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Abstract

In this paper, we designed and fabricated the magnetic bearings and built-in type cylindrical
capacitive transducers for improving the vibration characteristics of rotating shaft. The eddy
current and magnetic field from the electromagnet of the bearing don’t affect the measuring
signal of the capacitive type transducers so that it is possible to locate the capacitive sensor plates
around the magnetic bearing poles and can improve the spillover problem which is induced by the
noncollocation of the sensors and actuators. According to the sensitivity calibration schemes
using a X-Y table, the cylindrical capacitive transducers have a good linearities in the =70 ym
range from the geometric center of the sensor ‘platés. The measured results also show high
displacement sensitivities of the sensors. According to the performance test of the magnetic
bearing which is controlled by the analog PD controllers, we found that the built-in capacitive
transducer system successfully measures the journal displacement in the magnetic field and
therefore the magnetic bearing system supports the rotating shaft up to 12,000 rpm.
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Fig. 1 Capacitance to voltage conversion circuit
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223171 s Fig 1ol £99% Sle] =3l
7350l Hste] Fig. 20418} zFo] 3|25 o] 33
Al F, Ak FEdelAe Aske Kirchhoff

o Ay WAz o 2] H(loop analysis)S
A}-g3ke] 84 stodofat g,

Fig. 2014 CsE A4 Toll AH 7oA 6l 20
o, Cet 7hEol 48 A2 28ln G
REzEd A $F¢ v H2 W)
e FA9 sizrt H4sv Fig 2049 o]
AARFez sEcn APt ole we} oh&
3 e % A sz Ale] T4,

Loop 1:
Ry (dn—1i1) "f'%s/‘( in—1w) dt=5 4)
Loop 2:
Rulin— i)+ [lin—in) dt + [indt
+ R it [indt =0 ®)
Fig. 20 w22 OP sl
At dAANA e At

Aol &9 A Velt)=
¢ 4+ ek

:'éTsf(izl“izz) dt (6)

A5 cdAA
Taglmz C/Vi 2o

Va(t) o= A (6) 2 2ol

(¢=0)=—10[V]elm=2 o]&
Vel 78 3 2 =304 zdzyd ule} 3ol

Rx=10"[Q], Rx=10%[Q]), Cs=0.068[xF]& =Nsi3}
g A7)} Zo] VoE FE F Utk
Via(t) =5—15- ecoos )



AR 2 A

C/V Haszodel Ay
80us Fol 44522 A1) Agstel 4(7)

= AR FARNLE Aol A d9b FAA
2 T 42 vehinl o5 2o

Vd ( T) 25—15- e/cxsai';.;xloﬂ (8)
o, ke RAAFelW Ak AMBe WH ol
23z A4S 225N IR
Soll 71dste] C/V 329 ™AL Verr) 2
A ez oe QolAs APARE 18 el
4 (8) chest ol 4T,

Vaut.theory=0.8>< Vd(T)

=4_12. e-—4.519><104-(dlx) (9)

2.3 u=|_rin|7l»io' ’——-T"é,

B9 AL A4S AN FEE 7H2o]
st A44A B4 ST U olela
E4L AdHes F93r] $3le] Fig 3ox9f

| $5o2 AR el Ay AAst za
4 BANEE Aels) BAE oholazolHE A
Ste] A7 A C/V BEzEee #4A%ts

5733 S A A:=204X10"[m?]o) =
A HAUZE 2HARE 7130 Hijo] o

o B

Y

4
)

8.54 13

24
29

Fig. 3 Dimensions of capacitive sensor plate
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Fig. 4 Displacement sensitivity of the plate type
capacitive transducer
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Table 1 Constants for analog PD controllers
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Fig. 10 Measured orbits of the rotor at magnetic bearing position
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