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Abstract:

Shearography nondestructive testing has evolved consigeiabeé first used on a
production aircraft program in the USA in 1986. Shearogragsésr linterferometric imaging
methods measure test structure deformation due to an appigteered change in stress. The
resulting changes in Z-Axis strain component reveagigsaof subsurface defects such as
disbonds, delaminations, core defects and impact damagaspace structures. Shearography
NDT provides high thru-put, cost-effective productivity enhameets, improved manufacturing
processes and quality. Development of digital CCD casy¢he PC and small, high power
solid-state lasers have led to dramatic performance iraprents in shearography instruments
and systems. Shearography is currently in use on avariey of aircraft including F-22, F-35
JSF, Airbus, Cessna Citation X, Raytheon Premiedithe NASA Space Shuttle. This
presentation will provide a brief background on shearographly téEhnology as well as recent
developments in production and portable on-aircraft sheapbgrinspection technologies and
applications.
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1.0 Background

In today’'s highly competitive aerospace environment, a bdaphigh-speed inspection
technology is critical. Shearography nondestructivertgss providing a better and faster means
to nondestructively inspecting new aircraft both duringnafacturing and in the field.

In the quest to maximize fuel economy and performanagneers have turned from riveted
and bonded aluminum structures to solid composite laminategyosite sandwich panels with
honeycomb or foam cores and tape wound composite stactuch as fuselages. The
traditional methods for nondestructive testing, such masainic (UT) C-Scan, may not provide
the best defect detection capability for these new madgeand geometries and are slow with a
typical through-put of just 10 sq. ft./hour. Further, thecpss of manufacturing complex
composite structures requires a means for fast inspectiprovide a process control feedback
and to ensure quality and reliability at the lowest gisstost. In many aerospace programs
today, laser shearography is providing a large part of téicol
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2.0 History of Shearography NDT

The electronic laser shearography imaging interferonveasrpioneered in the early 1980’s
by three researchers, Dr. John Butters at Loughborougtetdity in the UK, Dr. S. Nakadate in
Japan and Dr. Mike Hung at Oakland University in the USPhe author’s team at Laser
Technology Inc. led the development of the shearographera as a tool for nondestructive
testing, delivering the world’s first production shearogralByT system to Northrop Grumman
in 1987 for the manufacturing of the USAF B2 Stealth Bambe

Photo 1

The USAF B-2 stealth
bomber was the first
aircraft to incorporate
Shearography NDT
technology in the
manufacturing of
complex composite
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In the last twenty years more than 1,200 shearographynsystave been integrated into the
manufacturing process for aircraft composites, tires lagh-reliability electronics. As with all
NDT methods and technologies, shearography’s strengthsvaakness must be completely
understood, and applications qualified through Probability t¢afien (PoD) verification with
written procedures and rigorous training for operators awgineers alike. Once qualified,
however, shearography systems can operate with extnaoydfficiency reaching through-puts
from 25 to 1200 sq. ft per hour, 2.5 to 120 times the typical 1@.4wpur inspection rate for
ultrasonic C-Scan.

Photo 2

This executive jet flap is
manufactured with GRP skins and
multiple foam cores with internal
bond lines making this part
extremely difficult to inspect using
traditional NDT technologies.




Photo 3

Shearography images above show disbonds in the flap, dretive foam core and
GRP skins, on the left as the white/black indicatiornshe unwrapped image or, on
the right, as areas with fringe concentrations inthegppped phase map. Time to
perform a shearography test of this 1.5 sq. ft. sectidimeoflap is 4 seconds, 135
times faster than testing with UT C-Scan, if the tesild be accomplished at all
given the complex shape.

3. Shearography NDT

Unlike UT C-Scan, which uses a single transducer thatresjairaster scan over the part to
build up an image, Shearography is a whole field, read-tmaging technique that reveals out-
of-plane deformation derivatives in response to and apgiieds. Using a slight pressure
reduction in a shearography test chamber, critical dedeetBnaged and measured in seconds.
The shearography camera detects surface bumps as sBalhasmeters caused by local strain
changes around subsurface defects as the pressure is redukegart. Vacuum shearography
is highly effective for image disbonds, delaminatiomseadamage and core splice-joint
separations. Other Shearography NDT techniques that areritgqused include thermal pulse
shearography for non-visible impact damage, pressure shagangdoa damage to composite
wrapped pressure vessels. Vibration shearography has hédndeveloped in the last several
years by the author to inspect the foam on the exteanklof NASA’s Space Shuttle.

Photo 4

A typical digital shearography camera,

the LTI-5100, includes a built in laser, the
shearing image interferometer and image
processing computer. The aircraft radome
may be tested with thermal stressed by
applying a slight temperature change on the
order of 3-10°C.




Photo 5

The resulting shearogram
of the radome, at left,
shows both a defect (top
left) and a repair.

The inspection time
required is less than 5
seconds for this 50 x 75cm
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3. Portable Shearography NDT Instruments

Portable shearography instruments that vacuum attachatiocaait surface were developed
by LTI in 1993. Combining a shearography stressing mechanismasugtcuum or thermal
stress, with a vacuum attachment feature allows sheaniogto be performed in the field. These
NDT instruments can be used on-aircraft, even on theaiaor in a hangar environment and
offer excellent inspection capability for a wide variefydefect types including non-visible
impact damage, disbonds, voids, delaminations, watermpemdret and porosity in composite
repairs.

Photo 6

Vacuum Shearography inspection
using the LTI-4200 was performed
extensively on the composite
honeycomb engine reversers on the
Airbus A330, during flight testing.
The structure is GRP face sheets with
aluminum core. The inner surfaces
are coated with a foam fire retardant
material. Shearography detects
defects even through this coating




Photo 7

Thermal shearography is very
effective for disbonds in aluminum
honeycomb panels, such as this
aircraft control surface. The
shearography instrument, LTI-6200,
vacuum attaches in any position to
the surface. The instrument is
operated by the touch screen,
revealing flaws in seconds.
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Another application of thermal
shearography is the inspection of scarf-
joint repairs to solid composite laminate
aircraft structure. Here porosity is

_ detected. Bonded stringers on the far side
: A surface are seen as the diagonal linear
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4. Production Shearography Systems

Composite aircraft manufacturing requires 100% inspecti@il bonded surfaces to verify
structural integrity and compliance with design. Traaiéil UT C-Scan generally uses water jets
as a couplant for the ultrasonic signal. Honeycomb paraal absorb water requiring drying. The
complete inspection cycle can take many hours or dagsmplete. Time is lost waiting for
disposition of the part. Shearography provides inspectmritsein minutes, without any part
contamination or wetting. Errors in processes carobected quickly before new parts are
improperly made. Laser projection of the shearography teigications onto the test part
surface allows exact defect location and marking fpaireIntroduced on the USAF B-2
production program, gantry mounted shearography systenes rslazwy operational features with
UT C-scan systems. These include: teach/learn partpgognramming, electronic image of the
entire part, image analysis and defect measurement &ttspated operation. Shearography
system, however, operate at throughputs typically imahge of 100 to 500 sq. feet/hour
compared to a typical throughput of 10 sq. ft./ hour for@QJ$can systems. In addition,
shearography gantries are considerably less expensivedimpai@ble sized ultrasonic C-Scan
systems since precision part contour following is unnecgs€urrently dozens of these systems
are in operation on aerospace manufacturing programs



Photo 9
Shearography is used extensively during the manufacturingcodfir(left).
Parts such as the radome, slats, flaps, panels andlcnfaxes are inspected
with the LTI-9000 Shearography system using vacuum stress.

The dual test chamber shearography system (left) afjaws up to 10 m. in
length to be inspected. Inside the test shearograplghamber gantries to
provide complete automatic coverage of the test part.

5. Conclusions

Shearography is a mature and cost effective NDT technddmgnany aerospace
applications. Shearography provides very rapid inspection ialpimmediate feedback for
process controls as well as field inspection capablecent inclusion in ASNT
TC-1A will help further the development of new applicai@and methods.



