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RESEARCH MEMORANDTM
LONGITUDINAT~STABILITY CHARACTERISTICS OF TEHE
NORTHROP X-I ATRPLANE (USAF NO. L6-6TT)

By Melvin Sadoff end Thomas R. Slsk
SIMMARY

The results cbtained from several recent flights cn the Northrop X—I
Ro. 2 airplane are presented. Information is included on the longitudinal—
8tability characteristics in straight £light over a Mach number range of ’
0.38 to about 0,63, the longitudinal-stebility cheracteristlce in acceler-
ated flight over a Mach number range of 0.43 to eabout 0.79, and the short—
perlod longimdinal—oscination characteristice at Mach numbers of 0,49
and 0.78.

It was shown that the stick-fixed and stick—Lree static longitudinal
ateblility, as measured in stralght flight, were positive over the test
speed range with the center of gravity located at about 18.0 percent of
the mean aserodynsmic chord.

During the longitudinal-stability teste in accelerated fllight an
inadvertent pitch—up of the airplane occurred at a Mach number of about
0.79 and a normal-force coefficlent of sbout 0.45 (normal acceleration
factor, Ay = 5}, in which the acceleration built up rapidly to Ay = 6.2
(which was in excess of the load factor, 5.2, reguired for d.emcnstra.tion
of the alrplesne) befors recovery could be ini'bia:bed.

A comparison of the experimentally detexrmined elevon angles required
for balsnce and the elevon-angle gradients with values estimated from
Jimited wlnd—tunnel dats showed fairly good sgresment. Wind—btunnel data,
however, were not available in the region where the pltch—up occurred so
that an svaluation in this regard wes not poseible.

The short-~perlod osclllatlon was lightly damped and did not meet the
Alr Force requirements for satlsfactory hendllng qualities., The pilot,
hawever, did not obJect to the low damping charamcteristics of this alr-—
plane for smell-emplitude osclllistions, Theory predicted the period of
the short—pericd lengitudinal oscillation fairly well; however, the
damping evalusted from the theory Indlosted considerebly greater damping
than was actually measured in £light, especially at the higher Mach numbers,
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INTRODUCTION

The X-i airplane wag constructed as part of the Jjoint Air Force —
Nevy — NACA research airplans program to provide research Iinformation
on the stability and control characteristics of a semitailless config—
uration at high subsonlc Mach numbers. .

The alrplane 1s currently undergoing demonstration flight testa by the
Northrop Aircraft Corporation st Edwards Air Force Base, Murcc, California.
During these tests NACA instrumonts have been lnstelled for the measurement
of stability and control characteristics. Previous results on the X-4
airplane ars presented 1n references 1 through 6. The present report pre—
sents some results of the measurements of the longltudinal-etablility
characteristics of the ailrplans, which wers obtained 1n flights 12, 13,
and 15 of the scceptance tests of the second I~4 sirplane (USAF No. 46-677).

SYMBOLS

Vi indicated airspeed, miles per hour

hp pressure altitude, feet

Ay normal acceleration factor (the ratio of the net aerodynamic
force slong the alrplane Z axls to the weight of the alr—
plane)

AY lateral acceleration Tactor

Ay longitudinal ecceleration factor

M Mach number

a dynamlc pressure, pounds per square foot

F stick force, pounds

S wing ares, square feet

M.A.C. wing mean aserodynamic chord, feet
W alrplane welght, pounds
He elevon hinge moment, Inch—pounds

H, rudder hinge moment, inch—pounds
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q pltching veloolty, radlans per second
T rolling velocity, radians per second
P period of longitudinal oscliilation, seconde
Tl /2 time to damp to one-half amplitude, seconds
& 4+ 5

Se effective longlitudinal control angle (l{_E), degrees
B, — Bgp effective latersl control angle, degrees '
51. rudder angle, degrees
B sidesllp angle, degrees

: WAy,
CK normgl force coeffioient( —c

as
F /q stick—force factor, feet sguared
Subsecripts

L left elevon

right elevon
ATRPT.ARE

The Northrop X-4 airplene is a semitailless research alrplane having
a vertlical tail bub no horizontal—tail surfaces, It 1s powered by two
Westinghouse J—-30-WE-7-Q englnes and is deslgned for flight research in
the high subsonic spsed range. A three—view drawing of the girplsane is )
shown In figure 1 and photographs of the alrplane are presented as figure 2.
The physical characteristics of the alrplane are listed in table I.

INSTRUMENTATTCON

Standard NACA instruments were used to record altitude; airspeed;
normal, longitudinal, and lateral accelerations; right and left elsvon
positions; rudder position; sideslip angle; pitching and rolliing
angular velocities; stick force; pedal force; and elevon and rudder hinge
moments. In addition, normal acceleration, altitude, airspeed, right
and left elevon positions, and rudder positlions were telemetered to & ground

m
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station. All the internal records were correlated by a common timer.
The hinge-moment data are lIncluded 1n thils report to show only guall—
tative changes since there 1ls soms uncertainty regarding the validity
of the absolute magnitudes of the measured hinge moments,

The glrspeed and altitude recorder 1s commected to the alrspeed
head on the vertical fin, This installation has not as yet been
callbrated.

TESTS, RESULTS, AND DISCUSSION

Longitudinal-Stability Characteristics in
Straight Flight

The static longitudinal stabillty of the I-U4# airplane was measured
in straight flight by trimming the alrplane at approximately 325 miles
per hour and then making steady runs at 20-mile—per—-hour increments over
& speed range from about 220 to 400 miles per hour. Tests were conducted
at 10,000 and 15,000 feet pressure altitude., The results of these meas—
urements are shown in figure 3 where the elevon control positlon and elevon
stick force are plotted as functione of indicated airspeed, and where the
elevon—control position and stick~force factor F/q are plotted as functions
of normal force coefficient. The data show that the airplane 1e statlcally
stable stick fixed and stick free as shown by the lncreasing up—elievon
control required as the epeed was reduced, and by the pull forces required
below trim speed and push forces required above trim speed. The positive
stability is also indicated by the steble slopes of the variation of &g
and F/g with Cg.

Longitudinal-Stabllity Characteristics in
Accelerated Flight

The longitudinal-stabllity characterlstics of the X—4 ailrplane in
accelerated flight were measured in steady turns and gradual pull-ups.
Messurements were made at steady lncrerents of acceleratlon from trimmed
conditions at a Mach number of 0.4h at 10,000 feet and at several Mach
numbers from 0.5 to 0.79 at 20,000 feet, For the most part, data presented
for values of normsl-acceleration factor less than 2 were obtained in
steady turns while the date for values of normal acceleraticn factor above
2 were obtalned in gradual pull-aups.

Flgure 4 gives several representative time histories of Mach number,
elevon 8tick force, slevon position, normal acceleratlion factor, and
normal-force coefficient during typical accelerated stability runs.
These data in time—history form show an interesting item in comnection
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with the booster control system. There are apprecisble friction (5 1b)
and inertia forces inherent in the hydraulic control system, with the
result that the elevon position does not necessarily follow the gpplled
control forces. This characteristic of the control system can be easlly
seen in this flgure where the elevon continues to move in the upward
direction although the gpplied control forcé is being decreased. This
characteristic of the control system makes the airplane very difficult
to trim for glven flight conditions and has been s source of annoyance
to the pilot. The data in figure L4 show, however, that the airplane,
aerodynamically speaking, has normal control characteristics.

At normal—~force coefficients higher than those obtained in the runs
glven in figure 4 for a Mach number of 0.79 & longitudinal instsbility
was encountered. A time history of this phenomenon 18 glven in figure 5.
In figure 5(a), which gives the quantities pertaining to the longitudinal
characteristics, 1t can be seen that, although the elevor—comtrol motion
was stopped at 0.4 second when 5 Ay, was reached, the airplane continued
to pitch upward. At 0.8 second, when 5.3 Az, was reached, the pilot sbruptly
deflected the elevons downward but the airplsne did not respond until a
value of 6.2 Ay was reached at 1.3 seconds. The pilot reported no warning
such as buffeting before the alrplane began to pitch upward, but did report
that the right wing tended to drop as the pitching became evident. The
accelerometer records taken during this run showed that a slight buffeting
began at gbout 0.5 second prior to the longitudinal instability and con—
tinued well into the recovery. The wing heaviness reported by the pllot,
however, is evident in figure 5(b) which gives the lateral and directionsal
characteristics meassured. The recovery from thils unsteble condition was
marked by an oscillation gbout &ll three axes of the airplsne, which the
pilot probably reinforced by abrupt control motiomns. The obJectionable
large—amplitude longitudinal oscillations which were sustained during the
latter part of the recovery apparently resulted from the poor demping—in—
pltch characteristics of the airplane. This point will be discussed more
fully in a subsequent section. It should be noted that, as in figure 4,
the elevon—control motion does not follow exactly the control force. The
maximum value of normal—ecceleration factor reached (6.2) was in excess
of that required for demomstration of the airplane (5.2).

From the data glven in figures 4 and 5 and similar data not presented,
figure 6 was prepared, which gives the variation of elevon—control angle
with normal—force coefficlent and the variation of elevon stick force with
normal accelersation for the Mach numbers tested. These data show that for
the Mach number range covered and for values of normal force up to sbout
0.45, the airplane is longlitudinally stable stick fixed and stick free.

At a Mach number of 0.79, the airplane is shown to be unsteble above a
normal—force coefficient of 0.45. The data illustrating this longitudinsl
instability were teken from the run presented in figure 5 prior to the
abrupt control motions, but because of the sbruptness of the pitching
motion do not necessarlly show the exact elevon angles required for balance.
Data from earlier flights (reported in reference 6) show that at lower
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Msch numbers (M = 0.28) the airplane does not exhibit a longltudinal
inetabllity even at values of normal-force coefficient approaching those
for stall (Cg = 0.85). Wind—tunnel tests of an X-L model at low Mach
numbers (reference T) indicated that chordwlse fences would be required
to eliminate lomgitudinsl instability at the stall. It is possible that
the fences are effective in delaying the longltudinal Instabllity at low
Mach numbers, but that increamsing the £light Mach number decreases -the
effectlveness of the fences,

The apparent longltudinal stability of the X—k airplane in accelerated
£1ight is illustrated in figure 7 where values of d8,/dCy, as determined
from the data of flgure 6, are plotted as a function of Mech number for
values of normel-force coefficient up to O.4. The stablility of the alr—
plane at g normal-force coefficient of 0.5 wae measured only at M = 0.28
(data from reference 6) and M = 0,79, and the values of dB,/dCy under
these conditlone are indlcated. The data given in figure T show that the
longltudinal stability of the X-k up to a of 0.4 ie essentlally com—
stant with Mach number up to a Mach number 0.79. At a normali-force
coefflcient of 0.5, the airplane stability varies from a positive value
at M = 0,28 to a negative value at M = 0.79. The exact variation with
Mach number is not lmown since, as mentioned a.bm'e, data were available
only at two Mach numbers,

Comparison of Experimental and Estimated Data

A comparison of the experimental elevon angles required for balance
at several values of Cx and the elevon-angle gradlents with values
egtlmated from the wind-tunnel dete in reference 8 1s presented in figure &
The elevon-engle data are compared in figure 8(a), while the comparison
of the control-engle gradients is shown in figure 8(b). The experimental
elevon—-angle data were derlved as & cross plot of the data in flgure 6
and from other date not presented (from reference 6).

The agreement shown between the estimated and the experimental
elevon angles snd elevon-angle gradients is comsidered falrly good in
vlew of the fact that the wind-tunnel data, obtained with a center of
gravity at 21.5 percent of the M.A.C., were corrected to an average flight
value of 18.5 percent of the M.A.C. Unfortunately, no wind-—tunnel data
were avallable In the Cx range above O. I without a doubtful extrapo—
letion of the data, =o no relliable comparison could be made at the values

of Cy and M where the longltudinsl instabillty was encountered in
flight.

s
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Dynamic Longltudingl-Btebility Characterlistics

A measure of the dynamic longitudinal stability of the X4 ailrplane
wae obtalned in longitudinal osclllatlons which were excitsd by sbruptly
deflecting the elevon control and returning it to trim position at Mach
numbers of 0.49 and 0.78. Time histories of these oscillations are given
in figure 9. It can be seen from the data in this figure that the XU
alrplane will not meet the requirements for satisfactory damping of the
longlitudinal short—period oscillation which requires that the oseillstion
damp to one—tenth amplitude in one cycle (reference 9). The pilot did not
consider the dampling charascteristics of the alirplane obJjectionable for
these small ampiltude oscillations, However, as was polnted out previ-
ously, the poor damping characteristics were obJectionsble for lsrge ampli—
tude osclillations., The period P and the time to damp to one-half amplitude
Ty /2 were determined from these osclllatlons and are presented as funo—
tions of Mach mmber in filgure 10. Also presented in this figure are the
variations of period and tims to damp to one-half amplitude with Mach
number as computed by the methods of reference 10. The data in this
figure show that the theory predicts the pericd of the osclllation Pairly
well but that 1t overestimated the dsmping, especially at high Mach numbers.,

GORCLUSIONS

The results of the longitudinal-stability measurements obtained on
the second X-k airplane during flights 12, 13, and 15 showed the following:

1. With the airplane center of gravity at approximstely 18.0 percént
of the M.A.C., the stick-Ffixed and stick-free longlitudingl stabllity in
stralght £light were positive over s Mach number range of 0.38 to 0.63.

2. TIn accelerated flight, the alrplane was stable up to values of
normel—force coefficlent of 0.4 throughout the gpeed range from Mach num—
bers of 0.4 to 0.79. At & Mach number of 0.79, the airplane became
unstabl¥ at higher values of normal-force coeffloient and s violent nose—
up pltching was encountered.

3, In the run where the longitu&ina.l Instebility occurred, the air—
plane reached a normal acceleration factor of 6.2 which is in excess of
‘the load factor required for dememstration of the airplame (5.2).

k. The elevon angles required for balance at several values of
normel-force ccefficlent and the elevon~engle gradlients were estimated
falrly well from avellable wind-burmel date over the Mach number and normel—
force—coefflclent range considered.

5« The short-period longitudinal oscillatiom is lightly demped and
does not meet the Alr Force requirements for satisfactory handling qualities,
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The pllot, however, did not obJect to low damping charaecterlstlice of this
alrplane for small-emplitude oscillstions,

6. The theory estimated the period of the shart—period longitudinal

oscillatlon falrly well; however, it overestimated the damping, especially
at high Mach numbers,

Ames Aercnautical ILaboratory,
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TABIE I., — PHYSICAT, CHARACTERISTICS OF X—4 ATRPTANE

EDGINes (6WO)e o ¢ s o o s = o o o o o » o o Wostinghouse J—30-WE—7—9
Rating (each) static thrust at sea level, Pounds + « o o » » o 1600
Airplane welght (average for flights 12, 13, and 15), pounds

Maxinmm (238 881 £UEL) o « o o o o o o « o s s o o o o o o « o TOUT
Minimm (10 gal trapped fU6L) o & « o s o o o s o o o o s o o OMTT

Wing loading (average for flights 12, 13, and 15),
pounds per 8quUAYe FOOL o« ¢ « o o o &« o » o «

Mmm L] L] L] L] - - e o L 4 L * L] ‘. . L] . L] * L] L L] L L] L * - [ ] 39.2
mnimm * L] - L L - L] a . L4 L] - L] L ] - L4 L] L] L] L L] L L] L] L] - * 32 .)'l'

Center—of—gravity travel (aversge for flights 12, 13, and 15),
percent M.A.C.

Gear u‘PJ fuj-l load- e ® o 8 5 @ ¥ &6 & & & e ® B & s ° e e & & » 19-10
Gear up: Pos.b flight o e L4 . . ¢« o o e e @ ¢ ® e .. e o o ¢ » . 17010
Gear down, fULL 1083 o « » o o o o s« s o o o o o ¢ o o ¢ o o o 19140
Gear d‘ownJ Pos-b f]-ight [ 2 o . . [ ] ) ) . [ ] [ L [ [ ) . [ [ ) » [ ] ] - 17.50

Heigh‘b, O'V’e‘r—a.ll, POt o« o ¢ ¢ ¢ ¢ ¢ o o ¢ 0 ¢ & ¢ ¢ » o0 ‘6 e d ll"- 83
Leng‘bh, O'V'er—a.ll, £OEL ¢ o o o ¢ ¢ o o o o ¢ ¢ o s e s s s o o 2325
Wing

Are&,sq_uarefeet.,..-----‘..-..-..-.'s...-200

SPan; feet @ ® @ 8 & e 8 ¢ & & o & ¢ &« & & © & & o6 4 &6 & & e 26'83
Birfoll s6ction « o v o o = o o « s o ¢ = » o o+ o » « NACA 00106k
Mean aerodynamlc chord, 865 o o « '« o o o o o o s o o« o« « o o Te8L

Aspec.b ratio L] . ] L o . L ] L] L] * @ L ] L] - ¢ & L] L ] L] L ] L] L ] L] L J L] L 3 .6
Roo‘bchord.,fee'b......'........-.."..'--.-10-25

Tip chord-’ feet L] [} [ ] ] [ ] L ] . L ] L d L ] [ ] L ] [ ] [ ] * [ 2 L ] . . L] L] [ ] . [ ] }+'67
Taper ra’tio [ ] o [ ] L ] [ ] . L] . . > L] L ] * * .. [ 4 L ] L ] -« * L] L] [} . L ] 2.2 :l
Sweepback (leading ©dge), dOSTOEE & v « o o o o o o s o o o o M1L.57
Dihedral (chord plane), dOEre6E8 + o o o o o o o o o o o o o = 0

Wing boundary-—layer fences

Length, porcent Jocal chord v « o « « © « o o 30.

Height’ PeI‘GSD-'b locaal choz'd— e« o . . . . e o e o e & o ° e o . @ 5.
LOC&'bion, percent Semiﬂp&n ¢ @ 8 5 & » & & & @& & * e & 3 O = gJO

007l il o i

QOO
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TABLE I, ~ CONCLUDED

Wing flaps (split)

Az'ea’ Bq_]lare feet * L] [ ] * [ ] L * L L 4 o L] L J L] [ L ] L L] L] L] L [ [ ] 16 .7
Swn’ feet L] L] L] L ] L] [ ] [ ] L) L] . L] L] e L L] . L 3 [ L [ L ] L L] [ 2 . 8.%
Chord, porcent Wing ChOYd « « « ¢ o« ¢ o s « a o o o a ¢ o o o 25
Travel, d.egrees e ¢ 6 @ 6 8 o @ ¢ & % e ® ¥ & &8 ¢ . & s e & @ 30

Dive-brake dimensions as flaps
Tx‘avel’ d-eyees L] [ L] - L] L] L] [ 2 L] L L * L] [ 2 L ] L] * [ ) - L L] L] L] :t60
Elevons

Ares (tobal), square £Eeb o« o v ¢ ¢ « ¢ o o o o ¢ ¢ s o o o o1T.20
Span (2 @levonB), £t o« o o « o o o o o s o o o 0 o o o o o 1545
Chord, percent wing chard « o« o ¢ o ¢ o ¢ o o ¢ o ¢ o ¢ ¢ ¢ o 20
Movemsnt, degrees

U‘P.-.--..-.. . s @ . -aac-c..35
DMQIOOOIODO L] * @ * e« ® e & & o o 9 20
Operation « o« o ¢ ¢ ¢ ¢ ¢ « o Hydraulic with electrical emsrgency

Vertical tall

Area,squal‘efee'b.......................16
Height’ feet [ ] ® L] L} Ld . ® L] L] L] L4 * . * - L ] . L] * . L 4 L] L ] L] 5.96

Rudder

Area‘: Bq.we feet ¢« @ e o e © o & © o o ¢ & O & & s ¢ o . LI L" ] l
Sm,n, feet ® 6 @ o 6 ¢ @ & 8 e o @ & ¢ e & * ¢ P v ¢ & & 2 2 ]‘I' t3
Tra.\"el, d.e@:‘ees ¢ o & @ ¢ & & & ¢ 6 5 & 5 s 8 ® 8 8 & 8 o @ _'!'_30
Operation ¢ & & o ® 8 ¢ ¢ €6 @& 5 @ & ¢ o & ¢ @ O 0 o o @ & Direc-b

W
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Figure /. — Three-view draving of X-4 airplane.






NACA RM AS0D27

() Side view.

(b) Three—quarter front view.
Figure 2.— The X4 No. 2 airplemse,
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