In the operation of FIG. 2, the position control 
operation Which should be performed at high speed, and the 
heater control operation are carried out in one operation 
loop. Therefore, this case takes longer time When compared 
With the case Where only the position control operation is 
carried out; hoWever, if the DSP is large in operating 
capacity, then no problem is involved. In the case Where the 
DSP is not large in operating capacity, or in the case Where 
it is necessary to perform the position control operation at 
higher speed, the folloWing system may be employed: That 
is, the heater control operation may be carried out intermit 
tently at periodical intervals because it is unnecessary to 
perform the heater control frequently, and during the inter 
mittent periods the position control operation only may be 
carried out repeatedly. More speci?cally, as shoWn in FIG. 
3, a How chart, after an aimed temperature and a temperature 
variation have been set in Steps 101 and 102, With the count 
value n set to 1 in Step 111, the position control operation is 
carried out in Steps 103, 104 and 105. When, in Step 112, the 
count value n is smaller than a preset value X (for instance 
100 or 1000 Which is the number of times of continuous 
repetition of the position control operation), in Step 113 the 
count value n is set to (n+1), and Step 103 is effected again 
to perform the position control operation again. When, in 
Step 112, the count value n becomes X, the heater control 
operation is carried out in Steps 106, 107, 108, 109 and 110, 
and Step 111 is effected again. Thus, Whenever the position 
control operation is carried out a predetermined number of 
times, the heater control operation is carried out, and the 
position control operation can be achieved at higher speed. 

[0030] The magnetic bearing control device (8) may be 
other digital operating system such as a micro-computer. 

[0031] The pump body (1) is provided With an electric 
motor (not shoWn) adapted to rotate the rotor. The electric 
motor may be controlled With the DSP (7) of the magnetic 
bearing control device (8), or With a motor control device 
provided only therefor. 

[0032] FIGS. 4 and 5 shoW an example of a turbo 
molecular pump in Which the pump control section has a 
micro-computer adapted to control a liquid crystal display 
device, Which constitutes a second embodiment of the 
invention. In the second embodiment, parts corresponding 
functionally to those already described With reference to the 
?rst embodiment are therefore designated by the same 
reference numerals or characters. 

[0033] The pump body (1) is equal in arrangement to the 
one in the ?rst embodiment. 

[0034] The pump control section (10) comprises: a mag 
netic bearing control device (11); a display system, namely, 
a liquid crystal display device (12); and a display control 
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device (14) having a digital operating system, namely, a 
micro-computer (or one-chip micro-computer). 
[0035] The magnetic bearing control device (11) is to 
control a magnetic bearing (3) based on the output signal of 
a position detecting device The magnetic bearing control 
device (11) may be a conventional one of a digital type using 
a DSP or micro-computer, or of an analog type, and there 
fore, its detailed description Will be omitted. 

[0036] The liquid crystal display device (12) is to display, 
for instance, a state of the pump, and comprises a plurality 
of liquid crystal units. The liquid crystal display device (12) 
may be a conventional one, too, and therefore its detailed 
description Will be omitted. 

[0037] The display control device (14) controls the liquid 
crystal display device 12, and controls the on-off operation 
of the heater (5) based on the output signal of the tempera 
ture detecting device (6); that is, the temperature inside the 
pump body More speci?cally, When other parts of the 
pump control section (10) provide display instructions, the 
micro-computer (13) applies display control signals to the 
corresponding liquid crystal display units. Similarly as in the 
case of the DSP (7) of the ?rst embodiment, the micro 
computer (13) detects Whether or not the temperature inside 
the pump body (1) is in a predetermined variation range. 
When the temperature is loWer than the variation range, the 
micro-computer turns on the heater; and When it is higher 
than the variation range, the micro-computer turns off the 
heater. 

[0038] NoW, an eXample of the operation of the micro 
computer (13) in the display control device (14) Will be 
described With reference to FIG. 5, a How chart. 

[0039] When the pump starts, the micro-computer (13) 
sets an aimed temperature of the inside of the pump body (1) 
(Step 201), and set a temperature variation (Step 202). It is 
assumed that the aimed temperature set value is represented 
by T, and the temperature variation set value is represented 
by b. Thereafter, the display control operations in Steps 203 
through 205, and a heater control operations in Steps 206 
through 210 are repeatedly carried out. In the display control 
operation, ?rst it is detected that a display instruction has 
been provided (Step 203). When it is detected that the 
display instruction has been provided, Step 204 is effected. 
In Step 204, the display instruction is inputted, and the 
display control signal corresponding to the display instruc 
tion is applied to the corresponding liquid crystal display 
unit in the liquid crystal display device (12) (Step 205), and 
Step 206 is effected. When no display instruction is provided 
in Step 203, Step 206 is immediately effected. The heater 
control operations in Steps 206 through 210 are equal to 
those in Steps 106 through 110 of the ?rst embodiment. 
When the operation of Step 208 has been accomplished, or 
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When in Step 209 t is not larger than (T+6), or the operation 
of Step 210 has been ended, Step 203 is effected again. 

[0040] The display control device (8) may be one using 
other digital operating system such as a DSP. 

[0041] With respect to the control of the electric motor 
adapted to rotate the rotor, the electric motor may be 
controlled With the magnetic bearing control device (11), or 
may be controlled With a motor control device Which is 
provided only therefore. 

What is claimed is: 
1. A turbo-molecular pump in Which a rotor is supported 

by a magnetic bearing in a non-contact mode, Wherein: 

a pump control section has a digital operating system 
programmable by a softWare or capable of executing a 
programmed softWare; and 

said digital operating system performs the control of a 
heating system and at least part of other controls. 

2. A turbo-molecular pump as claimed in claim 1, Wherein 

said digital operating system performs the control of said 
heating system and the control of at least said magnetic 
bearing. 

3. A turbo-molecular pump as claimed in claim 1, Wherein 

said digital operating system performs the control of said 
heating system and the control of at least display 
system. 

4. A turbo-molecular pump comprising: 

a pump body including a rotor, a rotor position detector, 
a magnetic bearing, a temperature detector and a heater; 
and 

a pump control section including a digital operating 
system programmable by a softWare or capable of 
executing a programmed softWare, Wherein: 

said rotor position detector, said magnetic bearing, said 
temperature detector and said heater are operatively 
connected to said pump control section; and 

at least said temperature detector and said heater are 
operatively connected to said digital operating system. 

5. A turbo-molecular pump as claimed in claim 4, Wherein 
said rotor position detector and said magnetic bearing are 
operatively connected to said digital operating system. 

6. A turbo-molecular pump as claimed in claim 4, Wherein 
said pump control section further includes a display opera 
tively connected to said digital operating system. 

7. A turbo-molecular pump as claimed in claim 4, Wherein 
said digital operating system includes a digital signal pro 
cessor. 


