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ABSTRACT

Squeeze film dampers (SFDs) have been commonly used to effectively enhance the dynamic behavior of the rotating shaft
supported by rolling element bearings. However, due to the recent trends of high operating speed, high load capacity and light weight
in rotating machinery, it is becoming increasingly important to change the dynamic characteristics of rotating machines in operation
so that the excessive vibrations, which may occur particularly when passing through critical speeds or unstable regions, can be
avoided. Semi-active type SFDs using magneto-rheological fluid (MR fluid), which responds to an applied magnetic field with a
change in rheological behavior, are introduced in order to find its applications to rotating machinery as an effective device attenuating
unbalance responses. In this paper, a semi-active SFD using MR fluid is designed, tested and identified by means of linear analysis to
investigate the capability of changing its dynamic properties such as damping and stiffness. Furthermore, the proposed device is
applied to a rotor system to investigate its potential capability for vibration attenuation: an efficient method for selecting the optimal
location of the proposed damper is introduced and control algorithm that could improve the unbalance response properties of a

flexible rotor is also proposed.

1. A &

272 4% 29 e 71€9 7§ wWolH(rolling
element)o] 1t A o]@ H o] H(journal bearing)o! 7}
T U9dE BAEd JAFEAE 2T oEH, 3
AR A2 A A(stability)yS BFFAI717] 98k
o AtEE1 ) JjEe —’F%d(passive) 272
g ¥Ee F2 A9A A4 EZ(flexural mode)
o o By gHolA 29 | (damping)E
Yetd =2 dAEAY. e, é]:«\ FAAE
ugFste dFo T uFoA LAY, £ A
ZFatg Qotd dA IAHAEE AlEske Blo] gt
Holt}, old] webr], LAFH o] thFo ¥
% S(critical speed) T-3o] UERA HAR fr:%
Y 272 45 292 A% @S JgAse A

AR o olEd FAE A sl -‘n’*lff}
o HZ TEH(active) F2 155 Y (semi-active)
272 9§ dyo digt A7t APHa Jo
£3], 7tAlol A &Al(controllable fluid)E 71 &3
2 AT wsEY 272 9 Ao g
A7t M g fWolgh (Y

Morishita $0& 2 7} 8 A (electro-theological
fluid, |8} ERFAE )& 27= FF ¥
(°18t ER-SFD} AEHE LA oA, olE A

Ao A Aolo] S8
T R4, e=nased AATey gad

E-mail: gjkim@novic.kaist.ac.kr
TR, dxHerled 71At

=3 Jung(z)° 73 2%9 ER-SFDol U3} o]
23 & 49 dolsz2 WA 2(Reynolds equation)
& 05}"”] Azt &% th Lee 5P A ¥ (sealing)
o] 33 % ER-SFDE 3 A %?‘ﬂ‘ﬂ"ﬂ 8-
ATE LR 2, ol AT EARE B
T8t ER-SFDOl tjg A& ERFAZE £ 8
(1mpur1t1es)°ﬂ N ksln, &S Yt AL F
3% F 533 F&5FAC gaside 9 o
& 6"‘37‘401 Al HEY Qe PHolt} wt
Aol &7]H 31~rr7<ﬂ(magneto theological fluid, ©]3}
MRFANE o9 2L EARES dZslo, MRF
AEg ol &g W Ed 2= "W P9 o]
HAZ AEHI T

2 AFqME MRFAE ol&% 2= P&
@y (c]3} MR-SFDZ} AiHE AA 2 AFstn
I 3EAE Ad¥os wHstaa stk MR-
SFDel tigh AdAAME A7 AAE T8 AR
o] 7}7] ¥ 3} (magnetic saturation) V3-& 755 zAt
&3l om, MR-SFDO digh &2 HAE 3
of W29 Z(bellows) BEfS] AH-E Attt
d7Al"d MR-SFDE A #slal $F 7| wlolg
(active magnetic bearing)S 7} 7|2 o] &3 AP
A& o|gate] hoFsh iﬁi‘}"ﬂ/ﬂ Adg F5t
3 AE4 B84 2yS =E5ch =, A
tE MR-SFDY] zl%zﬂoi A5E g}:@]iJ_z} o]
£ 3HA By HBEch adHd Aog
Nste] MR-SFD9| HA HAAAE FREFH
(structural dynamics modification method)& T3] Z

Asta, Aoidge AdAs B4y §F Ao

-1005-



28351
2. MR-SFD¢] A7

2.1 A7 &4

MRFHE ZAFFAZ AL gslE whs
Ao A Aojge A Arxs §
MA@ weba], olg g Ao} AAA F
Aase A71¥5E AAGANA msforyt ot
o} B dFoA A MR-SFDo) thgh A Aol A
T Figlol YEld A3 Zo] diEo FEo
ss41 MBS ARl
Coil

T AR

Outer seal

Inner seals
{Aluminumy)

Journal
(SS41)

Housing
(SS41)

Fig.1 The proposed MR-SFD
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Table 1 Properties of MRF-122-2ED

Properties Value/Limits
Base fluid Hydrocarbon
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at 40°C)
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Fig.2 Analysis of magnetic properties for the MR-SFD
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Fig.4 Measured dynamic stiffness of the MR-SFD
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Fig.7 Dimensions of flexible rotor-bearing system with MR-
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Table 2 Dimensions of rotor-bearing system
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E=2.0x10"" N/m? (J-D)=0.00049 kg-nr’
D =9.5 mm Bearing
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k=2.5%x10" N/m

L=14cm, ;=4 cm
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Fig.8 Lowest two mode shapes and natural frequencies of
unmodified system

(a) x,=100 mm

—— unmodified

(d) x,=400 mm :

Fig.9 Changes in mode shapes due to MR-SFD
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(b) Contour plot for performance index
Fig.10 Determination of the MR-SFD location
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(b) Scheduled input current levels
Fig.11 Scheduling input current levels via robust design
concept

MR-SFDo| g 554 E¥7 HAYA HEB
£ 4 (19)9 FEMEYO HE35lu $3&Te ¢
AR W A Solge EXE AAsIAH
Figilols Hd Solgte Rxx=e 4 (22)o o
g} dolA dFAFgol 28 Ut

ARE JFAFEAE 5 0H 4 HLstn ¢
A& E Bzl EA EFY §99 ®IE #
#59th Figl2ole 2oAEe S3t9 Aad
B4y $EFol dE Ao 2AddLE
dzg 432 B, MR-SFDE A X35l A3
PHAFE A7 A9 23 HP&TAM 2+ o
23 Q209 g0l EHHoE FoFE @
Qg 4 9tk E3], gA3a 1M pHY AL 1
Sdo] 70% 7Hto]l ZAade & & et

o]zt AIUEL Bl WEEFHE MR-SFDE
S| AA E7E $9 Alod A& AS, 7EY
2% AgstE AR amngoez 3AA9
AsZAE A2d &+ dvbe 2L ¢ F Yok

> Yo

3.0x10"

— uncontrolled
2.5x1g* 4 = controlled

2.0x10"

1.5x10

i Disk #3
1oxo+]  Disk#1 I8

Unbalance responses [m)

5.0x10°

00

5000 6000 7000 8000
Rotational speed [rpm]
Fig.12 Unbalance response control via MR-SFD
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