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Identification of Negative Stiffness Effects in Magneto-Rheological Fluid
based Squeeze Film Damper
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ABSTRACT

In order to investigate the stability of magneto-rheological fluid based squeeze film damper (MR-SFD), its negative stiffness effect,
which arises from magnetization of MR-SFD, is identified theoretically and experimentally. The analytical model of MR-SFD
includes the magnetic circuit as well as the displacement stiffness associated with the squeeze mode of MRF. Extensive experiments
are carried out to measure the magnetic attraction forces generated in the MR-SFD, with the excitation frequency and the eccentricity
of the journal varied, which are controlled by an active magnetic bearing. The simulation and experimental results are found to be in
good agreement. It is concluded that the negative stiffness effect dominates only in the low frequency region because its effect
diminishes in the high frequency region due to the eddy-current loss.
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Figure.l Perspective and cross-sectional view of MR-
SFD
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Figure.2 Magnetic circuit analysis of MR-SFD
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Table.1 Specifications of MR-SFD

Clearance, ¢ 0.8mm
Clearance, ¢’ 0.8mm
Width of outer seal, / 3mm
Bearing length, L 8mm
Coil turn, N 72 turns
Inner radius of outer seal, 7, 36mm
Housing radius, R 44mm
Permeability of air, x, 4rx107H/m

MR-SFDe| z713-& A7138tde o, o Ao
d(journal)o] WAL Yo7|A = Figure 29 A
713 2o A A7) Age] HAsHE BE FAA A
g7t Fotd F9] FFAME Aojdg ILAF
o2 B7)& Aol AAA At oy L
o] B34 Avtolth ojet Fo] HAANY HFE
dyFozA A7 A& A7 Aol T3

- 740 -



A g A7lE4e g 4g g9 d3d
sich,
B4
Fm——z,uo M
MR-SFD&] 7$-o%& Figure 201 Ul nle} 2ol
TAEE VIR F%o] WYY FHE Az
Atk £ Ar|A&e] R AL ol g3H
AN g 4 ()t el v F
Ak,
Wa
F,,,-—yo—A @
MR-SFDA A 4F4afe] vla8d dg ol ey
A A71d%4e FiE og BANeE BEY 4
ATt

dy,

 +HdR,
o] &leA MR-SFDY Aojdol FAlolA HA-E
QoS W, 7 IR Uit AT
g go] ek 4 itk
~ g, =c(l+scos0) (4-2)
Ho 4y MRL-d6
I = & _c'(1+&cos)
’ oy Hyrl-do
AN A g digk BANES A7) HA&) g &
A4 @)l dideE o 2ol Hed 4+ gl
dy = NI
" e(l+ecosf) c'(1+¢cosh)
H,RL-d6 AR (5)
_ NIy RLr] 40
(1+&cos@)(cr,l+c'RL)
A AHE kol 2 A7 #AA (2) diYd
s o3 2ol el & An
NIy, RL1*

QU

(4-b)

" (1+£c0s8) (crl+c'RL)’ 2
dF,, =——™ TwRLrl (6-b)
" (1+&cos8)’ (cr,l +c'RLY’
Aot Ze AP I AES B3 MR-SFD

o Hojdo] MALNE W WARE Ar=e o}
23 2e AenAe TAN A& + At
F,= ["cos0-dF, + ["cos6-dF,,

2
NIRLr Y( 1 1
=4 L Ll 7
”"[cr,,nc'RL] (RL ral] @

o &+1 _ g e-1
e () ()
(82_1)312
olgt 2L AL FAA HYd AV 5L
HA o] 05013t e Ar1goe] APHoz F

X

s, BAEel O ANA HY wHgHes
243 2715 "ok Aot o|3e EelHe
2 A4e B ¥ e BAvt Abhe) Aags
g Aol MiagHos FihRe Roz Ay
g & gt

3.2MR-SFDE °|- 8% H3A &9 &4

A o]EBHog i3 MR-SFDY ¥7A4
o g AAg d¥H ez Ty YA
Figure 39 Bo|w ule} & AEPXE FAsn
g x84 ERHE A7HE A A

WA MR-SFDY Aoj@d& HAAI|7ZI A
o] REE A Fo] ABAHT A7)
o]FY2 DSPE o|&3& 3 9 FHYF %
29 olle}l MIEFEE ¥ &£ UAEE Aojdr.
Azl gl WMAAME HRT 4F SHE
AXEo] W= A F7FAQA AA A7}
ga3tA guhe Fdol Ak Addde =3
4*(harmonic function)& ©] &3} 712 & A
o, A Z = Fad wHAMe &Y
& BUEEA zrivejge AHA Fo] FPL
& FEE JIFAE 2AHINRY. Aojde
< &3 MR-SFDIA A= 2718 Kistlerit
9] 3% 3}5 Al (3-component tool dynamometer) & ©]-&
sl =4S T Fo WAHET FA DSPIF F
2 pcz AgsA ok

Power Supply

NI VA NN
5 88 8 88

0000

Dual Qutput
PWM Amp.

0000

| Current
]

_____

MR SFD+3-comp.
Dynamometer

_____________

P . | Gap Sensor
H i Signal Amp.

__________________

Digital Control System with Displacements, Film forces
DSP(TMS320C30)

Figure.3 Schematic diagram of experimental setup
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Figure.4 Measured signals vs. fitted signals with least
square error method
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