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ELEVATOR-STABILIZER EFFECTIVENESS AND TRIM OF THE
X-1 AIRPLANE TO A MACH NUMBER OF 1.06

By Hubert M. Drake and John R. Carden
SUMMARY

Limited measurements of elevator-sgstabilizer effectiveness and trim
of the X-1 airplane with the 10-percent-thick wing and 8-percent-thick
tail have been presented previously to a Mach number of about 0.93.
Subsequent flights have permitted refinement and extension of these data
to higher Mach numbers. The data presented in this report were obtained
at about 40,000 feet altitude at Mach numbers between 0.78 and 1.06 for
normal-force coefficients between 0.26 and 0.L42.

The data show that at Mach numbers between 0.78 and 0.92, the varia-
tion of elevator position is gradual for all the stabilizer settings
tested. Above a Mach number of about 0.92, trim changes are more pro-
nounced. The magnitude and direction of these trim changes and the Mach
number at which they occur change with stabilizer incidence. The data
indicate that stabilizer angles of 2° and 0.5° are the limit gsettings
for which the airplane can be trimmed with the elevator alone through
the Mach number range up to M = 1.0. Because of the high altitude of
flight the stick forces involved were moderate, maximum values of 30 pounds
pull and 50 pounds push being obtained. The relative elevator-stabilizer
effectiveness dit/dae decreases from a value of 0.25 at a Mach number

of 0.78 to a minimum value of 0.05 at Mach number of 1.0. At Mach numbers
between 1.01 and 1.06 the effectiveness increases. The variation of ele-
vator deflection with stabilizer incidence was nonlinear between Mach
numbers of 0.94 and 0.97. The variation of dit/dse with Mach number
and the nonlinearity of this curve at Mach numbers between 0.94 and 0.97
were primarily responsible for the difference between the trim curves
obtained at the various stabilizer settings. It was found that, with

the elevator fixed at zero, only about 0.5° of stabilizer movement would
be required to trim through the Mach number range from 0.78 to 1.02 but
greater movements would be required at Mach numbers above 1.02.
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INTRODUCTION

The variation of relative elevator-stabilizer effectivenegss for the
X-1 airplane having the 10-percent-thick wing and the 8-percent-thick
tail has been presented in reference 1 for Mach numbers up to 0.93 as
determined from limited measurements during the exploratory flights of
the airplane. Subsequent flights, made primarily for the purposes of
obtaining pressure distributions, have permitted refinement of these
data and its extension to higher Mach numbers. These results are pre-
gsented in this paper.

SYMBOLS

1g stabilizer incidence angle, degrees
& elevator angle at elevator center line, measured with respect

to stabilizer, degrees
F elevator-wheel force, pounds ¥
CNA airplane normal-force coefficient (nW/gS) %
n normal acceleration, gravitational units
W airplane weight, pounds
S airplane wing area, square feet
q dynamic pressure, pounds per square foot

ATRPLANE AND INSTRUMENTATTION

A three-view layout of the X-1 airplane utilized in the NACA transonic
research program is shown as figure 1. A complete description of the air-
plane is presented in reference 2.

Instrumentation installed in the airplane includes standard NACA
recording instruments which record indicated airspeed, altitude, three
components of acceleration, pitching velocity, elevator and stabilizer
position, and elevator control force. A modified SCR 584 radar unit is ¢
used to obtain the airspeed calibration on each flight as described in
reference 3. All records are synchronized by a common timer.
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The elevator angles presented herein were measured with respect to
the stabilizer by a transmitter installed at the center line of the ele-
vator torque tube on the fuselage center line. The stabilizer angles
were measured with respect to the fuselage center line.

TESTS, RESULTS, AND DISCUSSION

The data presented in this report were obtained in level flight at
altitudes between 38,000 and 42,000 feet and the elevator position was
measured at the center of the elevator; therefore, tail or elevator dis-
tortion effects were not investigated and the results presented neglect
these effects. Because of the variation in attitude, airplane weight,
and speed during the runs, each set of data was obtained at a slightly
different range of normal-force coefficients. The center-of-gravity
location ranged from 20.9 to 21.8 percent of the mean aerodynamic chord
and was neglected in the analysis.

The variations of elevator position and force with Mach number for
several stabilizer settings are presented in figure 2. At Mach numbers
between 0.78 and 0.92 the data for all stabilizer settings are generally
similar, and the trim changes are gradual and small for all but the 2.1°
stabilizer setting. Above a Mach number of 0.92 there are more abrupt
changes in trim which are different in magnitude and direction for the
various stabilizer settings. The most pronounced of these trim changes
are in the nose-down direction at a Mach number of 0.92 for 2.1° incidence
and in the nose-up direction at a Mach number of about 0.96 for 0.50 sta-
bilizer and at about 0.99 for the other stabilizer settings.

The data indicate that 2° to 0.5° are about the limit stabilizer
incidences for which the airplane can be trimmed by the elevator up to
a Mach number of 1 at normal-force coefficients near 0.3. The elevator
limits are 14° up and 11° down.

The friction in the elevator control is about #4 pounds. Lines have
therefore been faired through the elevator wheel-force data and only the
faired lines have been presented in figure 2. These data show that the
elevator forces follow the same trends as do the positions discussed pre-
viously. Because of the high altitude of these flights, the forces were
moderate over the range of stabilizer incidences tested; the maximum
elevator control forces encountered in flying to a Mach number of 0.95
were only about 12 pounds pull and 15 pounds push. At higher Mach numbers
greater forces are required by the larger elevator angles involved in the
trim changes discussed previously. The largest forces encountered were
about 30 pounds pull and 50 pounds push.
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The data of figure 2 were converted to a constant normal-force coef-
ficient of 0.30 by changing the elevator angle by the increment which
would be required to obtain 0.3 normal-force coefficient. The values
of dBe/dCN used to make this change were obtained from turns and pull-

ups. An estimate of the effect of the curvature of the flight path on

the elevator angle was made and it was found toc be a maximum of about 0.3%
These data are replotted in figure 3 and show that, at a constant normal-
force coefficient of 0.3, the variations in elevator position with Mach
number would be more pronounced than was indicated by the data of figure 2
in which there were differences in normal-force coefficient between the
various runs.

The data of figure 3 were cross-plotted to obtain the relative
elevator-stabilizer effectiveness dit/dse. Some examples of these cross

plots are shown on figure 4. For Mach numbers below about 0.94% the varia-
tion of elevator position with stabilizer incidence was linear, but at
Mach numbers between 0.93 and 1.0 the variation is not linear, lower
effectiveness being indicated for down-elevator angles than for up angles.
Above a Mach number of unity, insufficient data are available to determine
the shape of the curve.

The variation of diy/dd, with Mach number is shown on figure 5.
These data indicate that the value of dit/dd, decreases from a value
of 0.25 at a Mach number of 0.78 to a value of about 0.05 at a Mach num-
ber of 1.0. At supersonic speeds an increase in effectiveness i1s indi-
cated. The curve above a Mach number of 1.0l is less well defined than
at lower speeds since only two trim curves were used in obtaining it.

At Mach numbers between 0.94 and 0.975 curves are shown for the slopes
measured at elevator angles of 4° up and down. The effectiveness 1is
considerably lower for down-elevator angles than for up-elevator angles.

Examination of the curves of figure 3 in relation to the control
effectiveness presented in figure 5 indicates that the differences in
the magnitudes and directions of trim changes of the trim curves at
different stabilizer settings may be accounted for by the large variation
in dit/dae over the Mach number range and the fact that the effective-

ness varies with elevator position, as shown in figure 4, at Mach numbers
between 0.94 and 0.97.

The variation of stabilizer position with Mach number required for
trim with zero elevator angle was obtained from the cross plots of ele-
vator and stabilizer angles used to obtain figure 5 and are presented as
figure 6. These data show that only about 0.5° movement of an all-
moveable tail would be required to trim through the Mach number range
from 0.78 to 1.02 at CNA of 0.3. At supersonic speeds an increase in

the stabilizer angle required is indicated. In this case, again, the
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curve was obtained from only two trim curves above a Mach number of 1.015
and is therefore less well defined than at lower Mach numbers.

As pointed out previously, the effects of tail or elevator distortion
are included in the variation of efféectiveness shown. Some data have been
obtained on the X-1 having the 8-percent-thick wing and 6-percent-thick
tail which indicate that twisting of the horizontal tail and elevator
surface may occur and that the amount of twist 1s affected by the dynamic
pressure, Mach number, and elevator position. It 1is believed, however,
that the effect of elevator twist is secondary to the aerodynamic losses
in elevator effectiveness in causing the variations in the trim curves
for the different stabilizer settings. Flight measurements of tail twist
will be necessary before the effects of such distortion on the control
effectivness and the reasons for the trim changes experienced can be
determined.

CONCLUSIONS

From the trim data obtained for the X-1 airplane at about 40,000 feet
altitude and a normal-force-coefficient range from 0,26 to 0.42 it has

been found that:

1. At Mach numbers between 0.78 and 0.92 the variation of elevator
position with Mach number is gradual for all the stabilizer settings
tested. Above a Mach number of about 0.92 the trim changes are more
abrupt. The magnitude and direction of these trim changes and the Mach
number at which they occur vary with stabilizer setting.

2. The data indicate that stabilizer angles of 0.5° and 2° are the
limit settings for which the airplane can be trimmed for Mach numbers up
to 1.0 with the elevator alone.

3. Because of the high altitude of these flights, the stick forces
were moderate at Mach numbers below 0.95 but reached values of 30 pounds
pull and 50 pounds push at higher Mach numbers.

4, The relative elevator-stabilizer effectiveness decreases from
about 0.25 at Mach number 0.78 to a minimum of 0.05 at Mach number 1.0.
The effectiveness then increases as Mach number is increased to M = 1.06.
At Mach numbers between 0.94 and 0.97 the effectiveness is affected by
elevator angle. The variation in elevator-stabilizer effectiveness and
its nonlinearity at Mach number between 0.94 and 0.97 are primarily
responsible for the difference between the trim curves obtained at the
various stabilizer settings.
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5. With the elevator fixed at zero, about 0‘50 of stabilizer movement
would be required to trim to a Mach number of 1.02, but greater movements
would be required above 1.02.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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Figure 1.- Three-view sketch of X-1 research airplane.
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Figure 2.- Variation of elevator angle and control force with Mach number
at various stabilizer settings. X-1 airplane; pressure altitude,
about 40,000 feet.
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