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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Bureau of Aéronautics, Naﬁy'bepaftment
FLIGHT MEASUREMENTS OF THE FLYING QUALITIES
OF AN F6F-3 AIRPLANE (BUAER NO. 0L776)
T - LONGITUDINAL STABILITY AND CONTROL
By Walter C. Williams and John P. Reeder

INTRCDUCTION

At the request of the Bureau of Aeronautics, Navy
Department, flight measurements were made of the handling
qualities of an FéF-3 airplane. Thirty flights were made
covering the period from February 1 to May 15, 19Ll.

This test program was conducted at the Langley iield _
laboratory of the NACA. The present paper gives results
of tests made to determine the longitudinal stability
and control of the subject airplaae. The remaining
portion of the investigation, which includes the lateral
and directional stability and ccatrol. and the stalling
characteristics, will be covered in two later reports.

ATRPLANE

The F6F-3 i3 a single-englne, single-place, low-wing
fighter-type monoplane. Figures 1, 2, and % are general
views of the subject airplane. A three-view drawing is
glven in figure [,. Pertinent details and dimensions of
the F6F-3 airplane are as follows:

Name and type s e e e e e e v o . . Crumman F&F-3
Engine . . . . . . . . . . . Pratt & Whitney R-2800-10
Rating:

Take-off, BD + . . + « o+« « 2 4 o 0. ... . 2000
Maximum continuous, hp . . . . . 1675

Military . . . . . . . . . .. . 1650 hp at 25,000 rt
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Supercharger (two-speed, two-stage):

Main stage blower ratio . . . . e ... T.801

Low blower ratio . . « . . « + « 4 o W o . 6.{6,.

High blower ratio . . . . . . .+ . . e T.%3:1
Propeller . . . . . . « Hamilton Standar” H"Qoua»Lc
Diameter . . e e e e e e e e e e e 15 ft 1 lu.
Numbker of blades e e e e e e o e e e . . 3
Gear ratio . . . .« .+ « . . . . . 201
fuel capacity, gl . . . o o e . . 250
0il capacity, ﬂal e e e . . . . 19

Weights as flown for tests-
c.g. at 2.4 percent
(wheels up), 1o . . . .. . . 10,600 (at take-off)
c.g. at 28.5 percent
(wheels up), b . . . . . . 11,300 (at take-off)
c.g. at 31.2 percent - '
(wheels up), 1 . . . . . . 11,500 (at take-off)
Service loading:
Normal fighter, c.g. at 25 percent

M.A.C. (wheels up), 1b . . . v .. 11,36l
Overload fighter, c.g. at 26.1 percent
. M.A.C. (wheels up), & . . . . . . . . . . 12,15%
Wings ]
Span, ft . . . . . . . . . C e e e e e e o h2.333
Area (including ailerons and
section through fuselage) sq ft . . . . . . . 324
"~ Airfoil section root . . . . NACA 2%2015.6 (modified)
Airfoil section tin . . . . . . . o .+ . . NACA 23009
Aspect ratino . . . . ¢ - o o e e 0 0 e 4o . B.B
1 T 1 - YR « A [
L.E. M.A.C. aft L.E. station 75, in. . . . 2.7
Taper ratio . . + .« ¢ ¢ ¢ 4 o e 0 e e e 4 e e . 22l
Dihedral (from station 75 to tip), deg . . . . . . . . 7%'
Incidence from thrust axis, deg . . . . « « . « . . )
Wing flaps (NACA slotted)
Area, sq ft . . e e e e e e e e e . 39.8
Span, ft . . . . . e e e e e 12.17
Deflection, under no load deg « e . . . <. 50
(Por deflection under aerodynamlc 10adS Jee Iollow ng
description)
Allerons:
Span, ft . . R T

Area (aft hlnge line),each sq itk
Area (forward hinge line), each, sq ft . . . . . 2.1

\
o~ CO~J
<O N

Alleron chord, vercent wing chord . . . . . . .
Inboard end of alleron from ¢ of
alrplane, percent semispan . . . . . . . . . o
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Horizontal tail:

Span, £t « . v ¢ v v e v e e e e e e e e ... . 18,
Area, sq ft . . . . C e e« « « . . 77.8
Incidence from thrust ax is L.E. up, deg e e s e e i
Stabilizer area, sq £t . . . . . R I I
Elevator area (aft hinge line .

including tab),sq £t . . . .« . .. . . . . 2%.73
Elevator balance srea, sq ft . . . . « .« . .
Elevator trim-tab area, each, 8¢ £t . . . . . .

Vertical tail . .

Area, sg ft . . . . - u
Nffset from thrust ax1s CeZ » ¢ v e e e e
Fin area, sq ft . e e e e s e e e e s ld 5
Rudder area  (aft hinge line »

including tab), sq £t . . . . . . . . . . . 9.0
Rudder horn-balance area, sq ft . . . . . . . 0. 676
Rudder trim-tab area, sq ft . . . . . . . . . . 0.62

The flaps on the subject airplane are of particular
interest. The flaps are Iin four segments, as shown in
figure li. These flap segments are not interconnected.
Filgure 5 shows the position of the flaps when deflected
under no load. The flans are spring-loaded, however,
and under aerodynamic loads each segment rotates inde-
pendently abecut the hinge axis as shown in figure 5.

During the present tests, no machine guns were
installed and the gun norts were closed by means of metal
plates as can be seen in figure 2.

The relation between elevator deflection and stick
position is shown in figure 6. The elevator angles as
used in this report are in degrees from the thrust axis.
The stabilizer incidence relative to the thrust axis
1s 3°. Elevator trim-tab angles sre glven in degrees
from the elevator. A section of the elevator at a
station 60 inches from the airplene center line is shown
in figure 7. The elsvator was fabric-covered and the
bevel at the tralling edge was caused By the trailing-
edge strip not fairing with the fabric. The bevel was
not consistent along the tralling edge. The product of
the span and chord squared, on which elevator hinge-moment
coefficients presented herein are based, is 39.31 feet3.
The friction in the elevator system was approximately

fl% pound measured at the stick with the control near

neutral.
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INSTRIMENTATION

Standard NaCA photographically recording instruments
were used to mecasure the various quantities necegsary to
determine the flying gualities of the subject alrplane.
The records were synchronized hy means of a timer. The
instruments used and the guentities measured follow.

Recording instrument Quantity measured
Alrspeed recorder Indicated airspeed
Three-component - - Normal, longitucdinal,

accelerometer : - and transverse
, acceleration
Roll turn meter © Rolling velocity
Pitch turn meter Pitcring velocity
Yaw turn meter Yawing velocity
Inclinometer angle of bank
Yaw-angle recorder Sideslip angle
Stick-force recorder : Aileron and elevator
: _ , stick force
Pecal-force recorder Rudder pedal force
Control-position recorder Aileron, elevator,

rudder and landing
flap position
(measured at the
- surface)

Timer Time

The yaw vane used with the yaw-angle recorder was
mounted one chord length ahead of the right wing tip.
Indlcated airsneed was measured with a swiveling static
head and a shielded total head mounted one chord length
ahead of the left wing tip.- The alrspeed used throughout
this report, called service indicated sirspeed, 1ls the
reading of a standard Army-Navy airspeed meter connected
to a pitot static head that is free from position error
and is defined by the formula-

Vi = MB 08 fo\ae
where

service indicated airspeed, miles per hour
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o standard sea-level compressibility correction
. factor
de -. measured. difference between total and static

" press3ures with the stutic pressure corrected
for position error, inches of water -

The nosition error of the static head was determined
at low speeds by flying in formation with an airplane
which had the uirspeed measuring; system calibrated with a
trailing Lomb. The pnosition error at high speeds was
cetermined in a fly-by callbration as described in
reference 1. - . :

TESTS .

The airvlane was flown at center-of-gravity positions
ranging from 2l.l. to 21.2 percent mesan aerodynamic chord,
wheels up, and 21.3 to 29.75 vercent mean derodynamic
chord, wheels down The gross weignt at take-of'f ranged
frdm 10 6u0 to 11, 530 pounds .

mhe flight conditions used in tne tests are defined
below,

T . T ,
I s —_— : 0il and | TManifold
Condition | Flaps ~8NCINE | canopy E;w_ =1nt@rcoolﬂrf RFPM |pressure|
I gear : 8PS | shutters (in, Hg)
A —— | = T
, ) AR D : o [ . R
Gliding Up Up “losed | Closed : Closed ., | Engiie idling
: [
]
Climbing Up Up i Closed | Closed closed 2550 L3
: : o ’ i | |
Landing Down | Down ..| Open | Closed | Closed Fngine idling
Approach | Down i Down Open | Closed | Closed 2550 23
Kave-of T | Down % Down Open Open Open . | 2550 L3
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RESULTS AND DISCUSSION

The results are presented and analyzed in the order '
given in reference 2 with mention made of the specific
requirements of reference 3.

' I. Longitudinal Stability and Control

I-A. Characteristics of uncon*rolled longltudinal
motion

The characteristics of the uncontrolled longi-
tudinal motion were investigated at various speeds in the
climbing and gliding conditions with the center of gravity
at 31.2 percent mean aerodynamic chord. In these tests
the pilot trimmed the airplane at a given speed and
abruptly deflected and released the elevator control.

In the present case, all short-period oscillations damped
completely within one cycle. Typnical time histories of
this maneuver are given in figure 3 for the gliding
condition and figure 9 for the climbing condition.

I-B. Characteristics of elevatdr control in steady
flight

The characteristics of elevator control in
steady flight were obtained by measuring the elevator
angle and force required to trim at various speeds through
~ the speed range at three center-of-gravity positions in
each of the various flight conditions. The table below
lists the flight conditions, center-of-gravity positions,
:and figures in which the exverimental data are presented.

Condition | Cente?pgiggﬁiyi%z.g?iltlon Figure no.
T

Gliding 2l L, 28.5, and 31.2 10

Climbing 2l L, 28,5, and 31.2 10

Landing 21 26.5, and 28.75 ll(a)

Approach b, 26.5, and 28.75 b)

Wave-off 21.8, 26.5, and 28.75 ll(c)

£t a later date, tests were made to determine
the blow-up characteristics of the landing flaps with
speed, As mentioned heretofore, the landing flaps were
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soring-loaded so that the deflection varied with speed.

. This system is probably used on the ¥6F-3 to avoid
lnadvertent excessive loading of the flaps as speed is
increased with the flaps down. The blow-up character-
Istics were obtained 1n tests similar to those described
above and the results are shown in flgures 12 and 13 as
the variation of the deflection of the four flap segments
with service indicated airspeed. Figure 12 gives data

- obtained in the landing condition and data for the wave-
off condition are shown in figure 13.

The data presented in figures 10 and 11 were
evaluated to determine the stick-fixed and stick-free
neutral points in the various flight configurations by
the following methods. Plots were.made of the variation
of elevator angle and of elevator stick force divided by
impact pressure (F/qé)t with. C1,., Lift coefficient as
used herein is defined by the expression C(p, = i;f and
is actually normal-force coefficient. The difference
between normal-force coerficient and 1ift coefficient,
_however, is small., A typlcal plot is shown in figure 11
which applies to the gliding condition. The slopes of
these curves were taken at representative values of 1lift
coefficlent and were plotted as a function of center-of-
gravity position, as shown in figure 15 for the gliding
condition. The stick-fixed and stick-free neutral points

: : das
are the center-~of-gravity positions at which EEE
. A4(F/qc) L

and

3G , respectively, are zero, This procedure was fol-
L

lowed for the other flight conditions. The values of neutral

.points thus obtained are plotted as a function of airplane

1ift coefficient in figure 16 for the climbing and

gliding conditions and in figure 17 for the landing,

epproach, and wave-off conditions.

The following facts regarding the static longi-
tudinal stability of the F6F-3 airplane are shown by
figures 10 to 17.° »

(a) The stick-fixed neutral point in the gliding
condition varied from %6 percent mean aerodynamic
. chord at a 1ift coefficient of 0.2 to 29 percent
mean aerodynamic chord at a 1ift coefficient of 1.0.
Application of rated power (climbing condition) had
a destabilizing effect above a 1lift coefficient
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of 0.l which increased with increases in 1ift coef-
ficient. ' At 1ift coefficients below 0.l., application
of power had a small but stabilizing effect on the
airplane. ' '

(b) The stick-fixed neutral point in the landing

‘condition.varted from 35 percent mean aecrodynamic

chord at a 1lift coefficient of 0.8 to 37 percent :
mean aerodynamic. chord at s 11ft coefficient of l.h.
Ap»nlication of power with flaps down, as with flaps
up at the higher values of 1ift coefficient, had an
appreciable destabilizing effect. Tae wave-off
condition was the least stable condition tested.

. (c¢) Requirement D-5 of reference % specifies
that the stick-fixed stability should be such that,
In the gliding and landing conditions, the movement
of the top of the control stick 'shall not be less
than 1. inches in trimming from the maximum level=-

- flight sveed to stalling speed. The present data

show that the F6F-3% airplane will meet this require-
ment when the center of gravity is located forward
of 31 percent wean serodynamic chord in the gliding
condition and forward of 26 percent mean aerodynamlc
chord in the landing condition. The values of
maximum speed used were 275 miles per hour and

150 miles per hour for the gliding and landing
condition, resvectively. Requiremsnt L-6 (refer-
ence 3) also specifies that there shall not be less
than l-inch stick motion in going from the speed

for minimum power to the stall in elther the landing
or gliding condition. This latter requirement will

"be met by the F6F-3% within the center-of-gravity

range tested.

(d) The stability with stick free was less
than with stick fixed. The difference between stick-
fixed and stick-free neutral points increased with
increase in 1lift coefficient.

(e) The elevator control was such that it was
possible to maintain steady flight at the minimum
and maximum speeds required of the_airplane.

- (f) The blow-up of  the flaps did not cause any
adverse effects on the longitudinal control of the
airplane and was not apparent to the pilot.
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I1-C. Characteristics of the elevator control in
accelerated flight

The characteristics of the elevater control in
accelerated flight were obtalned by measuring elevator
angle, elevatnr stick force, normal acceleration, and
airspeed in turns during which the pilot held a constant
value of acceleration, allowing the airspeed to decrease
until the airplane stalled. Right and left turns were
made at aoprox¢mate1v'LC,ZD,ﬁggand I, g increments.
Typlcal time histories of these turns are shown in
figures 18 and 19. Neasurement were made at three
center-of-gravity positions (2h.li, 28.5, and 31.2 percent
mean aerodynamlc chordj) at 8000 fcet pressure altitude
and in addition, with the center of gravity at 2li.ly percent
mean aerodynamic chord measurenents were made at 3000,
©15,0C0, and 20,000 eet pressure altitude. In evaluating
the data obtatned in these turns, measurements from right
and left turns were plotted up separately. Fisure 20
gives the change in elevator stick Ilorce as a function
of change in normal acceleration for the three center-of-
gravity positions. tested at constant pressure altitude
(3000 feet) “ost of the cCata cover the speed range from
170 to 230 miles per hour and lucremental accelerations
up to 3g. As mentioned zbove, some turns were made to
higher acceleratinns at higher speeds, but these turns
were ratner rough an¢ yilelded only a few test points as
can be seen in figure 20. The variation of elevator
angle with airplane 1ift coefficient at various values of
normal acceleration is shown-in figure 21 for the three
center-of -gravity positlons tested. Figures 22 and 23
present the data obtained in turns made at several
altitudes with the center of gzravity at 2l.l, percent mean
aerodynamic chord. From these cdata the stabllity
criterions, stick force per unit. acceleration and change
in elevator angle with 1lift coefficient were determined.
Values of dFeg/dan were determined for a % g I1ncrement
in normal acceleration or & L g turn. The samne range of
acceleration incremsnt was used in obtaining dée/dCL.

In determining d&65/3Cy, valuss of 1ift coefficient

equivalent to 200 miles per hour were determined at each
value of acceleration and voints thus obtained were
connected with a straight line. These.lines of constant
speed are indicated in figures 21 and 23. The slopes

of these lines were taken -as the values of 48e/dCy,. The
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values of these stability criterions;. dFg/dap and
dée/dCL, were plotted as functions »f center-of-gravity
position in figure 2l in order to determine the stick-
fixed and stick-free meneuver point, The effects of
altitude are shown in figure 25 where the stability _
criterions are plotted as a function of pressure altitude.
From the curves of figures 2l and 25, figure 26 was
prepared which gives the variation.with altitude of the
range of .center-of-gravity positions which give satig-
factory values of stick Iforce per g, 3 to 8 pounds perg
(references 2 and %), - Data are shown on this figure for
right and left turns, and the double cross-hatched ares
gives the ranges over which the control forces will be
satisfactory in toth left and right turns. From the

data presented in figures 13 to 26, the following conclu-
sions can be made regurding the elevator control of the

F6F-3 airplane in accelerated flight,

(a) By use of the elevator control alone, it
was possible to develop the maximum 1ift coefficient
of the airplane in maneuvers. ¥o attempt was made
to develop the allowable load factor.

(b) The variation of elevator angle with 1ift
coefficient was a smooth curve having a stable
slope for all center-of-gravity positions and
altitudes tested. :

(c) The values of dde/dCy, and dFg/dan were

higher in right turns than left turns. The stick-
free and stick-fixed maneuver point, however, seemed
to be approximately the same in right turns and left
turns. The difference between left and right turns
would be expected to be caused by the gyroscopic
"moment of the propeller. The effect of the gyroscopic
moment of the propeller, however, should be inde-
pendent of the center-pf-gravity position.

(d) The F6F-3 will satisfy the requirement of
reference 2 that the slope of the elevator-angle
curve should be such that not less than l; inches of
rearward stick movement is rejuired to change the.
angle of attack from Cp of 0.2 to Cr, ., in

accelerated flight when the center of gravity is
ahead of 28.1 percent mean aerodynamic chord at
3000 feet or shead of 2l,.6 percent mean aerodynamic
chord at 20,000 feet.
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(e) The FAF-2 airplane will have the desired
stick force per g (3 to 8 pounds per g reguirement D-l,
reference 3) 1in right and left turns at 3000 feet
pressure altitude when the center of gravity is
between 29.% and 33.2 percent mean aerodynamic chord.
The desirable center-of-gravity rangs at 20,000 fest
altitude lies betwsen 26.6 &nd 30.5 percent mean
aerodynamic chord (see fig. 26). ’

From the data presented above, it was possible
to determine the elevator hinge-moment coefficients,
Chq and Chgs of the F6F-5 airplane. The values

were -0.0011 and -0.00%6, respectively. These
values are based on free-stream dynamic pressure.
These elsvator hinge-moment coerficients compare
favorably with those of the well-balanced elevators
that have been tested on other airplanes. It is
interesting to note that,even though the variation’
of stick force per g with center-of-gravity position
in steady turns was rather low (approximstely 1 pound
per g per nercent), the stick-force characteristics
in abrupt maneuvers were completely satisfactory
(see figs. 8 and 9). ‘

I-D. Characteristics of the slevator control in
landing '

The characteristics of the elevator control in
landing were determined by measuring the elevator deflec-
tion required to produce three-point contact in landings
made at three center-of-gravity positicns with the engine
idling and flaps full down. The results of these tests
are given in figure 27 where the elevator deflections
required to land are plotted as a function of center-of-
gravity positions. Figure 23 gives a time history of a
typical three-voint landing. 7The rudder pedal forces
shown in this figure, as well as in the time history of
a take-off presentéd below, are actually the forces used
to obtain the rudder deflections shown as the pilot did
not use the brake during the take-off or landing runs,
From the .data obtdined in the lancding tests, the following
can be concluded:

(a) The elevator of the F6F-3% airplane was
sufficiently powerful to perform a three-point
landing at the most forward center-of-gravity posi-
tion tested. This center-of-gravity position
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(21.8 percent mean aerodynamic chord), however, is
approximately the forward limit in getting the tail
down for three-point contacts.

(b) The elevator forccs of the FP6F-3 airplane
in landing did not exceed the allowable force of
35 nounds f{reference %) at the center-of-gravity
positions tested. '

; The nilots considered the F6F-3 airplane very
gasy to land. The prate of descent and glide~-path
angle in power-off approaches were reasonable.
Visibility was such during the approach that the
pilots had no difficulty in linlng up on the runway.
Once on the ground, the airplane was easily control-
lable. '

I-E. Characteristics of the elevator control in
take-off

No guantitative measurements were made of the
elevator control in take-off. The pllots reported,
however, that the elevator power at e¢ven the rearmost
center of gravity tested was such that the tail could be
raised almost as soon as the airplane started rolling. .

A time history of a typical tail-high take-off 1s shown

in figure 29. As mentioned before, the pllot 4id not

use the brakes, but was able to keep the airplane straight
using the rudder alone..

I-F. Trim changes due to power and flaps

The trim changes caused by changes in flight
configuration were messured at a speed of approximately
107 miles per hour with the center of gravity at
2li.l; percent mean aerodynamic chord wheels up or
21.8 percent mean aerodynamic chord wheels cown. For
these tests the pilot used a given trim-tab setting as
the flight configuration was changed and measurements
were made of the control forces required to maintain
constant speed. The results of these tests are given in
table I. The full tail-heavy trim-tab setting given in
this table corresponds to trim for landing. As can be
seen by inspection of the table, all changes in trim
forces were within the specified limit of 35 pounds as
stated in references 2 and 3.
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i-G; Craracteristics of the longltudinal %rimming
- device

The power of the elevator trim tabs was measured
at various speeds in the gliding and climbing condition,
In these tests, the elevator force required to trim at
various speeds was measured with two trim-tab settings.
The data obtained are presented in figure 30. These data
were used to determine the change in c¢levator stick force
per degree trim-tab deflection, This factor is plotted
as a function of speed in figurec 21. The change in
elevator hinge-moment coefficient ver degree trim tab is
shown as a function of indicated airspeed in figure 32.

From the data obtained, the following conclu-
sions may be drawn, :

{a) The elevator trim tab was adequate to reduce
the elevator force to zero throughout the speed
range in the climbing and lehnb condition.

(b) The elevator stick forces could not be
trimued to zero in the landing condition below
120 miles ner hour at the most forward center of
gravity used in the tests (see {ig. 12(a)).

(¢) The propeller slinstream had considerable
effect on the effectiveness of the trim tab as can
be seen by comparing the change in hinge-moment
coefficients for the gliding and climbing condltion.
shown in figure 32.

CONCLUSIONS

In general, the pilo*s were iavordbly impressed with

the longitudinal stability and control of the POF-3 air-

plane. They considered 1t an easy airplane to fly. The
control forces in abrupt and steady maneuvers were
satisfactory. Also, the airplane was very easy to land,
The results of the tests described herein showed the
following details. concerning the longvtudlnal stability
and control of the F6F-3 airplane.

1. The short-period longitudinal oscillations of
the Fé6F-3 airnlane were completely damped within one
cycle
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2. The neutral veint (sticlk fixed) in the gliding
condition varied from 36 percent mean aserodynamic chord
at a 1ift coefficlent of 0.2 to %9 percent mean aero-
dynamic ‘chord at a 1ift coefficlent of 1.0. Application
of rated power (climbing condition) had a destubilizing
effect above a 1lift coefficlent of 0.l which increased
with increase in 1lift coefficient. In this condition’
the neutral point was located at 31.5 percent mean aero-
dynamic chord at a Cr, of 1.0. At 1lift coefficients
below 0.l., application of power appeared to have a smdll
stabilizing effect.

5. The use of flaps had a destabilizing effect.
The stick-Iixed neubtral point in the landing condition
varied from 35 percent meéan aerodynamic chord at a Cf,
of 0.8 to 27 percent mean serodynamic chord at a Cy,

of 1.i. The effects of power and flaps combined to
make the wave-off the least stable condition tested.

I The stability with stick free was less than
stick fixed. The difference between stick-free and
stick-fixed stabllity incressed with increase in llft
coefficient,.

5. The stick force per g in maneuvers was satis-
factory (3% to 8 pounds per g) at 3000 feet altitude for
a center-of-gravity range between 29.5 and 3%2.2 percent
mean aerodynamlc chord. The desirable center-of-gravity
range at 20,000 feet altitude lies between 26.6 and
20.5 percent mean aerodynamic chiord.

6. The elevator provided adequate control in take-
off at the most rearward center of gravity tested. '

7. The elevator power in landing was sufficient to
effect three-point contact with the center of gravity
aft of 21.5 percent mean aerodynamic chord.

8. The longitudinal trim changes due to power and
flaps were within the specified limits.

9. The elevator trim tab was sufficiently powerful
to trim the airplane as desired throughout the speed
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range in all flight conditions except.below 120 miles
per hour in the landing condition.

Langley Memorial Aeronautical Laboratory
National Advisory Committes for Aeronautlcs
Langley Field, Va.,, Februery 13, 19L5
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‘TABLE T
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Flight condition

Elevator force

Trim tab 14°
(full tail heavy)

Trim tab 0°

Landing 7.g pull 18.0 pull
Approach é.t push 13.L pull
Wave-off 21.5 push 11.8 pull
Gliding 6.3 push 8.0 pull
Climbing 27.2 push L.3 pull

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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c With airplane

1ift coefficient, gliding condition, FoF-3 airplane.

Figure 14, - Variation of elevator angle and Fg/q
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Figure 15

gravity position, gliding condition, F6F-3 airplane.
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Figure 16, - Variation of stick-fixed and stick-free neutral

points with airplane 1ift coefficient, gliding
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T v T
] BN EiE g IR jikda chasidd i 55
S TS 222 s i
g a i it ;i i
i i H i b it essat A eeaay LR i i
L A e T o S R e e s 1 H
£ hSh fEicd EeeE + St i i it
S, P T HE 33t Hisice 1 s Eii R il
o R i i SR i f
B i e il =
it £ i
T ] H 1 i + B Hilt
hissss ity 3 fiaiets L s
i i skt i
B L : iEHHHTHIT
] R IH LHERHEN T B T e et e
: i Shh saiie s g +
i3 < 11§ 5 b33t 1 i : .w«
o T i
THHEH L
: f , . +
: T f il 2 i $i
i i E it i i1 ess
i 7 5
+ ] ) 1] i 3
23
T i 5 izt
‘ Hifiss : i
i ! il it i
i T R it
F o4 + S 1t
3 it i & sk 3
: H
iR i sss e e i HHE = HiE i
R sEss ERpRg oS : SRR RS £
i + 3
i poege
i
& I
53 H 3 1 i)
: = di
Hits
s HET i it
+ i T L
i ! HElL R T
: e A T i s T
lHi {

Figure 18, - Time history of a typical wind-up turn to the right,
center of gravity 28,5 percent M.A.C.$climbing
condition, FbF-3 airplane,
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Figure 22, - Variation of change in elevator .stick force with chan
in normal acceleration in wind-uy
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Figure 24, - Variation with center-of-gravity position of stick force
per g and dse/dc in turns made at 8,000 feet pressure

altitude, F6F-3 alrplane.




MR No. L5B13

Figure 25. - Variation with altitude of d8g/dCy and dFg/day 1in
wind-up turns, FoF-3 airplane.
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Figure 28,
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