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frequencies. This author used Fourier series approximations
of the input and output time histories before performing the
numerical Fourier transform caleulations. 1t was expected
by such a technique one could reduce the number of points
picked off the time-response graphs without sacrificing over-
all accuracy. This technique then uses the continuous finite
Fourier series approximations in the integration routine.
Thus a smaller calculation increment may be used than
the time inerement n the original sampled data points.

The integration routine used was the Filon-trapezoidal
method. This method was necessary because of the rapidly
oscillating integrands at high frequencies. This technique
was found to improve the transform caleu ations at high
frequencies over the existing methods used but did not com-
pletely eliminate the ‘‘breakdown’” phenomenon found by
other investigators. The comparison between the pulse
method and a strictly analog analyzer method (sinusoidal
test ng) for experimental transfer functions showed no dis-
tinet accuracy advantage to either method
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Thermal Effects on Aircraft
Elastic Mode Shapes

Roserr L. SwaiM*
Purdue Unwversity, Lafayette, Ind.

HE day will come, probably before the end of this cen-

tury, when aireraft will be flying at high supersonic and
hypersonic speeds within the atmosphere. Such aircraft will
undoubtedly be highly flexible, resulting in total-airframe
orthogonal vibration modes with undamped natural fre-
quencies of the same order of magnitude as the rigid-body
short-period frequency. Such circumstances will likely give
rise to a severe mode interaction, wherein the acrodynamic
coupling between the low-frequency elastic modes and the
rigid-body motion can result in dynamic instabilities which
would otherwise not occur.!  This interaction phenomenon is
extremely sensitive to variations of, or uncertainties in
knowledge of, the exact shapes of the elastic modes, and very
high accuracy (5% or better) will be required in analytically
determining the mode shapes to be used in dynamie stability
analyses and stability augmentation eontrol system synthesis.
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Such aircraft will be subjected to severe tramsient and
steady-state aerodynamic heating. The portion of the gen-
erated heat that is convected to the aircraft surfaces can
cause large nonuniform inereases in structural temperatures,
which in turn produce thermally-induced stresses in the
structure and reduction in the elastic moduli. Both thermal
stresses and lower elastic moduli contribute significantly to
reduced structural stiffness and aggravated static and dy-
namic aerothermoelastic problems,

A fair amount of research has been done on the effects of
nonuniform temperature distributions on effective stiffness
and natural frequencies of structures (although, little in the
Jast 5 or 6 vears); a small sampling is referenced.2™” How-
ever, an extensive literature survey has turned up precious
little work on the effects of nonuniform temperature dis-
tributions on the normal vibration mode shapes of even simple
structural elements such as plates and beams, let alone com-
plex aerospace vehicle structures or structural components.
Only one reference was found which contains data on such
effects; it presents only experimental data with no analytical
method offered.® A rectangular, stainless steel, cantilevered
lifting surface of rib and spar construction was subjeeted to
transient chordwise heating with quartz lamps, and the first
and second vibration mode shapes were determined from
vibration data. Even though the maximum temperature
(about 600°F) and maximum temperature difference between
two chordwise points (about 200°F) were very modest when
compared to what a hypersonic aireraft will encounter, the
mode shapes varied as much as 209, from their unheated
shapes.

As pointed out previously, 5% accuracy will be needed in
mode shape determination; thus, the need is apparent for
research on analytical methods for calculating elastic mode
shapes in the presence of nonuniform temperature distribu-
tions. It isurged that sponsoring agencies give attention and
support to filling this serious gap in knowledge and analytical
methods in order to have the analysis and design tools at hand
when the application arises, as it most certainly will in the
not too distant future.
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