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REPORT No. 162.

COMPLETE STUDY OF THE LONGITUDINAL OSCILLATION OF A
VE-7 AIRPLANE.

By F. H. Norrox and W. G. Browx.
SUMDMARY.

This investigation was carried out by the National Advisory Committee for Aeronautics at
Langley Field in order to study as closely as possible the behavior of an airplane when it was
making a longitudinal oscillation. The airspeed, the altitude, the angle with the horizon and
the angle of attack were all recorded simultaneously and the remultmb curves plotted to the
same time scale.. The results show that all the curves are very close to damped sine curves,
with the curves for height and angle of attack in phase, that for angle with the horizon leading
them by 18 per cent and that for path angle leading them by 25 per cent.

INTRODUCTION.

The mathematical theory of dynamie stability is based upon numerous assumptions, such
as a small oscillation and harmonic motion, and also it is usually assumed that the density and
airspeed are constant. As far as it is known there have been no actual tests made in flight to
determine the exact behavior of an airplane when making oscillations. It was thought that
data of this kind would be of considerable value in studying the theory of stability and would
allow the visualization of the actual behavior of the machine.

FiG. I.—Vought (VE-7} Afrplane with recording apparafus. . TF1G. 2—Angle of atiack Vane.

METHODS AND APPARATUS.

The airplane selected for this test was a standard VE-7 because of its excellent stability
and smoothness of flight. The mean altitude of flight was 2,300 feet and the revolutions per
minute about 1,150. The airspeed was recorded with the National Advisory Committee for
Aeronautics recording airspeed meter conmnected to a swivelling pitot static head which had
been previously carefully calibrated. The angle of inclination of the machine was measured
by a kymograph which traced the image of the sun on a moving ilm. In order to get the actual
angle of the machine the height of the sun was measured at the same time with a theodolite.

The height of the machine was recorded by 2 recording statoscope, which consisted of one
of the standard National Advisory Committee for Aeronautics recording airspeed meters con-
nected on one side to a quart thermos bottle and on the other to astatic head. Great care was
taken to prevent leaks between the thermos bottle and the instrument, as even a slight leak
here would introduce considerable errors. In order to prevent excessive pressure on the record-
ing instruments there was a valve which could be opened to equalize the pressure until the alti-
tude was reached for making the run.

The angle of attack was measured by an electrical instrument recently developed by the
National Advisory Committee for Aeronautics consisting essentially of a vane on an outrigger
(figs. 1 and 2) which extended about 6 feet beyond the wing tips and a recording instrument in
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the cockpit. The vane was so located that it was very close to the Y™ axis of the airplane in
order that an angular velocity in pitch would not introduce appreciable errors in the readings.
It was also at such a distance from the wing tip that the interference with the wing was small.
Some of the original curves are reproduced in figure 3 to show how smooth and even was
the motion. They are replotted, however, in figure 4 with their corresponding scales and are
synchronized on the same time base. The computed curve of path angle is also included.

PRECISION.

A careful estimate of the probable precision in the four factors measured is given in the
following table:

)T +1.0 miles per hour,
Inclination of airplame. ... .o oo e +0.5°,

Helghte oo e +2.0 feet.

Angle of abtack. ... oo it £1.0°.

Time. o oo i ieaaaaaaa S +0.25 seconds,

The angle of attack reading after steady flight was reached amounted to 4-7.5° while the
inclination of the longeron was +1°, or +2.8° for the wings. This gives an installation error
for the angle of attack vane of 4.7°, which was applied throughout.

F16 3.—Airspeed and statoscope records.

RESULTS.

The results are completely given in figure 4 where the quantities measured are plotted
against a common time scale. The airspeed plotted is indicated speed as no density correction
was made. :

As the exact time at which each curve reaches a maximum or minimum is of importance
these times have been assembled in the following table which is more accurate than the curves.

Quantity. | . Time to peaks {n seconds.
AIISPEEd 1.erey e 460 —0!cas | —sso| 4enol —ns| weno
Inclination of airplane........... ... .. =10 4140 | —27.0 | +41.5] —53.5 | +64.5 | —771.0
Helght..oovieeveiiiianannana.. e —7.0| 4210 ; =8L5 | +47.0 | ~57.5 | L71.0 | —8LO
Angle of attack............. e | =78 4195, ~3L5 | +47.5 | —57.5 | +69.5, —8L0O
Angleofpath......oooivii it —13.5 | +26.0 ILi —36.0 —}-53.0 —64.0 4 +76.0 ! —88.5
o - W+Indi;at7es posi;w':péak. - —Eudi;:atcs negative peak.

These figures show that the average period is 25 seconds, that the height and the angle
of attack are in phase and the airspeed in opposite phase, while the angle of inclination leads
by 4.5 seconds or 18 per cent of the period, and the path angle by 6.3 seconds or 25 per cent
of the period. It is also interesting to notice that the total energy of the airplane, which is
made up of the kinetic and potential energy, remained practically constant throughout the
oscillation.
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The path angle was found by the difference between the angle of attack and the angle of
inclination of the longerons, with 1.75 degrees subtracted for the incidence of the wings. This
angle can also be found from the slope of the altitude curve plotted againsi distance rather
than time and using true rather than indicated speed. A value was Worked, out for the 251-
second station, giving a path angle of 4.5° as against 3.8° as deduced from the difference in
angles, which shows a satisfactory agreement.
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CONCLUSIONS.

If the synchronized curves are assumed sinusoidal and plotted on an angle base, their
phase relation may be summarized as follows:

ATTSPEEd - ittt i ecaeeeeeereeeeeaceeeeemmeeeaeeessseeneanaan 180°
Inclination of airplane........oo.cooiieiiiiin e mieeiememeeemeeeamseeseascaceeaenas 245°
Hejght----.....-..--.._,--._-; ....................................... et cccrtrrerrsr e 0°
Angleofattack. - ooomein i i e ettt ee s 0° .
Angle of path .. R U | | 1

It is also shown that the angle of attaek curve departs slightly from a sine curve, the upper
peaks being sharper than the lower ones.

It is shown that the period and damping of an oscillation can be measured equally well
from the airspeed or the kymograph record.

In a future test of this kind it would be of interest to record the revolutions per minute
and the slipstream velocity in order to obtain data on the propeller operation and the
conditions at the tail.



