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introduction:

The authore have evolved a new term of hologram Interferometer for
the viewing ol oblectr which lave retro-reflective surface coatings. The
Iyltem il capableoi comlortably enmlnlng oblectr to around 5 ieet In diameter,
the oblecte being illuminated by a Spectra—Physic: I mlili-vratt larer. The
coat of the optic: ll minimal, eeveral pounde. The Interferometer could possibly
be rated in an Indratrlai environment due to the lenening o! vibration Isolation
requirementr, by retro-reflecting a reference beam from the ob|ect under
invertlgatlon.

Continuour wave lorer holography (1,. 2) has boon limited to a laboratory
environment, mainly due to the ItrIngent vibration lrolation roauirementr,
enential tor taking high quality hologram. large mface area oblect illumination
alro prerentr the problem of acquiring very expenrlve, high powered, C.W. laser:
to clearly Illuminate the oblect allowing for iargo diiiuse reflection iight loner
at the light back to the. hologram. Nlred holography (ii, 4) has overcome the
tint limitation, and In private correspondence with Dr. Ii. Wuerhar, T'.R.W.
inc., la: Angeler, the author: have reen hologram photographs of the contours
of a nine foot diameter paraboloid atenna using ruby loner illumination. in
general however. additional technology In required and thaanaclated Increased
expanre ha: prevented a widespread acceptance of thin technique. A'hrrther
drawback II that one cannot monitor the rurlace dirtortion In real time with a
puleed later Illumination, usually enentlai for vibrational onalyele to obtain
perfectly formed pattern: or to exactly determine the natural frequenciei.

The technique dercribed in this paper ha: been aimed at ieuonlrrg the
rigoraur vibration Ieolatlon requlramerm wrd to an very low powered, inexpeme
later- for illuminating large arr-face areas.

The vibration Iralation technique door not require; the attachment of
mirror! to the oblect (5), the optical procuring of the reference beam before
Itrlhlng the hologram (6), a warming reference beam (7). or an electronic
bedaaolr eerva-IyItem (8, 9). All the advantages of C.W. holography are
retained l.e., double expaeure, time averaged and real time viiuaiiration oi the
wriaoe dietortian. The authore havebeen invutlgotlng the ure of retro-reflective
materiale for reverel yean, the work having been publlrhed in papon (IO, ll)
aid Michell}, 13). Uelng the 3 M Company 'CODIT' paint, the largest ablect/

.rlevloreiy tackled by the author: van a 36 inch long steam turbine blade,
Iilumlnated by a 20 mull-watt SclentlncafCeoI: lie-Ne loser (ID).

A new material has been applied to the author: by the 3, Company.
Minneapollr, U.S.A., which Ir around 40 timer more reflective 'CODIT'.
The new material was obtained in point and thin adherive backed tape verIIom.
lt car be easily applied and removed from tho obiact under investigation.
The photographs of thir'papar Illustrate the virtual Images at the 36 inch long _
turbine blade, being Illuminated by a l mllli-wott lam. The blade it covered

. with the new retro-reflective material . . A l Milli-watt iarer with polarilad
light output can be purchased from Spectra-Mice for iurt under EIOD.

The optical Interferometer deeorlbed above (lo-i3), is lilustraiad in
Fig. No.i. Alarming the large, aartly, beam splitter to be a porlnct 50%
reflective, 50% tmnynluiva M”, no abrorptlon iooxae and the obicct to Ian.
retro-reflect all the incident llfllt, only 15% at the loser intenrlty will fail
on the hologram,‘ l.e., 50% of 50%. However due to scattered reflection
from the object and Ipiitter duorptian lode: in paging through the eplitter  



   

one will obtain at the hologram around 15%. The problem me how to eliminate
the large beam splitter, incidentally cutting down on the cost of the optics, and
still retain the retro-reflective action of the reflected light from the obiect to
the viewers eye. Figure No.2‘llluslratos one arrangement of how this can
be achieved. The laser light is opened out by a microscopic ableetlve onto
a very snail mirror (i Inch diameter laser mlrrar). From the mirror the light
continues to open out onto the obiect. The retro-reflected light has a entail
cane angle of scattered light, which focusses behind the mines, of a distance
equai to that of the microscopic oblactiva from the minor. The cone diameter
can be of the order of 1 inch diameter or larger for large eb|ects, however one
can obtain equally good holograms by placing the photographic plate beyond
the focused area in a larger cone diameter of light. The hologram still sees
the entire obiect. Such a system gives a light gain over the splitter method,
of approximately 5 times. 10% of the light intensity is taken off for a reference
beam and 90% of the light intensity Is used to Illuminate the object. Allowing
for small scattered light losses on the oblect, approximately 80% returns to the
hologram, which compares with 15% by the splitter method. Employing such a
mtem along with the new materials for coating the obiects has resulted in an
approximate gain aim (l.e., 5 x 40) over "CODIT" paint and the splitter
arrangement. " It is usual In ouch a system as that described above, to use
reference/object beam intensity ratios (measured at hologram) of i/iOth to l/Sth
as opposed to ratios of 3 - 5 for diffree reflection holography. The new eaterials
have absolutely no depalarlsatlon and create little optical ‘nolse' inthe reflected
beam. To the hologram, the two bearns (ablect and reference) are light intensities
of equal polarisation and compatible noise content. in diffuse reflection /

holograflty the reflected beam is highly depelarlsed and has a large
‘noiso‘ content and has to be mixed with a ouch more intense nan-
depolarlscd, low noise content, reference beam. In' Fig. No.2. the
tefarcnca beam ls directed by the splitter (glass sheet) to the obiects
surface, usually atan area where there Is no forced vibration amplitude
or strain, l.e., a node are claiming position. From the surface it
retro-reflects to the hologram. In reflection the specle are found
to be very widely separated, giving rise to a high quality reference
beam. A spoclrle reference beam system for obiect notion compensation
has been described in an excellent paper by anAmerican researcher (it).
Diffuser reflecting surfaces were used, the beam having to be focussed
to a fine spot on the object before satterlng to the hologram. Once
ogoin the reflected speckle: are widely spaced giving a good reference
beam for the hologram. However focusing of the reference beam can
cause thermal expansion of the obiects surface, giving rlee'to very poor
hologram images, unless a temperature stabilisation period is allowed.
Should a double pulse ruby laser be used, the speckle reference beam
allowing a compensation for unwanted vrhole.body ablect mavenrent between
exposures, than the facussed beam could cause material damage to the oblect's
surface. The authors' technique of using a very low pav'rered laser and
with no focusing of the beam means that obleots made of any type of
material may be Investigated Immediately and without surface damge.

To test the effectiveness of the retro-reflected specirle reference
beam, to compensate for unwound ebiect displacement, the following
experimental arrangement was used. The laser was' placed on a wooden
bench, the optics on a small thin'steel table and the obleet on a wooden
stool, no anti-vibration mounts were used.

Using the optical configuration illustrated by Fig. No.2" the
authors Investigated the vibration patterns, in real tlrne, of a 36 inch long
blade using a i mIlIi-watt laser for illumination. A non contacting air
horn vibrator was used to estcite the ntadel. it should be noted here that
satisfactory illumination has also been achieved over a 60 inch diameter
circle of light on a section of retro-reflective screen using a l millI-watt
laser. lieal Time/Time Averaged (l0, ll, i2) and time averaged .(l5) _
vml Image photographs in this paper Illustrate some of the modes of
v tlan. .

Photograph No.l . the torsional mode of vibration
lieal Time/Time Avenged

Flatagratha.2. Ore torsional, 2 transverse modes
of vibration
heal Time/lime Averaged

Hotegraph No.3. Ore torsional, 4 transverse modes
of vibration .
Time Averaged

Real Time/lime Averaged Interferometry Was the viewer to quickly
visualise the corrplete vibration patterns in real time, without the see of
a strabaecope (in, ii, l2). A 35 nsrr camera and fstape 072.5 to L0
wlll enable all the patterns to be photographed through the one hologram-



 

As mentioned In (10, ll, l2), an Inexpensive exact location hologram
plate holder, devised by the authors, enables the zero fringe (ail dark)
or all bright fields on the static and non vibrating obiect to be readily
achieved. it is essential to have these conditions In the static ablect
image hologram, to ensure the investigation of accurate vibration
amplitude information. A modified version of the plate holder (iD,ll,
12) Is illustrated in Fig. No.3” and consists ofa small laser miner
suspended aveftha hologram holding frame. Such an anangement allows
the retro-reflected cone of light, much larger than the mirror, to pass by
the mirror and focus on the hologram aid the viewers eye. A phase map
of the vibrational pattern nray be obtained by directing the reference beam
to different parte of the eblecl (la).

The photographs illustrate some Interesting points. Waters (l4)
states that theoretically highly curved ob|ects can not be campenlated

for, with a focurred speckle reference beam. Since the surface normals
vary rapidly over the surface they would not produce equal phase changes
(from unwanted whole body movement) between the obiect and focused
reference beam. Waters however discovered in practice that considerable
surface angular variations were compensated for in diffuse reflection and the
hologram still produced good irnagcr. The photographs l - 3 above all short
good reproduction quality and reasonable contrast in the fringes, the rrrotlan
of the highly curved surface apparently being compensated for. Walls ll
being undertaken at the moment by the authors to investigate the different
types of whole body rnotlan which can be compensated for by retro-reflected
speckle reference beam. Motions to be considerea are (l) transverse l.e.,
normal to the surface, this Is taken care of by a normal reference in to
the surface as used in this paper. (2) lateral motion l.e., along the obieet
surface direction is taken care of by havlng rlr-e ebiect illumination almost
normal ta the surface, and the angle between the incident illumination direction
and the hologram to be as small as possible. This Is achieved in the retro-
reflectlve system described. The obiect it placed at a reasonable distance
from the hologram to reduce the cone angle of oblect illumination to the ablect
surface. The oblect being placed at a distance from the hologram presents
no reflected light intensity problems at the hologram, the retro-reflected light
still focuulng at the hologram. The angle between the illumination at any
obi-ct surface point and- the hologram is nll, since the incident and reflected
light is almost in line at all points of the obiects surface. Diffuse reflecting
surface; of large abiectl would lace a great deal of the incident light ln
reflecting to the hologram, especially when theoblect is placed at a considede

distance. (3) Rotational motion of an oblect about a plane on the ob|ects

surface cannot be compensated for with either a retro-reflectedunopened,
reference beam or a facussed, diffuse reflected, reference beam.

Different points on the surface have different degrees of motion l.e.,

zero at the rotation axis and increasing with Increased radius from that

axis. in such a core a strip or strips of reference beam could Illuminate
along a radius of the rotating ob|ect to be retro-reflected to the hologram.
The reference beam strips will have phase variations, proportional to

distance from the rotational anit, impressed upon them. The strips will
mix with the foamed obiect beam reflected light at the hologram thus
producing strip of compensated holograms, each one compensating for a

particular radius. The authors are investigating this and other novel
techniques for a complete ablect motion compensating reference beam system,
enabling C.W. holography to be applied to large industrial obiectr in situ.

It Is hapad in the near future to use photo-plastic holograms, where no
chemical processing of the hologram will be required. One technique ll

to apply a voltage over a plastic film, which is coated with a thin metallic

layer. Light from the obiect landing on the film, alters the electric charge
locally, melt: the plastic and forms a series of ridges. High resolution
Images are presently being advertised by several manufacturers. Additional

Information can be added a number of times without erasing the original
Image. The strain pattern or a difference in shape pattern could still be

compared hours or days later by comparing the new and old images. The

system premises to be very cheap and of course easily transportable. The
plates are insensitive to light until the electric charge is applied; thus they

can be loaded into a holding frame in an Industrial environment without fear

of 'fogglng'. Retro-reflected light intensities normally are very high, thus
even with the overhead lights on, if the charge is applied during the exposure

time for the halogram, the retro-reflected light pattern only will be recorded.

The 3 Mand General Electric Companies, U.S.A., amongst others, are

already at an advanced stage of progress with suchphotoplastics and similar

techniques. It is hoped that such a recording system coupled to a viewing

system such asdescribed in this paper will provide a complete system for
strain and vibration pattern analysis for a few hundred pounds, including

the laser cast. htents have been applied for.  
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