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introductions

The authors have evolved o new form of hologram interfsrometer for
the viewing of objects which have retro-reflective surface cootings, The
tystem Is capable.of comfortably exumining objacts to around 5 fast In dlameter,
the cbjacts belng Illuminated by o Spectra~Physics 1 millf-watt faser, The
cost of the optics I minimal, severs! pounds, The interferomater could possibly
bs wed In an Indusivial environment dus to the lemening of vibration Isolotion
requirements, by retro=reflecting a reference beam from the object under.
investigation, e medmemeemenon

Contlinuous wave laser holography {1, 2) has beon limlted to a foborotory
environment, mainly dus to the siringent vibratian lselation requiremann,
essentlal for toking high quallty holograms, Large surface area object illumination
ot presants the problem of oequiring very expensive, high powered, C.W, losers
to clearly flluminote the object allowing for targe diffuse reflection light losses
of the light back to the hologram, Pulsed holography (3, 4) hos overcome the
fint limitation, ond In private correspondence with Dr. R, Wuerker, T,R.W.

Inc., Los Angeles, the authors have seen hologram photographs of the contours
of a nine foot diamater paraboloid otenna uing ruby laser illumination. In
ganeral however, edditianal technology h required amd the cusociated increosed
axperue has prevented o widespread acceplance of this technique. A further
drowbock s that one cannot monitor the surface distortion In real time with o
pulsed leser lllumination, usually essentiat for vibrationel anatysls to chraln
perfactly formed patterns or %o axactly determine the natural frequencies.

The technique described In this paper has baen aimed at lessening the
sigorous vibratlon [solotion requirements and to use very low powsred, Inexpensive
losen for Hluminating large surfece areas,

The vibration lsolation technique does not require; the ottachment of
mirrors fo the objeet (3), the opticel processing of the reference beam befors
siriking the hologram (4), o scanning refersnce beom {7), or an eleciranic
feechback servo-system (8, %),  All the edvantuges of C.W, holography ore
refulned |.0., double expasure, time overaged and real fime viivalisation of the
wrface distortion,  The authory have besn investigating the uis of ratro=rafiactive
matarials for severl years, the work having been published in papers (10, 11)
and articles {12, 13). Using the 3 M Company "CODIT" paint, the lorgest objact/

previowly tackled by the outhors was @ 36 Inch long steam turbine blode,
Wuminated by o 20 miltl-wot Sclentiflea=Cook He~Ne laser (10).

A new material hos besn supplied to the outhors by the 3 M Company,
Minneopolls, U,5,.A., which is around 40 Hmes more reflactive “coon~,
The new moteriol was obtalned in paint and thin adhesive backed tape versiom.
It con bo easlly applied and removed from the objact under investigation.

The phatographs of this poper illustrate the virtuul images of the 36 inch fong
turhine blode, baing itluminated by o 1 milll-watt loser. The blade is coverad
with the new refro-reflective materiol. = A t milll~wott Jaser with polarised
light output can bs purchased from Spectra-Physics for just under E100.

The optical interfarometer described ehove (10-13), Is Nystroiad in
Fig. No.l.  Amuming the large, costly, beam splitter to be o peifact 50%
reflective, 509% tronsmbssive lype, no absorption losses ond the object 1o 10074
retro-reflect all tha Incident light, only 25% of the loser intemity wiil fail
on the hologram, 1.e., 50% of 50%, However due fo scattered reflection
from the object and splitior abiorptlon losses in pansing thraugh the sphittar




ona will obtoin ot the hologram around 15%.  The problem wes how to eliminate
the large beom splitter, incldentally cutting down on the cost of the optes, and
still retoin the retro~reflect|ve actlon of the reflected tight from the object 1o

the viewers eye,  Flgurs No,28HIusirates one arrangamant of how this con

be achléved. The lasar light is opened out by @ microscopic objactive onto

a very smoll mirror (} inch diameter Joser mirror),  From the mirror the light
continues o cpen cut onto the object, The retro-reflected light has o smoll
cone angle of scattered light, which focusses behind the mirror, ot o distance
oqual to that of the microscopic objective from the mimor.  The cone diameter
can be of the order of 1 inch diameter or larger for lorge objects, howaver one
can obtaln equally good holegroms by placing the photogrophic plote beyond

the focuned area In @ larger cone dlamater of light, The hologroam will sees

the entire object.  Such o system gives a light gain over the splitter method,

of opproximately 5 times, 10% of the light interslty is taken off for o reference
beam and 90% of the light intentity Is used to [lluminote the object. Allowing
for smail scatterod light lowes on the object, oppraximately 0% returns to the :
hologram, which compares with 15% by the splitter mathod. Employing wch o
system olong with the new matarlals for coating (he objects has reswlted in an
approximate goln of 200 (i.e., 5 x 40} over "CODIT" paint and the splitter
arrangement, - It is usual in such a system as that described above, o ue
reference/object beam intensity ratios (meawred ot hologram) of 1/10th to 1/5th
a3 opposed to ratios of 3 = 5 for diffuse reflaction holography. The new materlal
have obwlutely no depolarhation and create |ittle optical 'nolse’ in the reflected
beam, To tha hologram, the two beoms (object and raference) are light intensities
of equal polarlsation and compatible notse content.  In diffusa veflection /

halogrophy the reflected baam 1s highly depolarised ond has a lorge
‘nolse’ content and hos to be mixed with @ much more Intense non-
depolarised, low noise content, reference beom. In Fig. No.2, the
refercnce beam Is directed by the splitter (glos sheet) o the objects
surface, usuolly ot an area where there Is no forced vibrotion amplinde
or straln, 1.0., o node or @ clamping position, From the surfoce It
retro-reflects to the hologram,  In reflection the speckles are found

to be very widely seporated, glving rise to a high qualily refersnce
beam. A speckle reference beam system for object motion compensation
hos baen described In on excellent paper by an American resaarcher (14),
Diffusely reflacting surfaces were wed, the beam having to be focussed
to o fine spot on the objact before scattering to the hologram. Once
ogain the reflected speckles cra widely spaced glving o good reference
beam for the hologrom, Howevear focutsing of the reference beom can
causs thermal expansion of the objects surfoce, glving rise to very poor
hologram images, ynleis a temperature stabiiisation perlod Is allowed.
Should a double pulse ruby laser ba used, the spackle reférence beam
allowing 4 compensotion for unwanted whola body object movement batween
exposyres, thon the focussed beam could cause materlal domoge to the object's
surface.  The outhors' technique of wsing a very low powered loser ond
with no focussing of the beam means that cbjects mode of any type of
material may be investigated Immediately and without surfoce damage.

To test the effectiveness of the retro-reflected speckle reforence
beam, ts compensate for unwanted chjsct displacemant, the following
experimental arrongement was uted.  The loser was placsd on a wooden
bench, the optics on o small thin'steel table and the object on a wooden
siool, no antl-vibration mounts were used.

Using the optlcal configuration Illustrated by Fig. No.2., the
authors Investigated the vibration pattems, In real time, of @ 34 inch long
blade using a 1 milli-watt laser for lllumination. A non contacting air
horn vibrater wos used to excile the madel. It should ba noted here thot
satisfactory illumination has olso been achlievad aver o 60 inch diometer
<lrcla of Jight on a section of retro~reflective screen using o 1 milli=watt
laser.  Real Time/Time Avaraged (10, 11, 12) and time averaged (15) .
virrual image photographs In this poper lllustrate some of the modes of

vibrotlon,
Photograph No.t, One tonlonal mode of vibration
Reol Time/Time Averaged
Photograph 1o .2, One tonsional, 2 transverse modes
of vibration
Real Time/Time Averoged
Photogroph MNe. 3. One torsional, 4 transverse modes
of vibrotlon
Time Averoged

Real Time/Time Averoged Interfaromatry enables the viewer fo quickly
viswalise the complate vibrotion potterns in real time, without the use of
o stroboscope (10, 11, 12). A 35 mm camero ond f stops of 2.5 0 4.0
will encble all the potterns to be photographed through the one holegram,



As mentionad in (10, 11, 12), an Inexpensive exact location helogram
plate holder, devised by the authors, encbles the zero Fringe (all dork)

or all bright fields on the stotic and non vibroting objact 1o be readlly
achieved, It Is essentio! to have thess conditions In the statlc object
image hologram, to ensure the Investigation of accurate vibrotion
amplltude Informotidn, A modified version of the plote halder (10,11,
12} Is Hlusteoted In Fig. No.3., and conslyts of a smoli laser mimror
suspanded over'the hologram holding frome,  Such an arrangement allows
the retro-reflectad cone of light, much larges than the mirror, to poxs by
the mirror and focus on the hologram ond the viewers eye. A phuse map
of the vibrational pattem moy be obtained by directing the refarence baam
to different ports of the object (14).

The phatogrophs itlustrate wome Intoresting points. Waters (14)

states  that thaoreticolly, highly curved objects can not be compensated
for, with @ focunsed speckla reference beam. Since the surface normals
vary ragldly over the surface they would not produce equal phase changes
(from ynwanled whole bady movement) botween the object and focussed
roference beoms,  Waters hawaver discoversd In proctics that conslderable
surface angular verlatlons were compansated for in diffuse reflection ond the
hologroms still producad good images, The photographs 3 = 3 above all show
good reproduction quality ond reasonable controst in the filnges, the motion
of the highly curved surfoce apparently being compensated for,  Wark i3
baing undertoken at the mament by the authors to fnvestigate the different
typet of whole body motlon which can be compansated for by retro-reflected
speckle reference beams,  Motions to be considerea are (1) tronsvense, |.e.,
normal to the surface, this is teken core of by a normal reference beam to
the surfoce os usad in this paper.  (2) lateral motlon .., along the object
wirface direction I teken care of by having the object illumination almost
rormal ta the surface, ond the ongle between the incidant Illumination dirsction
ond the hologram to be as imol) as pansible.  This Is achleved In the retro-
reflective systom described. The object is placed at a reasonahle distance
from the hologram to reduce the cane angle of object iljumination to the object
surface,  Tha object being placed at o distance from the hologram presents
no reflected light intensity problems ot the hologram, the retro-reflected fight
sl focussing ot the hologram. The angle botween the ilumination ot any
cbjoct surface point ond: the halogram Is nll, since the Incldent ond reflected
light T3 almast [n iine ot olf polnts of the objects surfoce, Diffuse reflecting.
wifaces of large objects would lose @ great deal of the incldent light in
reflocting to the hologrom, especially when the.object is placed of a considerable

distance, (3) Rotational motlon of an object about @ plune on the objects
surface cannot be compansated for with either a retro-reflacted, unopensd,
reference beam or @ focussed, diffuse reflected, reference beam.

Different paints on the surfoce have different degraes of motlon 1.e.,

zere at the ratatlon oxls ond increosing with increased rodivs from thet

axls. In sueh o case o skeip or sirips of refarence beam could iluminate
along @ redius of the rotating object to be retro-reflected to the hologram,
The reference beam strips will have phote vorlations, proportionol to
distance from the rotational axis, imprassed upon them, The sirips will

mix with tha focussed object beam reflected light ot the hologrom thus
producing strips of compensated holograms, each one compansating for @
particulor radius. The authors are Investigating this and other novel
tachniques for o complete object motion compénsating reference baam system,
enabling C,W. holography 1o ba opplied to lorge industricl objects in sitv,
It fs hoped in the near future to use photo-plastic holograms, whore no
chemical procening of tha hologram will ba required. One technique s

to apply a voltage over a platic film, which {3 coated with a thin metallic
layer. Llght from the object landing on the film, alters the elechric charge
locally, melts the plastic and forms a serles of ridges. High resolution
Images ore presently being advertised by taveral manufociurers.  Additional
Information can be added a number of times withou? erasing the original
image. The strain pattem or a difference in shape pattern could still be
compored hours or days later by comparing the new and old images. The
system promises to be very cheap and of counse easily tronsportable.  The
plates are insemitive to light until the electric charge is applied; thus they
can be loaded inte a holding frame in an Industrial environment without fear
of fogaing'. Retro=reflected light intensities normally are very high, thus
even with the overhead ITghts on, If the charge is applied during the exposure
time for the hologram, the retro-reflected light pattem only will be recorded.
The 3 M and General Electric Companles, U.S5.A., amongst others, are
alrecdy at an advanced stage of progress with such photoplastics and similar
techniques. It Is hoped that such & recording system coupled to a viewing
system such as described in this paper will provide a complete system for
strain end vibration pattemn analysis for o few hundred pounds, including
the laser cost,  Potents hove been opplied for.
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