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A Forced-Oscillation Method for
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RoseRT A. KiLcorE* AND BENJAMIN T. AVERETT
NASA Langley Research Center, Hampton, Va.

Introduction

N order to predict the motion of a body in flight, it is neces-
sary to know the dynamic-stability parameters. Among
the most important are those associated with the damping
and oscillatory stability in roll, pitch, and yaw. Although
these parameters may at times be obtained by theoretical
methods, it is usually necessary to determine them experi-
mentally because of the unpredictable flow characteristics of
present-day aerodynamic bodies. This note briefly deseribes
a small-amplitude rigidly-forced-oscillation technique that
has been developed at the NASA Langley Research Center
and that has provided much useful dynamic-stability data.
Details of this technique are presented in Ref. 1.

Oscillation-Balance Mechanism

Exploded and assembled views of the forward portion of the
oscillation-balance mechanism, showing the mechanical com-
ponents used to obtain the rigid drive, are presented in Fig. 1.
As can be seen, the strain-gage bridge that is used to measure
the forcing moment is located forward of the pivot axis so
that the forcing moment is sensed between the model and the
pivot axis. This location completely eliminates the measure-
ment of damping due to pivot friction and thereby results in
a lower and more nearly constant value of tare damping.

Accuracy

Probable error

The probable error of the dimensional damping coefficient
has been determined to provide an indication of the ability
of the small-amplitude foreced-oscillation technique, as used
at Langley, to determine accurately the aerodynamic damp-
ing characteristics of a model. This was done by oscillating
a large copper plate between the poles of a permanent magnet
and measuring the resulting eddy-current damping. The
damping coefficients measured for two positions of the magnet
with respect to the pivot axis were found to be

C, = 0.6993 = 0.0014 ft-Ib/radical/sec
C; = 0.1507 =+ 0.0009

The mechanical or tare damping coefficient with no eddy
current damping was

Co = 0.0132 % 0.0010

It is important to note that the tare value Cy is small, and the
values of the probable error are small and independent of
the magnitude of the damping coefficient. Thus, except for
very low-damped systems, the uncertainty in the tare value
would have little effect on the measured coefficients.
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Effects of random noise

A problem that can be very important, especially at tran-
sonic speeds, is noise introduced into the system by airstream
turbulence. Basic to the system that is in use at Langley is
the resolution of the forcing moment into components in phase
and out of phase with model displacement. These compo-
nents are, of course, proportional to the stability and damping
parameters. This resolution of the forcing moment is ac-
complished by passing the signal proportional to the forcing
moment through an induction resolver that rotates at the fre-
quency of oscillation of the model. After passing through
the resolver, the component signals are demodulated and read
on damped voltmeters. This system, composed of the
resolver and damped voltmeter, acts as an extremely narrow
band-pass filter and eliminates the effects of random moment
due to airstream turbulence or other causes. The unique
feature of this type of filter is that the center frequency of the
band is always the frequency of oscillation of the model sys-
tem. Since the noise encountered in wind tunnels is usually
spread over a wide range of frequencies, the effect of random
noise is, for all practical purposes, completely eliminated by
the filtering action of the resolver—damped-voltmeter system.

Present Capabilities

At present, small-amplitude foreed-oscillation tests can be
made at Langley in pitch or yaw at Mach numbers from about
0.2 to 1.2 in the Langley 8-ft transonic pressure tunnel and
from about 1.5 to 4.6 in the Langley unitary plan wind tunnel.
Models are oscillated in pitch to determine the damping-in-
pitch parameter and the oscillatory-longitudinal-stability
parameter and in yaw to determine the corresponding damp-
ing and stability parameters in yaw as well as the parameters
associated with rolling moment due to yawing motion. Using
presently available equipment, models can be forced to oscil-
late at amplitudes of £°, 1°, and 2° at frequencies from about
2 t0 30 cps. Extension of this technique to include the test-
ing of models in pitch at Mach 10 and in roll in both the 8-ft
and unitary tunnels will soon be realized.

Typical Results and Applications

Figures 2 and 3 show two examples of small-amplitude
dynamic-stability data that have been used in the develop-
ment of re-entry vehicles. Figure 2 shows the effect of a
minor change in the nose shape of a model on both the damp

ASSEMBLED OSCILLATION-
BALANCE MECHANISM

0 DRIVE SHAFT
UPPORTING STING

SCOTCH-YOKE

DISPLACEMENT BRIDGE
MECHANICAL SPRING

MOMENT BRIDGE

Fig. 1 Photograph of the forward portion of the oscilla-
tion-balance mechanism.
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Fig. 2 Effect of nose shape on dynamic-stability para-
meters of a proposed re-entry vehicle.

ing and stability parameters. TFor the rounded-nose model,
indicated by the solid lines both in the sketch and fairing
of the data, both damping and sfability are positive and al-
most constant with angle of attack. The model with a slightly
more blunt nose has a region of negative damping and in-
creased stability near 6° angle of attack due to flow separation
from the upper surface of the model. Although acceptable
stability parameters exist near’0° for both configurations,
the negative damping near 6° for the more blunt-nose con-
figuration indicates a possible stability problem if the body
approaches 6°. Flight tests did show dynamic instability
for the more blunt-nose configuration and indicated, as do
these small-amplitude forced-oscillation data, that the less
blunt configuration is to be preferred from the dynamic-
stability point of view.

The data of Fig. 3 show some rather unexpected results of
changing the shape of a body of revolution in a region of com-
pletely separated flow. For the model with a flat base, there
was observed both positive damping and stability through the
angle-of-attack range. With the addition of a truncated-
cone fairing cap to the base of the model, in a region where the
flow would certainly be completely separated, the model
exhibits negative damping over a wide range of angle of
attack. Tree-flight tests of a similar configuration show that
the addition of the base did indeed lead to dynamic insta-
bility.

An example of some small-amplitude data that have been
applied to the prediction of large-amplitude motion is given
in Fig. 4. These data were obtained at an oscillation ampli-
tude of 2° over a range of angle of attack for a simple body of
revolution that, when given freedom in piteh, had been ob-
served to perform a large-amplitude limit-cycle oscillation.
When these small-amplitude forced-oscillation data were
used in a single-degree-of-freedom analog-computer program,
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Fig.4 Dynamic-stability parameters of a research model.

a quantitative prediction of an amplitude of 15° was obtained,
compared with an observed amplitude of 13.5°. A predicted
frequency of 6.8 cps was obtained, compared with an observed
frequency of 7 ¢ps.

In summary, the small-amplitude forced-oscillation tech-
nique now being used at the NASA Langley Research Center
provides an accurate and convenient method of measuring
some of the important dynamic-stability parameters. The
small-amplitude data may be used. both in the development
of an acceptable configuration and in the accurate prediction
of large-amplitude motion.
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Supplementary Note on Effect of Wing
Geometry on Volume and Weight

B. Sarnman®
Lockheed Adrcraft Corporation, Burbank, Calif.

Nomenclature

weight of box beam, lb
material density, 1b/in.?
pressure, Ib/in.?

root chord, in.

maximum root thickness, in.
effective stress, Ib/in.?

taper ratio

bending integration factor (see Ref. 1)
aspect ratio

wing span, in.

wing area, in.?

load factor

box chord/wing chord
average box height/max box height
gross weight, 1b

box beam volume, in.?

angle of twist, rad

torque, in.-lb

modulus of rigidity, 1b/in.?
torsion constant, in.*

= box beam perimeter, in.

= box beam skin thickness, in.
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N the optimization procedure discussed in Ref 1 a more
useful expression for wing weight may be obtained in
terms of the parameters of wing area and aspect ratio. Since
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