Tutonal

!'_ Selection of Vibration Isolators

Masaki Hosoda
Dec. 7, 2009
OPTI 521



i Contents

= Purpose
= Motivation

= Two types of Vibration Isolation
= Passive Vibration Isolation
= Active Vibration Isolation

= Summary

Dec. 7, 2009 OPTI 521



‘L Purpose of this presentation

= Let you know
= how vibration isolation works
= how to select vibration isolators
= examples of application
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‘L Motivation

= Vibration Isolation Is important for
= Optical measurements
= Optical fabricatons

Vibration Present

Standard Phase FlashPhase

From TMC, STACIS
From Zygo, GPI series http://www.techmfg.com/appnotes/SematechAppnote.htm

http://www.zygo.com/?/met/interferometers/gpi/flashphase/
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Two types of
i Vibration Isolation

= Passive Vibration Isolation

= Mass, Spring, and Damper

= Can isolate high frequency (5Hz~)
= Active Vibration Isolation

= Mass, Spring, Damper, and Feedback or Feedforward
= Can isolate low frequency (—5Hz)+ high frequency
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Passive Vibration Isolation

Approx  Tmax

D;F:m:ing (approx.) M —l .
2 c/Ce ’
.I: 1 k 1_ C Steel Spring 0.005 100 h‘é ‘-Jl'—' ¥ 4

Elastomers:

n o Al ot e 005 1
27 \|m Ce e b*
Butyl 012 4.0
Barry H.i Damp 0.15 3.5
C/C. is Critical damping ratio Cy sy ial 00 8
Friction Damped Springs 0.33 1.5
Metal Mesh 0.12 4.0
Air Damping 0.17 3.0
Felt and Cork 0.06 8.0
Table 1 Damping factors for materials i f
commonly used for isolators s
*You want f/f, f = /
. . = REGION OF
of, is defined. Advantage A
eThen fn should # eLow cost g
‘C/CC should DraWb-B:Ck _ _ REGION OF
<k should <Amplification Region O
®
em should Not stable.
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Selection of
Passive Vibration Isolator

= Determine f; (Disturbing frequency)

" TABLE 2.2
L] and Mln . fn Vibration Power Spectral Densities for Typical Military and

f Aerospace Environments
d

f . Environment Frequency () (Hz) Power spectral density
n -~ Navy warships 1-50 0.001 g2Hz
2 Minimum integrity test 20-1000 0.04 g/Hz
per MIL-STD-810E 1000-2000 -6 dB/octave
Typical aircraft 15-100 0.03 g*/Hz
100300 +4 dB/octave
300-1000 0.17 g*Hz
= 1000 —3 dB/octave
Thor-Delta launch vehicle 20-200 0.07 g¥Hz
H Titan lavnch vehicle 10-30 +6 dB/octave
Use direct measurement ol 0.13 g¥Hz
1500-2000 -6 dB/octave
or R u Ie Of Th um b Ariane launch vehicle 5-150 +6 dB/octave
150-700 0.04 g%Hz
700-2000 —3 dB/octave
Space shuttle 15-100 +6 dBfoctave
(orbiter keel location) 100400 0.10 g¥/Hz
400-2000 —6 dB/octave

Source: From Vukobratovich, D., in Handbook of Optomechanical Design, CRC Press,
Boca Raton, FL, 1997, p. 65, chap 2.
Dec. 7, 2009 From Yoder ¥ i




Example of
Passive Vibration Isolator

Less Demanding Applications |

» Pulsed Laser

« General Spectroscopy

« Velocimetry

« Multimode Fiber Coupling

General Applications in
Photonics

= Bicimaging
= Raman Spectroscopy

« Micropositioning and
Machining

Demanding Applications

= Nanopositioning
=« Subrnicron Precision

= Phase Relted
« Holography
« Single Mode Fiber Alignment

Optical Table and Optical Table Supports Selection Guide

Quite Environment:
(PSD < 10+ gi/Hz)

Standard, StandardPlus,
Perormance or PedformancePlus
Series of Optical Tables

with

Rigid Optical Table Supports

Performance or PeformancePlus
Series of Optical Tables

with

Passive Optical Table Supports

Performance, PeformancePlus,

Typical Laboratory
Environment:
(PSD ~10-= to 10+ g/Hz)

Noisy Environment:
(PSD <10+ g:/Hz)

Performance, PeformancePlus,
Ultra, or UltraPlus Series of Optical

Performance or PeformancePlus
Series of Opfical Tables

Ultra, or UltraPlus Series of Optical
Tables

with

Active Optical Table Supports

:The lab floor consists of a subterranean slab in a remote environment.
:The Iab is in the basement or ground floor of buiding.

:The lab is on the upper floors of a building or near significant sources of vibrations.

From THORLAB

Tables
with
: _ with
Passive Optical Table Supports
its
table Dtiﬁ|
Perform;
Ce M
Upper plate [t reinforced rubber
air mount
base plate bl T its
Active
Perform ptical
s,
Ultra, or
steel outer
, cylinder Schradervalve irts
%,
Active \ e

Table 1. & selection matrix for optical tables and optical table supports based on the working environment and application.



i Active Vibration Isolation

Feedback

=]

Yo —o—p H(s)

d

1

Gis)

R

Feedback + Feedforward

Frimary disturbance
SOUrCE

L.

System
Secondary
source
X
Adaptative
Filter ¢
Reference ?
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=Cost
ealgorism
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Selection of

i Active Vibration Isolator

Advantage Drawback
Feedback durable for unexpected | Slow response
disturbance
Feedforward Fast response Need correct reference
+ Feedback Need correct model
Dec. 7, 2009 OPTI 521
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Example of
Active Vibrartion Isolator

AS-Z1,5V-Z1,PR-Z1

60

Vibration isolation platform

62-2

AS-Z2, |

sz |0

-2
vsy2
) \ PO-Y2
PO-22

AS-Y2, VS-72
SV-Y2.
PR-Y2

1. Pressure (Force)

/

2. Position
3. Velocity

il

PO-Z3

VS-Z1

PO-Z1
PO-X1
V&-X1
AS-X1,S8V-X1,PR-X1

62-3

AS-Z3,
SV-Z3,
PR-Z3

PO-Y3
vs-z3 ) \
VS-Y3 | -

Lithography Stage by Canon
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S. Wakui, “Active vibration isolator, exposure apparatus, exposure method and device manufacturing method”
United States Patent 6,286,644 B1 (2001)
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i Summary

= Two types of Vibration Isolation

= Passive Vibration Isolation

= Low cost, works for high frequency

=« Have amplification region, Not stable
= Active Vibration Isolation

= No amplification region, works for low freq.
= Need Algorism and reference
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