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Dynamic Characteristics Analysis of the Carriage Structure Supported
by Air Bearing
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ABSTRACT

In this paper, the dynamic characteristic analysis of carriage structure supported by air bearings
were performed. Toward this end, the characteristics of air bearing were numerically analyzed to
estimate the stiffness of the air bearing and the clearance between air bearing and guide surface.
The modal analysis of the carriage structure was performed by using finite element method, and the
experimental modal analysis was also performed to validate the finite element model, where rigid
body modes were compared to validate the stiffness of the air bearings. From the results, the air

spring stiffness can be estimated within the range of acceptable accuracy under any pressure and

clearance condition.
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Table 1 Stiffness comparison between company
value and theory value

Bearing | Stiffness from | Stiffness from
diameter | manufacturer analysis Error
(mm) (MN/m) (MN/m)
40 28.4 30.0 56 %
5 58.6 56.3 39%
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Fig. 2 Load capacity versus clearance
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Table 2 Natural frequency of ANSYS model

Mode freqll\llgrtllé;a(IHz) Mode frequ:rgg;a(le)
1 0.0000287 6 311.62
2 128.23 7 613.99
3 170.30 8 619.96
4 208.12 9 704.84
5 217.97
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Table 3 Natural frequency of carriage structure Fig. 8 MAC value of rigid mode
Natural | Damping Natural | Damping Table 4 MAC value of rigid mode
Mode| frequency |coefficient {Mode! frequency |coefficient
(Hz) () (Hz) (9] Analysis
Mode
1 89.79 00348 6 530.84 0.0084 Ist | 2nd | 3rd | 4th | 5th
2 14357 00321 7 61390 00121 1st 10.051210.875210.432210.007410.1473
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4 290.72 00110 9 1204 0.0214 3rd ]0,1005]0.369010.4381 0.046710.8510
5 46242 0.0121 10 1356 0.0107 4th [0.3486(0.0722]0.6283(0.0088]0.0816
SRSt Es3etE =2R/A 14 A 1135, 20043/1063



e

oMol 13} BT Az ANSYS 314 Rdoa g
32 B gijo] & AATE AT & ok 4¥F
123 BEEorMe] BRE 323t ANSYS 34 54 3%
BEolxe RE A Fig 9~103 Zth

Fig. 9~10 18 EF z2%& $HFLE 39 &
2 ZEYE A%S BAY o] w9 IRAFFE
AHEH Aol 13 T4AFF7} 89.79 Hzol 2,
ANSYS &4 249 33} ZFAFS7F 17030 Hz2
AY Azte] I/FAFFY AN Ao THAFSFH
oF 2uf 7teEe] AlolE Helth

Z 34 Rdd HLg Ao
Al

oz= 4
& AdE 28T F gloemz a4y
HEA A Y Ao AR T

> o Jm

Fig. 9 1st mode shape of carriage structure

ANSYS 5.6.2
s2p 26 2002
11:45:59
DISPLACEMENT
BrER=1

s08 =3

eeeeeeeeeee

=.1226-03
=.1778-03
BUFFER

IR

44 28 FHE E5 S5 #A
A4 FAL trial & errordg ol&sigoed, 1

[e]
9} ANSYS &4 3z 2o MAC value7} 54 Y
ettt & AddMY 1A B A3 ANSYS &l
A RdoMe 33 BT FAto] A UXFe & F
Row, o] we g Table 734 2

4525 FES &

FRE A4 N84
Axtsiget ole o1& M 78 253 3
o] T2 Fig. 3914 +& & Aok 4| 7%
& °o] Jg = A& Fig. 129 2o

o rol
0

ox ox flo

0
MAC Value

Analytical
mode

Experimental
mode

Fig. 11 MAC value of updated model

Table 6 MAC value of updated model

Analysis
Mode
Ist | 2nd | 3rd | 4rd | 5th
Fig. 10 3rd mode shape of ANSYS model
1st [0.0533[0.8811(0.4216]0.0044|0.1367
Table 5 Natural frequency of updated ANSYS ond |0.4273(0.29460.3110(0.2385|0.4823
model Experiment
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Mod Natural Mod Natural
%%\ frequency(Hz) | °°¢| frequency(Hz) ath 10.3567(0.0677|0.6304|0.0161|0.0651
1 0.00019921 6 169.25
2 60.637 7 568.38 Table 7 Stiffness of updated ANSYS model
3 89.102 8 591.33
5 113.55 10 1295.1 Stiffness(MN/m) 37 76
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