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NATIOPlAL ADVISORY COMMlTl'EE "FOR AEROP.AUTICS 

for the 

, '. 
Bureau of Aeronau:~ics, Na.vy De:partment 

MEASUREMEIm3 IN FLIGHT OF 'mE FLYING QUt..LITIES OF A 

CHP.NCE VOUGHT F4U--4 AIRPLAnE (TIID NO. NACA 2388) 

By Charles J. Liddell, Jr., Robert M Reynolds, 
and Frank E. Christ.o!~erson 

The results of flight tests to determine ti;e flying qualities 
of a Chance Vought F4u-4 a.i: .... plane are presented 8..Tld discussed. herein. 
In addition to comprehensive measurements at low elti tude (about 
8000 ft~, tests of' J imited scope were made at bigh altitude (about 
25,000 ft). 

The more important characteristics, based on a comparison of 
the test results and opinions of the pilots with tbe Navy require
ments, can be summarized as follows: 

1. The short-period control-free oscilla.tions of the elevatOl~ 
angle and the normal accelere.tion were satisfactorily damped. 

2. The most rearward center-of-gravi ty locations for satis
fa.ctory static longitudinal stability with power on, as determined 
by the control-force variations, were a:pp::coximately 30 a.Tld 27 
percent M.A.C. vi th flaps a.Tld gear up and d.own, respectively. 

3. In maneuvering flight the ~i tiona for which control-force 
gradients of satisfactory magnitude" were obtained were seriously 
limi ted by sizable changes in the gradient with center-of -gravi ty 
location, airspeed, altitude, acceleration factor, and direction of 
turn. 

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

5. The trm tabs were sufficiently effective for all controls. 

6. The directional and lateral dynamic stability was positive, 
but the rudder csc illa ti on did not d.amp wi thin one cycle. The 
airpla~e oscillation damped sufficiently at low altitude but not 
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a.t high altitude. 

7. Both r-lli'Mer-fized and l'uddBr-t'l'ee static directional 
stability vere positive over a sideslip range of ± 150

• However, 
the rudder force tended to reVerse at high angles of rignt sideslip 
with flaps and gear up, power on, at low speeds. 

8. 111e stick-fixed static lateral stability (dihedral effect) WD.B 

positive in all conditione, but the stick--free dihedral effect was 
neutral at low 8paeds with flap and goar down, power on. 

9. The yaw due to a.brupt full aileron deflection at low speed 
was not excessive, and the rudder control was adequate to hold trim 
sideslip. 

10. In abrupt rudder-fixed aileron roila in the clean config
uration the maximum pb/2V for full aileron deflection at low 8...1'ld 
normal. speeds was only 0.064. 

li. The stall::~g characteristics were considered unsatis
factory in all configurations 1lD. both et:~aight and turning flight due 
to inadequate sta.ll warning. l'he motions in the stalls were n::Jt. 
unduly severe, and recovery could be effected promptly by normal 
use o£ the controls. 

INTRODUCTION 

At the request of the Bureau of Aeronautics, Navy Department., 
and the u. S. Army Air Forces, the National Advisory Cammi tteo for 
Aeronautics has been conducting flight teats for the past few years 
to determine the stability and control characteristics of a number 
of serf'1ce-type airplanes. Specific requirements designed te insure 
satisfactory flying qualities heve been f'ormulated as a result of' 
this investigation. These requirements arc continually being revised 
and supplemented. in accordance vi th new developments. 

As a part of this general flying-qua~i ties program, the 
Bureau of Aeronautica, Navy Department, requested that the Ames 
Aeronautical Laboratory conduct flight tests of a Chance Vought 
F4u-4 airplane. The flight--test procedure indicated in reference 1 
was used as a general guide in planning the test program. In addi
tion to comprehensive tests at low altitude (~bout Booo ft), measure
ments of a limited scope were :made at high altitude (about 25,000 ft) . 
Supplementary tests considered desirable by the Navy end by Amos 
were also perform-3d. The results of these flying-quallties tests are 
presented and discussed herein. 

, 
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SYMBOLS 

The symbols used in this report ore defined us fellows: 

correct indicated airspeed, miles per hour 

true airspeed, feet per second 

airplane gross voight, pounds 

wing area, squere feet 

normal acceleration factor, in gravitational units (32.2 ft/soC2)~ 
positive when directed upwnrd 

free-stremn dynamic pressure, inches of mercury 

lift coefficient (WAz/70.73 qS)1 

elevator angle referred to stabilizer, degrees 

elevator control force, pounds 

rolling velocity, radians per second 

yawing velocity, radians per second 

wing span, feet 

air density ratio 

D:ESCRIP!ION OF THE AlRPLhNE 

The Chance Vought F4U.-4 is a single-plnce, single~ngine, low
wing monoplane. It has on inverse gull wing ond a conventiOnal-type 
landing gear. Among the various fon.tures which distinguish it from 
earlier F4U models are the four-blade propeller-and the noncircular 
engine cowl with an e.ir duct in the lower lip. Figure 1 shows 
photographs of the ai:~lane as instrumented for the flight tests, 
and figure 2 is a three-view drawing. 

1Neglects effect of inclinetion of airplane thrust line to the flight 
path. 
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1bo following ge~ral spocifica.t1ons end d:imliilsiono \-"Cre 
derivod chiefly fram roi'ol'"Oncos ·2, 3, and 4: 

Airplane, genoral 

Mnnuf'c.cturor 

Wa.vy numbor 

Chenca Vought Aircrnft Division, 
Un! ted J-i.iroroi't Corp. 

· . . F4u-4 

91028 

Normal gross voight .. contoI-Of
gravity location, and limit loa.d 
fnctor • • • . • . • • • . • .• Vary over siza.ble rangos, 

Will8 

i..irfoil soction 

Root . .,. 
Tip . . . . . . . 

" r _ ,''l.'7 
i-'_:~! -,' . - _ .10", \ tt' 't. ~;. L t.J~.(. • .a..r " ", 

....-. . . /-
Span •• . . . 
Aspect ratio 

Chord length 

Root 

Tip 

Mean aerodynamic 

D1hod.r'~ (outer panel) 

Incidenco (at root) . . . 

Swoepba.ck (loruli!l6 edgo of 
outer panel) ••.• 

· . 

· . 

dopending on tactica.l func
tion (Sea references 2 a.nd 4.) 

. . . . . 
" rt.. ~ "! 

. . 

. . . . 

Nl:;.Ci.. 23018 

lt~CA 23009 

~76.3 sq ft 

40.98 ft 

6.08 

105.00 in. 

71.38 in. 

94.00 in. 

8.5
0 

· . . . . . . . . . . . . . . 

• 
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Wing fUq>s 

Type ••. 

Total area • . 

Travel 

A1lerons 

Area {total for both aft of hinge} • 

Span (each) 

BoJ.onCG tab area (both) 

Trim-tab aroa (left only) 

Trim-tab travel 

Horizontal tail surfnees 

Total area 

Span 

Stabilizer area . 

Incidence 

Elevator 

Area (total aft or hinge) 

BaJ..C'nce area (fC'~d of 
hinge) ••••• 

Tr~tab area (both) 

Trim-tab travel 

Balance-tab area (both) 

Vertical tail surfaces 

Fin area 

Fin ofrset 

-

Slotted 

36.4 sq ft 

18.1 sq ft 

7.48 ft 

0.56 sq rt 

0.74 sq ft 
... 

.~1 '{ 

55.9 sq ft 

16.5 ft 
:i{ 

28.6 sq ft 

1.250 

21.9 sq ft 

5.4 sq ft 

1.36 sq ft 

0.74 sq ft 

22.00 sq f't 

7.34 sq rt 

2 0 left 

5 
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Rudder 

Area (total nf't of hinge) ••. 

Balance area (forward of hinge) 

Trim-tab oroa 

Trim-tab travel 

Engine 

t-mCA RM ITo, flo. 7C05 

13.0 sq ft 

1.66 sq ft 

0.85 sq ft 

Type Twin-row, rc.d.ial, air-cooled, 
18 cylinder 

Manufacturer 

Number 

Supercharger 

Goar ratio 

Power ra.ting 

Tnke-off and military (5 min) 

Maximum continuous 

Combat powor (with water injection) 

Propeller 

Type • • • • • • <> • • • !" • • • • • 

Mr.nufac turer 

Blade number 

Diameter 

INSTRUMENTATION 

PrQ,tt & Whitney 

R-280o-1SVT 

Two-stage, two-speod 

0.45:1 

• 2100 bhp at 2800 rpm 

1700 bhp at 2600 rpm 

," 2800 bhp at 2800 rpm 

Four-blade, hydraulica.lly 
controllod 

Hcmilton Standard 

6501A-O 

. 13.167 ft 

Values of the following variables were moasurod by use of 
standcrd NACA photographically recording instruments: indicated air
speed; GlevQ,tor, aileron, and rudder deflection; elevator- and rudder-
tab deflection; rolling, yawing, and pitching velocity; normcl 
acceleration; pressure altitude; angle of bank; sideslip anglo; and 

.e 
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elevator, aileron, and rudder control :force. All records were 
synchronized by means of a l-second--interval timer. Fl"ee-air 
temperature was measured vith e, standa..Y"d indicating instrument 
installed at the laboratory. 

The control--position recorders on the elevator, ailerons, 
and rudder were attached ei ther directly to the surface or to a 
push-pull rod. near the surface, BO that the eff'ects 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 f'orces (both elevator and aileron) 
the service stick was replaced by a standard mechanical-type NACA 
recording stick. The rudder-force recorders were also o:f 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 and the 
tips. (See f'ig. 1.) 

The airspeed-recording installation was calibrated for position 
error by f'lying in f'ormation with another airplane having a known 
position error. In order to eliminate airspeed errors due to ground 
effect during landing tests, a pressure recorder was connected to 
the total-~reBsure tube o:f the swiveling head, and the airspeed 
was detennined f'rom 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 f'or position error and were computed :from the formula 
used in the calibration of standard airspeed indicators (based on 
adiabatic flow under standard sea-level cendi t.ions), 

TES'IS, RESULT.3, AND DISCUSSION 

The flight test procedUl~es 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 o:f 
re:ference 1. 
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In the following table various flight test configurations are 
described, a..'"ld the nrunes s!lawn will be uSed. in this relJort to 
identify these configura,t.iona: ... 

I t i 

I ' 1 ! i iAPprOX. 
Cowl I Manifoldj Engine ,'APprox. l 1nd1ca 

Cor,j'igura.tlon Flape1jGear Canopy flaps ; pl~esaurel speed power i stalling 

I ' i (in, hg) I setting\ (bhp) i speed 

t--___ -+-_-+-_+--_+-_--+I __ --j..l_(:....;rpm:--=-) -+-I __ -+I..:..(m...:.ph~)., ._ 

! Up I C:tos~o_ Closod: 15 i 2150 1- -- ,I, 105 Glide 

Cruise 
Pm1'8r-Dn-

clean 

Dive 

Landing 
Approach 
Wave-off 
Cruise at 
high alti
tude 

Po-war-on
c:!.ean at 
high alti
tude 

jUp ,Up 
Up 

ID!' 
'Down 
Down 

Up 

I 
jUp 
I 

~B1ow-up typo. 

I Up iClosadlc~oaed: 31.5 I 2150 i 1100 - -

I
, Up I Closed I' 1/4 ope~ 48 II 2600 11750 I' 95 
Down I Closed, Closed: 15 I 2150 I - - - - -

IDown! Open IClosed ~ottledl 2400 -- _.. I 92 

I Down I Open I Closed: 21 I 2400 950 I 82 
IDownj Open '11/2 ope~ 48 2600 ,1750 I 80 
I I i I I I 

Up i Closed I Closed 1 31.5 ' 2100 I' 1050 :, - --
! I l I : 

I I I j 
! Up iClosed!1/4 oped 47.5 2600 1155C 

I I: I 

I : I I ! 
I ---
I 
: 

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 effe~t of fuel consumption during flight. 

Mecharlical Characteristics of Control Systems (C) 

Kinema.tics of control systems (C-l).- The relation between 

cockpit control posi t~on and control-aurfaC'e deflection, as measured 
on the gc'Jund with no load on the surfaces, is given in figures 3, 
4, and 5. The term "total aileron angle II used in figure 5 refers 
tG the algebraic sum of the two aileron angles, a.nd is referred to 
as !lleft" when the left aileron is up. The actions of the elevator 
and aileron baJ.ance taJ:H~ Are indicated in figures 6 and 7· 

Control-system friction (C-e).- The control force required for 
slow motion of' the controls wi t.h no load on the surfaces is shown 
in figure 8 as a function of control-surf'ace position. It is seen 
that the forces thus requiJ.w4, ...-re", ...rf'ected, in the cases of the 

~. 

• 
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elevator and ailerons, by small weight moments in the Bystems. In 
~e following table the frictio~~rces, as me~sured b'l.~ 9.~e-h..'i.lf
tb.e algebraic difference Q(~J!ffien ~e~ :f£r,:S~~Eir~d. for .!'l0vement 
in DI:!.,~. dire?tlon anq,_ th~~.~~'l~!:.Z:~.d :f~C>E~1!!QY~~n_t... in,.,.!he o~er ~ 
direction, are compared with the requirements of reference 1: 

Control 

: Elevator 
I 

/ 

Rudder 
Aileron 

F4u::4 I Limit of _ i 
friction ~ reference ~ 

±2.5 I ±3 
±6.5! ±7 
±1.0 ±2 

Longi~~dinal Stability and Control CD) 

Dynamic longitudinal stabil~ (D-l.}.- Shor't--period, control
free, longitudinal oscillations, initiated by abrupt deflection and 
release of the elevator control, were pel"i'ormed at pressure alti
tudes of about 7000 feet and 25,400 feet while the e.irplane was 
trimmed at various airspeeds in the power-~nrclean configuration. 
Time histories of typical maneuvers are shown in figure 9. The 
oscillations of the elevator and the airplano damped completely 
within one cycle, as required by reference 1. 

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

stability charactaristics were measured at low altitude in vru.~ious 
configurations and at high altitude in the pover-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 e1.evator angle and elevator 
control force with airspeed obtained in this manner are given in 
figure 10. 

For the determination of the neutral.-point locations, the 
values of elevator angle 5e and elevator control force divided by 
the dyncnic pressuro Fe/q were plotted against lift coefficient 
CL. The slopes d5e /dCL and d(Fe/q)/dCL of the resulting C1)~es 
were then plotted against center-of-gravity locatioo. The cent0r-af'
gravi ty location at which d5e /dCL:: 0 wa.s taken as the stick-fixed 
neutral point, and the location at which d(Fe/q) /dCL = 0 was 
taken as the stick-free neutral point. Resul ts of this analysis 
appear in figure 11. 

On the oasis of stick-free stability characteristics for the 
speed ranges specified in reference 1, an examination of figures 10 
and ll(b) indicates that the most rearward desirable conter-of-gravity 
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locations nrc about 30 percent M.A.C. for the powor-on-c1ean configu
ration, 33 percent M.A.C. for the glide configuration, and 27 percent 
M.A.C. for the approach configuration. However, the data of figure 10 
show that, for the moet rearward test centor-of-gravtty locations 
and the tGst trim 6po0d.s~ the unstrible forces which do occur ere 
not excessive The effect of altitude on the static longitudinel 
stability appearod to be nogligible. 

In addition to the taste described above, the static longi
tudinaJ.-stabilit.1 cbaracteristics of tho ai~jplane with a spring 
installed in the elevator control system were measured for C!ne 

center-oi-gravlty location and yarious airpla.~ c~T1igurations, 
This spring 'WaS furnisbed by the llIDl1ufacturer and was installed at 
Ames. It was of' such strength as to neeessi tate an add! tional pull 
f'orce of' approximately 5 pounds at the stick. FigtU'e 12 presents 
the results of these tests and shows a cCI!Dp&"ison between the 
elevator control f'orces with spring and. those without spring 
(derived f'rom f'ig. 10). Same improvement in the elevator-force 
characteristics at low speeds was gained by use of the spring, but 
excessive push forces were experienced at high spe~ when the test 
trim-tab setting was retained tbrougbout the speed range (f'iga.12(d) 
and 1.2 (e». 

Elevator control power and contro+ forces (D-3. n-J4.. D-5).-

Elevator control power in stead,y fligbt CD-l.l).- As 

indicated by figure 10, the elevator control vas sufficiently 
powerful to permit steady straight f'light over the teat speed 
range in all. configurations for all practIcable center-of-
gravity locations. . 

Elevator control power and control f'orces in ~~uvering 
f'light (D-3.2, D-4.l, :0-4.2, D-4.5) .- The longitudinal.-control 
characteristics in maneuvering flight were measured in steady 
turns in the power-on-clean configuration at ioy and high 
altitudes. Short records were obtained during steady turns at 
various' speeds and accelerations. Three centor-of'-eravi ty 
locations were investigated at the low altitude, and two at 
high altitude. 

The variations of elevator angle 8e and control f'orce .. ' 
Fe with normal acceleration factor AZ for the various test 
loading conditions and airspeeds are presented in figul4 es 13 
and 14 for average pressure altitudes of 8500 feet and 25,000 
feet, respectively. 

The elevator control was sufficiently powerful to stall 
the airplane at al.l test cente.r-of- graYi ty locations a.."1cl 
airspeeds. 

e· 
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The control-force values shown in figures 13 and 14 va:ry 
smoothly with acceleration factor. However, the decrease in 
force-curve slope with increasing acceleration factor in same 
cases was considered objectionable by the pilots - especially 
in those cases where c~lete control-force reversals were 
experienced. 

The variations of elevator control-force gradient &e/Mz 
with center-of-gravity location, as derived from figures 13 and 
14, are given in figure 15. In the term ae/~A.Z' &e represents 
the cll.8.n8e in control force from the steady straight flight 
val.ue, and. MZ = AZ - 1. Due to the nonlinear variations of 
elevator control force with acceleration factor, gradient 
computations vere made for several values of' acceleration factor. 
As seen from figure 15, the variations of g e /Mz with 
acce1eratio~factor,center=of-sravity location, al~ude, air
speed, and directiQIl of turn seriously limited the conditions 
1lfi(i'6r which the gradient was of desirable magnitude (3 to 8 1b/g). 
In fact, there was no center-of-gravity location for which 
the gradient was always wi thin these limits for all test val~ 
of the other variables. The optimum location appeared to be 
approximately 30.5 percent M.A.C. for which the grad.ient 
ranged fram 2 to 14 pounds per g. 

-~ 

Abrupt pull-ups were made at one airspeed and one center
of-gravity location in order to investigate the elevator-control 
characteristics in rapid maneuvers. The method of data 
analYSis set forth in reference 5 was followed. Figure l6 
presents these data and. shows a camparison of fSFe/MZ in 
abrupt pull--ups with that in steady turns. The steady-turn 
value shown is an average of those obtained under conditions 
most nearly approximating the speed, altitude, and center-of
gravity location used for the pull-ups. It is seen tbat.,as is 
desired, the gradients obtained in the pull-ups wero well above 
those experienced during steady __ ~s . 

Elevator control power in take-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
off's with tho ce!ltar-of'-gra.vity at the most rearward test 
location. -

Elevator control power and control f'orces in landings 
(D-3.3, D-lJ..6).- Landings were made at different contact speeds 
over a safe and feasible range for two centcl~f-gravity loca
tions. These tests were performed in the landing configuration 
used in stability tests. The throttle was cut back early in the 
approach in all cases. The elevator-tab setting used. during 
the tests was that required f'or zero f'orce at about 100 miles 
per hour in the approach configuration. The variation of' 

( 
-~ 
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elevator angle and elevator control force With airspeed (all 
read at the instant of groU!ld contact) 1s shown in figure 11. 
It is seen that there was sufficient elevator control for 
stall-type landings vi th the most forward. test center of 
gravity, and that the forces required were not excessive. 

Elew-tor control farces in hIgh-speed dives (D-5.2).-

Although no comprehensive high Mach :lumber tcstsyere made in 
this prosram, an ind:ication of the high-speed control charactel'
istics at subcritical Mach numbers can be derived from the 
available data. Figure 18 gives an estimate or the variations 
with the airspeed of the elevator control force in a dive. Due 
to the nonlinearity of the curves Fe against Az and the lack 
of turn data at the high speeds considered, it is not possible 
to predict with any degree of accuracy the normal ~cceleration 
which would be produced by release of the stick under the 
COndition3 illustrated by figure 18. However, comparison 
of the data of figure 13 with that of figure 18 indicates that 
excessive acceleration probably would result with a ~ 
center of gravity, eapecial.ly With the sprins installed. \, ., 

\. \\~ '/ Longitudinal trim changes (D-6).- The changes in ele-vator 
\ , ,\ ;' trcl force and elevator angle required to maintain steacq 

\ '\ . ~:'-:.;.. traight flight following changes in flap, gear, and power settings 
, \ \'~- ,~ are given in table I for -various typical conditions. '!heae results 

\' =-". show that the changes Yere vell below the specified manmum 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 latere.l osc1l.1ations. 

The changes in pitching moment due to sideslip; as indicated by > ...-.;!f'" the variation of eleva tor angle and eleva tor control. force with 
.--./ steady sideslip angle" are given in figure 19. It is seen that 

sizable changes in the elevator angle and control force were 
required with cha."bes in sideslip angle, espec1a.l.ly' uith right 
sideslip. -..... -- ... '-.----.-

~" '-. 

Longitudinal trilnming device (~7).- '!he elevator trim tab 
maintained a given setting indefinitely unless changed manually. 

Measurements of the effect of the trim tab in prod.uciDg 
elevator control-force changes were made at several speeds with 
the airplane in various configur.ations. The ove~ resul.ts of 
these measurements are presented in figure 20 in the form of the 
variation with lift coefficient of an effectiveness parameter 
d{F e/q ) /dflto •. 'Ula.lysis based on the data of figure 20 and figure 10 

indicates that the elevator trim-tab power was sufficient to meet 
easily the requirements of reference lover the feasible center-of
gravity range • 
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Directional Stability and Control (E) 

:J?ynamic directional stubi11 ty (E-lJ.- Records wore taken of' 
directional and lateral oscillations which were in1 tiated by two 
Dethods: (1) e.brIlptly deflecting tho rudder and quickly relec.sing 
it, and (2) releasing nll controls in steady sideel.ipso 1\10 
oscillutions wore porf'omed ut both h1eh Ol).d low oJ.titude. 

Tine historios of' typical. oscillations arc shown in figure 21. 
AltbQ118b the pitchinc motion of tho n.1rplono nocessitated recovery 
frc:m sane of the tlmlCuvers before tho 1ctoral. and diroctionnl. 
oscillations wore camp1ete1y ~d, tho oscillations did tend to 
damp as required by reference 1. Tho oscil.htion of the rudder 
itself did not disappear within tho specified one cycle but continued 
with low damping for severcl. oyc10s with the S01!1e frequency as tho 
airp10.n0 oscillations. No f1uttor of the rudder or control-fixed 
or -free snaking of the airp10ne me experienced during the flight 
tests. Further discussibu of the 1a.tcrnl. end directionol. osc11la
tions appears in the section on l.n.teral dynanic sto:bUi ty. 

Static diroctionnl ate-bUity (F.-2) .-

'Rudder=f'ixod stAbility (H.1. 2.2).- The characteristics 
in steady sides1ips wore measured during short runs in steady 
straight flight at various angles of sides1ip over the maxi
mum fensible range. Sideslips wore perf'onnod at low altitude 
for various airspeeds and airplane configurctions. ibe varia
tions with sideslip anglo of' rudder and aileron ~os and 
contr01 forces and englo of bc.nk are gi von in f'igure 22. Addi
tional tests wore made o.t high al. ti tude, but no slgn1f'lcont 
effect of altitude was discernible, SO only the low-nltitude 
data. arc presented. 

1\1e vario.tions of' rudder angle with sidos1ip anglo show 
positive rudder-fixed directional stability over the obtain
o.ble sidos1ip range for al1 test condl tions. As is required 
by reference 1, the anglo of steady sideslip was substantially 
proportloMl to the change in rudder defloction over a range 
of ±15° fran tr:il!l. For anglos of' sideslip groc.ter than ±15°, 
increases tn rudder anglo produced increases in steady sido
slip up to full or maximum foasible rudder deflection. 

Date. obtained during n:brupt, rudder-fixed, aileron rolls 
showed the change in sideslip angle per 5 percent of full 
aileron defloction to vary with airspeed from 0.30 to 0.8°, 
well below the specified limit of 1.00 given in reference 1 
for rolls out of 450 banked turns. 
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Rudder-free stability (E-2.3) .- The rudder forces in 
steady sideslips (fig. 22) were in the correct direction at all 
times. However, at low speeds 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 a.t 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-4 and E-5) .-

Rudder control power and control forces in steady strai@t 
flight (E-3.1 and E-5) .- The rudder and aileron angles and 
control forces and the-anele of sideslip required in steady, 
straight, unb8llked flight were measured for various configura
tions during the sta.tic-longitudiMl~tabillty tests end. are 
plotted in figure 23 as a function of airspeed.. It is seen 
that, as required bY' reference 1, the rudder control was 
suf:?icient 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 50 to either side 
of the wings-level value in the approach configuration at the 
specified speed. 

It is est1mated from the data of figure 23 that the 
rudder control force required at limit diving speed, with the 
tab set for zero force in level flight in the power-on-clean 
configuration, would be apprOximately 150 pounds, considerably 
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 r.ldd.er, in conjunction with other 
means of control, was adequately powerful in taxiing, take
offs, and landings. With suitable tab settings" the associated 
control forces vere not excessive. 

Rudder control pover and control forces in abr.lpt ex! ts 
fran turns (E-3.5, E-4.1J_.- Abrupt exits were made frcm---'---
steady 45°-banked turns, left and right, a.t average indicated 
airspeeds of 140 mph and 120 mph for fla.p- and gear-up and flap
and gea.r~own configurations, respectively. In these maneuvers 
various amounts of rudder deflection were abruptly applied 
s:ilnultaneously with full aileron deflection. Figure 24 gives 
typ~cal time histories of those maneuvere in wh-ich slightly 
fa-.; )1'8.01e sideslip was obtained. The rudder control forces 
were genera.l1y high, especiaJ.J.y in exits fl~om left turns, but 
did not exceed substantially the specified value of 180 pounds, 
and the requirement liiiiiiiiIissentiallY was satisfied. , 

_" - ".'~;' ·-,7~" 
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Rudder control nower 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 ge8.I'
up condition at average indicated airspeeds of 153 and 250 
miles per hour. In these maneuvers the pilot abruptly deflected 
the rudder various amounts and. attc!!!pted to hold the ailerons 
in the trim position. The results of these tests, showing the 
effectivenoss_of the rudder in producing roll e-~d yaw, are 
given in figure 25. The dihedral- effect at these test speeds 
was considered satisfactory by the pilots. 

Directional tI:immingq,evi£!LlI-Q1.- The rudder trim tab main
tained a given setting indefinitely unless changed manually. 

Analysis of the data. of figures 22 and 23 indicates that the 
rudder trim tab 'Was sufficiently powerful to roduco the rudder force 
to zero in straight, steady, unbankcd flight in the power-on-clean 
and glide configurations over the spoed ranges specified in reference 1. 
It is estimated that the maximum tab angles required to meet the 
requirement are 14.50 left and 3.0° left for the power-on-cloan 
and glide configurations, respectively. 

Lateral. stability and Control (F) 

Dynamic lateral stability (F-l) .- No aileron overbalance or 
flutter was noted during the flight -test program. 

The data of figure 21, which vere discussed previously in the 
section on dynamic directional stability, show that, on the D8sis 
of cycles to damp to one-half amplitude, the requiroments of 
reference 1 on lateral-dynamic stability were met at low altitudo but 
were not met at high al ti tude. Oscille.tions were also mn.de in wicb 
the pilot attempted to hold the ruddor fixed after the initial 
disturbance; only a slight improvement in damping resulted from 
this procedure. The pilots described the dynamic lateral and 
directional stability of the airplane as weak. 

Static _lateral stability (F-2).-

Lateral stability in steady sideslips (F-2.1, F-2 .4) .--
The variations of a.ileron deflection with sideslip angle plotted 
in figuro 22 show positive stick-fixed static lateral stability 
(dihedrnl effect) in all test conditions. The stick--freo 
stability, indicated by tho aileron-force data, is positive 
in all cc..ses except in the approach and wave--off configurations 
at low Rpeed (figs. 22(e) and 22(g)), in which cases the eiloron 
control force did not chango with sideslip angle, an indication 
of neutral stability. The pilots considered the lutorel static 
stabili ty satisfactory. 
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Side force in steady sid.esliEs (F-2.Jl.- In figure 22 
right angle of bank alvays aCCOJllI,anies rif3ht sideslip fram tr:im 
and vice versa, and he~ce the variation of side force with 
angle of si~eslip was in the propor direction. 

Aileron control pOYer and control forces (]'-3, F...J.a., F-5) ,-

Aileron control power and control :forces in ailer~qp.s 
(F-3.l, F-3.2, F-3.3, F-3.4, F-3.5, ~l, F=4.g:[- Abrupt, 
rudder-f'1xe<\ aileron rolls were mado vi tb the :flap am gear 
both up am down at various airspeeds. While the airplane vas 
triJJJmed in steady; straight, un"ba.nked. flight, the control stick 
was abruptly deflected laterally and hold until maximum rolling 
veloci ty was attained. For the flap- and: gcar-up tests tho 
power was varied to A!l8intain level flight (norma). rated power 
for the high-spoed runs), and for the flap- and gear--d.own runs 
the ongine was throttled. Soveral left and. rIght stick deflec
tions were used at each speod. 

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

Valuee of maximum pb/2V obtainable with full stick 
deflection or a 30-pound control force, derived from figures a6 
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, compared with the specified value of 0.09. 
At higher speeds the max:illlum valucs of pb/2V vere seriously 
l:1mItod by high control forces; however, the extrapolation 
shown in figure 28(a) indicates that the required value ot 
0.015 at 423 miles per hour (95 percent of the limit diving 
speed at 10,000 ft, as given in reference 2) would probably 
be obtained. For tho flap- and gear-down conditIon, :f'igare 
28(b) shows values ot pb/2V ransing from 0.06 to 0.076 
as compared vith the specit1ed vnJ.ue of 0.07. the product 
of P x b (for full: control throw) at 105 mil.es par hour 
was approy.imo.toly 20 foot per socond, well over tho specifiod 
minimum of 10 foet per second. 

Aileron control forces in high speed dives (F-5).· The 
data o:f figure 23 show desirably small cha:ngos in aileron 
control force with speed in steady, straight, unbankod flight 
in all conditions. Figure 23(b) indicates that the force 
change in going irOlll Uiaiiinr.Im l.evel-flight speod (approx. 290 mph) 
to limit diving speed (445 mph at 10,000 tt) probably would 
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not exceed to any approci~ble degree ~~e specified maximum 
of 10 pounds. 
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Ln.tcrnJ.. trimming devices (F~) ,- The aileron trim tab main
tained a given setting unless changed mnnuelly. 

The aileron control force could bo reduced to zero over the 
required speed rango in the requirod configurctions. 

Stc:lllng Chnrc..ctoristics (G) 

Stalls from ~ight flight.- Time histories of stalls entorod. 
slowly from straight flight in vnrious configur~tions nrc presented 
in figure 29. The stell wnrning was considered unse,tisfactory in 
nll configurations. Thore 'Was no W"....rn~'"g in the form of mcrked 
increase in rc.tc of rearwn:rd stick tra',-el noar tho stall. Thoro wn.s 
slight buffoting ond control-surfn.co tugging in some of the stnll 
entries, but those woro not definite enough end did not occur soon 
enough to be considered satlafuctory stoll Wf'..rning. The mest nearly 
satisfc,ctory 'WErning occurl4 ed in tho pO'wer-on-clean configuration 
(fig. 29(b» in 'Which kil buffeting combined with smcl.l amplituda 
pitching und rolling motions to produce a wurning which was 
termed I1fairl1 by the pilot! Tho ai~lane,_~~~.,_to _l?i-:~c~,_~~<D?d 
roll simultaneously at the s~ The pitch-down was reinforced-by 
a -rorwnxa recovery motian-of the stick. In the powor-off configura
tions the roll-off was mild end inconsistent in direction. With 
power-on the roll-off wus to the lcfjt...and was termed ':obrupttl with 
flcp and genr iIdwn "(?igs. 29(d) =c.~o)). The motions'of"tne 
airpl3D.e in the stcD were not considered unduly severe, and recovery 
wr!.S readily accomplished. by narmnl control manipulation. 

staJ] s from tu...""'Iling flight.- In figure 30 are presented time 
histories of stells entered from left turns in vo.rious configurations. 
The stall warning W"...B deficient in cl.l configure.tions. Tho pil:)t 
reported a "flapping" sound on the Crul0PY in the glide configuration 
but did not consider this a sc.tisfnctory warning, and reported 
virtually no stall wurning in the other configurations. As vm.s the 
case in straight flight, the airplane tend~d to nose down end r(jJl. 
simul tanoously at tl:) stall :In-tliepower~n c'Ql1:fi~~aiis "th'cre 
Wuff-~~8!P_~~~QJ-f-1in-to the tum fci~';--the-"test --turns). The 
stalling chnTacteristics in the ~P?,clL@q._ .. ~e~~f ~onfigura~s 
(figs. 30( c) and 30( d» yerEl.,_~gJ:J,Sid.a.re_<L.p.~:U,CJJ.lo.rJ.;f-~1iliibJ..e.
Normal use of the controls alwc.ys resulted in sc.tisfactory recovery. 

Summ~4y of Flying Qualities 

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

,. 
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COliCWSIOlIS 

The following conclusions, baaed on the test results, pilots' 
opinion, and the requirements of reference 1, can be drawn with 
re813Xd to the flyine; qualities of the F4u-4 airplane. 

1. ihe ahor't-i>eriod control-free oscillations of the elevator 
angle and the nomal acceleration were satisfactorily damped. 

2. 1be most rearward. center-of-gravity locations for satis
factory static longitudinal stability, as determined by the control
force variations for the specified speed ranges and trim conditions, 
are approximately 33, 30, and 27 percent M.A.C. for the glide, 
power-on-c1ean, and approach configurations, respectively. 

3. Use of a spring in the elevator control system gave some 
_ improvement in the stick-free static longitudinal-stability 

cha..~cteristics at lOY speed. However, excessive push elevator 
control forces wers required. when the elevator trim tab was left 
in the level-flight trimposlticn during dives. 

4. In steady turns the elevator control torce varied smoothly 
wi th change in normal. acceleration, but the force-curve slope decreased 
progressively with increased acceleration. 1be conditions for which 
control-force gradients at 3 to 8 pounds per g were obtained were all 
seriously limited by sizable changes in the gradient vith center-of- -
gravity location, ail~apeed, altitude, acceleration factor, and 
direction of turn. 

5. 1be elevator control W8.8 adequate for take--cl'fs with the 
center of gravity at its most rearward test location (0.325 M.A.C.) 
end. tor landine;s 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 vas suftl~iently powerful. 

8. The directional dynamic stability was positive, although 
the rudder did not damp within one cycle. The lateral oscillation 
~s satisfactorily damped at lov altitude but not at high altitude. 

9. The changes from trim value of rudder angle and rudder 
control force varied smoothly vi th angle of sideslip over a ± 150 

aideslip range in all required conditions, an indication of positive 
rudder-fiY..ed. and r'tlddcr-free static directional stability. At lOY 
speed in the pover-on-c1ean configuration, however, marked lightening 
of the rudder control force (which approached reversal) was experienced 
at high angles of right Si~~{ 

-
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10. The yQ.w due to c..brupt :full c..ileron deflection at low speed 
w:1S not excessivo. Thoro was c.dcqun.te rudder control to hold trim 
sideslip with the specified control force of 180 pounds. 

li. Both the rudder and c.i1eron control were sufficiently 
powerful for stoudy, st:ro.ight, unbcrlked flight over the speed ?~nge 
in a.1l conditions. Howover, the crumgos in rudder control force 
with airspeed wore excessive. 

12. The rudder, in conjunction with other monns of control, 
was adequately powerful in tnxiing, t.:::kc-of'fs, and lnndings. Wi th 
sultublo tab settings the associctod control forces wore not 
excessive. 

13. The rudder and n.i1eron triln tabs were sufficiently 
effective. 

14. The stick-fixed stctic lctoral stc..bili ty (dihodl--d effect) 
wes positive in Qll conditions, but the stick-froe dihedrul offect 
wa.s neutral n:t low speeds with f'lups end gcc,r down, pew0r on. 

15. ~e v2.riat~_on of side force with 3llgle of Sideslip '-TaS of 
the proper sign . 

16. In abrupt,rudder-fixcd" n.ileron rolls the mc.ximu:rn pb/2Y 
and chnnge in uileron control forco vQried smoothly with n.iloron 
deflection. '!he IllUXimum pb/2V for full aileron deflection at 
low :md nonnc.l speeds in ~o elenn configurc.tion w:J..S only c..bout 
0.064. 

17. The stalling ch~Qcteristic6 in strc..i~lt flight were 
considered fair in the clenn conf'igurQ.tion. Werning wn.s Inc..dequc..to, 
but the motions in the st..'1.ll were not violent. "lith flc..ps ond goor 
down in strn.:!.ght flight, und in all conf'igurations in turning 
flight, there was insufficient stnll W2.rning. In all cc..ses prompt 
rocovery could be cf~ectod with normul use of the controls. 

Amos Aeronautical Laboratory, 
National Advisory Ccmm1ttee 

Moffett Field, Calif. 

Cl~il.);_~. ") j. L '-. [SeQ}, ) () 
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Robert M. Reynolds, 
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Figure 1.- Chance Vought F4u-4 airplane as instrumented for flight 
tests. (a) Three-quarter ~ront view. 

Figure 1.- Concluded. (b) Three-quarter rear view. 

Figure 2.- Three-view drawing of Chance Vought F4U-4 airplane. 

Figure 3.-Variation ~f elevator angle witb 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 with pedal position. 
Measured on the ground with no l~ad on the surface. 
Chance Vought F4u-4 airplane. 

Figure 5.- Variation of aileron angle with stick position. 
Moasured on the ground with no load on the surfaces. Chance 
Vought F4u-4 airplane. 

Figure 6.- Variation of elevator balance-tab angle with elevator 
angle. Chance Vought F4U-4 airplane. 

Figure 7.- Variation of left aileron balance--tab angle with left 
aileron angle. Chance Vought F4U-4 airplane. 

Figure B.-Variation of control force with control surface position. 
Controls moved slowly wi tb airplane at rest. Chance Vought F4U-4 
a5rplane. 

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 pressure altitude, 
7000 feet. 

Figure 9.- Concluded. (b) Average pressure altitude 25,400 feet. 

Figure 10.- Variation _of elevator angle and elevator control force 
Wi th airspeed in steady straight unbenked flight. Chance Vought 
F4u-4 airplane. (a) Glide configuration. 

Figul~e 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) Londing configuration. 

Figure 10.- Continued. (f) Approach cont:i.guration. 

Figure 10.- Concluded. (g) Wave-orf conf"iguro.tlon. 

Figure li.-Variation of' ncutraJ.-polnt location with lift coef'ficicmt. 
Approximate altitude 9000 feet. Approx1l!late weight 12,200 pounds. 
Chance Vought F4U-4 airplane (a) Stick fixed. 

Figure li. Concluded. (b) Stick free. 

Figure 12.- Variation of elevator control force with airspeed in 
steady, straight, unbanked night 'With and without spring instaJ..led. 
Chance Vought F4u-4 a.irplane. (a) Landing configuration, center 
of' gravity 0.298 M.A.C. (b) Approacb con:figur~tion, center of' 
gravity 0.300 M.A.C. (c) Wave-of'f' configuration, center of gravity 
0.298 M.A.C. 

Figure 12.- Continued. (d) Glide configuration, center of' gravity 
0.313 M.A.C. 

Figure 12.- Concluded. (e) Power ·on-clean conf'iglL1"8.tion, center of' 
gravity 0.313 M.A.C. 

Figure l3.-Val1 iation of elevator angle and elevator control f'orce 
wi th normal acceleration factor in steady tu..1"IlS. Power-on-cle~ 
configuration. Avorn.ge pressure altitude 8500 feet. Chonce 
Vought F4u-4 airplane. (a) Left turns. 

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

Figure l4.-Variation of elevator angle and elevator control f'orce 
wi th normul acceleration factor in steady turns. Power---on-clean 
configuration. Average pre.ssure altitude 25,000 feet. Chance 
Vought F4U-4 airplane. (a) Left turns. 

Figure 14.- Concluded. (b) Right turns. 

Figure 15.- Variation of elevator control force gradient with 
center-of'-gravity location. Flaps and gear up, normal rated. 
power. Chance Vought F4u-4 airplane. (a) Average pressure 
altitude 8500 feet. (b) Average pressure altitude 25,000 f'eet. 

Figure 16.- Variation of elevator control-force gradient l:'Ee/MZ 
in abrupt pull-ups wi tb dura.tion of' maneuver. V i ~ 200 mph. 
Center of' gre.vity a.t 0.318 M.A.C. Altitude ~ 8500 feet. Chance 
Vought F4u-4 airplane. 

• 
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Figure l7.-Variation with airspeed of elevator angle and elevator 
control force required for landing. Chance Vought F4U-4 airplane. 

Figure lB.-Variation with airspeed of elevator control force in a 
dive, with and without spring installed. Trim speed 290 mph. 
Chance Vought F4u-4 airplane. 

Figure 19.- Variation of elevator angle and elevator control force 
with angle of steady sideslip. Chance Vought F4U-4 airplane. 
(a) Power-on-clean conf'iguration, Vi :; 142 mph. (b) Power-on
clean configuration, Vi ::: 350 mph. (c) Approach configuration, 
Vi :; 95 mph. 

Figure 20.-Variation of elevator trim-tab effectiveness parameter 
wi th lift coeff ic ient . Chance Vougbt F4U-4 airplane. 

Figure 21.- Typical time history of r~der-free directional and 
lateral oscillations. Power-on-clean configuration. Chance 
Vought F4U-4 airplane. (a) Pressure altitude ~ 5500 feet. 

Figure 21.- Concluded. (b) Pressure al.titude :::: 25,5000 feet. 

Figure 22.- Characteristics in steady sid.eslips. Chance Vo~t 
F4tJ-..4 airplane. (a) Glide configuration, Vi:::: 1.40 mph . 

Figure 22.-- Continued. (b) Pover-on-clean configura. ti on, 
Vi - 140 mph. -

Figure 22.- Continued. (c) Power-on-clean confi~~ation, 
Vi :::: 350 mph. 

Figure 22. - Continued. (d) Landing configuration, Vi:: '100 mph. 

Figure 22.- Continued. (e) Approach configuration, Vi :::: 100 mph. 

Figure 22.- Continued. (f) Approach configuration, Vi:::: 140 mph. 

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-o~onfiguration. 

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

Figure 23.- Continued. (d) Approach configuration. 

Figure 23.- Concluded. (e) Wave-off configuration. 
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Figure 24.-- T:ilne histories of aileron;"Udder rolls out of turns of 
about 450 bank. Chance Vought F4u-4 airplane. (a) Clean, 
power for level flight, 140 mph. 

Figure 24.- Concluded. (b) Approach configuration, 120 mph. 

Figure 25.- Characteristics in aileron-fixed rudder rolls. Power-on
clean confi~"ation. Chance Vought F4u--4 airplane. (a) Vi ~200 mph. 

Figure 25.- Concluded. (b) Vi :: 302 mph. 

Figt:.:r.'e 26.- Variation with change in total aileron angle of maximum 
p~i2V and change in aileron control force in abrupt rudder-fixed 
rolls. Flaps and gear up, power on. Average altitude 8500 feet. 
Chance Vought F4u--4 airplane. (a) Vi:::: 145 mph. 

Figure Z~.- Continue '; . (b) Vi :: J.97 mph. 

Figure 26.- Continued. (c) Vi III 253 mph. 

Figure 26.- Continued. (d) Vi % 305 mph. 

Figure 26.- Concluded. {e} Vi :: 354 mph. 

Figure 27.- Variation with change in total aileron angle of maxim'!.'-;' • 
pb/2V and change in aileron control force in abrupt rudder-fixed 
rolls. Flaps and gear down, power off. Average al ti tude 8500 feet. 
Chance Vought F4u-4 airplane. (a) Vi :::: 102 mph. 

Figure 27.- Continued. (b) Vi :: 117 mph. 

Figure 27.- Concluded. (c) Vi :: 137 mph. 

Figure 28.- Variation of maximum pb/2V ,nth indicated airspeed. 
Chance Vought F4u.-J.t. airplane. (a) Flaps and gear up, power on. 

FigtU"e 28.- Concluded. Co) Flaps and gear down, power off. 

Figure 29.- Time histories of stalls entered fram steady, straight, 
unbanked flight. Cbance Vought F4u-4 airplane. (a) Glide 
configuration. 

Figure 29.- Continued. (b) Power~lean configuration. 

Figure 2Q.- Continuf'i. (c) La~ing confi~xration. 

Figure 29.- Continued. (d) Approach ccnfiguration. 

Fi£,'UI'e 29.- Concluded. (e) Wave-off configuration. • 
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Figure 30.- Time histories of stal.le entered. fram turning flight. 
Chance Vought F4u-4 airplane. (a) Glide configuration. 

Figure 30.- Continued. (b) Pmrer-on-elean configuration. 

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

Figure 30.- Concluded. (d) Wave-of'f configuration. 

Figure 31.- SUIIIIIarY of fly1.ng qualities of a Chance Vought F4U-4 
airplane • 
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(a) Three—quarter front view.

Figure 1.-- Chance Vought F4U- -4 airplane a,s instrumented for flight tests.
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Figure l.— Concluded.
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