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STRUCTURAL TESTING FOR STATIC FAILURE, FLUTTER AND OTHER SCARY THINGS
Rodney H. Ricketts

SUMMARY

Ground test and flight test methods are described that may be used to
highlight potential structural problems that occur on aircraft. Primary
interest is focused on light-weight general aviation airplanes. The struc-
tural problems described include static strength failure, aileron reversal,
static divergence, and flutter. An example of each of the problems is dis-
cussed to illustrate how the data acquired during the tests may be used to
predict the occurrence of the structural problem. While this report gives
some rules of thumb for the prediction of structural problems, it is not
intended to be used explicitly as a structural analysis handbook. However,
many such handbooks are included in the reference list.

INTRODUCTION

A11 aircraft have inherent structural flexibilities that may contribute
to the cause of many types of problems--some destructive in nature. These
flexibilities may couple with aerodynamic forces or with inertia forces to
produce unwanted structural instabilities. To insure that these structural
problems do not occur within the flight envelope, it is necessary to perform
certain tests and/or analyses on the aircraft. A typical structural integrity
verification program for a commercial aircraft includes the following
elements: (1) extensive design-cycle analyses which may use computer
simulations (called finite element models) to predict the response of the
aircraft; (2) ground tests of the fabricated parts, both in the unassembled
state and assembled to form the complete aircraft; (3) more analyses using the
data acquired during the ground test to verify or calibrate the analytical
results; (4) wind-tunnel tests of models which simulate the full scale
article; and, finally (5) flight test of the completed aircraft throughout the
flight envelope. Performing these tasks provides the safest means for
verifying that the aircraft structure will hold together during operation.

This paper focuses on two of the above elements--namely, ground test and
flight test techniques that may be used to predict the occurrence of potential
structural problems. While methods are described herein that are applicahle
to all classes of aircraft, emphasis is placed on simple and inexpensive
methods that may be used by individuals who are building their own general -
aviation-class airplane. The problems that are discussed include static
strength failure, aileron reversal, static divergence, and flutter. For each
of these problems the following is aiven: a description of the problem;
procedures for structural testing for the problem and an explanation of the
use of the results; requirements set forth in the Federal Aviation Regulations
as standards for airworthiness of the aircraft experiencing the problem; and
an example of an application of the procedures used at the National
Aeronautics and Space Administration (NASA) in ground, wind-tunnel, or flight
tests. Hhile this report gives some rules of thumb for the prediction of
structural problems, it is not intended to be used explicitly as a structural
analysis handbook. A more thorough discussion of these problems may be found
in such books as references 1-3.
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Figure 1.- Interaction diagram for static strength failure.
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Figure 2.- Stress-strain diagram for a typical metal.



STATIC STRENGTH FAILUREL

Static strength failure is the interaction of aerodynamics, inertia, and
strength. The interaction diagram shown in figure 1 illustrates the
interaction by the shaded area. It is the condition where the aerodynamic and
inertia Toads cause the structural stress to exceed the structural strength.
At this condition the structure fails and is no longer capable of carrying the
Toad. A failure can lead to catastrophic destruction of the aircraft.

A stress-strain curve for a typical metal is shown in figure 2. The
curve shows three regions of interest. A region of linearity exists (seament
AB) where the stress (related to applied load) is directly proportional to the
strain (related to deformation) produced within the metal. When loaded and
then unloaded within this region, the metal will return to a zero-strain
(undeformed) condition. A region of non-linearity exists (segment BE) where
the material begins to yield (or permanently stretch) under additional load.
Metal loaded into the yield region (point C) and then unloaded will return
along Tine CD which is parallel to the original linear region line to a
deformed condition--one with a permanent set (point D). In this case, the
linear region is shifted to the right, and the metal will respond along line
DC when it is reloaded to point C. A region of failure exists (segment EF)
where the ultimate strength of the metal is reached. The metal stretches
rapidly to relieve the load and then fails at point F. Additional information
is contained in reference 4.

lThe figures and text in this paper are presented in the following format.
A11 figures appear on left-hand pages (even numbers). The text describing

each figure appears aligned to that figure on the opposing right-hand page
(odd number).
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During ground tests for static failure, loads in the form of forces
and/or moments are applied to the structure, the stresses that are produced in
the structure are measured, and the resulting structural deformations are
measured. These procedures are discussed in the following text.

Forces may be applied to the structure as either point or distributed
loads. For point forces a weight pan as shown. in figure 3a may be used to
support the weights as they are applied. A loading pad may be used so as not
to puncture the structure with the pan fixture. Another method of applying
point forces is through the use of a hydraulic ram. Distributed forces which
represent an aerodynamic or inertia load condition may be applied by distri-
buting sandbags or bags filled with lead shot across the structure. An alter-
nate method for applying distributed loads is through a whiffletree apparatus
which attaches to the structure at several points as shown in figure 3b.
Forces then may be applied to the whiffletree using weights or a hydraulic
ram.

A pure moment (couple) is produced when two equal loads are applied in
opposite directions at different points on the structure. A torsional moment
may be applied to a wing usina two weight pans as shown in figure 4. One is
attached to one end of a frame that snugly fits over the structure, while the
other is attached to a cable routed over a pulley and connected to the other
end of the frame. Equal weights are then applied to each weight pan. The
noment is equivalent to the weight on either pan multiplied hy the distance D
between the attach points.
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To measure the stress in a structure when it is loaded, small resistance
wire gages connected in a Wheatstone bridge arrangement are used to measure
the strain of the material. These strain gages, as they are called, are
attached to the structure at specific Tocations, as shown in figure 5, and
oriented in specific directions to measure such reactions as shear, bending
moment, and torsion moment. Stress is proportional to strain in the 1linear
range of the material. (See fig. 2.)

Structural deformations may be either linear (a displacement) or angular
(a rotation) in nature. To measure a displacement a simple pointer attached
to the structure and a scale attached to ground may be used. This method can
give accuracy to 0.05 in. A slightly more accurate method requires a
surveyor's level and a scale. The scale is hung from the structure and
sighted with the level as shown in figure 6. This may qive accuracy to 0.02
in.  Mechanical dial gauges may be used to increase the accuracy of the
measurements to 0.001 in.
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Three methods are presented for measuring a rotation. The simplest
involves displacement measurements at two points at a distance L apart on
the structure as shown in figure 7a. For a small rotation, the angle o is
approximately equal to the tangent of the anale, or in other words, is equal
to the sum of the displacements, Al and A2, divided by the distance they are
apart. That is, '

8 = (Al + A2)/L.

Using another method which employs mirrors and a light source (a laser or
simply a slide projector), rotation may be more accurately measured. The
light is reflected by the mirror Tocated on the structure to a wall some
distance D away as shown in figure 7h. As the structure rotates, the light
is deflected a distance A such that ¢ = 4/2D. The third method for measurina
rotation is through the use of an inclinometer, either a bubble-type or an
electrical accelerometer-type.
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The federal standards for airworthiness of normal, utility, and acrobatic
category aircraft are presented in Federal Aviation Regulations, Part 23
(ref. 5). To be certified by the Federal Aviation Administration (FAA) an
airplane must pass certain ground tests for static strength. The aircraft
must be able to withstand the application of limit loads--that is, the maximum
loads expected during service--without permanent or excessive deformations. A
permanent deformtion may occur if the structure is loaded beyond the material
yield point. In addition, the aircraft must withstand the application of
ultimate loads--that is, a load 1.5 times as large as the limit load--for at
Teast three seconds without failure. )

The flight envelope defines the flight conditions for which the aircraft
has been designed. This envelope can be defined in terms of speed and load
factor as shown in figure 8. Load factor is the ratio of total aerodynamic
Tift to total airplane weight. The envelope is bounded by values of maximum
and minimum normal 1ift coefficients CNA which may be reached during

take-off and landing, by maximum and minimum load factors N, which may
occur during maneuvers, and by maximum airspeed conditions which may occur
during cruise or dive. - The limit loads defined for ground tests must be the
maximum load conditions experienced within this flight envelope.

Figure 9 shows the setup for the structural loads test of the NASA
Langley Research Center DAST (Drones for Aerodynamic and Structural Testing)
flight-test vehicle. (See refs. 6 and 7.) The vehicle is supported upside
down along the fuselage so that the wing structure is loaded for a positive
maneuver condition. Many loading pan fixtures are attached to the front and
rear spars. Shot bags are placed in specific pans to simulate a flight load
condition. :

11
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Data were acquired with strain gauges which were positioned to measure
load L and bending moment BM. The data shown in figure 10 were acquired
during the loading and unloading of many incremental loads. The data shown
are linear (no yielding of the structure experienced) throughout the load
range as is required.

- AILERON REVERSAL

Aileron reversal is the condition in which the control surface aero-
dynamic forces twists the wing in such a manner that a zero rolling moment
exists. Any further increase in speed will cause the aircraft to roll oppo-
site to the stick motion--that Is, a stick right command will cause the air-
craft to roll to the left. This phenomena is the interaction of aerodynamic
and structural eleasticity as illustrated by the shaded area of figure 11.

13
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Further explanation of aileron reversal is as follows. A deflection &
of the control surface (positive for trailing edge deflected down) produces an
incremental 1ift at the surface as illustrated in the upper part of figure
12. Because the control is aft of the center of twist, a nose down pitching
moment is produced which tends to decrease the wing angle of attack. Reducing
the angle of attack causes a reduction in the wing contribution to Tift.
Normally, the total 1ift (wing plus control surface aerodynamics) is increased
for a positive control deflection. However, if the elastic twist is large
enough, the reduction in wing 1ift exactly equals the additional incremental
Tift caused by the control deflection. The total 1ift is unchanged in this
case as illustrated in figure 12 by the neutral curve. For this condition no
rolling moment is produced and the stick is ineffective. Increasing the air-
craft speed will result in a decrease in total 1ift when the control is
deflected and thus produces roll in the direction opposite that intended--that
is, the reversal condition. Flight in this condition is possible if the pilot
is able to reverse his thinking to push the stick right for a teft roll.
Recovery is achieved only by slowing down the speed.

During ground tests for aileron reversal evaluation, it is necessary to
measure the torsional stiffness of the wing structure. The stiffness can be
calculated from measurements of the twist angle made when the structure is
Toaded incrementally in torsion as illustrated in fiqure 4. For small twist
angles 6 at torsional Tloads T, the data is linear as illustrated in figure
13.  The torsional stiffness k is equivalent to the inverse slope of the
data.

15
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An aileron reversal dynamic pressure? can be calculated for a wing
shown in figure 14 using the measured wing torsional stiffness k and a few
other parameters. The other parameters include the coefficients of 1ift due
to changes in angle of attack CLa and control deflection CLB’

coefficient of moment about the mean aerodynamic center (MAC) due to control
deflection CMACB’ the wing chord ¢ and the wing area §. (The coeffi-

cients may be found in a typical airfoil handbook such as references 8 and
9). The equation for the reversal dynamic pressure ag is

Zp short explanation of dynamic pressure is in order because it is the main
parameter that is referenced when discussing aeroelastic problems. Dynamic
pressure is defined as one-half the air density times the square of the true
airspeed. This is also equal to one-half the air density at sea level times
the square of equivalent airspeed. Because calibrated and indicated
airspeeds are proportional to equivalent airspeed, dynamic pressure is
proportional to the square of calibrated, or indicated, airspeed. Figure 15
shows the relationship between calibrated airspeed and true airspeed for
altitudes to 40 000 feet.

17
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During flight test, data may be acquired to predict the dynamic pressure
at which aileron reversal may occur. Measurements of roll rate and control
surface displacement B at various dynamic pressures may be used to extrapo-
Tate to the point of reversal--that is, the condition of zero roll rate per
control surface deflection as shown in figure 16. Instrumentation normally
used for the measurements include rate gyros, position potentiometer, strain
gages, and tape recorders. However, equipment such as a horizon indicator or
an inclinometer for measuring roll angle and a stop watch for measuring time
may be used to calculate the roll rate. A stop for the control stick may be
used to insure that the same control deflection is achieved at each data
point.

FAR Part 23 requires that the airplane be free from control reversal
throughout the flight envelope shown in figure 17 (simpler version of fig.
8). This may be shown by flight testing the aircraft to dive speeds without
experiencing reversal. Or, by analysis, it may be shown that the aircraft is
free from reversal up to 40 percent beyond cruise speeds or 20 percent beyond
dive speeds, whichever is less.
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Figure 18.- Quarter-scale aeroelastic model mounted in TDT.
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Aileron reversal was measured on a quarter-scale wind-tunnel model of a
fighter airplane (ref. 10). The aileron controls were located along the
trailing edge at the wing tips of the arrow-wing planform. For the tests the
model was supported on a sting in the middle of the NASA Langley Research
Center Transonic Dynamics Tunnel (TDT) as shown in figure 18.

Rolling moment coefficients CL& were measured using bending moment

strain gages positioned at the wing root. The moments were measured for three
control deflection angles at each of three values of dynamic pressure at
transonic Mach numbers. The data are presented in figure 19 and show that the
reversal dynamic pPressure may be predicted by extrapolating the data to the
zero-rolling-moment value.
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STATIC DIVERGENCE

Static divergence of a Tifting surface is a static instability which
occurs when the aerodynamic moment on the surface exactly equals the struc-
tural elastic restoring moment. Therefore, it is the interaction of aero-
dynamics and elasticity as previously shown by the shaded area in figure 11.
Divergence usually occurs on forward-swept surfaces (ref. 11) but also may
occur on unswept or slight aft-swept surfaces. Divergence normally leads to
catastropic destruction of the lifting surface when the strength T1imits of the
structure are reached.

Further explanation of divergence is as follows. The product of the
resultant 1ift force illustrated in figure 20 and the distance e from the
force to the elastic axis (effective rotation point of the structure) is equal
to the aerodynamic torsional moment. For swept wings the relationship e
between the 1ift forces and the Tocal elastic axis locations inboard of the
forces determines the twist of the elastic wing. For example, aft-swept wings
twist nose down (washout) under load while forward-swept wings twist nose up
(washin) under load. When the 1ift forces act forward of the elastic axis
(positive e), divergence can occur. Because forward sweep increases e and,
therefore, the aerodynamic moment, forward-swept wings are more susceptible to
static divergence than aft-swept wings.

The divergence dynamic pressure may be calculated from measurements made
during ground test. It is necessary to measure the torsional stiffness k
and the elastic axis location. To measure the torsional stiffness, the angle
of twist of the structure is measured during the application of incremental
torque loads as previously described. The torsional stiffness is inversely
proportional to the slope of the acquired data as previously shown in figure
13.

The elastic axis EA 1is located by measuring the angle of twist of the
structure during the application of a force load at various positions d
along the chord. The elastic axis is the location at which an applied force
Creates pure displacment and no twist g. An illustration of data acquired
during such a test is shown in figure 21.
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The divergence dynamic pressure 4% may be calculated from the
following equation

a = k/(CLa eS)

where k is the torsional stiffness, e is the distance between the elastic
axis location and the center of 1ift (normally assumed to be acting at the
quarter-chord), CLa is the coefficient of 1ift due to angle of attack,

and S is the wing area. This is illustrated in figure 22.

Subcritical response of a lifting surface may be measured in flight to
predict the conditions at which divergence will occur. The procedure is as
follows. Wing twist angle 6 1is measured at several angles of attack « for
various dynamic pressure conditions g. (The angle of attack may be varied
while holding constant altitude and airspeed in a banked turn.) At each
dynamic pressure a straight line is fitted through the twist/angle-of-attack
data to determine the gradient (or slope) A8/Ac as shown in figure 23a.
The gradients are larger at larger dynamic pressures and become infinite at
divergence as shown in figure 23b. Additional methods for predicting the
divergence dynamic pressure from measured data are described in reference 11.
Instrumentation that is needed include strain gauges calibrated to measure
twist angle, angle-of-attack indicator and tape recorder to record the data.
Alternately, a camera may be used to record the wing twist for post flight
data reduction.

FAR Part 23 requires that the airplane be free from static divergence
throughout the flight envelope. This my be shown by flight testing the air-
craft at dive speeds without experiencing divergence. Or, by analysis which
shows that the aircraft is free from divergence up to 40 percent beyond cruise
speed or 20 percent beyond dive speed, whichever is less. These requirements
are similar to those presented for aileron reversal. (See fig. 17.)
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Figure 24.- Forward swept wing aeroe]astig model mounted in 1DT.
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Static divergence was measured during wind-tunnel tests of the half-scale
model of anexperimental aircraft with a forward-swept wing shown in figure
24, (See ref. 12.) The model consisted of an aeroelastically-tailored
composite wing, half fuselage, and a closely-coupled canard. The model was
mounted to a turntable on the sidewall of the TDT so that angle of attack
could be varied to acquire load/angle-of-attack data for various dynamic
pressure and Mach number conditions.

Subcritical response techniques were used to predict the divergence
dynamic pressure boundary throughout the transonic Mach number range. The
experimental predictions are compared in figure 25 with analytical predictions
computed using structural finite element modeling techniques and several
aerodynamic lifting surface theories. The range of analytical predictions is
shown by the shaded area in the figure. The boundary has a minimum divergence
dynamic pressure which occurs in the transonic region. (This is similar to
typical flutter boundaries. Flutter is discussed in the following section.)

27
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FLUTTER

Flutter is a dynamic instability which occurs when the aerodynamic,
inertia, and elastic forces couple to cause a self-excited motion of a 1ifting
surface. The flutter motion is sinusoidal and may be either constant or
divergent in amplitude. Flutter, particularly that with divergent motions,
may cause catastrophic destruction. The interaction of the three ingredients
to flutter is shown by the shaded area in figure 26.

Further explanation of flutter is as follows. Time histories of typical
structural responses are shown for three dynamic pressure conditions in figure
27a. The time history for condition A shows motion that is damped and
stable--that is, after a disturbance the amplitude decreases with time. The
time history for condition B shows constant-amplitude motion that indicates
neutral stability. The time history for condition C shows a divergent or
unstable condition--that is, the amplitude increases with time. Both the
neutral and unstable conditions represent flutter conditions.

In classical wing flutter the torsion mode coalesces (or couples) with
the bending mode. The modal frequencies change with dynamic pressure as shown
in figure 27b. As the flutter dynamic pressure is approached the torsion
frequency usually decreases substantially, and the bending frequency increases
slightly. At flutter the two modes couple, and the wing oscillates at a
single frequency. Typical conditions at which the time histories (A, B, and
C) occur are indicated in the figure. Additional information is given in
reference 13.
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A simple flutter analysis of a lifting surface may be performed using
strip theory aerodynamics and structural data. The aerodynamic parameters
such as Tlift-curve slope and center of pressure location may be found in a
typical aerodynamic handbook (ref. 8). The structural data, which includes
the elastic axis location, mass properties, and vibration frequencies, may be
acquired during around test described as follows.

Measurement of the elastic axis location is performed as previously
described. The angle of twist of the structure is measured for various load
applications along ‘the surface chord. Recall that the elastic axis is the
Toad location which produces deflection but no angle of twist. (See fig. 21.)

The following mass properties may be measured in ground test: weight,
center of gravity, and inertia. The weight of the surface may simply be
measured with scales. The center of gravity CG may be located in terms of a
distance x from the leading edge by balancing the surface on a "knife edge."
The "knife edge" is moved until the point of balance is obtained as shown in
figure 28a. The pitch inertia of the surface may be measured using a bifilar
pendulum--that is, a pendulum that has two filaments (or cables) as shown 1in
figure 28b. The cables are positioned symmetrically about the CG a distance
d apart. The length & of the cables should be at least ten time longer
than d to maintain good accuracy. The period T (or time) that the surface
moves through a complete cycle of oscillation my be measured with a stop
watch. (The surface is displaced in twist on the cables about 30 degrees and
released. Timing is begun as the surface passes a reference point and con-
tinues until the surface passes the reference point several times, usually ten
or more. The period, or the average time for one cycle, is computed by
dividing the total time by the total number of cycles). The pitch inertia may
be computed using the following equation

I =2.488 W d2 T2/g, 1b-in2

where the weight W is in units of pounds, lengths are in inches, and the
period is in seconds.

Ground vibration testing which is performed to measure the natural
vibration characteristics, particularly the resonant frequencies, of the
structure, is described as follows. The structure to be tested must be
supported so that the support mechanism does not influence the vibration
characteristics of the structure alone. A good rule of thumb to follow is
that the frequencies of the support modes should be on the order of ten
percent of the frequency of the first structural mode. Often this can be
achieved by simply deflating the tires of the aircraft. However, it may be
necessary to suspend the aircraft on soft springs. The structure may also be
supported as a pendulum with a low pendulum frequency. In this case the mode
:xcitatggn force would be applied normal to the pendulum cable as shown in

igure 29.
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Equipment that may be used to sinusoidally excite the structure include
electromagnetic shakers, pulsating air jets, and rotating masses. An
electromagnetic shaker as illustrated in figure 30a may be used with an oscil-
lator to drive it. A pulsating air jet device as illustrated in figure 30b
cated using an air compressor to supply air which is
directed toward the wing surface and deflected by a rotating disk with holes
in it. The disk is driven by a variable speed motor. The air-jet device is
particularly useful for Tightweight structures because no additional mass is
attached to the structure. A rotating-mass device as shown in figure 30c is
the easiest shaker to fabricate. An eccentric weight is rotated using a
variable speed motor. The vibration force is directly portional to the
eccentricity e, the mass of the weight, and the square of the rotation
frequency w. It is important. that neither the weight nor location of the
device influence the frequencies of the structure.

Excitation of structures at their resonant, or natural, frequencies will
‘cause the structural response of the structures to increase. The natural
frequencies may be measured by exciting the structure with shaker equipment
while slowly varying the excitation frequency and monitoring the structural
response. The response may be monitored with an analyzer, strip chart, or, in
some cases, visually. The frequencies at which the response is a maximum (see
fig. 31) for constant shaker force are the natural frequencies of the struc-
ture. The value of the frequency may be determined with an oscilloscope, a
strobe light, or, for frequencies less than three Hertz, a stop watch. It is
also possible to use a timing light and tachometer attached to a running
engine to measure the frequency of vibration of the structure.
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A rule of thumb to follow for approximating the flutter speed of a
Tifting surface with a conventional planform (zero to moderate aft sweep
angles) uses a parameter called the flutter speed index FSI which is defined
by the following equation:

FSI = V/(bw/y)

where V is the flutter speed (feet per second), b is the length (feet) of
the semichord at the three-quarter span, w is the natural frequency (radians
per second) of the torsion mode, and u is the ratio of the wing weight to
the weight of the volume of air in a frustrum of a cone enclosing the wing.
For a constant chord wing u s simply the wing weight per unit lenath o
divided by =, the air density p, and the square of the semichord as illus-
trated in figure 32. The rule of thumb is that FSI is approximately equal to
one-half at all altitudes. Thus, substituting the values of the parameters,
including the air density at a particular altitude, into the equation for FSI
equal to 0.5, the approximate flutter speed may be calculated. See reference
14 for additional information.

Flight testing for flutter (ref. 15) requires a flight plan to insure
maximum safety. An example plan is shown in figure 33. The aircraft is
tested at several velocities at each of several altitudes. Response of the
aircraft to excitation may be monitored visually from the cockpit or from a
chase plane, electronically using strain gages or accelerometers, or photo-
graphically using a movie camera mounted on the aircraft.
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Figure 35.- Experimental aircraft for conducting laminar flow studies.
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During flight tests the aircraft structure may be excited using a variety
of methods. For a broad range of frequencies random ambients such as atmos-
pheric turbulence or engine vibrations may be used in some cases. However,
the level of excitation is not controllable and also is difficult to measure.
For Tow frequencies (less than ten. Hertz) pilot induced impulses from the
controls may be used. For higher frequencies ‘'the excitations may be input to
the structure through inertia or electromagnetic shakers attached to wing
structure or control linkages. Another device that is often used is an aero-
dynamic vane attached to the wing tip as shown in figure 34 and driven by an
electric motor or hydraulic actuator.

FAR Part 23 requires that the airplané be free from flutter throughout

" the flight envelope. This my be shown by. flight testing the aircraft to dive

speed without experiencing flutter. Or, by analysis, it may be shown that the
aircraft is free from flutter up to 40 percent- beyond cruise speed or 20

percent beyond dive speed, whichever is less.” These requirements are similar
to those presented for aileron reversal and ‘static divergence. (See fig. 17.)

Ground test and flight test (ref. 16) of the experimental aircraft shown
in figure 35 were conducted at Langley Research Center to determine the

conducted on the aircraft wing. Ground vibration tests were conducted to
measure the natural frequencies, mode shapes, generalized masses, and struc-

tural damping. The results were used in a flutter analysis which included .

lifting surface unsteady aerodynamics. The horizontal tail was instrumented
with two accelerometers and then flight tested to record the tail response to
random ambient turbulence. _
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Subcritical response techniques (ref. 17) were used on the recorded data
to predict the flutter onset speed of the horizontal tail. One such technique
is called the peak hold method which uses measured peak rms (root mean square)
response at incremental frequences throughout the frequency range of interest
to predict flutter. As a flutter condition is approached, the peak increases
in amplitude until, at flutter, it theoretically becomes infinite; or, in
other words, at flutter, the inverse amplitude is zero. Results of data
anlaysis using the peak hold method are shown in figure 36 for two different
possible flutter modes. A 27 Hz mode is predicted to flutter at an airspeed
of 235 mph. This speed is lower than that predicted for the 46 Hz mode. The
aircraft speed was therefore limited to 205 mph to allow a 15 percent margin
in speed for overshoots during the laminar flow tests.

CONCLUDING REMARKS

Ground test and flight test methods have been described that may be used
to highlight potential structural problems that occur on aircraft. The struc-
tural problems described include static strength failure, aileron reversal,
static divergence, and flutter. An example of each of the problems was
discussed to illustrate how the data acquired during the tests may be used to
predict the occurance of the structural problem. Furthermore, the require-
ments that are set forth in the Federal Aviation Regulations to insure that
each problem does not exist within the flight envelope were discussed.
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