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ABSTRACT

|99

The steady-wind induccd oscillations of a series of simplified models of
a paraboloidal reflector antenna, located adjacent to a ground plane, have been
recorded, The models, designed primarily for steady-state wind load measure-
ment, consisted essentially of a single lumped-parameter system. The data
are in the form of oscillogruph recordings of the three moments in the support
staff, at approximuately the ground-plane lovel, and werce obtalned over the
range of reflector azimuth and elevation angles for several reflector-surface
geometries, This Memorandum presents samples of the data and the descrip-
tions and calibrations necessary for further analysis. The complete original

.

data will be made available for inspection on request. pf
I. INTRODUCTION /}}

A number of large paraboloidal refloctor antennas have been designed
and built and are providing satisfactory operation. The possibility of wind-
induced vibrations or oscillations arises in the design of such installations,
Although very little design information on this subject has come to the author's
attention, experience indicates that this phenomenon is not a major problem on
existing installations,

.

Wind-induced vibrations on paraboloidal reflector antenna installations

may be categorized into three types:
1. Independent (although possibly coupled) transverse vibration

of onc or more individual structural tembers in a steady

wind,
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2. The response of a major portion or the complete structure
to wind gusts.

3. Vibration of major portions of the installation in a steady

wind.

While each type of vibration muy be attributed to a different aerodynamic phe-
nomenon, the first usually occurs under different weather conditions than the
latter two.

Several existing installutions have reported problems attributed to the
first category. Vibration of the structural members usually occurs in mild,
steady winds and leads to the description of a "singing" stiructure, Such vibra-
tions are the result of the periodic shedding of vortices at relatively low
Reynolds numbers. This phenomenon is most pronounced on round cross-
section members and has not been reported as a problem on structural channels,
I's or T's. Any resulting damage appears to occur as fatigue failures at the
column end attachments., Several published papers (e.g., Ref. 1) report inves-
tigations of the cause of this type of vibration and present correlations of the
results whic:. should be adequate for engincering design use,.

In order to design a structure for wind gust loads, three types of infor-
mation are needed:

a. The velocity magnitude, direction, relative scale size, and
frequency of the gusts must be estimated. These gusts are
usually superimposed upon steady winds and are somewhat
random n nature, Local terrain features, such as moun-

tairs, may «xert aogreat influence on the nature of the gusts,

-2 -
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A limited amount of published experimental information,
mostly for flat, uniform terrain, is available.

b. The forces on the structure resulting from these gusts must
be estimated, Some evidence is available to indicate that
this relationship may not be identical to that of forces due to
steady winds., However, to date, no established techniques
are available for making reduced-scale tests of this relation-

ship.

e}
.

The response of a structure to such nonsteady forces is pri-
marily a structural problem, particularly with regard to
natural frequency and internal damping. Rather lengthy
mathematical methods are yielding some results.,

Problems in this second category have arisen with bridge structures, as sum-
marized in Ref. 2,

It has been demonstrated in aircraft and missile aerodynamics that
smooth, steady winds can, in some circumstances, produce significant oscilla-
tory loads. The experimental data described in this Memorandum fall into
category 3.

These data were obtained as a by-product of a wind-tunnel test planned
to obtain data on the steady loads produced by wind., No attempt was made to
follow the customary dynamic model-similarity laws. Because of this fact, and
the labor invelved in working with oscillograph-recorded dynamic data, the
material has received little more than o cursery examination. No other equally

applicable data have ¢ome to the sutior's sttention,  This Memorandum presents
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descriptions, calibrations, and samples of the material for further evaluation

of the results.
II. TEST DESCRIPTION

Reference 3 briefly describes the wind-tunnel facility, model configura-
tions tested, types of data obtained, and nomenclature used. All models con-
sisted of 18-in. aperture diameter paraboloidal reflectors, spin-formed from
1/8-in. sheet copper. These reflectors were mounted on the permanently
installed wind-tunnel balance by means of a scgmented-wheel pitch mechanism
and a round steel staff. The top member of this balance, a cast-iron channel
section, was estimated to weigh 2000 1b and therefore was considered a rigid
fixed base.

Figure 1 shows a typical model, as mounted in the wind tunnel ready for
testing, The tubular windshield surrounding the round support staff is mounted
to the tunnel floor, physically isolated from the model components. Figures 2
and 3 show a model and its mountiig components in the absence of the windshield
and tuanel floor and present some typicel dimensions.,

The dynamic data obtained consisted of.the two bending and one torsional
moments in the support staff, Figure 2 shows the strain gages from which the
data were obtained and their locations. The output from these three sets of

gages was recorded directly on a CEC oscillograph for a 3-sec interval for

approximately half the combinations of model uttitude and configuration other-

wise tested,
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All dynamic load data were obtaincd a't a tunnel dynamic pressure of
95 lb/ftz, corresponding to an air speed of 282 ft/sec. The tunnel cperated at
approximately sea-level standard conditions, yielding a Reynolds number based
on the antenna aperture diametei of 2.7 x 108,

Calibrations of the escillograph trace deflections were obtained by com-
paring their time-average values with the loads cbtained concurrently from the
external balance. The external balance results were transferred appropriately,
and a three-dimensional RMS linear curve fit was us>d to evaluate the compari-
sons, Identifying the deflections (in millimeters) of the three (sometimes con-
current) traces on the oscillograph records as top (T), middle (M), and bottom
(B) under no-wind-load conditions, the curve fit showed the responses to pitch

moment (P), roll moment (R), and yaw moment (Y) to be as tabulated below:

g_g = -24.7 in. -1b/mm=*
ST\I/)[ = + 4.8 in. -lb/mm
%% = +11.3 in. -1b/mm
%% =+ 0.1 in, -1b/mm
%_;% = +32,3 in,lb/mm*
%% = -19.4in, -1b/mm
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% =+ 2,01in, -1b/mm
g% = + 3,5 in. -1lb/mm
g% = - 2,17 in. -lb/mm=

where the moments (in in. -1b model scale) are defined about the center of the
support shaft, 9,41 in. below the antenna elevation center of rotation (1,15 in.
above the physical tunnel floor). The values marked with an asterisk (*) were
used for the sample data presented in this Memorandum; the meaning of the
other values will be discussed later.

The nutural frequency and dimping of the model under no-wind-load con-
ditions were reccrded by "twanging” the model. Figures 4 through 8 summarize
this model calibration obtained only for a single configuration at 0- and 90-deg
elevation angles. Yaw moment data are presented for zero elevation angle only;
trace calibration interactions and, possibly, energy transfers make the remain-

ing traces practically impossible to analyze.

I11. DISCUSSION

As indicated previously, the purpose of this Memorandum is to point out
the existence of a particular set of experimental data and to provide the descrip-
tions necessary for further evaluation. The applicability of these data to any

particular instadlation s left to the veader's judgment, During the test, the
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wind-tunnel model was observed to vibrate on the order of 1 in. at the reflector
cdges in several angular attitudes,

Because of the by-product nature of this phase of the wind-tunnel test,
the conventional aeroelastic testing procedures were not followed, Specifically,
no attempt was muade to record ceroelastic damping or to vary the parameters
of mass distribution, mod'cl stiffness, etc.  With the exception of the air-off
natural frequency -damping data presented in Fig, 4 through 8, the records con-
sist exclusively of danamic moment data due to a steady uniform 282 ft/sec wind
with relatively low turbulence.

The scatter of the experimental points shown in Fig. 4 through 8 is indic-
ative of the repeatability obscerved throughout these data. The symbols in these
Figures represent consecutive "twangs" of the model, with arbitrary adjust-
ments of the time-scale "zero." The reason for the unmistakable break in
these damping curves 1s unknown., Because this break 1= " ways in the same
direction, it cannot be attributed to energy transfer between modes; neither
does it seem likely that there was frictional slippage in the model or its sup-
ports,

The trace deflection calibrations presented in the preceding Section show
that tiie three data output channels did not respond as exclusively, each to its
designated moment component, as could be desired. Particularly in the case of
yaw moment, the slightly predominant interaction of pitch moment makes the
trace analysis difficult, In the case of tne yaw nutural frequency and damping

(Fig. 6), proper relatons in beat-note frequencies substantiate the values
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presented. ‘The calibrations of yaw moment should be applied to the dynamic
data with caution,

Figures 0 und 10 present the peak-to-poeak amplitude of the oscillatory
component of pitch and roll moment for two simple configurations. Also shown,
for comparison, are faired curves of one-half of the comparable time-average
moments, computed from external balance data about the comparable moment
center,

It is significant to note that, in the case of pitch moment for this model,
the peak-to-peak oscillatory load component 15 approximately equal to half of
the steady load but occurs ut a noncoincident-model angular attitude,

Figure 11 presents a copy of the oscillograph trace data used in Fig, 9
and 10, This sample represents one of the 800 records made for various model
configurations and attitudes. The original records or copies will be made avail-

able to qualified parties on an unclassificd nonproprictary basis,

SUMMARY

A quantity of data on the steady-wind-caused dymamic oscillations of a
model paraboloidal reflector antenna is available, Because of questionable
simulation of the dyvnamic model scaling paramecters and the labor involved, the

bulk of the data has not been reduced beyond the original oscillograph trace form,
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Fig. 1. A typical paraboloidal reflector antenna
model configuration as tested in the wind tunnel
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Pitch fitting,
2.8 1b

18. 00 in.

9.41 in.
To gauge
center

11, 25 in.

Yaw gauges
— (torsion)

Pitch and
roll gauges
(bending)

1,374 in, dia. steel

Fig. 2. Salon photograph of antenna model,
» rear view, showing model geometry
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Fig. 3.

Spun copper paraboloidal reflector, 0.120 in.
10. 002 in. thick, 18 in. dia, 4.5 in. deep, 12.0 1b

Mounting
cover plate,
4 in. dia,
0.8 1b

Aluminum
mounting
bracket

Strain gauge leads

Salon photograph of antenna model, front view, showing model

geometry, Reflector geometry given for configuration 101
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Oscillatory component of moment, stability axes, in. lb,

50 ¢

500

[

__’".,;-f_[:_‘:;l‘;“_f; I

500 1';4
0 it P

Wind velocity 282 ft/sec

Model pitch (elevation) angle = 0°
Model yaw (azimuth) angle = 90°
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