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for the

Bureau of Ae’r‘bnaut:lcs, Navy Department
MEASUREMENTS IN FLIGHT OF THE FLYING QUALITIES OF A
CHANCE VOUGHT FLU--4 AIRPIANE (TED NO. NACA 23838)

By Charles J. Liddell, Jr., Robert M Reymolds,
and Frank E. Christofferson

SUMMARY

The results of flight tests to determine the flying qualities
of a Chance Vought F4U-4 airplane are presented and discussed herein.
In addition to comprehensive measurements ai low altitude (about
8000 ft), tests of 2imited scope were made at high altitude (about
25,000 t't).

The more important characteristics, based on a comparison of
the test results and opinions of the pilots with the Navy regquire- .
menis, can be summarized as follows:

l. The short—period control-fres oscillations of the elevator
angle and the normal acceleretion were satisfactorily damped.

2. The most rearward center-of —gravity locations for satis—
factory static longitudinal stabrility with power on, as determined
by the control-force variaticns, were approximately 30 and 27
percent M.A.C. with flaps and gear up and down, respectively.

3. In maneuvering flight the ggéditions for which control-force
gradients of satisfactory magnitude were obtained were seriously
limited by sizable changes in the gradient with center—of-gravity
location, airspeed, altitude, acceleration factor, and direction of
turn.

4. The elevator and rudder controls were satisfactory for
landings and take-offs.

5. The trim tabs were sufficiently effective for all controls.
6. The directional and lateral dynamic stebility was positive,

but the rudder cscillation 4id not damp within one cycle. The
airplane oscillation damped sufficiently at low altitude but not
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at high altitude.

L

7. Both rudder—Lixed and ruddsr-Lfree static directional
stability were positive over a sideslip range of % 15°. Bowever,
the rudder force tended to reverse at high angles of right sideslip
with flaps and gear up, power on, at low speeds.

8. The stick-fixed static lateral stability (dihcdral effect) was
positive In all conditions, but the stick-frec dihedral effect was
neutral at low gpceds with flap and goar down, power on.

9. The yaw due to abrupt full alleron deflection at low speed
was not excessive, and the rudder control was adsquate to hold trim
sldeslip.

10. In abrupt rudder—<Lixed aileron rolls in the clean config-
uration the meximum pb/2V for full aileron deflection at low and
normal spoeds wes only 0.06h.

11. The stalling characteristics were considered unsatis—
factory in all confizurations inboth straight and turning fiight due
to inadequate stall warning. The motions in the stalls were not

unduly sevcre, and recovery could be effected promptly by normal
use of the controls. .

INTRODUCTION

At the request of the Burcau of Aeronautics, Navy Department, ’
end the U. 3. Army Air Forces, the National Advisory Cammittec for
Aeronautics has been conducting flight tests for the past few years
to determine the stability and control characteristics of a number
of service-type airplanses. Specific requirements designed to imsure
satisfactory flying qualitics have becn formulated as a2 result of
this investigation. These requirements arc continuslly being revisod
and supplemented in accordéance with new deveclopments,

As a part of this general flying—qualities program, the
Burecau of Aeronautica, Navy Department, requssted that the Ames
Asronsutical ILaboratory conduct flight tosts of o Chance Vought
F4U-h airplanc. The flight-test procedure indicated in reforence 1
was usod as a general guide in plamming the test program. In addi-
tion to camprchensive tests st low altitude (about 8000 £t), moasurc-—
ments of a limited scope wore mede at high altitudc (about 25,000 ft).
Supplementary tcsts considered desirable by the Navy end by Ames
werc also performed. The results of these flying—qualities tests are
prescentod and discusscd hercin.

¢
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SYMBOLS
The symbols usecd in this roport arc definecd as follows:
Vi correct indicated airspeed, miles per hour
v truc airspeed, feet por second
w airplane gross weight, pounds
S wing area, squere feet

Ay normal acccleration factor, in gravitational units (32.2 ft/sec?2),
positive when directed upword :

q frec—stream dynamic pressurc, inches of mercury
C1, 1ift cocfficient (WAz/70.73 g8)2

Be elovator angle refeorred to stabilizer, degrees

Fe elevator control forcec, pounds

P relling velocity, radians per second
r yawing velocity, radians per sccond
b wing span, fest

o air density ratio

DESCRIPYION OF THEE AIRPLANE

The Chance Vought FYU-4 is a single-place, single—engine, low—
wing monoplane. It has an inverse gull wing and a conventional-type
landing gear. Among the various footures which distinguish it from
earlier F4U models are the four-blade propeller-and the noncircular
engine cowl with an air duct in the lower lip. Figure 1 shows
photographs of the airplane as instrumented for the flight tests,
and figure 2 is a three—view drawing.

INecglects effcct of inclinztion of airplane thrust line to the flight
path.
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The following gomeral spocifications ond dimocmsions wors
derived chicfly fram reforonces -2, 3, and b:

Alrplenc, geonocral

Manufecturor . . . . . . . . Chence Vought Aircraft Division,
Unlted Aireraft Corp.

mc . e o . e & = s » [ 2 Y R L . * » s e - . . Fm
Bavy nubor & v ¢ ¢ o v 6 o o v o ¢ o+ s+ o s e o = « .« 97028
Normal gross weight, centor—of-
gravity location, ond limit load
factor . . . . . .+ ¢ v v v .. Vary over sizable ranges,
depending on tactical func—
tion (Sco rofercnces 2 and 4.)
Wing
ARirfoll section
ROOt e o e o ) o & o s 3 e e e = e + s v e s metl 23018

Tip « e o & s+ e @ ‘._,_ * @ & & e o e e » e v e e+ @ NA"LCF& 23009

[EPCRIR N 08 RSN W hen e TarY
SDEN 4 e v e e e e e ... 098 £
A8p0Ct TALIO v v 4 a4 e e e e e e e e . EC R 6.08
Chord length

Root . ¢ & v « 4 & 4« « s & & « 4 o 4 4« + . . 105.00 in.
s 5« 71.38 in.
Moon 26r0dynamic . . . « .+ + s o e 4 o o o - » . 94.00 in.
Dihedral (outor pancl) . . ¢ ¢ ¢+ 4 o 4 4 e e e . 8.5°

)
Incidence (at root) . . . . . « . ¢« . &« 4 v .« . . . .. 2.0

Swcepback (lcading cdge of o
outer pan‘:)l) . » . - . . » - . ¢ . - . . - 3 . . . . - h'e
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Wing flaps
T¥PE & ¢ v v v v o v o L,
Total area ., . e e e e e e

Travel - . . . . . . . . ... ..
Allerons
Area (total for both aft of hinge)
Span {each) . .. ...
Balancc tab arca (both) . . . .
Trim-teb arca (left only) . . . .
Trim—teb travel . . . . . .. ..
Horizontal tail surfaoces
Total area . . . . . . . . ¢ .. . .
Span . . . . . . . s e e e e e ..
Stebilizer earec . . . . . . .

Incidence e e e e e e e e e e .

Elevator
Area (totel aft of hinge) . . .

Balonce arce (forward of
hinge} . .. ... ... ...

Trim—-tedb aree (both) . . .
Trim-—tab travel . . ., . . . . . .
Balance—tadb area (both)

Vertical tail surfaces

Totn

]
B

(=2

Finarea . . v v v v v o v o 4 o «

Finoffset .. ... ... .. ..

. . BSlotted

. 36.%4 8q £t

5C°

. 18.1 sq ft

.. T.48 £t

. . 0.5 sq £t

. O0.7% sq £t

15° up, 15° dowm

Ity

55.9 sq £t

.. 16,5 ft
“id

28.6 Bq Tt

. . . 1.28°

21.9 sq ft

.« 5.4 s8q7t

* e

10°

1.36 sq Tt
up,. 20° down

0.74 sq Tt

. 20 left
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Rudder
Arca (total aft of hinge) . . . . . . . . . . . . 13.0 sq f%
Balance arca (forward of hinge) . . . . . . . . . 1.66 sq It
Trim—tab aroa. . . v « v « v « v « o « « « « « . 0.858q ft -
Trim—tab travol . . . . . . . . . . . . 18° right, 18° loft
Engine
Type . « . . . ¢ .« ¢ . . . . Twin-row, radial, air-cooled,
18 cylinder
i Manufactureyr .‘. e v 4 e e e e e v v e« « . Pratt & Whitnoy
Fumbor . . . . ¢ v v v ¢« v v v 4« ¢« « « v o« « « R-2800-18w
Supercharger . . . . . ¢ o . . . ... Two-stage, two—spced
! Gear ratio . . . . . . . . .. .. ... ... .. 051

Power rating

Takc--off and military (5min) . . . . . 2100 bhp ot 2800 rpm
Maximum continuous . . . . . . . . . . . 1700 bhp at 2600 rpm

Combat power (with water injection) . . 2800 bhp at 2800 rpm

Propeller
TYPC = 2 = o o« v+ v v w « . . .. Four-bledo, hydraulically
controllcd
j Mopufactuwyer . . . . . o . . . . . + . .« . . Hemilton Standard
Blade NUMbOYr . . v . v 4 v 4 e e e e e e e e . . .. . 650180
Diameter . . . . . . 4 4 e e e e e e e e e ... . 13,167 f£3%

INSTRUMENTATION

Valucs of the following variables werc moasurcd by usc of
standord NACA photographically recording instruments: indicated air—-
speced; clevator, ailcron, and rudder dcflection; elcvator— and ruddcr--
tab deflecticn; rolling, yawing, and pitching velocity; normal
acceleration; pressurc altitude; angle of bank; sideslip anglc; and .
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elevator, aileron, and rudder control force. All records were
synchronized by means of a l-second-interval timer. Free-air
temperature was measured with a gtandard indicating instrument
installed at the laboratory.

The control--position recorders on the elevator, ailerons,
and ruddér were attached either directly to the surface or to a
push-pull rod near the surface, sc that the effects of control--
system elasticity were negligible. The elevator and rudder trim—
tab position recorders were attached to the control cables near
the control surfaces.

For recording of the stick forces (both elevator and aileron)
the service stick was replaced by a standard mechanical—type NACA
recording stick. The rudder-force recorders were also of the
mechanical type.

The yaw vane and the swiveling airspeed head were mounted on
booms, one on each side, which extended approximately one chord
length ahead of the wing about midway between the fuselage end the
tips. (See fig. 1.)

The airspeed—recording installation was calibrated for position
error by flying in formation with another airplane having a known
position error. In order 1o eliminate airspeed errors due to ground
effect during landing tests, a pressure recorder was connected to
the total-pressure tube of the swiveling head, and the airspeesd
was determined from the difference between the pressure thus
measured and the true ground static (barometric) pressure.

All values of indicated airspeed given in this report have
been corrected for position error and were computed from the formula
used in the calibration of stendard airspeed indicators (based on
edisbatic flow under standard sea-level ccnditions).

TESTS, RESULTS, AND DISCUSSION

The flight test procedures used in this investigation were
similar to those indicated by reference 1, upon which this report
is based. The numbers in parenthesis following the titles and
subtitles in this section refer to the pertinent paragraphs of
reference 1.
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In the Tfollowing table various flight test configurations are
described, and the names shown will be used in this report to
identify these configurations:

, 4
: . Approx.
Cowl i Manifoldi Engine { Approx.: indicatel]
Coriguration|Flape" Gear Canopy| flaps : pressureispeed |power |stalling
i {in. hg)|setting| (bhp) |speed
! (rpm) {(mph)
Glide Up | Up |Clos=2d|Closed 15 2150 |~ -~ | 105
Cruise Up ; Up |Closed{Ciosed i 31.5 | 2150 :1100 | — -
Power—on—
clean Up | Up {Closedil/h oper 48 2600 {1750 95
Dive Up |Down!Closed|Closed | 15 2150 |-« = | — =
Landing Down [Down! Open [Closed %rhrottled 2400 | - = - 92
Approach Down |Down| Open [Closed | 27 2400 | 950 82
Wave—of?f Down |Down| Open !1/2 operj 418 2600 | 1750 8o
Cruise at , ]
high alti- | Up | Up iClosed|Closed 37.5 2100 | 1050 -
tude
Power—on— i ) ’
clzan at Up Up iClosed|l/4 oped 47.5 2600 | 155C -—
high elti- | :
tude : | ! |
L : : i 4 :

iBlow—up type.

The take—off gross weight was about 12,600 pounds for all test
loading conditions. Unless otherwise noted., a test weight of 12,100
pounds and an average pressure altitude of 8000 feet may be assumed.
Center —of--gravity positions given herein have been corrected for
the effect of fuel consumption during flight.

Mschanical Characteristics of Control Systems (C)

Kinematics of control systems (C-1) ~ The relation between

cockpit control position and control-surface deflection, as measured
on the ground with no load on the surfaces, is given in figures 3,
4, and 5. The term "total aileron angle" used in figure 5 refers

t5 the algebraic sum of the two aileron angles, and is referred to
8 "left" when the left aileron is up. The actions of the elevator
and aileron balance tabs are indicated in figurea € and 7.

Control systcm friction (C—2).—- The control force required for
slow motion of the controls with no load on the surfaces is shown
in figure 8 as a function of control-surface position. It is seen
that the forces thus required are affected, in the cases of the

)
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elevator and ailerons, by small weight moments in the systems. In
the following teble the friction forces, as measured by ope~helf
t.he algebraic difference batwnen the force requlred for movement

dﬂrec‘l::umz are compared wlth the requlrements of reference 1:

FRU4 | Limit of
Control friction | referonce 1
Elevator 2.5 *3
Rudder 6.5 +7
Aileron +1.0 +2

Longitudinal Stebility end Control (D)

Dynamic longitudinal stability (D-1).- Short—period, control-
free, longitudinal oscillations, initiated by abrupt deflection end
release of the elevator control, were performed at pressure alti-
tudes of about 7000 feet and 25,400 feet while the sirplane was
trimmed at various airspeeds in the power-on—clean configuration.
Time histories of typical maneuvers are shown in figure 9. Ths
oscillations of the elevator and the airplanc damped completely
within one cycle, as required by reiference 1.

Static longitudinal stability (D-2).— The static longitudinal-

stability characteristics were measured at low altitude in various
configurations and at high altitude in the power—on clean configura—
tion. Short records were taken in steady, straight, unbanked flight
at various airspeeds for each configuration and test center-of—
gravity location. The variations of elsvator angle and elevator
control force with airspeed cobtained in this manner are given in
figure 10.

For the determination of the neutral-point locations, the
values of elevator angle ©; and elevator control force divided by
the dynenic pressurc Fe/q were plot‘bed against 1ift coefficient
CL. The slopes @8:/dCI, and a(F,/q)/dC;, of the resulting curves
were then plotted against center—-of—granty locatioe. The center—of—
gravity location at which d8g/dC], = O was taken as the stick-fixed
neutral point, and the location at which 4(Feg/q)/dCy, = 0 was
taken as the stick-freec neutral point. Results of this analysis
appear in figure 11.

Cn the basis of stick-free stsbility characteristics for the
speed renges specified in reference 1, an exsmination of figures 10
and 11(b) indicates that the most rearward desirable conter—of—gravity

PR
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locations arc about 30 percent M.A.C. for the power—on-clcan configu—
ration, 33 porcent M.A.C. for the glide configuration, and 27 porcent
M.A.C. for thc approach configuration. However, the data of figure 10
show that, for tho most rcarward test center—of—gravity locations

and tho test trim sposds, thc unsteble forces which do ccoeur are

not oxcessive. The offect of altitude on the static longitudinal
stability appeared to be nogligible.

In addition to the tosts described above, the stetic longi-
tudinal-stability characteristics of thc azirplane with e spring
installed in the elevator control system were measured for one
center—of—gravily location and various airplene configurations.
This spring was furniched by the manufacturer end was installed at
Ames. It was of such strength as to necessitate an additional pull
force of approximately 5 pounds at the stick. PFigure 12 presents
the results of those tests and shows a compaxrison between the
slevator control forces with spring and those without spring
(derived from fig. 10). Some improvement in the elevator-force
characteristics at low speeds was gained by use of the spring, bdbut
excessive push forces were experienced at high speed when tha test
trim-tab setting was retained throughout the speed range (figs.12(d)
and 12 (e)).

Elevator control power and control forces (D-3, D, D-5).—

evator control power in ste
indicated by figure 1C, the elevator control was sufficiently
powerful to permit stesady straight flight over the test speoad
range in all configmra.tions for all practicable center-of—
gravity locations.

Elevator contrecl power and control forces in maneuvering
flight (D—3.2, D-4.1, D%.2, D-4.5) .~ The longitudinal-control

characteristice in maneuvering flight were measured in steady
turns in the power-on—clean configuration at low and high
altitudes. Short records were obtained during steady turns at
various spseds and accelerations. Three center-of—gravity
locations were investigated at the low altitude, and two at
high altituds.

The variations of slevator angle ¥g and contrcl force fﬁ

Fg with normal acceleration factor Ay for the various test
loading conditions and airspeeds are presented in figures 13
and 14 for average pressure altitudes of 8500 feet and 25,000
foot, respectively.

The elevator control was sufficiently powerful to stall
the airplane at all test center—of-gravity locatione and

alirspeeds.
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The control-force values shown in figures 13 and 14 vary
smoothly with ecceleration factor. However, the decrease in
force-curve slops with increasing acceleration factor in same
cases was considered objectionable by the pilots — especially
in those cases where complete control—force reversals were
experienced.

The variations of elevator control-force gradient AF, /Ay
with center—of-gravity location, as derived frcm figures 13 and

1k, are given in figure 15. In the term AF, /My, AF, represents

the chdnge in control force from the steady stra.ight flight
value, and AAy = A7 — 1. Due to the nonlinear variations of

elevator control force with acceleration factor, gradient
computations were made for several values of acceleration factor.
As seen fram figure 15, the variations of AFe/My with
acceleration factor,centercof_gravity location, altitude, air—
speed, m”ectiop of turn seriously limited the Conditions
tAder which the gradient wes of desirable magnitude (3 to 8 1b/g).
In fact, there was no center-of—gravity location for which
the gradient was always within these 1imits for all test valugs
of the other varisbles. The optimum location appeared to be
approximately 30.5 percent M.A.C. for which the gradicent
ranged from 2 o 14 pounds por g. o
Abrupt pull-ups were made at one airspeed and one cenier—
of-gravity location in order to investigate the elevator—control
characteristics in rapid maneuvers. The mothod of data
analysis set forth in reference 5 was followed. Figure 16
presents these data and shows a comparison of AFe/DA7 in
abrupt pull-ups with that in steady turns. The steady—turn
value shown is an average of those cbtained under conditioms
most nearly approximating the speed, altitude, and center—of-—
gravity location used for the pull-ups. It is seen that,as is
desired, the gradients obtained in the pull-ups werc well above

those oxperienced during steady turns

Elovator control power_ in teke-offs (D-3.5).— Although no

specific tests were conducted, the pilots reported that the
elevator control power was adequate at low speeds during take—
offs with the center—of-gravity at the most marwa.rd tost

location. e

e

Elevator control power and control forces in landings
(p—3.3, D-4.6).— Landings were made at different contact speceds

over a safc and feasible range for two center—of—gravity loca-
tions. These tests were performed in the landing configuration
uscd in stability tests. The throttle was cut back early in the
approach in all cases. The elevator—tab setting uscd during
the tests was that required for zero force at about 100 miles
per hour in the approach configuration. The variation of

Lo
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elevator angle and elevator control force with airspeed (all
read at the instant of ground contact) is shown in figure 17.
It 1s seen that there was sufficient elevator control for
stall—type landings with the most forward test center of
gravity, and that the forces required were not excessive.

Elevator control forces in high-speed dives (D-5.2).—

Although no comprehensive high Mach oumber tests were made in
this program, an indication of the high—speed control character—
istics at subcritical Mach numbers can be derived from the
available data. Figure 18 gives an estimate of the variations
with the airspeed of the elevator control force in a dive. Due
to the nonlinearity of the curves F, agailnst A; and the lack
of turn data at the high speeds considered, it is not possible
to predict with any degree of accuracy the normal acceleration
whieh would be produced by relemsse of the stick under the
conditions illustrated by figure 18. However, comparison

of the data of figure 12 with that of figure 18 indicates that
excesslve acceleration probably would result with a2 rearward
center of gravity, especially with the spring installed.

Longitudinal trim changes (D-6).— The changes in elevator
trel force and elevator angle required to maintain steady
tralght flight following changss in flap, gear, and power settings

L/ are given in table I for various typical conditions. These results

gl

. show that the changes were well below the specified maximm of

35 pounds. Although there is no pertinent requirement, the pilots
noted that the pitching effects due to sideslip were disagreeably
large in maneuvers such as rudder kicks and lateral oscillations,
The changes in pitching moment due to sideslip, as indicated by
the variation of elevator angle and elevator control force with
steady sideslip angle, are given in figure 19. It is seen that
slzable changes in the elevator angle and control force were
required with changes in sideslip angle, especially vith right
sideslip. m T

e gy

Longitudinal trimming device (D~7).— The elevator trim tab
mainteined a given setting indefinitely unless changed manually.

Measurements of the effect of the trim tab in producing
elevator control-force changes were made at several speeds with
. the airplane in various configurations. The over-all results of
these measurements are presented in figure 20 in the form of the
variation with 1ift coefficient of an effectiveness parameter

d(F./q)/2Bt,. Analysis based on the data of figure 20 and figure 10

indicates that the elevator trim—tab power was suffieient to meet
easily the requirements of refersnce 1 over the feasible center—of-

gravity range.




NACA RM No. ATCO5 W 13

Dircctional Stability and Control (E)

Dynamic directional stability (E-l).— Records worc taken of
dircctional and latcral oscillations which were initiated by two
nothods: (1) sbruptly defleccting tho rudder and quickly roloesing
it, and (2) rolcasing all controls in steady sideslips. The
oscillations worc porformed at both high and low altitude.

Time historics of typical oscillations arc shown in figurc 21.
Although tho pitchinz motion of tho alrplanc necessitated recovery
fram same of tho mancuvers before the loteral and directional
oscillations worc complctely damped, the oscillations did tend to
damp as rogquirod by rcfercnce 1. The oscillation of the rudder

itsclf d4id not disappear within tho specificd one cycle but continucd

with low damping for scverzl cycles with the same frequency as the
airplenc oscillations. No flutter of the rudder or control-fixed

or —=frecc snaking of the airplanc was cxpericnccd during the flight
tests. TFurther discussiom of the latersl ond dircctional oscilla~
tions appears in the scction on lateral dynonmic stability.

Static dircctional stchility (E-2).-
Ruddexr-fixed gtebility (F-2,1, 2,2).— The characteristics

in stcady sideslips werc measured during short runs in steady
straight flight at various anglos of sideslip over the maxi-
mum fecasiblc range. Sideslips worc performed at low altitude

for various alrspceds and altrplanc configurctions., The varis—

tions with sideslip angle of rudder and zileron zngles and

control forccs and anglc of bank arc given in figure 22, Addi-

tional tests were mede at high altitude, but no significant
offect of altitudo wes discernible, so only the low-altitude
data arc presonted.

The variations of rudder anglc with sideslip angle show
positive ruddor-fixed directional stability over the obtoin—
able sldeslip range for all test conditions., As is rogquirod
by reference 1, the angle of steady sideslip was substantially
proportional to the change in rudder defleoction over a range

of $15° fram trim. For angles of sideslip grocter than #15°,

incroases in rudder angle produced incrcascs in stecady side-—
s8lip up to full or maxirmum feasible rudder deflection.

Data obteincd during cbrupt, rudder—fixed, zoiloron rolls
showed the change in sidcslip angle per 5 percent of full
aileron defloction to very with eirspocd from 0.3° to 0.8°,
well below the specified limit of 1.0° given in reference 1
for rolls out of 45° banked turms.
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Rudder—free stebility (E—2.3).— The rudder forces in
steady sidoslips (fig. 22) were in the corroct direction at all
times. Howcver, at low spceds in the power-on—clean configura—
tion (fig. 22(b)) the small and erratic force variation in
left sideslips and the severe force-reversal tendency at large
angles of right sideslip were objectionable. No doubt the
force would have reversed had the right sideslip angle been
increased slightly.

Rudder control power and control forces (E-3, E-% and E-5).—

Rudder control power and control forces in steady straight
flight (3.1 and F-5) .~ The rudder and asileron angles and
control forces and the angle of sideslip regquired in steady,
stralght, unbanked flight were measured for various configure-
tions during the static-longitudinal-stability tests and are
Plotted in figure 23 as a function of airspeed. It is seen
that, as required by reference 1, ths rudder control was
suiTicient for steady, straight, unbanked flight over the speed
range in the specified configurations. Figures 22(e) and 22(f) '
indicate that there was sufficient rudder control to balance the
airplane at the required angle of sideslip of 5° to either side
of the wings-level value in the approach configuration at the
specified speed.

It is estimated from the data of figure 23 that the E .
rudder control force required at limit diving speed, with the
tad set for zero force in level flight in the power—on-clean -
configuration, would be approximately 150 pounds, comsiderably
above the maximum of 100 pounds specified in reference 1. The
pilot considered the rudder forces in dives excessive.

Rudder control power and control forces in ground handling
(E-3.2, E-3.3).— Although no extensive tests were made, the
pilots reported that the rudder, in conjunction with other
means of control, was adequately powerful in taxiing, take—
offs, and landings. With suitable tab settings, the assoclated
control forces were not excessive.

Rudder control power and control forces in abrupt exits
from turns (E-3.5, B-4.1).— Abrupt exits were made from
steady 45%panked turns, left and right, at average indicated
airspeeds of 140 mph and 120 mph for flap- and gear-up and flap—
and gear-down configurations, respectively. In these maneuvers
various smounts of rudder deflection were abruptly applied
simultaneously with full aileron deflection. Figure 24 gives
typical time histories of those maneuvers in which slightly
favoraeble sidesiip was obtained. The rudder control forces
were generselly high, especially in exits from left {turns, but
did not exceed substantially the specified value of 180 pounds,
and the requirement of reference 1l essentially wes satisfied. .
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Rudder control power and control forces in rudder kicks.—

Although not required by reference 1, rudder kicks started
from steady level flight were performed in the flap— and gear—
up condition at average indicated airspeeds of 153 and 250
miles per hour. In thesc maneuvers the pilot abruptly deflected

! the rudder various amcunts and zttempted to hold the ailerons

! in the trim position. The results of these tests, showing the

‘ effectiveness. of the rudder in producing roll and yaw, are
given in figure 25. The dihedral effoct at these tost speeds
was considered satisfactory by the pilots.

Dircctional trimming device (E-6).- The rudder trim ted main—
tained a given sciting indefinitely unlcss changed manually.

Analysis of the data of figures 22 and 23 indicates that the
rudder irim tab was sufficiently powerful to reduce the rudder force
to zero in straight, steady, unbanked flight in the power-on—clean
and glide configurations over the spcod ranges specificd in reference 1.
It is estimeted that the maximum tab angles required to meet the
requirement are 14.5° left and 3.0° left for the power—om-clean
and glide configurations, respectively.

' Lateral Stability and Control (F)

Dynamic lateral stability (F-1).— No aileron overbaslence or
flutter was noted during the flight test program.

The data of figure 21, which were discussed previcusly in the
section on dynemic directional stability, show that, on the basis
of cycles to demp to one-half emplitude, the reguirements of
reference 1 on lateral—dynamic stebility were met at low altitudec bdut
were not met at high altitude. Oscilletions were also made in which
the pilot attempted to hold the ruwdder fixed after the initial
disturbance; only a slight improvement in damping resulted from
this procedure. The pilots described the dynemic lateral and
dircctional stability of the airplane as weak. i‘

Static latoral stability (F-2).—

Lateral stability in steady sideslips (F-2.1, F-2.h) .-
The variations of aileron deflection with sideslip angle plotted
in figure 22 show positive stick—ixed static latcral stability
(dihedral effect) in all test conditions. The stick-fiee
stability, indicated by the aileron—force data, is positive
in all cases except in the spproach and wave--off configurations
at low speed (figs. 22(e) and 22(g)), in which cases the silcron
: control force 4id not change with sideslip angle, an indication
. of meutral stebility. The pilots considered the laterel static
stability satisfactory.
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Side force in steady sideslips (F-2.3).— In figure 22 .
right angle of bank always accompanies right sideelip from trim
and vice versa, and hence tho variation of side force with
angle of sidesiip was in the propor direction.

Aileron control power and control forces (F-3, F-L, F-5),-

Ailercon controcl power and control forces in aileron rolls
(r-3.1, 3.2, F-3.3, F3.k, F-3.5, F-4.1, F-4.2) .~ Abrupt, .
rudder-fixed aileron rolls wore madc with the flsp and gear
both up and down at various airspeeds. While the airplaens was
trimmed in steady straight, unbanksd flight, thoe control stick
was abruptly deflected laterally and held until maximum rolling
veloclty was attained. For the flap- ond gecar—up tests tho
power was varied to maintain lovel flight (normal rated power
for the high-spoed rums), and for the flap— and gear-down runs
the ongine was throttled. Scveral left and right stick deflec—
tions were used at each speod.

The variations with chenge in total aileron angle of maxi-
mum pb/2V end change in aileron contxrol force are shown in
figures 26 and 27. As is required, the pb/2V curves and the
force curves are smooth and nearly lineer. No aileron shaking
or force-reversal tendency was noted at any time during the
test progrem, : o

Velues of maximum pb/2V obtaineble with full stick
doflection or a 30-pound control force, derived from figures 26
and 27, are presented in figure 28. For the flap~ and goar-up
condition, figure 28(a) shows an average (of left and right)
pb/2V of 0.064 for full aileron deflection in the low and
normal speed range, compered with the spscified vaiue of 0.09.
At highor speeds the maximum values of pb/2V were seriously
limited by high control forces; however, the extrapolation
shown in figure 28(a) indicates that the required value of
0.015 at 423 miles per hour (95 percemt of the limit diving
speed at 10,000 ft, as given in roference 2) would probably
be obtained. For tho flep— and gear-down condition, figure
28(b) shows values of pb/2V ranging from 0.06 to 0.076
as compared with the specified value of 0.07. The product
of pxb (for full control throw) at 105 miles por hour
was approrimately 20 foot per second, well over tho specificd
minimm of 10 foct per sccond.

Aileron control forces in high speod dives (F-5). The
date of figure 23 show desirably small changes in aileron
control force with speced in stcady, straight, unbanked flight
in 211 conditions. Figure 23(b) indicatcs that the force
change in going from meximum lovel-flight speed (approx. 290 mph)
to limit diving speced (445 mph at 10,000 ft) probably would
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not cxcced to any apprecicblc degree the specificd maximum
of 10 pounds.

Loteral trimming devices (F-6).-~ The aileron trim todb main—

taincd a given sctting unlcss changed monuslly.

The aileron control forcc could be reduced to zoro over thc
requircd speed repge in the regquired configurations.

rn - et S
Stz1ling Characteristics (G)

Stalls from stroight flight.— Time histories of stalls centorcd
slowly from straight £light in various configurctions arc prescnted
in figurc 29. The stall warning wes considered unsatisfactory in
2ll configurations. There was no warning in the form of morked
incrcasc in ratec of rearward stick travel near the stall. Thoere was
glight buffeting and control-surfaco tugging in somc of the stall
entrics, but these werc not definite cnough and did not occur scon
enougk to be considered satisfactory stell weorning. The most nearly
satisfactory werning occurred in the power-on—clcan configuration
(fig. 29(b)) in which tzil buffeting cambined with smoll amplitude
pitching and rolling motioms +t0 produce a2 warning which was
termed "foir" by tho pilot., The eirplanc tended to pitch down and
roll simultencously at the stdll. The pitch-down was relnforced by
a Torward rocovery motion of the stick. In the power—off configura—
tions the roll—off was mild and inconsistent in direction. With
power-on the roll—off wos to the left and wzs termed "qbrupt with
flep and goar down (Tigs. 29(d) emd 26{c)). The motions of the
airplane in the stcll] were not considered unduly severe, and recovery
wos readily accomplished by normal control monipulation.

Stalls from turning flisht.— In figure 30 are presentsd time
histories of stells entered from left turns in various configurations.
The stall warning was deficient in 211 configurations. The pilot
reported a "flapping" sound on the cznopy in the glide configuration
but did not comsider this o sctisfactory worning, and reported
virtually no stall warning in the other configurations. As wos the
case in straight flight, the airplone tended to nose _Gown and roll
simultancously at thy stall. In thé power-on configurciions’ “there
was a 8harp Jert roll (into the twrn for the test turms). The
stalling characteristics in the approcch and wave—off configurations
(figs. 30(c) and 30(d)) were consldureimpartmnlarl%mw
Normal use of the controls alweys resulted in satisfoctory recovery.

Surmary of Flylng Quclities

A chart giving = summary of the flying qualities as determined
in this investigation is presented in figure 31.

e
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CONCLUSIONS

The following conclusions, based on the test results, pilots'
opinion, and the requirements of reference 1, can be drawn with
regard to the flying qualities of the F4U-L airplane.

1. The short-period control-free oscillations of the elevator
angle and the normal acceleration were satisfactorily damped.

2. The most rearward center—of-gravity locations for satis—
factory static longitudinal stability, as determined by the ccntrol-
force variations for the specif{isd ospecd ranges snd tirim conditions,
are approximately 33, 30, and 27 percent M.A.C. for the glide,
power-on—clean, and apprcach configurations, respectively.

3. Use of a spring in the elevator control system gave some
improvement in the stick-free static longitudinal-stability
characteristics at low speed. However, excessive push elevator
control forces wers required when the elevator trim tab was left
in the level-flight trimpositicn during dives.

4., In steady turns the elevator control force varied smoothly
with change in normsl acceleration, but the force-curve slope decreased
progressively with increased acceleration. The conditions for which
control-force gradients of 3 to 8 pounds per g were obtained wore .
seriously limited by sizable chenges in the gradient with cemter—of-
gravity location, airspeed, altitude, acceleration factor, and
direction of turm.

: 5. The elevator control was adequate for take--offs with the
center of gravity at its most rearwerd test location (0.325 M.A.C.)
end for lendings with the center of gravity at its most forward test
location (0.265 M.A.C.). The associated control forces were not

excessive.

6. The changes in elevator control force required to maintain
steady straight flight after changes in flap, gear, and power
settings were well under 35 pounds.

7. The elevator trim tab was sufficiently powerful.

8. The directional dynemic stability was positive, although
the rudder did not damp within ome cycle. The lateral oscillation
was satisfactorily damped at low altitude but not at high altitude.

9. The changes fram trim value of rudder angle and rudder o
control force varied smoothly with angle of sideslip over a *15
sideslip rangs in all required conditicns, an indication of positive
rudder-fired and ruddcr-free static directional stability. At low
speed in the power—on—clean configuration, however, marked lightening ‘
of the rudder control force (which approached reversal) was experienced

at high angles of right s;d“._
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10. The yow duc to obrupt full cileron deflection at low spoed
was not excessive, There was cdequate rudder control to hold trim
sideslip with the specified control force of 180 pounds.

1l. Both the rudder and cileron control wore sufficicntly
powerful for stoady, straight, unbznked flight over the spcod ronge
in all conditions. Howcver, the changes in rudder control force
with airspeed worc cxcessive.

12. Thce rudder, in conjunction with other means of control,
was adequately powerful in toxiing, toke—offs, ond loandings. With
suitoble tsb scttings the associcted control forces wore not
cxcossive.

13. The ruddor and aileron trim tabs worc sufficicntly
cffective.

14. The stick-fixed static lotoral stebility (dihedrzl cffcct)
wes positive in 211 conditions, dbut the stick-frcc dihcdral cffect
was ncutral at low specds with fleps ond geor down, power on.

15. The voriation of side force with angle of sideslip was of
the propcr sign.

‘ 16. In obrupt,rudder-fixed, cileron rolls the moximum pb/2V
) and change in zcilecron control force voried smoothly with ailercn
dcfloction. The moximm pb/2V for full aileron def loction ot
low ond normel speeds in the clean configurction wos only cbout
0.06k.

17. Tho stalling choracteristics in streight flight wore
considered foir in the clean configuration. Worning wos incdequote,
but the motions in tho stnll werc not violent. With flops ond gecr
down in stroight flight, ond in all configurations in turning
flight, therc was insufficicnt stall werning. In all cascs prompt
rocovery could be effccted with normal use of the controls.

Amcs Aeroncutical ILcboratory,
Rationcl Advisory Commitice for Aeronauntics,
Moffett Field, Calif.

Clades S U sl S fibed I Mogmalie

Charlcs J. ledcll Jr ‘s Rebert M. Reynolds,
Acronautical Enginecr. Aeronzutical Engincer.

Frenk E. Christoiferson,
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‘ / - F Sy e s
John ¥. Parsocns,

Aeronautical Engincer.
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TABLE I.~ CHANGES IN ELEVATCR ANGLE ARD ELEVATCR CONTROL FORCE DUE TO VARIATIONS
IN FIAP, GEAR, ARD POWER CONDITIONS. CHANCE VOUGHT FiU-4 ATRPLANE

Elevator
Engine eontrol
Py Manifold | speed Elevator Elevater tad Indicated force
Flap Gear flave Canopy | pressure | setting angle setting airspeed
(1n.Hg) (xrpm) (aeg) (aeg) (mph) (lbg
up up glosed open % 2500 0.2 down
up down closed open ZHO0 T.0 uwp 0.9 down 1 6.5 pull
up Som | “cTosed | open B L 1.2 up
a— dom | olesed | open 27 | 2koo 0.1 down 3.4 down 1k0 0.5 push
full
_down down closed open 27 2500 0.2 up
| doam down closed open 15 2150 0.h up T - ] . &5 il
ﬁ down closed open 15 2150 0.5 up
5.0 down 120 5.5 push
Ao down closed open 48 2600 0.h up
| 2om "down closed open 27 2k00 0.2 up
full 2.3 down push
down dovn closed open 48 2600 0.0 3 ” 2.0
- —— -
Mli dowm | 1/b open| open 48 2600 0.3 up
full 2.7 down .
| down up 1/% open| open 48 2600 0.6 down i ik S
up 1/4 open| open 48 2600 0.6 down 8
up up 1/k open| open %3] 2600 0.0 1.0 dom 21 3.5 push
up up 1/4 open open he 0.0
= w LU open] closed % 300 0.1 up 0.4 down 123 0
own open open 2600 0.
o Town - R — 1.7 down 101 5.5 push
down up 1/h open| open 48 2600 1.2 down
up wp | 1/% open]| open ;4 2600 3.1 down 0.6 down 122 0
up up L/h open| closed R2s 2600 K
up up 1/% open| closed 15 21 ’—%‘ 0.6 up 255 0.5 push
up up closed closed - 15 0.8 down
u dowm | olce closed 15 2150 0.5 down 0.6 up 254 6.5 pull

NATIONAL ADVISORY COMMITTEE FOR AEROMAUTICS
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FIGURE LEGEIDS

Figure 1.— Chance Vought FLU-4 airplane as instrumented for flight
tests. (a) Three-quarter front view.

Figure 1.— Concluded. (b) Three-quarter rear view.
Figure 2.— Three-view drawing of Chance Vought F4U-4 airplane.

Figure 2.— Variation of elevator angle with stick position.
Measu.ed on the ground with no load on the control surfaces.
Chance Vought F4U~4 airplane.

Figure 4.— Variation of rudder angle witha pedal position.
Measured on the ground with no load on the surface.
Chance Vought F4U-4 airplane.

Figure 5.— Variation of aileron angle with stick position.
Mcasured on the ground with no load on the surfaces. Chance
Vought FUU-Y airplane.

Figure 6.— Variation of elevator balance—tadb angle with elevator
angle. Chance Vought FUWU-4 airplane.

Figure T.— Variation of left aileron balance-tab angle with left
aileron angle. Chance Vought FUU-4 airplane.

Figure 8.— Variation of control force with control surface position.
Controls moved slowly with airplane at rest. Chance Vought F4U-k4
airplane.

Figure 9.— Time histories of typical longitudinal oscillations. Power—
on—clean configuration. Center of gravity at 0.318 M.A.C.
Chance Vought F4U-4 airplane. (a) Average pressurc altitude,
TO00 fect.

Figure 9.— Concluded. (b) Average pressure altitude 25,400 foct.

Figure 12.— Variation of elevator angle and elevator control force
with airspeed in steady straight unbenked flight. Chance Vought
F4Uu-4 airplane. (a) Glide configuration.

Figure 10.—- Continued. (b) Cruise configuration.

Figure 10.— Continued. (c) Power-on—clean configuration at low
altitude (9000 ft av.).

Figure 10.— Continued. (d) Power—on—clean configuration at high
altitude (25,000 ft av.).
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Figure 10.— Continued. (e) Landing configuration.
Figure 10.— Continued. (f) Approach configuration.

Figure 10.— Concluded. (g) Wave—off configuration,

Figure 11.— Variation of noutral-pcint location with 13£t coefficient.
Approximate altitude 9000 feet. Approximate weight 12,200 pounds.

Chance Vought FP4U-4 airplane (a) Stick fixed.
Figure 1i. Concluded. (b) Stick free.

Figure 12.- Variation of elevator control force with airspeed in

steady, straight, unbanked flight with and without spring installed.

Chance Vought F4U-4 airplane. (a) Lending configuration, center
of gravity 0.298 M.A.C. (b) Approach configuration, center of

gravity 0.300 M.A.C. (c) Wave—off configurstion, center of gravity

0.298 M.A.C.

Figurc 12.- Continued. (d) Glide configuration, center of gravity
0.313 M.ALC.

Figure 12.- Concluded. (e) Power on—clean configuration, center of
gravity 0.313 M.A.C.

Figure 13.- Variation of elevator angle and elevator control force
with normal acceleration factor in steady turns. Power-on-clean
configuration. Average pressure cltitude 8500 feet. Chance
Vought F4U-4 airplanc. (a) Left turns.

Figure 13.- Concluded. (b) Right turnms.

Figure 14.— Variation of elevator angle and elevator control force
with normel acceleration factor in steedy turns. Power-—-on—clean
configuration. Average pressure altitude 25,000 feet. Chance
Vought F4U~4 airplane. (a) Left turns.

Pigure 1b.— Concluded. (b) Right turms.

Figure 15.— Variation of elevator control force gradient with
center~of-gravity location. Flaps and gear up, normal rated
power. Chance Vought FUU-4 airplane. (a) Average pressure
altitude 8500 feet, (b) Average pressurec altitudc 25,000 feet.

Figure 16.— Variation of elcvator control-force groedient AFg/MAy

in abrupt pull-ups with duration of mancuver. Vi % 200 mph.
Center of gravity at 0.318 M.A.C. Altitude & 8500 feect. Chance
Vought F4U-4 airplane.
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Figure 17.— Variation with airspeed of elevator angle and elevator
control force required for landing. Chance Vought FUU-4 airplane.

Figure 18.— Variation with airspeed of elevator control force in a
dive, with and without spring installed. Trim speed 290 mph.
Chance Vought FiU-l airplane.

Figure 19.— Variation of eievator angle and elevator control force
with angle of steady sideslip. Chance Vought FAU-4 airplane.
(2) Power—on-cleen configuration, Vi = 142 mph. (b) Power-on-
clean configuration, Vi =350 mph. (c) Approach configurationm,
Vi % 55 mph. ,

Figure 20.— Variation of elevator trim-tad effectiveness parameter
with 1ift coefficient. Chance Vought F4U-L airplane.

Figure 21.— Typical time history of rudder-free directional and
lateral coscillations. Power-on-clean configuration. Chance
Vought FYU-4 airplane. (a) Pressure altitude = 5500 feet.

Figure 21.—- Concluded. (b) Pressure altitude = 25,5000 feet.

Figure 22.—~ Characteristics in steady sideslips. Chance Vought
FUU-4 airplane. (a) Giide configuration, Vi = 214Q mph.

Figure 22.- Continued. (b) Power-on—clean configuration,
Vi = 140 mph.

Figure 22.— Continued. (c) Power—on-clean configuration,
Vi = 350 mph.

Figure 22.- Continued. (d) Landing configuration, Vi £ 100 mph.
Figure 22.— Continued. (e) Apprroach configuration, V54 = 100 mph.

Figure 22.— Continued. (f) Approach configuration, V4 ® 140 mph.

t

Figure 22.— Concluded. (g) Wave—off configuration, Vi 100 mph.

Figure 23.— Lateral and directional characteristics in steady,
straight, unbanked flight. Chance Vought F4U-4 airplane.
(a) Glide configuration.

Figure 23.— Continued. (b) Power-on—configuration.

Figure 23.- Continued. (c) Landing configuration.

Figure 23.— Continued. (d4) Approach configuration.

Figure 23.— Concluded. (e) Wave—off configuration.
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Figure 24.-- Time histories of aileron—rudder rolls out of turns of
about 45° bank. Chance Vought F4U-4 airplane. (a) Clean,
pover for level flight, 140 mph.

Figure 2k.~ Concluded. (b) Approach configuration, 120 mph.

Figure 25.- Characteristics in alleron-fixed rudder rolls. Power—on—

clean configuration. Chance Vought FLU-4 airplane. (a) Vi 200 mph.

Figure 25.— Concluded. (b) Vi = 302 mph.

Figure 26.— Variation with change in total aileron angle of maximm
P5/2V and change in alleron control force in sbrupt rudder—fixed
rolls. Flaps and gear up, power on. Average altitude 8500 feet.
Chance Vought F4U-4 airplane. (a) Vi = 145 mph.

Figure C-.— Continuc’. (b) Vi

n

197 mph.

Figure 26.— Continued. (c) Vi * 253 mph.

1

305 mph.

Figure 26.~ Concluded. {e) Vi = 354% mph.

Figure 26.— Continued. (d) Vi

Flgure 27.— Variation with change in total aileron angle of maxim™
pb/E'V and change in aileron control force in abrupt rudder—fixed

rolls. Flaps and gear down, power off. Average altitude 8500 feet.

Chance Vought F4U-L airplane. (a) Vi = 102 mph.
Figure 27.— Continued. (b) V4 = 117 mph.
Figure 27.~ Concluded. (c) Vi = 137 mph.

Figure 28.— Variation cf maximm pb/2V with indicated airspeed.
Chance Vought FUU-4 airplane. (a) Flaps and gear up, power on.

Figure 28.- Comcluded. (b) Flaps and gear down, power off.

Figure 29.— Time histories of stalls entered from steady, straight,
unbanked flight. Chance Vought FLU-4 airplane. (a) Glide
configuration.

Figure 29.— Continued. (b) Power—on—clean configuration,

Figure 29.— Continuei. (c) Landing configuration.

Continued. (d) Approach ccafiguration.

\L)

Figure 2

Figure 29.- Concluded. (e) Wave—off configuration.
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Figure 30.— Time histories of stalls entered from turning flight.
Chance Vought FUWU-% eirplane. (a) Glide configuration.

Figure 30.— Continued. (b) Power-on—clean configuration.

Figure 30.— Continued. (c) Approach configuration.

Figure 30.— Concluded. (d) Wave—off configuration.

Figure 31.- Summary of flying qualities of a Chance Vought FiU-&
alrplane.
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(a) Three—quarter front view.

Figure 1.-— Chance-Vought F4U-4 airplane as instrumented for flight tests.
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(b) Three-quarter rear view.

Figure 1.— Concluded.
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CHANCE VOUGHT
F4U-4

SUMMARY OF HANDLINO CHARACTERISTICS

NACA FLIGHT DETERMINATION

AIRPLANE AS TESTED

LONGITUDINAL

LATERAL

DIRECTIONAL

STALLING
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Threo-v lew Drawing of Chance-Yought FaU-4 Alrplmne

LOCATION OF CENTER OF ARAYITY FOR NEUTRAL STABILITY:

VARIATION OF CONTROL FORCE AND Pb/2v wITH

%

PERTINENT DETAILS:

Span 40,98 ft
oen Asrodynemic Chord .0 In.
Wing Ares 7.3 w ft
Alrfoll, rost WCA 22018
Alrfoll, tip CA 22000
Ty Flep Slotted das-w
Cantrel Swface Deflect lens
= 1"'-. 154-
Allorens 190w, I¥ dom
Ruddor 2° right, 28° left
Engine ond Retings
Pratt § whi $-2800- | 9%
Taho-off and i 1itary poer 1I0~ntmr-
Max lmum cont | nuous 700 bhp at 2600 rpm

Cosbat powar (with water Inpdlen) 2800 bhp at 2800 rpm

Stick force,
L=3

I S

e - AILEROK DEFLECTION:
Comtipint fon inofor 16 . 4 Smooth and spproximetely proportionsl te
sagdl Mo sl alloron deflection at all spesds.
Paser -on—c hean %2 0.2 2.0 0.2
09 K] .0 -
n.2 1.0 2.0 0 [, )
2 bt | ' i
alide %6 - 0.2 - 1 3 i =—t=F ow
ns 10 %.2 3 I e
a8 (N1 .3 1.2 = g _‘; i =
N,
RATIR |
Ao9r oach n.s F] 3.0 r N T
a7 14 2.0 1.4 S ml i
2.6 1.9 2.6 1.9 S !
Landing %.2 .8 & PIT linaic dirspeed., mph
6.2 . 13_ = A NS E TS ]
6.0 1.8 =2 ¥ 5t !
£ o " ledn | 11
MAREUVER1NG CHARACTERISTICS: g : o1 configuration.
1% —"i =i uACA'
l-n/zv for full control thraw, flape and gear down,

averaged 0.070.

YAWING MOMENT DUE TO AILERON DEFLECTION:

In adrupt rudder~fized aileron rolls at low
speed the maxiswe angle of sides!ip per S-percent
full aileron deflection vas approximstely 0.8°.
The redder control was sufficiently powerful
to permit adrapt zoro-yaw tern exits with

STRAIGAT FLIGNT:

| contigration | am pom

Falr warning In the form of
Poer ~on-clean 182 | wffeting, elevator teg, or

olight rolling tendencies.

AILERON TRIM CHARACTERISTICS:

Changes with speed, power, or flap changes were
dasirably small, and tab power was ssple.

TRIM CMANGES DUE TO PONER, FLAP, AND GEAR VARIATIONS:

DIMEDRAL EFFECT:

CONTROL FRICTIoN:

o lengim | Bevator [Elovator [T | In ganaral, moderately positive stick fixed;
& Flap | Goer Pres- (speed angle tab r‘"‘ neutral to moderately positive stick free,
(mph) setting .“g o
(m (rpa) (dog) ,' changs (19) depanding on configuration and speed.
w1 (w7 (20 [0260m |o5dam| s5mit| g —gngT “‘T’j‘
w [dom| 27 |20 |10w +== Forcg S
o |0 Jdom| 77 T2 [1.200 [y dom| 0.5 puut| ‘S
dom |dan| 77 | 280 | 0.1 dom £5
120 [down |don| 15 | 2150 | 0.6 w 50 daml 5.5 ok 0 .‘:_,4
[dawn |dam| 48 | 2600 | 0.8 w .

CONTROL IN TAKE~OFF AND LANDING:
Satiefactory over test center-of-gravity range,

8% ~~" Approach

SIO /Ieft 0 right |0 o
sxdeshp angle,deq NACA

Elevator 22.5 v
Alleron 1.0 1
Redder 6.5 1b
REMARKS:

Tost gross welght approximately 12,100 1b,
'.o'v ~of-gravity range 28.1 - 34.0 percent

lm.-- n‘“'lo externs! tanks or

Menufactor
mu..ﬂ Alreraft, Division of United
Alreraft Corporation, Stratford, Comnecticut

LONGITUDINAL TRIMMING DEVICE:
Adoquate over test center of gravity and speed
ranges.

DYNAMIC STABILITY:
Short-per lod control-free oscillations of elevator
and alrplane were satisfactorily damped.

REFERENCE:

Liddall, Charles J. Jry, Reynolds, Robert M., and
Christofferson, Frenk E.:

Mossuresents In Flight of the Flying Qualities of
8 Chance-Vought FEU-8 Alrplane.
WACA RN Mo, A7CO6, 1987,

REMARKS :

Spring In elevator systes which gave S-pound pull
force on stick Improved the low-speed elovator-
force characteristics slightly, but causes
wndesirably high push forces at high speed.

Glide % 74
satisfactory redder forces. o warning prior to left roll
toproach 2.2¢ | ond pitch-dom st stall.
%o warning prior o roll and
TAT H
STATIC DIRECTIONAL STABILITY: Londing .7 pitch-dam ot stall,

Positive redder-fixed and redder-free over a *5°
steady sldeslip range. In the power-on-clean
configeration at lov speed, rudder forces were
very small In left sideslip and tended to reverse
at large angles of right sideslip.

i‘r*"\

% %Mlm angle, dﬂl

The sirplane motions in the stall were not conslidered
violent. Recovery wes resdily effected by normsl wee
of the controls.

TURRINS  FLIGNT:

Stall varning ves isf y in all conf
fecovery could be mede with normal wee of the controls.

RUDDER TRIM CHARACTERISTICS:

The rudder control was satisfactory for stesdy
wnbanked flight in the requires conditions.
The rudder-tab effectiveness was adequate In
all conditions. Rudder comtrol force change
with airspeed was excessive.

RUDDER CONTROL IN TAKE-OFF AND LANDING:

Control was adequate and the associated forces
were not excessive.

OYNAMIC STABILITY:

The control-free oscillations of the rudder
itself d1d not damp completely within one
cycle. The dynamic stadility of the airplane
was always positive, but the sirplane motion
was not damped sufficiently at high altitude
(25,000 ft).

Wnifold | Engine
Configuration | Flaps | Gear |Pressure setting
(inng) | (™)
Power ~on~clean w wp [T} 2600
61ida w vp 15 210
Approsch dom don | 27 2400
Landing

CHANCE VOUGHT

FAU—4

FIGURE 3/.-

SUMMARY OF FLY/NG

AIRFPLANE .

QUALITIES OF CHANCE

VOUGHT F~4U-4

confRestriction/
fanonaL aovmeR <Classification
Cancelled






