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We report results from fiber-optic-sensor field tests on an
F-15 aircraft mounted within a full-scale test frame for the
purpose offatigue testing. Strain sensitivities of the order of
0.01 μm/m have been obtained.
Fabry-Perot (FP) cavities that use Bragg gratings in or on
the fiber1 or air-glass interfaces at the fiber ends as the
reflectors2 are being used increasingly in sensing applica
tions. A relatively new technique described by Lee and
Taylor involves fabricating semireflective splices in a contin
uous length of fiber.3 In a recent paper we described an

optical-fiber extrinsic FP interferometer and we used it as a
sensor of microdisplacements and thermally induced strain.4
The thrust toward fiber-optic-sensor-based smart struc
tures and skins requires that highly stable, ruggedized
sensors be available for testing in embedded or attached
applications.5 While laboratory experiments have demon
strated the applicability and potential of using stable
fiber-optic sensors for in-flight monitoring systems, no
results have been reported, to our knowledge, on sensors
that experience gravitational forces in flight simulation
studies. An important consideration in choosing a specific
sensor is the format in which the final output is available.
While fiber-optic sensors operated in the laboratory can be
considered to be successful if output fringe patterns can be
observed, practical operation can be deemed feasible only
when an analog-digital output is available to the end user
without having to see the fringes. Thus for this particular
application, the use of fiber-based sensors and resistancebased strain gauges should be transparent to the user.
We describe results obtained from the static and dynamic
loading of an F-15 mounted within a full-scale test frame
for the purpose of fatigue testing at the Structures Test
Facility, Wright Laboratory, Flight Dynamics Directorate,
Structures Division, Wright-Patterson Air Force Base, Ohio.
Extrinsic FP sensors4 attached to the wings of the airplane
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have been loaded dynamically as well as in a static fashion,
and the results obtained from a software-based fringepattern decoding scheme are promising.
We briefly review the operation of the extrinsic FP
fiber-optic sensor.4 A single-mode fiber (λ0 = 1300 nm),
used as the input-output fiber, and a multimode fiber, used
purely as a reflector, together form an air gap that acts as a
low-finesse FP cavity, as shown in Fig. 1. The far end of the
multimode fiber is shattered so that the reflections from the
far end do not add to the detector noise. The Fresnel
reflection from the glass-air interface at the front of the air
gap (reference reflection) and the reflection from the airglass interface at the far end of the air gap (sensing
reflection) interfere in the input-output fiber. Although
multiple reflections occur within the air gap, the effect of
reflections subsequent to the ones mentioned above can be
shown to be negligible. The two fibers are allowed to move
in the silica tube and changes in the air-gap length cause
changes in the phase difference between the reference
reflection and the sensing reflection. This changes the
intensity of the light monitored at the output arm of a fused
biconical-tapered (FBT) coupler.
The fiber-sensor heads were attached with epoxy to the
underside of the wing, ~ 3 ft (~ 1 m) from the root. Four
conventional electrical strain gauges were positioned around
the fiber sensors. Two fiber-sensor heads were built and
assembled for use with one laser source. A single-longitudi
nal mode (SLM) laser diode operated at λ = 1300 nm
launched light into a 2 × 2 FBT coupler. The two output
arms of the coupler were concatenated to one FBT coupler
each and the sensor head was attached to one of the output
arms of these second-stage couplers by means of 100 m of a
single-mode fiber cable. The reflections from the two sensors were detected at the photodetectors and the outputs
from the detectors were connected to an oscilloscope as well
as to a data acquisition system that kept track of the
interference pattern. The 100-m length of fiber carried data
to the simulation instrumentation room where the data
acquisition system was located.
The wing was loaded from 0 to 100% in 20% increments.
The 100% load is representative of an F-15 at 6,096 m
(20,000 ft) with a gross weight of 17,615 kg (38,800 lb)

performing a 7.0-g maneuver. A typical output plot of one of
the fiber sensors for a 20-40% loading sequence is shown in
Fig. 2. It was possible to deduce the strain on the wing by
using a computerized data acquisition system. For this
calculation, it was assumed that the attached sensor faithfully represented the strain experienced by the structure.
That is, a perfect strain transfer from the wing to the fiber
sensor was assumed. An elongation of 0.65 μm would then
correspond to a complete fringe shift on the oscilloscope.
The computerized software assumed an ideal variation in
the output signal as described by the simplified equations
we presented earlier.4 We obtained a plot of the strain
versus time by measuring the number of fringes as well as
fractions of fringes, as shown in Fig. 3. Corresponding plots
from the three electrical strain gauges matched the fibersensor outputs. A repetitive signal consistency was ob
served and data for other loading cycles was similarly
obtained. The minimum detectable phase shift was 0.0996°
in the linear region of the sinuosoidal transfer-function
curve, which corresponds to a minimum detectable strain of
0.01 microstrains for a gauge length of 19.03 mm. In
comparison, the resolution obtainable from the electrical
strain gauges was ±20 microstrains at any given instant,
primarily because of bridge supply noise.
Data gathered during the cyclic loading of the aircraft are
instructional because the intent of the structural loading is
to replicate an actual flight spectrum. A typical portion of
the loading profile consists of several fluctuating load levels
that represent different in-flight maneuvers and their

Fig. 1. Schematic of the extrinsic Fabry-Perot sensor: Rl, R2,
reflections from the glass-air and air-glass interfaces, respectively.

Fig. 2. Sensor output waveforms for static loading from 20 to 40%
loading. Time/division; 1 s; voltage/division; 1V.
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Fig. 4. Processed output showing measured strain as a function
of time during the loading cycle.
Fig. 3. Data processor output showing the variation of strain
versus time. Typical output waveforms shown in Fig. 2 were fed
into a software package to acquire strain information at each
instant in time.
associated g forces. Strain levels corresponding to the cyclic
loading were obtained by using a data acquisition system.
Figure 4 shows a comparison of the fiber-sensor output and
the electrical strain gauge that was closest to the fiber
sensor. The fiber sensor was seen to measure accurately the
cyclic loading conditions with a higher resolution than the
electrical strain gauges.
We have presented the first results of phase-modulated
fiber-optic sensors that were externally adhered to an F-15
aircraft undergoing full-scale fatigue testing. Static and
dynamic loading data obtained from the sensors show a
high degree of accuracy and a strain resolution of 0.01
μm/m. The use of computerized software for decoding the
output fringe pattern and the good agreement with the
electrical strain gauges proves the tremendous potential of
fiber sensors in practical aerospace and fiber-sensor-based
smart structure applications.
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