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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

STABILITY AND CONTROL DATA OBTAINED FROM
FIRST FLIGHT OF X—4 AIRPLANE

By Hubert M. Drake
SUMMARY

.NACA instrumentation has been installed in the X-4 airplanes to
obtain stability and control data during the Northrop conducted
acceptance tests. The results of the first flight of the X4 numbsr 1
alrplane are presented in this report. These data were obtained for a
center-of-gravity position of about 22 percent of the mean aerodynamic
chord. A maximum indicated airspeed and pressure altitude of 290 miles
per hour and 11,000 feet, respectively, were obtained during the flight.

Results of the flight indicated that the airplane is slightly
unstable, stick fixed, in gear—up, flaps—up configuration for a center-
of-gravity position at 21.4 percent of the mean aserodynamic chord. The
pilot reported that it was difficult to maintain steady flight in this
configuration. There was no indication of a smeking or lateral oscil-—
lation for the speed range covered. For gear—-down configuration at low
1ift coefficients with the center of gravity at 22.4 and 21.6 percent
of the mean aerodynamic chord the airplane was longitudinally stable;
however, at high 1lift coefficients, it was Indicated that the airplane
was longitudinally unestable. The rudder effectiveness appeared to be
low in the gear—down, low—epeed condition. The maximum rate of rudder
motion of 25° per second available with the present control system was
considered by the pilot to be too slow.

INTRODUCTION

As a part of the AlrJ¥orce — Navy — NACA transonic flight research
program, the Northrop Company has constructed the X~4 airplane. This
airplane is intended for performing research on a tailless configuration
at high subsonic Mach numbsrs,

NACA recording instrumentation has been installed in the alrplane
to provide data on stability and control ckaracteristics during the
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Northrop conducted acceptance tests. The present report gives data
obtained on the first flight, made December 16, 1948, with the center
of gravity at about 22 percent mean aerodynamic chord. The speed range
covered was from 225 miles per hour to 290 miles per hour at 11,000 feet
pressure altitude in the clean condition and fram 145 miles per hour

to 210 miles per hour in the gear—down condition at 2200 feet pressure
altitude.

SYMBOLS

A indicated airspeed, miles per hour
B gideslip angle, degrees
B¢ elevon angle, degrees
Sr rudder angle, degrees
q dynamlc pressure, pounds per square foot
s wing area, square feet
W airplane weight, pounds

. ’ (nW
Cn girplane normal—force coefficient \——-

gs

n normal acceleration
Subacripts:
R, L right and left elevons, respsctively

ATRFLANE

The Northrop =4 alrplane is a semi-tallless research airplans
having a vertical tail but no horizontal tail surfaces. It 1s powsred
by two Wegtingt.ouse J30-WE-7-9 engines and is designed for flight
regsarch in the high subsonic speed range. FPhotographs of the airplanse
are presented as figure 1 and a three—view drawing as figure 2. Table T
lisis ire physical characteristics of ths airplans,
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TEST INSTRUMENTATION

Because of the small size of the X~4 airplane and the instrumen-—
tation requirements for the Northrop structure and engine temperature
measurements it was possible to install only a minimm of stability
and control instrumentetion. Standard NACA intermsal instruments record
altitude, airspeed, angle of sideslip, right and left elevon position,
and rudder position., In addition, the following quantities are teleme—
tered to a ground station: normal acceleration, altitude, airspeed,
right and left elevon position, and rudder position. All of the records
are correlated by a comnon timer.

The recording airspeed and altimeter are commscted to the alrspeed
head on the vertical fin. A calibration of this installation has not
yet been madse.

RESULTS AND DISCUSSION

During this flight, the pilot took a record of the take—off, a
record in the air where the speed was changed fram approximately
250 miles per hour to 275 miles psr hour and thence to 225 miles per
hour indicated airspeed, and a record of the landing. Due to a fallure
of the telemeter, no record was obtained of normal acceleration. The
data presented therefore were taken only from steady flight so that it
could be reasonably assumed the airplane was at 1 g normal acceleration.

A measure of the stick&fixe% stab%lity is shown in figure 3 where
: e. + “e )
the longltudinal control angle, L 5 R, is plotted against indicated

airspeed, Vs and normal—~Fforce coefficient. These data show that in

the clean condition the airplans is slightly unstable as shown by an
upward deflection of the control required far increasing speed. The
pilot stated that it was impossible to trim the airplane in the clean
condition. With gear down the airplane is stable for both center—of-—
gravity positions. Thore is an indication that there may be some Insta—
bility at high normal—force coefficients with the gear down. However,
the data at 145 miles per hour were obtalned in the landing approach
Just before contact so there may be some effects of the proximity of

ths ground on thess datae. Although these data are rather sketchy, they
iniicate that the center of gravity should be moved forward.

Figure 4 shows a time history of an elevon and rudder disturbance
just after teke—off. As noted im the figure, a portion of the
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left-elevon—position record was not obtained. This record gives an
indication of the relative effectiveness of the rudder control, a
change of about 20° in rudder angle producing & change of 6° in sideslip
angle, The pllot stated that the rudder control seemed to have con—
slderable lag and the motion of the control was too slow. Figure 4
shows that the rate of rudder motion was about 25° per second, which
rate 1s considerably slower than the rate at which a pilot 1s able to
move the rudder pedsls. The electrical system which operates the
rudder 1s arranged to give several rates of control movement corre—
sponding to the rate at which the pilot moves the pedals. The rate of
259 per second 1s the maximim rate that is availeble to the pilot at
the present. The flight records showed this rate was used in virtually
all rudder applications indicating that motion to the pedals was
applied at a rate of 25° per second or greater. During the first
attempt for take—off, 1t was also indicated that this rate of rudder
movement is too slow for maintalining directlicnal control.

The pilot reported excessive friction in the elevon control system
which 1s an irreversible hydraulic system with artificlal feel for the
pilot. He also reported that the alleron farces seemsd very heavy
relative to the elevator forces which on occasion cauged him to apply
elevator control as well as aileron when attempting to move only the
allerons. Since the alleron forces are about normal it is believed
that the pilot was gliven this impression by the excessively light
elevator forces. Since the elevator—force system depends primarily
upon elevator position, it could be expacted that with a change in
center—of—gravity location sufficient to provide adequate stick-—fixsd
longitudinal stability, the alleron—elevatar faorces would be pro-—
portioned satisfactorily.

Inspaction of the sideslip records showed no evidence of snaking

oscillation over the range of speeds covered.
CONCLUSIONS

Fron data obtained during the first flight of the X~4 number 1
alrplane, it 1s indicated that:

1. The airplane is slightly unstable, stick fixed, with the center
of gravity at 22.4 percent mean aerodynamic chard in the clean condition
and at high 1ift coefficients in the gear—down, flaps-—up condition.

2. The maximim rate of rudder movement, 250 per second, is unde—
sirably low.
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3. There 1s no Indication of a snaking oscillation over the speed

range covered, ’
¥

4, The rudder effectiveness is low in the goear—down, low-speed
condition.

Langley Aeronautical ILabaratory
National Advisory Committee for Aercmautics
Langley Air Force Base, Va.
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TABLE T

PHYSICAL CHARACTERISTICS OF X4 AIRPLANE

Engine:
Rating (each)

Welight for acceptance tests, pounds:
Maximum 240 gallons fuel
Minimm (10 gal fuel trapped)

Wing loading, pounds per square foot:
Maximum
Minimm

Center-of-gravity travel (first flight)
Percent MAC:
Gear down, full load
empty
Gear up, full load
empty

Height, over all, feet
ILength, over all, feet

Wing:
Aresa, square feet
Span, feet
Alrfoll section
Mean aerodynemic chord, feet
Aspect ratio
Root chord, feet
Tip chord, feet
Taper ratio
Sweepback (leading edge), degrees
Dihedral {chord plane), dezress

" Wing flaps (split):

Area, square feet

Span, feet

Chord, percent wing chord
Travel, degrees

Dive brake dimensione as flaps
Travel, degrees

2 Westinghouge J=30-WE-T—9

1600 pounds static thrust at sea level

7050
5670

22.5
20.2
22

19.7
14.83

23.25

200
26,83
0010-64
7.81
3.6
10.25
L.67
2.2:1
Yhi.s7
0

16.7
8.92
25
30

+ 60
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TABLE I — Continued

FElevons:

Area (total), square feet 17.20

Span (2 elevons), feet 15.45

Chord, percent wing chord 20

Movement, degrees Up — 35

Down - 25

Operation Hydraulic with electrical emsrgency
Vertical tails

Area, square feet 16 -

Height, feet 5.96

Rudder:

Area, square feet k.1

Span, feet L.3

Travel, degrees 30

Operation Electrical, in case of electrical

failure rudder can be locked
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Figure 1l.— Photographs of X-4 airplane.
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Figure 2,— Three—vlew drawing of X-4 airplane.
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