
NASA Tech Briefs, December 2003 17

Mechanics

The Aerostructures Test Wing (ATW)
was an apparatus used in a flight experi-
ment during a program of research on
aeroelastic instabilities. The ATW experi-
ment was performed to study a specific in-
stability known as flutter. Flutter is a de-
structive phenomenon caused by adverse
coupling of structural dynamics and aero-
dynamics. The process of determining a
flight envelope within which an aircraft
will not experience flutter, known as flight
flutter testing, is very dangerous and ex-
pensive because predictions of the insta-
bility are often unreliable.

The ATW was a small-scale airplane wing
that comprised an airfoil and boom (see
upper part of Figure 1). For flight tests, the
ATW was mounted on the F-15B/FTF-II
testbed, which is a second-generation
flight-test fixture described in “Flight-Test
Fixture for Aerodynamic Research” (DRC-
95-27), NASA Tech Briefs, Vol. 19, No. 9,
September 1995, page 84. The ATW was
mounted horizontally on this fixture, and
the entire assembly was attached to the un-
dercarriage of the F-15B airplane (see
lower part of Figure 1).

The primary objective of the ATW pro-
ject was to investigate traditional and ad-
vanced methodologies for predicting the
onset of flutter. In particular, the ATW
generated data that were used to evalu-
ate a flutterometer. This particular flut-
terometer is an on-line computer pro-
gram that uses µ-method analysis to
estimate worst-case flight conditions asso-
ciated with flutter. This software was de-
scribed in “A Flutterometer Flight Test
Tool” NASA Tech Briefs, Vol. 23, No. 1,
January 1999, page 52.

Flutter predictions can be evaluated
only by comparison with measured flight
conditions at which flutter was encoun-
tered. Therefore, the ATW was designed
to enable the safe observation of the flut-
ter instability. It was essential to ensure
that the destruction of the ATW did not
cause any damage to the host F-15B air-
plane. The ATW was constructed out of
fiberglass, composite, and foam. Hence,
the entire ATW was lightweight and fran-
gible, so any pieces that struck the F-15
airplane would exert only minimal effects
and would cause no damage.

It was also important to ensure that the
ATW could generate data that are sufficient
for the flutterometer and other means of
flutter prediction. This requirement was
satisfied by incorporating an excitation and
measurement system into the ATW. The ex-
citation was provided by commanding fre-
quency-varying sweeps of energy through a
set of piezoelectric patches on the surface
of the wing. The measurements were pro-
vided by strain gauges throughout the wing
and accelerometers in the boom.

The first phase of the ATW program was
pre-flight ground testing. This testing was
performed in consideration of both static
and dynamic properties of the ATW.
Deflection tests were performed to deter-
mine the sizes of static loads that could be
borne by the ATW. Vibration tests were
also performed to determine the dynamic
modal characteristics of the ATW. It was
shown that the first bending and torsion
modes were at frequencies of 14.05 and
22.38 Hz. The data from these tests were
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Test data can be used to refine predictions of the onset of flutter.
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Figure 1. The Aerostructures Test Wing was a small-scale airplane wing that was subjected to flight
tests to investigate flutter and related phenomena.

AEROSTRUCTURES TEST WING (TOP VIEW)

AEROSTRUCTURES TEST WING MOUNTED ON THE F-15B-FTF-11



18 NASA Tech Briefs, December 2003

used to generate computational models
for predicting the onset of flutter.

The second phase of the ATW program
was a flight test for envelope expansion. In
this phase, it was required to analyze exper-
imental data acquired at a series of test
points with increasing velocity and dynamic
pressure. At each test point, the ATW was
excited with a frequency-varying input and
its responses were measured by sensors.
The resulting flight data were telemetered

to a control room and analyzed by the flut-
ter-prediction methodologies. A total of five
flight tests were performed in April 2001.

A flutter instability of the ATW was en-
countered at approximately mach 0.83 at
an altitude 10,000 feet (≈3 km). The wing
was broken such that the boom and
roughly 30 percent of the wing were lost.
The pieces fell to the ground without strik-
ing the F-15B aircraft or FTF-II testbed.
The flutter incident was quite demonstra-

tive of the phenomenon. The instability
was encountered during a slow accelera-
tion from mach 0.825 to mach 0.830. The
damping changed dramatically during this
acceleration. The ATW went from stable,
with accelerometer responses going from
approximately 3 g (where g = the standard
gravitational acceleration at the surface of
the Earth) to unstable during a time inter-
val of only 5 seconds (see Figure 2).

The data from the ATW were analyzed
to evaluate the flutter-prediction method-
ologies. The results indicated that compu-
tational models were able to predict the
onset of flutter reasonably well, but that
small errors in the models could cause
large errors in the predictions. The tradi-
tional approaches for analyzing flight data
were shown to afford a capability to pre-
dict the onset of flutter only during opera-
tion at flight conditions near the instabil-
ity. The flutterometer was shown to be
somewhat conservative in the worst-case
estimates of flutter, but it presented a rea-
sonable prediction of flutter at flight con-
ditions that were far from the instability.

This work was done by Rick Lind, David F.
Voracek, Tim Doyle, Roger Truax, Starr Potter,
Marty Brenner, Len Voelker, and Larry
Freudinger of Dryden Flight Research Cen-
ter and Cliff Sticht of Ames Research Center. For
further information, contact the Dryden Com-
mercial Technology Office at (661) 276-3689.
DRC-01-37

Figure 2. This Accelerometer Response shows the onset of flutter.
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Flight-Test Evaluation of Flutter-Prediction Methods
Experiments have demonstrated the accuracy of predictions of instability.
Dryden Flight Research Center, Edwards, California

The flight-test community routinely
spends considerable time and money to
determine a range of flight conditions,
called a flight envelope, within which an
aircraft is safe to fly. The cost of deter-
mining a flight envelope could be greatly
reduced if there were a method of safely
and accurately predicting the speed asso-
ciated with the onset of an instability
called flutter.

Several methods have been developed
with the goal of predicting flutter speeds to
improve the efficiency of flight testing.
These methods include (1) data-based
methods, in which one relies entirely on in-
formation obtained from the flight tests
and (2) model-based approaches, in which
one relies on a combination of flight data
and theoretical models. The data-driven
methods include one based on extrapola-

tion of damping trends, one that involves
an envelope function, one that involves the
Zimmerman-Weissenburger flutter mar-
gin, and one that involves a discrete-time
auto-regressive model. An example of a
model-based approach is that of the flut-
terometer. These methods have all been
shown to be theoretically valid and have
been demonstrated on simple test cases;
however, until now, they have not been
thoroughly evaluated in flight tests.

An experimental apparatus called the
Aerostructures Test Wing (ATW) was
developed to test these prediction meth-
ods. [The ATW is described in the im-
mediatlely preceding article, “Aerostruc-
tures Test Wing” (DRC-01-37)]. The ATW
is a small wing-and-boom assembly that
has a complicated and realistic structure
similar to that of a full-scale airplane

wing. The ATW was flown by use of an F-
15 airplane and an associated flight-test
fixture. The ATW was mounted hori-
zontally on the fixture and the resulting
system was attached to the undercar-
riage of the F-15 fuselage, as shown in
preceding article.

For a flight test of flutter-prediction
methods, the ATW was flown on four oc-
casions during April 2001. The flight test
involved measuring accelerometer re-
sponses as a series of test points. The air-
speeds of these test points were increased
until the onset of flutter was encountered
at 460 knots of equivalent airspeed
(KEAS) [≈237 m/s equivalent airspeed].

Predictions of the speed associated with
flutter were computed at every test point. In
each instance, the prediction was based on
data from the current test point and any


