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ABSTRACT

The application of scanning lascr doppler vibrometry (LDV)
as a technique for aiding the design and for r.on-destructive
testing (NDT) of a wido range of structures is asscssed. A
new instrument called VPI Scnsor is described and evaluated.
VP! Sensor is capable of testing-struclures as large as bridges,
bulldings and aircraft. The random/RMS NDT method,
which appears to have great potential for in-field detection and
monitoring of damage, is described.

1. INTRODUCTION

Optical techniques for full-field meusurement of vibrational
displacement are already widcly usod by a variety of
industreics. They are generally sensitive, offcring high spatial
resolution without the Jouding cffccts of contacting transducers
such as accclcrometers.

Scanning Laser Vibrometry offcrs specific advantages over
cstablished methods of experimental vibration analysis and
modal tcsting using discrete, contacting accelerometers.
Because the messuring techniquo is non-contacting, tedious
attachment procedurcs for a large number of accclcrometers
arc avoided and there i no risk of affecting the true dynamic
responsc of the test structure. Alternative full field non-
contacting Ltechniques bascd on holography or electronio
specklc pattorn Imaging (ESPI) have dynamic vange
limitations for the mcasuroment of low frequency, large
amplitudo vibrations and are intrinsically more vulnerable to
unstable measuring conditions becuusc the primary
measurement parameter is displacement rather than velocity.

The prin¢iples behind tho LDV technique urc very simple. In
the game way that sound wavcs reflected from, or cmitted by,
a moving object are subject to a frequency change (the well-
known Doppler effect heurd on ambulance sirens, etc.); a
beam of light reflected from a moving surface is also changoed
in the frequency. Although the fractional ohange in frequency
of the light wave is very small (typically 1 part in 10 or lcss)
it can be measured very accuratcly using optical
intorforometry in conjunction with electronic frequenoy
measurement. The velocity of the moving surface is derived
from these frequency changes.

Scanning LDV acoommodates a very wide dynamic range,
typically less than 10?10 10 ' m of vibrational displacement
amplitude. Noise cquivalent velocity is gencrally around
10-* ms! per root Hertz, This mcans that much smallcr
displacement amplitudes can be mcasured at higher
froquencies and much larger displacemonts at lower
frequenoios than some ofther optical techniques such as
electronic speckle pattern interferometry (BSPI).

Scanning LDV can be used in extremo environments such as
the mapping of tho vibration characteristics of hot running
exhuust and other situations such as nuclear pov.cr plant
where cloas access to tho test surface might be hazavdous.

2. THE VPI SENSOR
Design Featurcs

The Scnsor has been designed for optimum ease of use in &
wide range of non-idcal operating conditions. 1t employs a
highly sensitive coaxial optical system and is a Cluss II laser
product. These together with the following features scrve to
illustrate the high lcvel of performance and versatility that can
be achieved with LDV,

Tho sensor is a modular laser doppler vibrometer with built-in
x, y beam positioning mirrors. Thero are inputs for control of
the mirrors with an external computer.

The 9000 Scrics Consolc developod by Ometron can also be
uscd. Programs are available for full field (25° x 25°) scan
control and digitiscd colour codcd display of up to over
65,000 measurements in cuch scan. The tcst surface oan
cither be under single frequency or random/scrvice loading
conditions. At a single frequency the amplitude, phaso, roal
and imaginary components of velocity cun be displaycd.
Under random or service loading and in conjunction with an
FFT analyscr, up to 32 frcquency lincs of information can be
recorded at each point in a acan and later displaycd as up to
32 maps of opcrating deflection shape. Sophisticuted softwarc
is available for manual beam positioning and autostepping
through up to 512 points without the nced for an cxternal
computer. A handsct is uscd to move the beam snd fix the
grid of points.

The Sensor measurcs the velocity of surfaces that have a
retrorcflective coating up to 200 m away with only a 1 mW
Jaser beam. Flat white surfaces can be up to approximately
40 m from the Scnsor. This means that at closer distanccs
large structures can be tested with dittle or no surface
preparation. A lower power lascr onsures & safer working
environment than usually associated with other long range
optical systems,

The velocity amplitude can be in the range 0 £1 ms! from
DC to 100 kHz. The minimum detectable velocity is typloally
in the order of 3 x 10° ms'.

The Scnsor can accommodate large variations in reflectivity of
the test surface both in time and space. This is because the
dynamic range of the amplitude of the doppler signal is very
large. The velocity information is obtaincd from changes in
the frequency and not the amplitude of the doppler signal.
A wide range of surface finishcs and operating conditions can
be tolorated. In particular, lascr speckle effects which can
scriously degrade the quality of interferomctrio data from
rough surfaces, arc typically of little or no significanco.

Accuracy of output of the Sensor is approximately £3% of
full scale for cach of the three ranges (0-0.01, 0-0.1,
0-1.0 ms!). A frequency coded squarc wave signal is
provided with high intrinsio calibration accuracy (0.01%) for
spocial requirements using extornal signal analysers.
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Measurement Principle

The Scusor is bared on a Michelson interferometer in which a
laser beam is divided inta refeeence and signal becams (See
Figure 1). The sub | mW signal beam is dirceted onto a
vibrating test surface, and back-reflected light is recombined
with the internal reference beam. When the test surface
moves. the path difference between the foutes followed by the
reference and signal beam changes, nsulunh in intensity
WYUWLION 01 tNC IECOMBINnEd heam duc 1o interterence
setween the reference and signal beams. One complete cycle
o inteasity modulation corresponds to a surface movement of
= 3,16 x 107 m, half the wavelength of the helium ncon
taner source: hence the frequency ¥, of intensity modulation
corresponding with a surface velocity, v, is given by
F, = 2vit. We shall refer to Fus the Doppler frequency
usocu(cd with s surfacc \elout) v. since the intcnsity
maodulaton of the recombined beam may alicratively be seen
:0 arise thruugh interference between a reference beam und «
signal beam, the frcqucncv of the latter being shifted by an
amount F, = 2v/ A, in accordunce with the Doppler effect,
wllowing Teflection from a suriace moving with velocity v.

The recombined beam is siared between two independent

Jteetion chunnels in such « way that the intcrfcrometric path
dufcrcucc presented to one channel is ctfectively one quarter
of a wavelength longer than that presented to the uther. This
conliguration results in « 90° phase shift between the signals
‘rem the two channels (denoted “sin' and  coy’), the direction
ot motion of the surface determining which signal leads the
sther in phase. The sin and cos signals at frequency Fjure
fzd 1o a dual channel bulanccd modulator where they are
respectively modulated by internally generatcd sin and cos
At Summaion ot the lwo
modulated outputs yiclds u single, frequency shifted vutput at
F « ¥, + orF_- P, depending on the dirsction of motion
3 the ~urfucc In thix way, clectronic mixing rcsults in
casentially the same shifted Doppler signals as those obtained
ssing optical frequency-shifted techniques. and cstablished
irequency racking methads can bo uced to doeive an anal.,
voitage representing the instantancous velocity of the moving
sdriace,
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4 APPLICATIONS

The Scasor can be used as 4 non-contacting accelerometer
Fizure 2 demonstrates close ugreement between data from the
Sensor and an accelcrometer. A flat platc was excited at
:71 Hez and the lascr focussed on 1o the back of the
accelerometer There are many situations where a non-
cting Sensor is morc convenicnt such as high
srature or lightweight structures and ureys difficult or
J2uyerous o accesy:

®  Runming engincs und exhausts

®  Powcrand chemical plunt.

. Sateline, hard disk reader arme, turbine blades und other
ichhwe.ghi components

L4 stdges and bundings

®  Tires and other ohiects such as continuously running
nachinery difficult to awach acceleromcters to.

®  Ralaunz parts with and aithout a derotator.

Lt VP) Sensor can be used as 4 means of detecting
215 10 materials and structures. The VI RapidScan
‘em 18 4 new implementation of vibration patiern imaging
iocrumentation. It contins the performance fcatures of VPI
Seaser with high speed detn acquisivon.  VPI RapidScan can
e used with broadband excitation to detect structural defects,
such as delaminations in composite and honeycombe
matcrials. In the example defects due to debonding are
revcaled in a satellite dish (Figure 3).

5r¢

PR1 461 4628 15.03.91

ran

SETEL MU ALY 1

PR e F 2y
ol a=4
Figure 1| VPI Scasor system schematic
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Figure 3

VPI RupidScan provides a vibration signature of
sutellite dish and highlights structural defects.
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