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NATTONAL, ADVISORY COMMITTHEE FOR AERONAUTICS

RESEARCH MEMORANDUM

for the
Aly Materiel Commend, Army Air Forces

FLIGHT MEASUREMENTS OF THE FLYING QUALITIES OF A
LOCKHEEED P-80A AIRPLANE (ARMY No. 4i-85099).-
LATERAT~ AND DIRECTIONAL~STABILITY
AND CONTROL CHARACTERISTICS

By Seth B. Anderson and George E. Cooper

SUMMARY

This report contains the flight—test results of the lateral-
and directional-stability and control phase (including tests with
wing-tip tanks) of a general flying-qualities investigation of the
Lockheed P-80A airplene (Army No. 44-85099). These tests were
conducted at indicated airspeeds up to 49k miles per hour (0.691 Mach
number) at low altitude and up to 378 miles per hour (0.816 Mach
number) at high altitude.

These tests showed that the flying gualities of the airplans
wvere for the most part in accordance with the requirements of the
Army Air Forces Stability and Control Specifications., The only
ma Jor deficiency noted was the negative lateral stability with the
wing—tip tanks installed.

INTRODUCTION

Flight tests on a Lockheed P-80A airplane (Army No. 44-85099)
wore conducted at the request of the Air Materiel Command, Army Air
Forces, to obtain quentitetive measurements of the flying qualities.
This report presents the data obtained during the lateral—~ and
directional—stability and control tests. The longitudinal—stability
and control characteristlics have been reported in reference 1,

TESCRTPTION OF THE AIRPLANE

A three—view drawing of the airplans is presented in figure 1
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and photogrenhs of the airplane as instrumented for flight tests are
given in figurss 2 and 3. The basic dimensions of the airplane are
given in tables I and 1I. The normal gircss weight of the airplene is
12,000 nounds and the center—of-gravity range posaible in flight for
various loading conditions is 0.165 to 0.%17 M.A.C.

The ailerons are planc hinged on the upier wing surface and
have no asrodynamic balance. The aileron control forces are lessened
by the use of a hydraulic boost syatem employing a boost ratvio of
15 to 1. The fricticn of the aileron control as measured on the
ground during & slow lateial movement of the stick (no load on the
surfaces, aileron boost operating) wes 4.5 pounds through the neutral
position. This value is greater than the 2-pound allowable friction
value specified in reference 2. Figure 4 presents the variation of
total ajileron angle with stick position 28 measured on the ground
with no load applied to the ailoron surfaces. The rudder—control
friction was *8 pounds when measured at the point where the pilot
normally aprlies pressure. The maximum sllowable friction force
specified in reference 2 is 7 pounds. The rudder is equipped with
a centering spring to ald in returning the control to the neutral
position.

INSTRUMENT INSTALLATICN

The flight—test data were obtained by the use of standard NACA
photographically recording instruments synchronized by an NACA timer.

Indiceted sirsgpeed Vi was measured by msane of a standard
NACA free—swiveling airapeed head mounted approximately two chord
lengths ahead of the wing leading edge on the right wing tip (fig. 2).
The airspeed values were corrected for position error dus to the
presence of the wing and also for the inherent statlc—pressure crror
of the airspeed head itself as determined from wind-tunnel teats,
Vaelues of indlcated airepecd were computed from the airspssd formule
(corrected for compressibility) cormmonly used in the calibration of
standaxrd airspeed indicators.

TESTS, RESULTS, AND DISCUSSION

The tests were conducted at an average center-of—gravity
position of 0.240 M.A.C. at a gross weight of 11,400 pounds. The
wing-tip tanks (165 gallons each) were empty except for various tests
of the dynamic directional characteristics.) Records were taken in a
low-altitude range of 3,300 to 8,300 feet and & high-altitude range

.
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of 23,800 to 35,900 feet. Tests with the wing-tip tanks were made
at indicated airspeeds up to 420 miles per howr (0.589 Mach number)
et low altitude and up to 358 miles per hour (0.767 Mech number) at
high altitude. Tests with the wing—tip tanks off extended up to
indicated airspeeds of 494 miles per hour (0.691 Mach number) et low
altitude and to 378 miles per hour (0.816 Mach number) at high
altitude.

Directional Stability and Control

Dynamic directional stability.— It was found from flight
records that the airplane possessed both rudder—fixed and rudder—free
pogitive dynamic directional stability in all configurations and for
all airspeeds tested. When the rudder was deflected and released
quickly, it returned to its trim position; however, there was an
oscillation of less then 1° which required two cycles to disappear.

Directional oscillatory characteristics of the airplane wers
measured at two altitudes in the power—on, clean condition (flap and
gear up) by placing the airplane in small-amplitude sideslips and
then abruptly releasing all controls. The dats are presented in
figures 5 and 6 for wing—tip tanks filled, empty, and tanks off.

As would be expected due to the increased moment of insrtia, the

ma Jjor effect on the period occurred in going from the wing-tip—tanks—
empty condition to the full condition; whsre, for example, the periocd
of the oscillations incressed from 2.6 seconds to 3.7 seconds at

250 miles per hour. No appreciable effect on the period was noted

in changing altitude or adding the empty wing-tip tanks. It can be
seen from figure 6 that the control—free oscillations of the airplane
damped to one-half amplitude in less than two cycles for all condi-—
tions and speeds tested. The most outstanding effect on the damping
occuryred in increasing altitude which increased the number of cycles
to damp to one-half amplitude. Removing the centering spring from
the rudder control system hed no appreciadble effect on the oscillatory
characteristics of the airplans.

Static directional stability.— Directional characteristics were

measured by performing steady sideslips in the power—approach (flap
and gear dowm, 50-percent power} and powsr—on, clean conditions.
These date ars presented in figure 7 for teste both witk and without
wing—tip tanks.

For all cases tested the rudder—fixed static stability was satis—
factory in that rudder deflection from trim produced sideslip in the
correct direction and the angle of sideslip was substantially
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proportional to rudder deflection over the range tested.

For tests both with and without tip tanks the rudder—free static
directional stebility was such that with the rudder freo, the airplane
tended to return to the trim sideslip angle and for angles of sideslip
between *15° the angle of sideslip was substantially prorortional to
the rudder force. No overbalancing tendency of the ruvdder force was
observed.

The amount of rudder—fixed static directional stability is
indicated in figure 8. Theseo data were obtained by rolling out of 2
steady h5° banked turn with various amounts of aileron deflection,
rudder hold fixed. These data show that the directional stability
was marginal at small aileron deflections in restricting the angle of
sideslip to the required value {reference 1) of 1° per 5 percent of
full ailsron deflection. Additional information on the rudder--fixed
static directional stabillity is given in figure 9. These data show
the maximum sidesllp angle obtained in rudder~fixed aileron rolls for
full stick throw over the speed range.

Rudder control power.- Since there are no slip-stream effectis

with this airplane, only small changes in directional trim are
encountered over the speed rangs.

In all cases testsd the rudder gave sufficient directional
control to meintain straight ground pathe during normel take—offs
and landings.

The rudder was capable of overcoming the adverse alleron yaw
using epproximately 100 (allowable limit of 180 1b} pounds of
rudder control force. These tests were mede by rolling out of a
45°%banked turn with full aileron deflection in the approach condj—
tion at 140 miles per hour.

Lateral Stability and Control

Dynamic lateral stabllity.-- Although no quantitative date are
rresented herein, it was found from flight records that the ailerons
returned to thelr trim position when deflected and released, and the
osclllations had disapyeared in less than one cycle. The lateral
oscillatory characteristics of the airplans have been discussed
previously under dynamic directional-stabillity characteristics.

Static laterasl stability.— The variations of aileron deflection
with sideslip angle plotted in figure 7 show positive stick—fixed
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static lateral stablility for all test condltions without the wing-tip
tanks installed. For the same test conditlions the stick—free stability
was slightly positive to neutral. The magnitude of the alleron forces
was within the frictlion rangs. With the wing—tip tanks installed both
the stick~fixed end stick-free stability was neutral to negative for
the various conditions tested.

It is difficult to maintain steady f£light laterally, particulerly
at low speeds at very high altitudes. The conbtrol difficulty is
increased with the addition of the wing—tip btanks. This effect is
partially atitributed to the neutral to negative dihedral effect of the
airplane and also to the poor centering and trimming characteristics
of the ellsron control system.

Rudder kicks (ailerons fixed) were performed in the approach
and power—on clean conditions., These data are presented in figure 10().
Data from rudder kicks for the wing-~tip—tanks—on condition are presented
in figure 10(b). These data show that adding wing—tip tanks results
in an abnormal rolling tendsncy (i.e., right rudder deflection
produces left rolling velocity). This negative dihedral effect was
not considered particularly objectionable to the pilcot in normal
flying of the airplane because large angles of sideslip are not
obtained under normal flight conditions and the ailerons ars used
exclusively for raising a wing.

Alleron control power.— The alleron control was investigated

by performing aileron rclls to the right and left with the rudder
held fixed in its trim position. A time history of a typical
aileron roll is presented in figure 11. The variation of b/2V and
ailleron conirol force with totel aileron angle is presented in
figure 12 for the power—on, clesn condition including tests made

with the empty wing~Lip tanks installed. No pronounced reduction

in aileron control power with increasing Mach number was evident in
tests up to 0.816 Mach number. '

The date of figure 12 have been summerlzed in figure 13 by
plotting maximum pb/2V limited by meximum stick throw or a 30-pound
stick force as a function of indicated airspeed. These forsgoing
values have been plotted for average altitudes of 5,000 and
35,000 feet, It can be seen that the values of Pb/2V obtained
are in excess of the requirement of reference 2 for the low-—agltitude
tests, but are less than the requirement over most of the test range
for the high-altitude tests. Although the data in figure 13 show the
pb/2V values for the high-altitude tests are approximately 0.025 to
0.030 lower than the low altitude tests, it should be noted that the
total aileron deflection obtainable was correspondingly lower for the
high-saltitude tests. Addi the _ wing-tip tanks produced only a
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smoll decrease in pb/2V obtainable.

The variation of rolling velocity with indicated airspsed as
limited by full stick throw or a 30-pound control force 1s shown in
figure 14, The maximum rolling velocity obtained in these tests
vas 165° por second at 35,000 fest eltitude. This meximm rolling
velocity was approximately 30° per second grester than the meximum
low-gltitude value where pb/2V was adequate; however, the airplans
did not meect the pb/2V requirements at high altitude. Although
this might indicate that the pb/2V requirements should be less
at altitude, it is felt that, since no upper limit on rolling velocity
has been obtained in the opinion of the pilots, the greater rolling
velocity at altitude occurring for a given value of pb/2V can be
used at the discretion of the pilot,

CONCLUSIONS

From the results of the flight testa the following conclusions
have been made in regard to the flying quelities of the Lockheed R-80A4
airplene.

l. The dynamic directional-stability characteristlcs were satis—
factory in =1l configurations over the speed range tested. When the
Filled wing-tip tanks were added, the period of the oscillations was
increased by epproximately 50 percent at lov alrspeeds.

2. The static directional-stability characteristics were satis~
factory in sideslips. The rudder—fixed directional stability was
marginel at smell aileron deflections in restricting the angle of
sideslip to 1° per 5 percent of full alleron deflection.

3. The rudder—control power was satisfocctory in all conditions
tested.

t. The dynemic lateral stabilitycharacteristics were satis—
factory for ell conditions tested.

S5« The stick-fixed static lateral stablility was positive for
all test conditions without the wing-tip tanks installed. For the
same configuration the stick~free stabllity was slightly positive
to neutral, With the wing~tip tanks installed the stick-fixed and
stick-free lateral stability was nesutral to nsgetive in steady
sildeslip maneuvers. A negative dlhedrel effect was also shown in
rudder~kick maneuvers. These lateral-stability characteristics
combined with the poor trimming and centering characteristics of
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the ailerons made it difficult to maintain steady flight laterally,
particularly at low speeds and high altitudes.

§. The aileron control power was setisfactory over the low-
altitude test range for the tip tanks on and off conditions. At high
altitude the values of pb/2V were less than the requirement over
most of the test rangs; however, the total aileron deflection was
correspondingly reduced at high eltitude. The maximum rolling
velocity was 165° per second at an altitude of 35,000 foet,

Amss Asronautical Iaboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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TABIE I.- BASTIC DIMENSIONAL DATA OF THE TEST -

ATRPIANE, LOCEHEED P-80A ATRPLANE

Ttem Wing Horizontal | Vertical
tail tail
Area, sg £t 237  3h.T 22,14
Span, Tt 38.9 15.6 6.5
Aspect ratio 6.39 7.0L 1.89
Taper ratio .36k .366 10
Mean asrodynamic
chord, in. 80.6 - T -0
Dihedral of
trailing edge of 3.83 0 ———
wing, deg
Incidence of root
chord (with respect 1.0 1.30 —_——
to thrust line), deg
ot 1.5 woshout
Goomatiric twist, from root 0 0
8 to tip
Root section NACA 651-213 (&=0.5) | NACA 65-010| NACA 65-010
Tip section NACA 65,213 (a=0.5) | NACA 65-010} NACA 65-010




TABLE II.— DIMENSICHAL CHARACTERISTICS OF THE SURFACES OF THE
TEST ATRFLANE, LOCKRFED P-80A ATRPLARE

inboard and of

elevator) area, 0.51

sg £t (total).

Ttom Elavatore Rudder Flaps Allerons
Arca aft of hings
line (both sides), sq £t 8.5 5.6 30.7 17.5
Hinge—line location,
percent chord of fixed (¥ 5 5 (&
surface
No balance; Norme, pilanpo
Booat tab plus redive pose on hinge on upper
spring tab; radius rudder. Rudder wing surface.
Type of flap and nose on slevator. has centering | Spllt, no| Alleron control
balance Static and dynamic spring. Static | balance system has power
mase balange. and dynamic toost. Btatic and
mes8 balance. dynamic mase
balance.
0
Travel ° up, 16° down 15.0_ left and [ poyn 459 | 41,59 total
Ve 377 up, 15.5° right 2 >
Trim and boost—tab
area, 0.55 Bg £t
(total). Booat— Bent tab on
tab ratio, 0.33. trailing cdge Trim teb on
Tebe Spring tab (on of rudder. - ==~ | left aileron

Nota: All movable surfaces are metal covered.

Hally *oN W YOVN
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FIGURE IEGENDS

Figure l,— Three—view drawing of test airplans.

Figure 2.— Three—quarter front view of the test airplane as
instrumented for flight tests.

Figure 3.- Three-guarter rear view of the test airplane.

Figure 4.— Variation of aileron position with lateral stick position
as measured on the ground.

Figure 5.-— Variation of period with indicated airspeed for various
test conditions. Power-on, clean.

Figure 6.~ Variation of cyclee to damp to half amplitude with
indicated airspeed for various test conditions. Power—on, clean.

Figure 7.~ Characteristics in steady sideslips. (a) Approach condi-
tion, Vi, 139. hp, 8,000. Tanks off.

Figure 7.~ Continued. (b) Approach condiftion V;, 156. B, 7, S00.
tanks on,

Figure 7. Continued. (c) Powor—on clean. Vy, 154 and 254, hy, 8,000,
Tanks off.

Figure 7. Continued. (d) Power-on clean. Vi, 154 hy,3,800. Tanks on.

Figure T.— Continued., (e) Power—on clean. Vi, 351. hy, 8,000.
Tanks off.

Figure 7.- Continued. (f) Power-on clean. Vi, 3k3. bp, 8,500.
Tenks on.

Figure T.— Continued. (g) Power—on clean. Vi, 436. hy, 5,000,
Tanks off.

Figure T.— Continued. (h) Power—on clean, Vi, 247, %, 33,000,
Tanks off. -

Figure T7.— Continued. (i) Power—on, clean, Vi, 249. n,, 35,200,
Tanks on. -

Figure 7.~ Continued. (J) Power—on clean. Vi, 300. hp, 34,600,

Tanks off. _



Figure T7.,- Continued.
Tanke cn.

Figure 7.-~ Continued.
Tanks off.

Figure T.— Continued.
Tanks omn.

Figure T.— Concluded.
Tanks off.

(k)
@)
)

(n)

h NACA RM No. A7J2h

POWGI‘—»OII, Clean. Vi’ 297‘ hp} 32,700.
Power—on, clean. Vi, 335. hy, 31,400.
Power—on, clean. Vi, 358, hys 27,000.

Power—on, clean. Vj, 378 by, 27,500,

Figure 8.~ Variation of sideslip angle with aileron deflection as
obtained in rudder-fixed eileron rolls from U3° bank position.
Power for level flight. hp, 8,300.

Figure G.~ Variation of sideslip angle with indicated airspeed as
obtained in rudder-fixed aileron rolls. Power--on, clean.

Figure 10.~ Rudder control characteristics, (&) Power—on clean,
Vi, 146 and 440, hp, 5400, Tanks off.

Figure 10, Continued.
Tanks on.

Figure 10. Continued.
Tanks off.

Figure 10. Continued.
Tanks off.

Figure 10, Continued.
Tanks on.

Figure 10, Continued.
Tanks off.

Pigure 10. Continued.
Tanks on.

Figure 10, Conclugded.
Tanks off.

(®)

(c)

@)

()

(£).

(8}

(h)

Power-on, clean Vi, 420. hy, 4,500.
Approach condition. Vj, 130. hp, T,700.
Power—on clean. Vi 248. hy,, 34,300,
Power—on, clean. Vi, 2uk, hy,, 35,900,
Power-on, clean. Vi, 310. hy,, 32,000,
Powsr—on, clean. Vi, 303. hp, 31,300.

Power—on, clean. Vi, 36l. hy, 27,200,

Figure 1l.— Time histor; of & rudder-fixed aileron roll. Power—on,

clean,
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Figure l2.—~ Ailsron control characteristics. Power—on, clean.,
(&) Vi, 153, 197, 243. High altitude. Tanks off.

Figure 12.-Continued. (b) Vi, 250, 286. High altitude. Tanks on.

Figure 12.— Continued. {(c) Vi, 293, 366, 387. High altitude. Tanks
off.

Figure 12.— Continued. (@) Vi, 150, 196, 273. Low altitude. Tanks
off.

Figure 12.— Continued. (®) Vi, 198, 271, 344, Low altitude. Toenks
Onle

Pigure 12.— Continued. (f) Vi, 348, 392, Lhl. Low altitude. Tanks
off.

Figure 12.— Concluded. (g) Vi, 463, koh, Low altitude, Tanks off.

Pigure 13.— Variation of pb/2V and aileron angle with indicated
airspeed as limited by control stick position or 30-lb control
force., Powsr-on, clean,

FPigure 1lh.— Variation of maximum rolling velocity with alrspeed as
limited by full stick throw or 30-1b control force. Clean
condition.
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Figure 3.~ Three—quarter rear view of the test alrplane.
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