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Abstract: This article reviews shearography and its applications in nondestructive testing.
Shearography is a laser-based technique for full-field and non-contacting measurement of surface
deformation (displacement or strains). Despite being a relative young technique, it has already
received considerable industrial acceptance, in particular, for nondestructive testing. One major
difference of shearography from other NDT techniques is the mechanics of revealing flaws.
Shearography reveals defects in an object by identifying defect-induced deformation anomalies
which are more relevant to structural weakness. Other applications of shearography include
strain measurement, material characterization, residual stress evaluation, leak detection, vibration
studies and 3-D shape measurement.
Introduction: Shearography is an optical method for measuring surface deformation. Unlike
traditional measurement techniques, shearography does not require the laborious task of mounting
a large number of strain gages or transducers. It is a non-contacting method that yields full-field
information about surface displacement or displacement derivatives. Shearography was
developed to address several limitations of holography. Its significant advantages include (1) not
requiring a reference light-beam, thus leading to simple optical setups, reduced coherence length
requirement of the laser, and lax vibration isolation; and (2) direct measurement of surface strains
(first-order derivatives of surface displacements). These distinct advantages have rendered
shearography as a practical measurement tool that can be employed in industrial settings, and it
has already gained wide industrial acceptance for nondestructive testing. For instance, the rubber
industry routinely uses shearography for evaluating tires, and the aerospace industry has adopted
it for nondestructive testing of aircraft structures, in particular, composite structures. Recently the
technique has been extended to non-destructive evaluation of civil engineering structures. Other
applications of shearography include: measurement of strains, material properties, residual
stresses, 3-D shapes, vibrations, as well as leakage detection.
Three versions of shearography are in existence which are based on different recording media :
photographic[1]; thermoplastic[2]; and digital[3]. Recently, a unified approach for practising
holography and shearography was reported[4].
In this paper, only the digital version of
shearography is presented.
Description of Digital Shearography : A schematic diagram of digital shearography is shown
in Fig. 1. The object to be evaluated is illuminated with laser light radiating from a point-source,
and it is imaged by an image-shearing camera connected to a microcomputer for recording and
processing. The camera comprises a CCD image sensor, a lens and an image shearing device. The
image shearing device consists of a double-refractive prism and a polarizer. The function of the
image shearing device is to produce a pair of laterally displaced (sheared) images, and hence the
technique is named as shearography. The principle of image-shearing using a doubly-refractive
prism is illustrated in Figure 2 showing that a light beam passing through the prism is split into
two angularly separated beams. Conversely, through the image-shearing device, two non-parallel
beams of light scattered from two different object points become nearly collinear. Since the
spatial frequency of the interference fringe pattern of two beams is proportional to the sine of the
half angle between the interfering beams, two nearly collinear beams produce a very low
frequency interference pattern that is comfortably resolved by a video image sensor such as CCD.
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The two sheared wavefronts transmitted by the two axes of the image-shearing device, however,
are orthogonally polarized, hence they will not interfere with each other. To enable interference,
a polarizer with its polarization axis oriented at an azimuth of 45o is required. As an object
surface is generally optically rough, interference of the two sheared wavefronts will result in a
speckle pattern embedded in the shearographic image. The speckle pattern is slightly altered
when the object is deformed. Two speckle patterns of the test object, one before and another after
it is slightly deformed, are digitized into a microcomputer via a frame grabber. As will be shown
below, the difference of the two speckle patterns will enable reconstruction of a visible fringe
pattern that depicts displacement-derivatives with respect to the direction of image-shearing. Fig.
3 shows a fringe pattern depicting the deflection derivatives of a rectangular plate clamped along
its boundaries and loaded by uniform pressure.

Fig. 1 Schematic diagram of digital shearography

Fig. 2 Illustration of the doubly-refractive prism as a shearing device. Two non-parallel rays
scattered from two different points on the object are combined and become collinear, resulting
in a very low spatial frequency interference pattern.

Fig. 3 Fringe patterns depicting the deflection derivative with respect to x (left) and y (right),
respectively, of a plate deformation.
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NDT Applications: When an object containing a flaw is loaded, strain concentration at the
vicinity of the defect is induced. If the flaw is not too remote from the object surface, the induced
strain concentration would cause anomalies in the surface strain distribution. Subsequently, these
anomalies are translated into fringe-anomalies if two speckle patterns, taken one before and
another after loading, of the object are compared. Thus, shearography reveals flaws, both surface
and internal, through identification of anomalies in the fringe pattern. Shearographic
nondestructive inspection is full-field and non-contacting.
Shearography vs Ultrasound
Shearography has found wide applications in nondestructive testing and it has already received
industrial acceptance as a useful NDT tool, particularly for composite structures such as tires and
honeycomb structures. It is particularly effective in revealing delaminations in laminated
composites. Fig 4 shows a comparison of test result obtained using digital shearography and Cscan ultrasonic testing on a composite sample. Both techniques readily reveal an edge pullout and
a delamination. With digital shearography, the flaws are revealed in less than one second, whilst
the ultrasonic technique requires point-by-point scanning along the test surface and at the same
time, proper fluid coupling between the transducer and the test surface is to be ensured. A
limitation of shearography is the need to apply suitable stress-increments to the test object during
inspection, since the underlying principle of this technique is based upon the response of defects
to stresses. However, the mechanics of revealing flaw in shearography yields information more
relevant to the structural weakness.

Results: Some examples of nondestructive testing using shearography are illustrated in
Fig 4 through Fig. 12.

Fig. 4 Comparison of shearography with C-scan ultrasound in the detection of a delamination and an edge
pullout in a composites panel. Time required: around 1 second for shearography and 10 minutes for
ultrasound. Moreover, fluid coupling is needed in the ultrasound testing
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Fig. 5 shows several defects along the steel-belt edge of a truck tyre. A tyre is a very complex
composite structure. It is composed of materials with various degree of stiffness ranging from rubber,
cord, carbon to steel. Furthermore, the structure undergoes very large deformation. The means of
stressing is partial vacuum.

Crack

Fig. 6 Two cracks on the interior of a steel pressure vessel was revealed by internal pressurization.
The vessel is made of steel and the wall thickness is 10mm.
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(a)

(b)

Fig. 7 Evaluation of welding integrity in steel tubes. (a) good weld , (b) bad weld which is
characterized by excessive deformation indicated by the denser fringe pattern. The means of stressing
is internal pressurization.

Debond

Fig. 8 Debonded regions in an adhesively bonded plate structure was revealed by means of vibrational
excitation at (a) 2.51 KHz and (b) 8.68 KHz. The structure was supposed to be bonded along the
horizontal center region to a rigid structure. A perfectly bonded region should appear as black area in
the image. The test shows a debonded region at the middle of the adhesive bond.
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Fig. 9 The deformation fringe pattern of a concrete block wall . The local discontinuity in the fringe
pattern shows a separation between two concrete blocks. The wall was loaded by a lateral force
normal to the wall.

Loosened rivet

Fig. 10 Fringe pattern reveals a loosened bolt in a riveted joint. The loosened rivet is on the right
characterized by having fewer fringes on the rivet heads. The specimen was stressed by a uni-axial
tension.
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Fig. 11 Residual Stress Measurement. A hole was drilled to release residual stresses in a specimen,
and shearography was used to measure the deformation caused by the stress release. Fringe patterns
from top to the bottom show three stress levels in the specimen.

Leak location

Fig. 12 Leak Detection. The fringe pattern reveals leakage of gas from a vessel. The escaping gas is
helium which causes a phase change induced by the refractive index change. Shearography not only
detects the gas leak but also reveals the leak location.
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Discussion: Defect detection using shearography is based on the response of defects to stresses.
The development of shearographic NDT procedures has therefore essentially become the
development of a practical means of stressing the object that would readily reveal flaws. Ideally,
the stress-increment should be similar to the service stresses so that flaws that are critical and
detrimental to the service life of the object would be revealed, and cosmetic flaws that do not
undermine the structural integrity of the test object can be ignored. This would minimize
unnecessary rejects during inspection. In this regard, shearography has an advantage over
ultrasonic testing, as the latter detects flaws by identifying inhomogeneities in the object and does
not provide direct information on the criticality of the flaws. Exact duplication of the actual
stress-increment for shearographic testing, however, is generally difficult. Therefore, various
practical means of stressing the object must be developed. In developing these methods, an
important precaution to be taken is restricting rigid-body motion of the object during stressing, as
excessive rigid-body motion would cause speckles de-correlation, resulting in degradation of
fringe quality. The methods that currently used that do not cause intolerable rigid-body motion
of the test object include the use of pressure, vacuum, thermal, and acoustical and mechanical
excitations. The use of microwave that excites water molecules is particularly effective for
detecting moisture in plastics and non-metallic composites, but safety precautions must be taken
seriously.
Conclusions: A review of shearography and its applications in nondestructive testing is given in
this paper. Unlike holography, shearography does not require a reference beam and hence it is
more tolerable to environmental disturbances. Indeed, shearography can be employed in
field/factory settings. This technique is still relatively young and its full capability awaits further
exploration.
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