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ABSTRACT

Most turbo machines, which operate at high speeds, such as gas turbines, jet engines, pumps, and compressors are prone
to perturbing vibrations. The best vibration control method for rotors is to eliminate destabilizing factors. Careful balancing,
application of "more stable" oil-lubricated bearing, such as tilting pad bearings or use of anti-swirl devices in seals, are

examples of passive vibration control methods. The use of magnetic bearing is an active control method.

An obvious

advantage of active control is that it provides damping (or modifies system stiffness or other parameters) only when there is a
need for that, i.e., in emergency states, while not affecting the rotor normal operational conditions. Moreover, active control

methods provide exact position control through on-line control. In this study, a magnetic actuator, digital controller using DSP,

and bipolar operational power supply/amplifiers were developed to show the effectiveness of reducing rotor vibration. Also the

curve fitting procedure to obtain the transfer function of frequency dependent components was developed. Results presented

in this dissertation will provide a well-defined technical parameters in designing magnetic damper system

Key Words : damper(7+4] 71), active(*s8), rotor( 3] 4 Al)), electromagnetic(¥ 2} 71), real time control(2 A1 Z+ A o])

1. M 2

i s HEtE diREe] BE Z|ASdA Be
(h= B, AE AR, HE, 7)) AES A2"E
A7 FFgo) ok TP AER 2E FEd
A AFNE 2Fe dAFe 2HY, oD =
8, sdAe wgate] AE, HE b, dz)A
AR, =g FEEF v FolA %“é‘@ el
ZIdget FAAE EdASA sk ol dzE
AAshHs Zo] 2FE Aeldte 7 $2 ol

ﬂ"w;o
N

oo
2,
oA
fo r

Ho e rr &
P
rio
o
2
3
o
ix'9
o
b

HAg7 o) wisligt o—r"ﬂl_ EIAQ A7t oJgrh
vl e u}]o]ah,} Antiswirl F3 & AME8te 5%
Hoz AFL Aol A& man Aol A7HA
ojn % %‘—Ei-—] wete] ol 1 $AAE
ek FEAIY olEe A LA FHE
XA g sk wel AP FAHS
o]-;dxaloﬂ 0:16010 U]z]“ =2 o X}%% Bl‘iﬁ} A]?] AT

Aol

2 A7olME TEAHA AFA JFE AlE] 4
sl 271E & 0]%6& AFloE], AFoole] TF ¥
= 3 YA Ao)r1E AAsGct. £ Fapd] o
Edhz 8o deEgrE Tab] A% Z2a3E A
dskal o 842 Akt

2. MEEtE AP 8 Y

Fig. 1 o #12tet vpale fise] 328 Jehigich
AP T2l FAHE 3L A ]2 FA}e]
o Azlet HAAY ol zEE Adioe] Foln
vl ot AatM st a3 Apoldl A4HE 213
2o gt o5 7HYE st ddstd A7) 3 o1
Ag Fegdrh

- AT 2] sEote] FxAgL FAIG.

- Y49 AEY de AN Eat faada £

sHel ojstolch

- AR ik faze) At WYe I

Bl - 2}
- AR Wsls A BEs ARl vl
o 2ok

AAM I Ha3 Abol9) =SellE 27} AUvA7} A

Aol dem Agd 2] CuAdAA 2rHE F



(1)

ANEe 34, o) W, ARl 279 Y9 A
259 Foold B ATAN Az shade 2w
T 2709 Aol Mz mFRn glon dygsw
AN A& Fx=317] 918 Perturbation WS AR
o Bl vix vsE AR 23e ges
Zo

i =i +Al i, =iy Al
hj=c-Ay h,=c+Ay

A e A 1ol Ysta Aeiam,

p AN?i2 _ HANZZ 2u AN?i?

Fq = 2 7 + 7 Ay +
(2)
2u, AN?i? AN? AN%
at . sAy+ug - s pi+ M —=Ai
[ C C

M99 W] g Yol Wage AN, A
7ol oie 9ol WEee AFAAolE sx 2
7} vhgw 2ol A9} @t

2p 2:2 2:2
K, =——c—3“[AN i2 + AN%2]

2y
c2

K, =-—t[A N2, + AN%,]

iq

Fig. 1. The structure of magnetic damper
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Fig. 2. Comparison of the Curve Fit and Measured Frequency
Response Functions for Power Amplifier equipped with
magnetic damper (—: measured fif, -; estimated fif)
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Fig. 3. Block diagram of rotor active control system.

4. Al Seiold Hot

o)

Fig. 42 % Waol oigh A2 &% WA
R @ﬁ-ﬁ]. 7}]_“7—_9: ;\]/\al_,] Z A8L L]—E}- L}]oi
th Pole ©] s AL Q& Zo EAJIRE NEZ
282 BopAsin a3 AdE 2AsI A2BE
obAsl Al £ Qith Alojrle] zero B UHFA LEF
WA pole Atololl YA 71 Lead A71E A3t
gtk Ao]712] Pole & Zero & 10 vi7} Al MA S

> ¥

a9}

1 Addsee o 2ok
K(s)=K, s+100
s +1000
g 4 olA AlQlo] 500 B} o Axwe HAES
‘/l: 9»&‘:}' 2 9] ’\]835‘1'.9_—3 7-]7—!]%'2. 111017]9,] 7.“%]‘

1_

€ 10022 AAsAD. dA Ae7l= Sampling
F9& 20kHz 2 331 ZOH(Zero Order Hold)d'H<
Ab&ate] skl

05t

Imag Axis
\
e

g

0.5}

-1 0.5 0 05 1
Real Axis x 10

Fig. 4. Uncompensated Root Locus
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Fig. 6. Cascade plot of experimental rotor system, non control
(a), controlled(b)
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Fig. 7. Orbit of experimental rotor system, non control (a),
controlled(b).
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