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ABSTRACT

This paper describes a method for identifying the dynamic characteristics of air foil bearings for high speed
turbomachinerys with the LS/IV method. In fact, identifying the characteristics of air foil bearings is very difficult
work, and it is tried to identify it. Experiments were conducted to determine the structural dynamic and
hydrodynamic characteristics of air foil bearings. Numerical predictions compare the static and dynamic force
performances. The housing of the bearing on the journal was driven by the impact hammer which were used to
simulate impact force acting on air foil ‘bearings. The characteristics of air foil bearings were extracted from the
frequency response function (FRF) by LS(Least Square) method and IV(Instrumental Variable) method. The
experiment was tested at 0 rpm and 10000716000rpm. And the test results were introduced about the dynamic
characteristics of air foil bearings, and also compared with theoritical results.
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Fig. 1 Bump foil bearing configuration
@ top foil @ bump foil
@ journal @ bearing housing
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Fig. 2 Scheme of the air foil bearing test rig
@ spring @ spring supports @ test air foil bearing @ motor ® bearing housing
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Fig. 3 Air foil bearing test rig
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Table 1 Specification of Air foil Bearing

Bump foil data [mm]

Radius of shaft 30.00
Radius of housing 30.70
Material of foils SUS301
Width of foils 60.00
Thickness of top foil 0.100
Thickness of bump foil 0.100
Height of Cu—coated bump foil 0.450
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Fig. 4 Coordinates for air foil bearing model
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Fig. 5 Frequency Response Function of air foil bearings using LS/IV method(10,000rpm)
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Fig. 6 Flow chart of characteristics identification
algorithm of air foil bearings by IVM

(4]
Hp H — w’H] — w*H], — wH, — wH},
HV; H;y -~ wzHy; — w2H;y —wHy, — wH,, 8
H; H;y - wzH;E — wsz’y wH] sz'y
H, H, —w'H, —w H, wH, wH,
K, sz
— Tz r__ 0 1
[X]= 0 M, (©)] [E]'= 00 (10)
c, C., 00
¢, C,
mebx, 371 £ dolgle FEHL UehE 3 [X] &

e gol ¥ 4 gl

[X)=([4]7[4]) I{A]T[E?'
4 (1D T ol 554 A
o] F54 ATt 4% 3% 5—.
gk w2t X dojde] FEA AF 2R HAsiA=

HZRE 394 FEA AFEL AAsAo} &
‘113114 el et Y F2H FEA A
Agozy °}-r°1§i‘:} T, AX AN 7
g AR FoE 8 e :IL%_‘- EEA fusE
ko|2e] 4gg uA Hrh UJrEW old e Hase
7] 98] HAAs(least-square method)& AMEatE o™,
o]9)ef wo]xe E7He IV(Instrumental Variable Method)
g ALg-slgich

ox
ﬁm

of 4y B I

3.2 Instrumental Variable Method(IVM)

ob2e A3d] Wi kojxg vyt F A Y9 Jew
Hiale W3 A xol=d EFEn 238 2Y £
U Instrumental Variable Method (IVM)E Fig. 6 o 2
o] F7I2 Abgdted o e o8 2 WA A1)
44 Aoz 3% MICIIKI'Y oz #45A dg
34=¢) analytical receptance function & [HI*7&lzm [H]*
Z olgslN B3 (WI's mET o) b Wiglshd o}
#et Zo] oA vy [XIg 78 4 9lA) "ok

[WIT[AIX]=[W]T[EY +[W]T[ST (12)

Fig. 5 € A4 34 X<s4Y(least square method)T}
IV(Instrumental variable) 34 & AH§3 238 YT 2
YZE el gk ERE AG 5 woj= Az
B AN FAAG TEHR Ao &9 JAA #
AY FF e Wiy N2 2 1 9 A7NH xolxg
dgolz} Alzdrl Iv7des ¥WYd 3¢ £49 23g
AGe] Wetgo] 1% oldte A2 FPzAL Agton,
Ha Aol M FEER AFgEol, Vi o
M F&9 Fado W) 23, 53 o)z g o

% HA7E o age AMEES BoEth Table 2 & 249
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Y. : Real value of the measurement data to be curve fit
Fi : Value of the curve fit
N : Number of data points in the cuve fit
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Fig. 9 Direct and cross-coupled stiffness of air foil Fig. 10 Direct and cross-coupled damping of air foil
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