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INTRODUCTION

:athe close-range objective white light speckle method,! in
which the speckle field is the radiance distribution of the ob-
it surface when that surface is ithuninated by white light,
fS"a new strain measurement technigue that requires no

2 pecial environmental stability and only a simple recording
fstress - stem. Neither a laser light nor a camera is needed, and the
ds and” method can be applied to either flat or developable curved
‘“’ce:.s_- “alrfaces. Two factors are extremely important in the perfor-
2ct W hance of this method. One is the high reflectance of the
Pecimen surface, which is required for the production of
itisfactory whole-field speckle fringe patterns, and the
tther is the fine spatial content. Metal surfaces possess both
faracteristics. However, to extend the method to concrete,
ik, carbon fiber composite, glass fiber reinforced epoxy,
Md other nonmetal materials, some modifications are
%eded. One possibility is to transfer onto the specimen sur-
f_ace a thin fayer of silver, which is then scratched by a fine
drasive paper into fine furrows. Whole-field speckle fringe
ftterns with high sensitivity and large adjustable range can

:E)géted Paper PM-105 received June 10, 1987; revised manuscript received
b I, 1987; accepted for publication Dec. 4, 1987; received by Managing
tor Dec. 23, 1987. This paper is a revision of Paper 814-25, presented at
H PIE International Conference on Photomechanics and Speckle
logy, Aug, 17-20, 1987, San Diego, Calif. The paper presented there
‘%ﬂt‘ars (unrefereed) in SPIE Procesdings Vol. 814,
988 Society of Photo-Optical Instrumentation Engineers,

pjective speckie method using stick-on mi; and its

Abstract, Objective speckle from a stick-on foil is 2 new approach to
applying the objective white light speckia method to in-plane displace-
ment measuremenis. By a relatively easy technigue a thin aluminum foil
is mounted ontc the specimen surface and a random grating is
scratched onto i, yielding high reflectance and fine optical details. After
touble exposure by a direct recording system without using a lens, the
resulting holographic film possesses a broad spatial spectrum and
displacement information. Full-field contour maps of equal displace-
ment ¢can be obtained that are of good contrast and high sensitivity and
that have a large adjustable measurement range. The method can be ap-
plied to practical engineering problems for both piane and developable
curved surfaces.

Subfect terms: photomechanics; speckle method, random grating.
Opﬁcaf Engineering 27(3) 207-209 {March 1988).

thus be obtained. However, the applicability is limited by
the complexity of the transfer procedure, and it is suitable
only for flat surfaces.

In this paper, we present a simple new approach, that of
using a stick-on foil for the application of the objective
speckie method to various materials. It is suitable for both
flat and developable curved surfaces.

2. PROCEDURE

Most nonmetal materials have low reflectance. To circum-
vent this difficulty, we cement an aluminum foil onto the
model material surface. This aluminum foil, which is com-
mercially available in large quantities, consisis of three
fayers {see Fig. 1). The aluminum foil itself, only 1 or 2 um
thick, 15 bonded onto a plastic film by a transparent
separable adhesive. The plastic film serves as a backing, or
carrier, that can be stripped off after the aluminum foil is
mounted onto the material surface,

2.1, Alpmingm foil mounting method apd adhesives

The thin aluminum foil, which is very fragile and easily
distorted, wrinkled, or torn, must be transferred from the
plastic film to the specimen surface without distortion, This
can be accomplished if both the correct adhesive and proper
mounting procedure are emploved. .

The preparation of the component surface for mounting
an aluminum foil is the same as that for mounting a moire
grating: First, the area to be studied is sanded to give a
smooth but not highly polished surface. Next, solvents are
employed to remove all traces of oil or grease. Finally, the
surface is treated with a basic solution to give it the proper
chemical affinity for the adhesive.

The aluminum foil on its strippable fllm is positioned
onto the specimen {the aluminum side being in contact with
the specimen) By use of a rigid transparent tape. Its position
is maintained by the tape as an adhesive is applied, and the
film is pressed into place by squeezing out the excess
adhesive, After the foil is installed, the adhesive is subjected

OPTICAL ENGINEERING / March 1988 / Vol. 27 No. 3 /207
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Fig. 1. Aluminum foil on specimen,

3 S {b}

Fig. 2. Magnified vlews of mounted aluminum foil {a) hefore
seratching and (b) after scraiching.

to a proper combination of pressure and temperature for a
suitable length of time to ensure complete curing.

A wide variety of adhesives are available for mounting the
aluminuni foil, Factors influencing the selection of a specific
adhesive include the carrier material, curing temperature,
and curing time, We commonly use two kinds of adhesives,
epoxy cement and cyanoacrylate cement (Eastman 910 S1).
Epoxies are a class of thermosetting plastics that, in general,
exhibit a higher bond strength and a higher level of strain at
failure than other types of adhesives. They are usually quite
viscous and easy to use. A modest clamping pressure of 35
to 140 kPa is recommended during the curing period to en-
sure as thin a bond line (adhesive layer) as possible. We also
use for this purpose a modified form of Eastman 910
adhesive. It is fast and requires only room-temperature cur-
ing. When the adhesive is spread into a thin fiim between the
aluminum foil and the specimen, a gentle pressure is applied
for ! or 2 min to induce polvmerization. Once initiated, the
polymerization will continue at room temperature without

the pressure required initially. The performance of this.

adhesive system, however, deteriorates with fime owing to
absorption of moisture.

After curing is complete, the plastic film can be gently

stripped from the aluminum foil. Remaining on the
specimen surface is a thin layer of aluminum that has a
reflectance as high as that of a mirror. Its radiance distribu-
tion is quite uniform when the surface is illuminated by a
Hght source.

2.2, Random grating formation

As we know, the smoother a function is, the more rapidly its
transform will approach zero with increasing frequency. In
other words, the functions containing only slowly varying
components have narrow spectra, whereas those with
rapidly varying components have spectra with a broad
overall width. Thus, it is necessary to scratch the aluminum
foil to form random furrows in order to generate a random
radiance distribution function with rapid oscillations, sharp

208 / OPTICAL ENGINEERING / March 1888 / Vol. 27 No. 3

(a) {&) ic)
Fig. 3. Specira of specklegram: (a} before scratching, (b} afi
scraiching along one direction, and {¢) afler scratching along {
parpendicuiar directions.
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Fig. 4. Direct recording system.

speckiegram

Fig. 5. Optical arrangement for whole-fisid filtering.

peaks, and discontinuities. Its Fourier transform will have
high frequency components and broad overall spectral
width. :

The treatment is quite easy. A fine brass brush or a piece
of fine emery paper can be employed to form the rand
grating with furrows running along one direction or in tw0
perpendicular directions. Magnified views of the aluminunt
foil before and after scratching are shown in Fig. 2. Th
Fourier transform spectra are shown in Fig, 3.

3. EXPERIMENTAL VERIFICATION

A direct recording system, shown in Fig. 4, is employed I
this study. A holographic plate is attached close to the area
to be studied, with the emulsion side against the scratch
foil. After double exposure, before and after loading,
developed plate is put into the optical Fourier transfo
system, as shown in Fig. 3.

The first example is a plate made of organic glass un
tension {(Fig. 6). Fringe patterns of displacement ¢0
ponents U and V with a spatial frequency of 244 {/mm
shown in Fig. 7. One can use these patterns to determine’
modulus of elasticity and Poisson’s ratio of the materia:

The second example is a carbon fiber composite box be
under bending (Fig. 8). The size of the aluminum foil 18
mm % 60 mm. Three full-field contour maps with spafial.f
quencies of 304 #/mm, 304 {/mm, and 277 £/mm af
tained, depicting equal displacement in the X, Y, &
directions, respectively (see Fig. 9).
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Fig. 6. Geomelry of an organic glass plate specimen undgder ten-

sion. Dimensions are in millimatsrs.

. {a) ibj
3 Fig. 7. Typical pair of isothelic fringes of an organic glass plate

under tension: {a) U.-field and (b) V-field.
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3 Flg. B, Carbon filter compositie box beam under i;ending. Dimen-

sions are in millimaters.

4. CONCLUSION

1 We have developed a speckle method using a stick-on foil '
+ that can be applied to a variety of materials. If a thin
4 aluminum foil is transferred onto the specimen surface and

scratched gently to create random gratings, the resulting sur-

fgce has both high reflectance and broad overall spectrum
_ width, The aluminum foil is bonded to a plastic film that
~tan be stripped off after the foil is mounted, so the reinfore-

ing effect can be neglected. The method employs a direct

ecording system without a lens and white light illumination, -

The double-exposed specklegram containg high frequency
Fourier components of the speckle field, Full-field contour

i Maps can be obtained with clear fringes of equal displace-
= Ment in different directions. The aluminum foil on strip-

Pable film is available commercially in large quantities, The
Bounting procedure is similar to that of a moire grating.
The method can be applied to both plane and developable
trved surfaces.

OBJECTIVE SPECKLE METHOD USING STICK-ON FOIL AND TS APPLICATIONS

et

Fig. 8. Full-fisld contow maps of equal displacement: {8} in
X-direction with spatial freguency of 304 ffmm, (i) Y-direction, 304
timm, and {c) L-direction, 277 fmm.
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