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ABSTRACT developed in some others’ laboratory following speckle

In this paper, real-time vibration measurement
using system is described.

Modes getting from different vibrational
frequencies of some vibrational plates are rectified
" and filtered by digitizer and recorded 488 dots

(abscissa) printer. PZT and mechanical choppper is
placed in front of cw laser for better resolving power.
Rayleigh’s mode theory and wmode pattern are

compared with experimental results,

1. Introduction

The firgt hologran of a vibrating object was
made in 1964 and it was the culmination of a series of
experiments(1) that give birth to the new field of
hologram interferometry.

But huch time is needed in making holograms of
unimportant conditions

in order to fine the required

results.  Some workers have sel out to uvercome these

difficulties by adaptlations of real time holographic

interferometry which enables chaging nodes o e

observed.  Unfortunately, such vrigs require a level of
enviroumental stability not likely to be achieved

sutside the specialist laboratery.

& different approach yielding fringe infurmation

of the form by Powell aud Stetsun has  Deen

siven
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pattern analysis by Leendertz(2),

TV " detection and electronic filtering technique
have been combined with the principle of speckle
interferometry to give a more flexible system(3,4)

The method cannot reach the high image quality of \
holographic interferometry due to low resolution of the

TV systen, But for practical applications these

disadvantages are outweighed by the high sampling rate

of the TV system. A new interferogram is recorded and

displayed every 1.25-1-308 second, which also gives the
rather short exposure time of that period(5).

The techniques of time-lapse interferometry and

contouring have limited apblicatiun because  the

photographic  processes used are not suited for

inspection and nondestructive testing of mass-produced

items. This 1is true of products such as automohile

tires, loudspeaker inspection, and material checks,

where the time and cost of a photographic operation for
each item is prohibitive,

vIn this paper, using TV systems(6) not only are
rapid but do not involve any expendable naterials,

Vibrational mode theory aud making objects is dealt

Experiment using TV system and chopping method is

shown, and the oxperimental result iy considered by

comparing with vibrational mode theory results,



2. Rayleigh mede theory

The classical analysis of Rayleigh about the
vibrations of plates bears the same relation to the
study of the membranes as the study of the vibrations
of bars does to the study of the flexible string. The

effect of stiffness in both cases increases
frequencies of the higher everones more than it does
those of the lower overtones,
fundamental frequency very much lower than all the

overtones, However, the motions of a plate are very
nuch more complicated than these of a bar: so much more
complicated vthat we shall have to be satisfied with
the study of one example, that of the circular plate,
The

diaphragn of an ordinary telephone receiver and the

clamped at its edge and under no tension.
~ circular plate fixed the perimeter of a loudspeaker are
plate of this type; so the study will have some
practical applications.

The derivation of the wave equation for the plate

involves more d@scussion than is worthwhile here. The
equation is,
U + A Fh=o

where @ is the density of the _ naterial, & its
Poisson’s ratic, @ its modulus of elassticity, and
h the half thickness of the plate.

3. Simple harmonic vibrations

The differential operator is difficult to
separate in most coordinate systems, but for polar

coordinates the results turn out to be sufficiently

simple to justify analyzing them in detail. Here, if

We set fleCV;he'“'M, where Y's dependence an & is -

by ‘the factor cos or sin(meé), then the differential

equation for Y can be written,
( -y (¢tY)Y =0
V= 122 Y2P(1-5%)
QR
Therefure vall we 4 solubion eitiel of Y™+

Y

the .

and so makes the — changing ¥ inte iP,
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V=0 or of Y=y Y=o,
Since V‘and Y are to be expressed in polar

:eordinates, the solution of the first equation, which
is finite T=0. is

e Y=sEEaRTac T

where m is an integer. This is the usual solution of

the plate, with ¥ instead of nj The solution of

the second equation is obtained from the first by
and necessitates a little
discussion of Bessel functions of imaginary values

detine them by the equation Iu(B=i™Tm(43).

4. The normal modes

Possible solutions for the simple harmenic

oscillations of a plate are therefore given by the

expressions,
o NG 425 g ML AT BTCYR]

The boundary conditions corresponding to a
circular plate of radius a, clamped at its edges, are
that Yeagmo and (%) =0 The first

condition is satisfied by making
‘ B= -A Tap (Vo)

N Y i) o <
and the second condition is satisfied by requiring that
Y have those values that make |

z"‘(ih)iq‘c - Ty ‘l'; PO e e o
This equation {fixes the allowed values of the

frequency, v on 9
Tas= (B)fue, ond where

Boy = 1015, (B, w 2.007 ; Bog® 3.c00,

for depends Label

B = L2463, @ = 2483 ; Gin=34%,
Bay = 18], @,, = 2.9q3, Qag = 4. 009,
nn
Bomm T2 N+ T

The allowed values of the frequency are therefore

S (B

apci-3™

Th
Vmn = gos |

’pol = °'°‘3‘*3a1¥.—"_;-,
S = ‘~°:L|‘ For = 3.Q0Q Fou ) Fa 5 3.’\36},.,

Fu = 2.091Fe1, 5. 5A84%1, Sia= 113230,
§21% 34208, 822 =9 68950, Sap= 16.53f0,

Table 1Relative frequencies of a circular
plate
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Shapes of o few of the avrmal modes of vibration of

Piget
a civeular plate clanped at its edge.

iR Vibrational ubieors
For  the measurement of diffusive  vibrating

objects, copper and aluminium plates are chomen,
The test objects are mounted ou 3 loudspeaker
clamped at its perimeter.

6. Experiment and results

The set up for vibrating ebject test is below,

m,‘/fu P (‘;:-
s h _l:g__“ b
camem, = -
B3,
Suffcrﬁns
Civewat
D:J:ﬁcr Comp h plotoer
Mom { Mon3’
Fig. 2 ESPI set up

For regulating c¢w laser exposure period in

connetion with vibrativnal frequencies, mechanical
choppers  are designed. The wapusure length of  every
chopper should be confined with 1 frame rate,  Spatial
noise and envirvnmental vibrativnal noise are reduced
by stopping down S8, The TV systen uperatiog with the
vidicon tube will then see spm:ﬂos where  bright
fringes should be and nu spechles where ihe  dark
friuges should be, Conbining this with the  Soanuing,
the o pegivin are distiuguishable by differing vilew
frequencies shich can be separated by Filtering,  and

i

the esultant digpbay  nade equivalent te the tiae

. o
dvii d})ud Tt b gl i,

copper- G20 | 350 A45| 2990 | 3960 SBRO

S429
alummim | £235 | /1320] 2aso | 28586| 3930 | 5630
ohemm | 828 [/732 | 2828 | 3233 #4955 »a239
slownim | 590 | 1928 | 29400 3330 | K226 | 2450

admm | rag 1732 | 2833 | 3293 | #957| 7239

Texp

T | #20 | 7328|2940 | 3370 |Ha20 | 2480

G 1328 [/732 |209) | 2203 | 4957 | 79

Torp

6oy | 870 | /28| 2%%0| BP0 (4220 | 3gbe
Table 2 Measuring fredquencies

Tringes from experiments are nearly agreed Lo

those expected Rayleigh mede pattern.
Copper has  higher than aluminum in  density,

Young's wodulus, and Puisson's rativ, Suv wven the

fundamental frequency at copper is placed on high
value. Aol large exposure time shows that the fringe

paltuins aive debluired Lo g latge extent,

T Coneiws ol
Rayleigh's  wude pattern van be obtained by

thevietival  wethod, 007 aabicipating  node

Fro vt cos can e gobten by ESPT » oy, Gathured mode

fregioneio.  cotialy wudad baab aidd wede curvellatu

antd b ised for debes Vg vibrating froquencios.,



Speaker  lispection  line aig plate flatness  also

apply this method even randonly.
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