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1. INTRODUCTION

Limltlng the transmission at ambient vibration to sensitive experiments has
been a long-standing need at the US. National Institute of Standards and Technology
NIS . _ One goal In the on-going design of the Advanced Technology Laboratories
ATLs Is to proVIde hlghly controlled Vibration envlronments in laboratory spaces.
xperienoe at European metrology laboratories sug ested that the use at

fineumatically supported concrete inertla slabs could perini achievementol thls‘goal.
IST commlssloned design and constructlon ola prototype slab of Significant Size (4
m x 10 m uslng readily avallable Vibration-isolation components. I

is paper presents the results ol a thorough study of the modal properties of
the proto e slab uslngwexFerlmentaI methods and finlte element modellng. The

intent of t 9 study was 0- old: (1) to document the namic characteristics 01 the
rototype slab and (2) to determine the extent to which inite element modeling could
e used as a destgn tool to predict slab behavtor.

2. SLAB DESIGN PARAMETERS

Vibration Criterion. NIST
scientlsts and the ATL design team
agreed that an approprlate vibra-
tion criterion for the Isolated slabs
would be a velocy amplitude at
0.75 micrometer sec (um/s)—
one-fourth ot the typical cit-grade
veloclty amplitude—at trequencles
above the skirt' of the airspring
resonance curve. about 8 Hz.

The Slab and its Model. The slab
was deslgned to fit in an existin

lt In a laboratory 5 ace at MS .
his etlectively deined limits on 22

the SlZe and aspect ratios that ' '"
could be employed. In Its Ilnal P'T
configuration. the isolated slab had
a T-shaped cross section-a slab
with a keel-as shown conceptuall
inFi.1. TheslabdethtsSOg F 1. ' Th l ‘mmiglhe keel adds angthar 300 igure Section rough Laboratory andSab
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mm. The slab is intended to support only vibration-sensitive apparatus: personnel
and auxiliary experimental equnpment. are to be supported on an ed e-supported
Walk-on” floor. The isolated slab ls supported on 10 commercialy available
firs rlngals| rated to proVIde resonance irequencies oi 1.5 Hz vertically and 3.1 Hz
or zon y.

 

Figure 2. Calculated Modeshapes oi Slab Deiormation.

A finite element model (FEM) oi the slab was corstructed from 300 “solid”
elements to represent the slab and to “beam” elements coniigured to simulate the
stiffnesses of the alrsprings. in addition. the concrete ioundation beneath the slab
was modeled using plate bending elements and the soil beneath the inundation was
represented by massless spring elements. The entire FEM was implemented using
GT-STRU DL®. a proprietary finite element software package.

3. SYSTEM RESONANCES

Calculated Modeshepes. The finite element model was used to calculate the
modeshapes of the first 80 modes of the system. This set included 12 modes
corresponding essentially to motion oi the rigid mass on the airsprings and the
foundation mass on the soil spl'in s. The remalnln 18 modes are associated
predominantly with deiomiations o the slab. The irst 8 0| these modes had
frequencies below 200 Hz. the limit of the range oi interest ior this study. The
deiormed shapes associated with these 8 modes are shown in Fig. 2. Because oi its
non-symmetric T-shaped crossvsection. its delormations do not correspond to either
“pure plate" or “pure beam” behavior, The labels 8‘. 3,.and B, were used to denote
the first three modes similar to beam bending; T,, T,, and T, to denote the first three
modes similar to torsion of a prismatic section: L‘ to denote the first combined
ilexural-torsional mode: and R. to denote what might be called a “barrel” mode
associated predominantly with bending about the longitudinal axis.

Rm3 myWm flu" Table 1. Su oi Resonance F uenuea

Frequency, H1
Mode DIIflIpiIull Predicted IIan

5. Fun bending mode as 34
Y. fin! ionional MI 39 52

a, Second bending mode 54 er
1, second term mode 50 102

L, mnme mode 9| nz
a, Third bendingm 150 154
1', mm torsional mode 126 153

R Balm mode 174  
Hammerblow Response. A mallet was used to strike the slab at iour locations. with
exponentially averaged velocrty response measured near the point of impact. The
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tour locations included thecenter, one comer, and midlength on each side. The test
allowed tor Identification of the actual resonance ire uencles associated with the
modesh s in Fig. 2, except for R" which either coul not be excited adequately or
was at a equency above 200 Hz. Figure 3 shows the velocity spectra measured at
each location, from which spectra the resonance frequencies could be determined.

4. COMPARISON OF EXPERIMENTAL AND FEM DATA

Resonance Frequencies. The measured and calculated resonance frequencies are
summarized in Table 1. Several observations may be made:
- There Is close agreement between the calculated and measured frequencies for

modes 8.. B, an 3,. ‘
- The measured trequencies for modes T.. T, and T, are 20 to 30 percent higher

than those calculated using the FEM.
- The ratios between measured ire uencles of modes B . B, and B, are consistent

with the corresponding publish ratios for uniform f’ree~iree plates; the ratios
between measured ir uencies for modes T,. T, and T are approximately
Int are, more consisten With torSional vibration ofa prismatic bar than with what
wou d be expected with two-dimensional plate bending.

Predicting Slab Performance. It was desired to examine the feasibility of using
finite element modellnglto predict motions of the isolated slab on the basis oi motions
measured below the airsprings. Fi ure 4 compares the calculated and measured
“transier functions.‘ A transler iunc ion is defined as a spectrum of the ratio of the
dlsplacement at the top at the slab to the displacement at the base of the airspring‘s.
A stu indicated that realistic phase differences between the forcing loads at e
base 0 the airsprian had relatively little eifect on the calculated motions of the slab.

Corresponding transfer functions were obtained relating measured velocity of the slab
surface to velocity of the bottom of the pit The measured transfer function of Hg. 4
relates vertical motion at the center of the slab to vertical ground motion below the

slab. The “F M Vertical Only" curve
represents the same quantity obtained
using the model. There is fair
correspondence between the curves at
frequencies below about 70 Hz, but not
at higher frequencies. The "FEM
Geometric Mean" curve is the result of
taking the geometric mean of the vertical
response at the center and the corner of
the Show loadin in the venical and
two horizontal irecti'ons, and then
taking the geometric mean of those two

Fburl ‘. Muslim HM Minted Ttlnsllt Fumtiua Gun/est

  

There is a better agreement with the measured data at irequencies below about 120
Hz. but the model does not predict the Increased response above 120 Hz. (The
behavior above 120 Hz ls most_likely due at least In part to deviation of the airs rings’
behavior from that of an ideal linear massless spring or from disturbances the reach
the slab through paths that do not involve the airspnn s.) It appears that the motion
of the system is subject to variables which cannot e adequately defined so that
accurate finite element modeling of slab response to a realistic ground-motion input
cannot be accomplished,

5. MEASURED SLAB PERFORMANCE

Ambient Vibrations. The root-sumsquare (SFlSS) velocityamfilitude—summin
the three velocity components at one point—was used to simplify t e presentation 0
measured data in Fig. 5. which shows the SRSS velocity amplitude measured at the
bottom of the it (below the airsprings) and at two locations on the slab surface The
geeks at 1.4 2 and 3 Hz are the result of resonance ampiiiication associated with
9 mass on the airsprings. as expected.
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As has been mentioned. the goal of the
Isolation em was to achieve a
velocity 0 at most 0.75 s at
frequencies above 8 Hz. _e mea-
sured SRSS velocity obtained at

uencles above 5 Hz ls about 0.2
u 3. well below the goal. The
permanence In this frequency range is
imitedb the lltudes In the 31. Hz
and 50 2 one— lrd octave bands. It
these were reduced by about three-
quarters in future desl us. the achieved
velocity would be on e order of 0.08

s, almost an order of magnitude
elaw the original goal.

 

Isolation S stern Pertormance. The inn
salts in 31.5, 50 and 100 Hz
ends are due to resonances of the

slab. Figure 6 shows one measure at
isolation system rlormance—the
ratio between SFtS slab motion and
SRSS base motion at the two
measurement locations. It is evident
that some degradation of isolation
pericrmance results trom resonance M.
amplification Within the slab. The
three {3] \élhtch specrz‘ittcd moldfis
can an Ie are ma 9. e .
reduced isolation at tr uencies “9”” snss vmwwm‘“
above 120 Hz Is probably us to a _ __
combination of higher-order slab resonances and airspring nonlinearities.

6. CONCLUSIONS

This study documented the dynamic characteristics and vibration isolation per-
formance of one oi the la est isolation masses ever built for use in a laboratory
environment. It also ldentl red the extent to which finite element modeling could be
used to predict behavior or a pneumatically supported system The primary findings
are summarized below.
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o Finite element aria sis (FEA) ol the type used here can .predict ‘naturai
lrequencles and m e shapes lalrly well. but It does not predict bending and
twisting modes with equal accuracy. Some improvement might be pDSSIble With
a liner element mesh.

0 SEA its Inadequate for the prediction of response at an isolated slab to ground
ra one.

- Mass-airs}:an resonances can cause an order ol magnitude or more
ampllflca on at the alrspring_ resonance frequencles. _

- Deviation of airspring behaVIor irom that oi an ideal massless sprin may cause a
significant degradation in isolation ertorrijiance at frequencies ove 100Hz.
gerbaps by as much as two orders 0 magnitude.
lab resonances degrade isolation perlormance. perhaps by asmuch as a_n_ order

at magéiitude. These must beconSIdered during design, and perhaps mitigated
either y sizing the slab to achieve resonances above the trequency range of
Interest or by designing increased damping into the slab structure.

Proceedings at lntemolse 98 


