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Evaluation method of isolation performance for MIMO isolation table
using singular value of transmissibility matrix
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ABSTRACT

Isolation tables are widely used for precision equipments and their isolation performances have

been usually expressed and evaluated by transsmissibility.

1-degree of freedom(DOF) system.
springs.
more than 1-DOF.

is too complicated to be an index for a system.

However, transmissibility is a concept for

In practice, isolation tables are supproted by more than 4
Each spring is subjected to vertical and horizontal ground vibrations, and also the table has
Therefore, isolation tables should be treated as multi-input/multi-output(MIMO)

system of which isolation performance is expressed by transmissibility matrix.

However, the matrix

In this paper, maximum singular value of transmissibility matrx is suggested as a simple perform-

ance index of a MIMO isolation system. Physical meaning of singular value is explained using a

simple a 2-DOF isolation table.

Furthermore, maximum singular values of passive, 3-DOF active

and 6-DOF active isolation tables are obtained through experiments, and their meaning are explained

and compared with each other.
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Figure 1 2-DOF isolation table as the simplest
case of multi—dimensional vibration isolation
system
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Figure 2 Singular values of 2x2 transmissibility
matrix for 2-DOF isolation table
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6-DOF isolation table

Exciter Base granite Rubbers Exciter

Figure 3 Experimental setup for
excitation of bottom table

A%, Z 12708 AW AES dow A4 5
gk e oleld e Agoz FENE A
& AT ML el

B ool AR AW A% AHE 93 49
g Fig3o] Ao ERIRIEE AN A3
Athol Aol HAlels], S Aue A A5 4

6—XH°TE Ak 2
vepdidlen, 1 37 ARE shEstr] golsl
Ak 7% &8712(VC criteria) V7 3 BAS}
th Figd(a)w st ARkl 34 55 Yehd=
), Rl ¢3eF dol(L:ide], Widn|, Dithzh
W7 $E Aoz Yepgdoh Ak

£ woto]
Aee] 2715 AvEd AFselr= At 159
A7)17F R3] AA gk, ol AEY 7179

AFsel ] g3Fo] S8 A4 9] Wl Ao

or
oln @
o
Okl
e
=
pal
o
lo
Pal



1E-3

v
!
1E-4 | —5 T
— ! -
2 U
£ ST
E 1E5 e T —
z —
k5
S
[0)
>
Frequency [Hz]
(a) rotational motion
1E-3
1E-4 b =9 _ i1
Q |~ i
= _ i
zg 1E-5 | ) P i
g i
8 e
[0
> —X
R
----- z
1E-7

Frequency [Hz]

(b) translational motioin

Figure 4 Vibration level of base granite with
vibration criteria VC-curve(VC-A, B, C, D
and E; ——-- dashed lines in descending
order)
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(a) Singular values
(vertical axis in linear scale)
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(b) Singular values
(vertical axis in log scale)
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(c) Curve fitting of singular values by
1-DOF system transmissibility

Figure 5 Singular values of transmissibility
matrix for passive 6-DOF pneumatic table
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Table 1 Resonance frequencies, damping ratio
and left singular vectors for passive isolation

table

Reso-

nance | Dam-— Magnitude of corresponding
freq— ping left singular vector

uency | ratio X vz we, Lo, Do.]

[Hz]

3.08 | 0.036 | [0.80 0.03 0.14 0.15 0.52 0.20]
3.40 | 0.019 | [0.04 0.50 0.59 0.45 0.31 0.33]
3.84 | 0.016 | [0.06 0.52 0.41 0.05 0.12 0.74]
4.42 | 0.023 | [0.13 0.17 0.18 0.58 0.61 0.46]
491 | 0.053 | [0.21 0.26 0.32 0.16 0.45 0.74]
6.52 | 0.027 | [0.04 0.11 0.35 0.67 0.64 0.04]
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Figure 6 Comparison of maximum singular
values of passive, 3-DOF active and 6-DOF
active pneumatic table
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