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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT
for the'

Bureau of Aeronautics, Navy Department
MEASUREMZENTS O FLYING QUALITIZS OF
A CURTISS SB2C-1 AIRPLANE
(NO. 00014)

By W. H, Phiilipé, W. C. Williams,

and He. Hs, Hoover
INTRODUCTION

At the request of the Bureau of Aeronautics, Navy
Dapartment, the flying qualities of a Curtiss 3BeC-1 air-
plane (No. 00014) have been measured. The tests were
conducted at Langley Field, Va., between April 27 and
May 22, 1943%. ‘In addition to complete tests of the
airplane in its original condition, tests were made to
determine the effect of a bobweight in the elevator
system, and the effect of seals in the alileron gaps.
Fourteen flights and approximately 18 hours of flying

. time were reguired to comrlete .the tests. Measurements

of structural loads were made on two other Curtiss
SB2C-1 airplanes, Nos. 00056 and 00140. Certain addi-
tional information with regard to the flying qualities
that was obtained in these investigatlons is also

. presented.,

 DESCRIPTION, OF THE CURTISS SB2C-1 AIRPLANE

The SR2C-1 airplane is a two-place, single-engine,
low-wing cantilever monoplane with retractable landing
gear and partial-span split flaps (figs. 1 to 4). All
data given in this report apply to airplane No. 00014
unless otherwise, noted. Airplane No. 00056 did not
differ from No. 00014 except in minor details of the



canopy and radio installation. Airplane No. 00140 was
equipped with a more rigid wing and stabilizer. The nose
on the elevator balance of No. 00140 was modified to

have a smaller radius, and for some flights a rudder with
twice the normal number»of ribs was used. The general
specifications of the airplane follow:
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The elsvator fabric tension was measured quantitatively
with a spscial instrument. A tension of 3 pounds per
inch 1s considered normally tight.

The relation between control deflections and stick
and rudder pedal positions with no load on the surfaces
is given in figure 5. BElevator and rudder angles are
given with respect to the thrust axis throughout this
report. Tab settings given on the figures refer to trim
tab angles, not cockpit-indicator readings. Sections of
the horizontal tail, vertical tail, and aileron installa-
ion are given in figures 6, 7, and 8, respectively. The



lettered sections given on these figures correspond to
the lettered sections given on figure 4.

The product of the span and chord squared, on which
hinge-moment coefficients for the various control surfaces
are bascdy is 'as follows:

ElevatOr..4=..... e© © 0 3 0 8 0 00 6 ae aC 0 e &0 002 000 00000 OO C GO 00O 48
Aileron (each) “l.l... ﬂ."'ooﬂ.ﬂln'll.o.....‘ooool.‘ ?32.2
Rudder......I.I.I.0.0'&.‘0'.000....-000000.0.0..0.0. 44.5
The friction of the control system was as follows:
1. Elevator-control system *5 pounds

2e Alleron-control system *4 pounds

2. Rudder-control system - Friction varied with
rudder position (See fig. 9.) At large deflection, the
force required to move ths rudder on the ground was due
in part to springiness in the control system.

The elevator and alleron friction was about the -
maximum allowable under Requiremsnt C~8 of rsfersnce 1.
The rudder friction at most rudder positions exceeded
that allowable under the above requirement.

Figure 10 gives a drawing of the bobweight in the
elevator-control system as used in the longitudinal sta-

bility and control tests at the more rearward center-of-
gravity positions.
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MANTATION

Standard NACA photographically recording instruments
were used to measure the various guantities necessary to
determine the flying qualities of the subject ailrplane.
The records were synchronized by means of a timer. The
instruments used and the guantities measuvred follow:




Recording instrument Quantity measured

Airspeed recorder Indicated airspeed

Three-component Normal, longitudinal, and
accelerometer transverse acceleration

Roll turn meter Rolling velocity

Pitel. turn meter Pitching velocity

Inclinometer Angle of bank

Yaw-angle recorder Sideslip angle
Stick-force recorder : Aileron and elevator stick
) force :

Rudder-force recorder Ruddsr—pedal_force

Control-position recorder Rudder, slevator, and aileron
position (me ,asured at the
surface) :

Timer Time

The yaw vane used with the yaw-angle recorder was
mounted 1 chord length ahead of ths left wing tip.
Indicated airspeed was measured with a swiveling static
head and a shielded total head mounted 1 chord length
ahead of the right wing tip. . The airspeed used. through-
out this report, called correct service inq1cated air-
Speud 18 deflned by the formula:

Vy = 45.08 £, \/—C,

where

Vi correct servics iﬁdicated‘airspeed, miles per houf
:t“o'~ standard sea-level compressibility correction factor
Q4 measured difference between total and static pres-

sures corrected for pitot-static position error,

inches of water

(Note that this indicated airspeed corresponds to the
reading of a pilot's meter connected toc a pitot-static
installation that has no position error.)




TESTS

The airplane was flown at center-of-gravity loce-
tions ranging from 23.8 to 31.3 percent M.A.C. The gross
weight varied from 12,000 to 12,700 pounds. There was
some forward shift of the center of gravity with gas
consumption. The center~of-gravity positions were cor-

reectsd. for this effect.

The flight conditions used in the tests are defined

below.
Bomb bay i ' Mani fold]
Conditio and Flaps Landing| Front]| Rear Cowl " pressurs
> vision P gear heod hood flaps Hips in. Hg ay
doors 5000 ft
Gliding |Closed Up Up Closed |Closed|Closed |Power| Power
off of'f
Climbing |Closed Up Up  |Closed|Closed| Open 2400 | 38
Landing |Closed Down Down Open |Closed|Closed [Fower|Power
off off
Approach [Closed |One-half Down Open |Closed! Open 12L00 | 21
down -
Wave-off |Closed Down Down Open |Closed| Open {2400 | 38
Dive flaps b i
open Open ik PS8 I up Open |0losed|{Closed (Power|FPowsr
Power off) (i off | off
Dive flaps y y
open Open  [Pive flaps | Open |Closed|Closed 2,00 | 25
(Powsr on) Spos
In additlion to the prescribed tests for the flying-
qualities investigation, tests were also made of the
longitudinal stability and control with a bobweight
requiring a pull force of 11 pounds on the stick. Details

of the bobweight installation are given

£y
19
o

LTl

figure 10.
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ESULTS AlfD 15"1",'s"é’ir‘ési‘oﬁv _

The results are presented and analyzed in the order
given in reference 2 with reference made to the SDe01fic
requirements of reference l. g ‘

14 Longitudinal Stability and Controi

I-A. Characteristics of uncontrolled longitudlnal
' motion :

The" characteristics of the uncontrolled longi-
tudinal:motion wsre investigated at various speeds through
the speed range in the climbing and gliding conditlon. In
these tests the alrplane was trimmed at the given speed

_and continuous records were taken while the pilot abruptly

déflected and released the elevator. . No/oscillation
ensued in either condition at any speed tested. Typical
time histories of .this maneuver are glven in figure 11.

“It should be noted from this figure that‘although the

elevator did not oscillate, 1t did not return to trim:

"because of the frictlon force. i

I-B. Characterlstlcs of elevator control in steady
flight , S

'The characteristlcs of elevator control 115a)
steady flight, at speeds ranging from’ the. 'Stall to moder-

‘ately high speeds, were obtalned by measuring the elevator

angle and force required to trim with at’ least two
center-of-gravity positions in each of, the various condi-
tions of flight. The following table 1ists the flight
conditions tested, the center-of-gravity position, whether
or not the bobweigbt was installed and the figures in
which the experimental data are presented.



S s 4 s - Center-of=-gravity Control 3
Flight condition DeEtEion Se e Figure no.
Gliding 24.55 and 28.0 Normal 12
Gliding | 31.3 Bobweight 2
Climbing 24.9 and 28,54 . Normal 13
Climbing 51.8 Bobweight 13
Sl T 24.4 | Normel 14(a)
Dlviggiggsog§en 29.35 Bobweight 14(a)
‘LJ : ) ’
i 24.4 Normal 14(b)
Dlv?agiggség§§n 29.35 Bobweight 14(b)
Landing 4 289 and 86 8 Normal 14(c)
Approach 24,7 and 28.0 Normal 15(a)
Wave-off 24.0, 24.3,and 27.9 Normal 15(b)

s o it Bl e S et e o i e b e S e B ' et £ B o

The directional trim éhardcterlstlcs as well as
the longitudinal stability data are included in the fore-
going figures.

The static longitudinal stability data were
evaluated to determine the ‘stick-fixed and stick-free
neutral points by the following methods. Figures were pre-
pared showing the variation of elevator ahgle Js with
the airplane 1ift coefficient ¢, for each center-of-
gravity position in various conditions of flight. Typical
figures of this type are included (figs. 16 and 17) in
order to illustrate the degree of accuracy of the data.
The slopes of these curves were measured at representative
values of the 1lift coefficient and were plotted as func~
tions of center-of-gravity position in figure 18. The
stick-fixed neutral-stability points are found from this
figure as the center-of~gravity position at which the
slope @d8g/dCT = O. Figures were also preparsed which
showed the variation of slevator force divided by dynamic

pressurs F/q with airplane 1ift coefficient. The slopes



of thess curves wers also msasured at representative 1ift
cosfficients and plotted as functions of center-of-gravity
position on figure 18., The stick~free neutral polint is
defined as ths center-of-gravity position at which the

i
slope a%i = 0., ‘Accurate measurements of the slevator-
stick forces, however, were difficult because of the fric-
tion force in the selevator-control system that caused a
force on the grip of the stick of about 5 pounds when the
8tick was moved slowly in either direction. This source
of error must be kept in mind when interpreting the
results of the elevator-stick-force measurements.

The following facts regarding the statlie longile-

tudinal stabillty of the SB2C-1 sirplans are shown by
figures 12 to '18.

(a) The stick-fixed neutral-stavility point in
the gliding condition was betwesn 33 and 34 percent
of the mean asrodynamic chord. Application of rated
power (climbing condition) caused a large desta-
bilizing effect, especially at speeds near that used
for best climb. In the climbing condition at an air-
plane 1lift cosfficiant of 1.0, the stlck-fixed
neutral point was at 26 percent of the mean asro-
dynamlic chord.

(b) The stick-fixed neutral-stability point in
the landing condition was at about 31 percent of the
mean aerodynamic chord. Application of power with
flaps down as with flaps up caused a large desta-
bilizing effsct as shown by the curves for the
approach and wave-off condition.

(c) With the dive flaps extended, power off,
ths static stabllity was almost the sameé as in the
gliding condition. The most unstable condition
encountered in the tests was with dive flaps extended,
power on, at speeds near the stall. At higher speeds
in this condition, the 'stablility was almost the same
&Bin Tthe cllmblng conditlon,

(d) Requirement D-6 of reference 1 specifies
that the stick-fixed stability should be ‘such that
in the gliding and landing condition, the movement
of the top of the stick shall hot beilegs than
4 iInches in trimming from the maximum level-flight
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speed to stalling speed. The present dats show that
the 8B2C-1 airplane will mest this requirement only
when ths center of gravity 1s located forward of
24.5 percent mean aerodynamic chord in the gliding
condition and forward of 25- ~-percent mean aerodynamic
chord in the landing condition. Requirement D-6
(reference 1) also specifies that thiere shall not be
less than l-inch stick motion in going from the speed
for minimum power to the stall in eltne" the gliding
or landing condition. This latter requirement will
bs met by the SB2C-1 airplanse when the center of
gravity is forward of 29 percent mean aerodynamic
chord in the gliding condition and 28.3 percent .mean
aerodynamic chord in the landing condition.

(e) The stability with stick free was less than
with sthk firxed. The stick-free neutral point was
be twe 3 and 4 percent of the mean aerodynam;c chord
forward of the stick~fixed neutral poLat I mest
Flight condltions.

(f) The elevator control was such that it was
pbssible to meintain steady flight at the minimum
and maximum speeds required of thu girplane.

The relatively large amount of friction in the
elevator-control system rravmntud the stick from returning
to its trim position when displaced. The friction was
also believed to be rssponsible for an impression of
Instability obtained by the pilots when they attempted to
maintain constant- snneﬂ flight, A detalled time history
of the stick force and movement during a run made in
airplane No. 00140 in which the pilot attempted to
maintain a constant speed bf 207 miles per hour is shown
in figure 19. Continual variation of the stick jorce,
elevator angle, and normal acceleration is indicated Dy
this figure though the center-of-gravity location was
sufficie ntlv far forward to provide stick-fixed stability.
The reason for the diffleulty experienced by the pilot
in holding a specified spesd was believed to be a combined
effect of flexibility in the control system and friction
in the elevator hinge. Small movements of the stick
could be made without moving the elevator, but when the
elevator started to move it would overshoot the desired
position. The exact elevator angle required to trim at
207 miles per hour was therefore never attained and
continual adjustmesnts had to be. mads ilin) orWer to werify

that the airplane possesssd stlcﬁ—flxad stabllity, the
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pllot released the stick at thz .end of the record shown
in figure 19. . .The airplane settled down to a speed of
215 miles per hour and this speed remainsd constant for
several minutes of flight. During this .time the elevator
was held fixed by the friction in-the system.

The pilots considered the effect of the fric-

tlon on the longitudinral characterlstlcs to be undesirable.

* The 1ongltudinal stabllity of-ai “rlane No. 00014
was not 1nvest1gatud at indicated airspseds doove about
- 320 'miles per hour, but several power-off dives were made
Jin-airplanes 00056 and 00140 at Indieated spe eeds up to
420 miles per hour and at Mach numbers up to 0.625. The
stick-fixed and stick-free stabmlity,characterlstlcs of
the three airplanes tested differed to some extent at
low speeds. At high spseds, considerable difference was
measured between the stick-fixed ‘stability exlilbited by
airplanes ‘00056 and 00140.. The characteristics of air-
‘plane No. 00140-were determined by recording the elevator

- angles required in steady flight at 208 miles per hour

and. the variastion of elevator angle throughout dives: to
various speeds. On airplane No. 00056€,' ths same informa-
‘tion was obtained except that the 813Vatu; engles. in

the dives were not recorded until just befove the: dive
pull-outs.  The variation of elevator angle with speed
. during. the. dives of airplane 00140. is ylﬂt*OO in fig-

ure 20. The low- and high-speed elevator angles obtained
on airplane 00056 are also shown in this figure. It
appears that airplane 00140 became StAulLuqu unstable
with stick fixed above about 320 miles per hour, whereas
airplane 00086 remained stable to the hlleSf sneed
tested. With the center-of-gravity positions used, both
~airplanes had about the same degree of stability at low
Mach numbers; The stick force in the/dives of air-
‘plane 00140 varied from about 20 pounds pusi.at the

start of the dive to zero just before the pull-out.

This force varlation indicates. stick-free static 1insta-
bility. The records. during the dives wers not smooth
and considerable variation of normal acceleration occurred,
probably because of the effects of frictlon discussed
previously. :

The characteristics of airplanes 0C056 and

500140 at.high speeds are outlined in. this report to
...extend the speed range of the tests of airplane 00014,
Several differences in the stability characteristics
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. -of the .threeg airplanes, not completely reportsd herein,

were measured in the range of normal flight speeds.

I-C. Characteristics of the eleVator cbntrol sLja)
accelerated flight

The characteristics of the slevator control in
accelerated flight were determined at moderate airspeeds
from measurements made in rapid turns at several center-
of=gravity positions. The bobwsight was installed for
the most rearward center of gravity tested. Both stalled
and unstalled turns were made at several speeds. Time

hlutOPlBS of typical stalled turns are given on figures 21

and 22.- A time history of a typ1Cal steady. turn such as
was used in obtaining the data 1s given in figure 23.

The variation of elevator angle V1Ln 11ft coefficient,

as measured in steady, unstalled turns, is.presented in
figure 24 for the three center-of- grav1ty positions
tested. From these same turns, the variation of .elevator

-8tick force with normal acce]eratlon was -determined and

is given in figure 25 for the three:center-of- -gravity
positions., From figure 24 the slope d6g/dCI, was deter-
mined for the center-of-gravity positions tested and
plotted on figure 26 as:a function of center-of-gravity
position. From figure 25, the. stick force per - g ., wWas
determined and also plotted on: figure 26 as a function
of center-of-gravity position: From-the data presented
in figures 21 to 26, the following conclusicns can be

made regarding the elevator control of the SB2C-1 airplane
- in-aceelerated flight: ‘

(a) By use of the elsvator control alone, it
was possible to develop the maximum 1ift coefficient
of the airplane in mansuvers (figs. 21 and 22).

No attempt was made to develop ths allowable load
factor.

(b) The variation of elevﬁfor angle with 1ift
coefficient was a smooth curve having a stable slope
for- all center-of-gravity positions (fig. 24).

(c) The SB2C-1 will satisfy the requirement of
eference 2 that the slope of the elevator-angle
.curve should be such that not less than 4 inches of
: rearward Sthk movement is required to change angle
of attack -from Cy of 0.2 to Clpmax 30 the maneu-

~ vering ‘condition of flight only when the center of
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gravity if forward of 24.6 percent mean asrodynamic
chord (fig. 24).

(d) The variation of elevator force with
acceleration was linear, within the scatter of the
experimental data (fig. 25).

(6) The SBC-1 airplane will have the desired
stick force per g, (3 to 8 pounds per g, Kequire-
ment D-4, reference 1) at center-of-gravity posi-
tions from 28. to 30 percent mean aerodynamic chord
without the bobweight and from 32. to &4 percent
mean aerodynamic chord with the bobweight {Idg.. 2h) &

: Prom the data presented above and from the
static longitudinal stability data, it was possible to
determine the hinge-moment coeffilcients, Gha and Chg

of the SB2C-1 elevator. The values were -0,0012 and
-0.0033, respectively. These values of hinge-moment
coefficient are based on free-stream dynamic pressure
and a value of 48 feet cubed for the product of elevator
span and chord squared.

: The characteristics of airplanes 00056 and
00140 in accelerated flight at high speeds were deter-
mined in pull-outs from power-off dives. The stick force
per g normal acceleration is plotted as a function of
Mach number in figure 27(a) for airplane 00056 and in
figure 27(b) for airplene 00140 with two center-of-gravity
positions. It will be noted that the stick-force gradient
for airplane 00056 shows a tendency to decrease with
increasing Mach number. The stick-force gradient for
airplane 00140 is considerably greater than that for air-
plane 00056 even with a more rearward center-of-gravity
position. This difference may be due to the modified
elevator nose shape. The stick-force gradient again
tends to decrease as the Mach number increases, especially
with the more rearward center-of-gravity position.

Though the stick-force characteristics are plotted
against Mach number, it is not implied that compressi-
bility effects were entirely responsible for the observed
changes, inasmuch as considerable distortion of the ele-
vator fabric resulting from negative pressure inside the
surface was observed to occur at high speseds.
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I-D. Characteristics of the elevator control in
landing

The characteristics of ths elevator control
in landing were determined by measuring the elevator
deflection required to make a power-off three-point
landing. The elevator deflection required to land is
plotted as a function of center-of-gravity position in
figure 28. A time history of a typical landing is shown
in- figure 29. TFrom the dats obtained. in the ‘landing
tests, the followlng can be concluded:

(a) The elsvators of the SB2C-1 airplane were
sufficiently powerful to perform a three-point
landing at the most forward center-of-gravity posi-
tion tested using only 23° of the available full
up~-elevator.deflection of 35°. It might, thereforse,
be advantageous to decrease the avallable up-elevator
travel while retaining the same control stick
motion, thereby increasing the mechanical advantage
of the elevator-contrel system.

(b) The elevator forces o6f the SB2C-1 airplane
in landing did not exceed the allowable .force of
35 pounds (reference 2) at the center-of-gravity
positions tested. '

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

In one test made to record the airspeed at which
the tail could be raised, it was found that the taill
started to rise at an airspesd of ‘52 miles per hour. For
this run, the flight conditions were flaps up, landing
gear down, 38 inches mercury, 2400 rpm, center of gravity
at 28.4 percent of the mean aerodynamic chord.

According to pilots'observations, the elevator
was adequate to raise the tail or adjust the attitude
angle during take-off after slightly more than half take-
off speed was reached. Stick forces, however, were heavy.

I-F, Trim changes due to power and flaps

The trim changes caused by various changes in
configuration and power were measured at a spged of
120 miles per hour with the center of gravity at 23.7 per-
cent of the mean aerodynamic chord with landing gear down,
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or. 24.2. percent, gear up. For these tests, the airplane

was trimned 18 the. climbing condition with an elevator

tab setting of 0.2° tail heavy and a rudder tab setting
of 10.8° nose right. These tab setfings were held con=-
stant while the trim forces for the various configura-
tions and power weré measured. The results of these tests
are given in table I. It can be seen by inspection of
this table that the changes in elevator trim forces are
within the value of 35 pounds specified by both refer-
ences 1 and 2. As noted in the following discussion,
however, trim changes exceeding this"limit might bs
obtained with other.elevator'trﬁm tab settings

I-G. Characteristics of the longitudinal trimmlng
device

The power of the elevator trim tabs was deter-
mined in three flight conditions (climbing, wave-off, and
landing) by measuring the stick forces at warﬂous speﬂds
with two trim tab deflections. The results of these tests
are given in figures 30 and 31, The data were evaluated
to obtain the force per degree trim tab chunge as a- func=-
tion of speed (fig. 32). The change in elevator hinge-
moment coefficisént per degree change in trim-tad angles
was calculated and is given as a function of speed in.
figure 33. The hinge-moment coefficients are based on
free-stream dynamic pressure and on the samé value of.
the product of the span and chord squared as used in

~section I-C.

From the foregoing curves, the following con-

Vc1u51ons may be shown:

(a) The power of the elevator trim tab was
adequate to reduce the elevator force to zero through-
out the speed range in all flight conditions except

- in the landing condition at speeds below 95 miles
per hour.

(b) The power of the elevator trim tabs was

only one-third as great in the landing condition as
. in the wave-off condition. Therefore, if the air-

plane were trimmed full-tail heavy Tor a landing,

and then rated power were applied for a. wave-off,

the push Forces required for tILn_wouid become
...excessive as the spssd increased. This cnardcferistic
" is shown in figure 15(b) and in -~gurn Skl s
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Table I' however, indicates that trim changes due
to power with flaps down are not excessive with the
tab near neutral.

Considerable backlash existed between the hand-
wheel in the cockpit and the trim tab. This backlash
occurred between the handwhéel and the irreversible
mechanism on the tab control. It did not, thesrefore,
cause play in the trim tabs. Because of this charac-

“teristie, however, 1t was difficult to obtain accurate

trim. tab settings in the tests. The trim tab would,
however, retain a given setting unless changed manually.

s Reqﬁiremehté for Lateral Stability and Control

IT-A. Characteristies of uncontrolled lateral and
dirsctional motion

The characteristics of the uncontrolled lateral
and directional motion were determined in the speed range
from 100 to 300 miles per hour for the gliding and
climbing condition and from 90 to 130 miles per hour in
the landing condition. In these tests, the airplane was
trimmed for laterally level flight dnd continuous records
were taken while the pilot abruptly deflscted the rudder
then released all controls. Typical time histories of
this maneuver are given in figures 34 and 25. The vari-
ation of the period and number of cycles to damp to half
amplitude with indicated alrspeed for the flight condi-
tions tested is given in figure %6. Inspection of this
figure shows that the oscillations damped to half ampli-
tude within twod cycles in all conditions tested.  The
amplitude of the sideslip angle variation in these tests
was between 2° and 10°. For these amplitudss,. therefore,
the requirements of reference 1 were satisfisd. The
pilot noted, however, that in soms runs at high speed the
lateral 0001llatlons appeared to be poorly cdwned and
that a continuous oscillation of small ampllbude might
exist. As shown in figure 36, the damping of the oscil=

lations was becoming poorer as the spsed increased.

" In the dlves of ‘alrplane 00140, continuous
lateral oscillations of amplitudes between 0.2° and 0.7
were observed in records taken in all the dives at speeds
ranging from 160 to 400 miles per hour, The rudder was

held fixed by the pilot in these dives, but it is possible

that a small motion of the rudder might have occurred
due to flexibility in the control system. From these
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records, it was possible to extend the measurements of
the period of the lateral osclllation to 390 miles per
hour, as shown in figure 6. The small amplitude lateral
oscillations were noticeable to the pilot, especilally at
high speeds.

The pilot attempted to obtain short-period
aileron oscillations by abruptly deflecting the allerons
and then' releasing all controls, but there was no ensuing
oscilllation of the aileron itself. Typical records of
this maneuver are given in figure 37.

The aillerons dild not return to trim at 200 miles
per hour because of the friction force.

II-B. Aileron-control characteristics (ruddsr
fixed)

The aileron-control characteristics (rudder
fixed) were measured in abrupt aileron rolls in the
landing conditlon and in the clean condition with power
for level flight. Alleron rolls were made in the landing
condition at approximately 85 and 105 miles per hour
indicated airspeed. Aileron rolls were meade in the clean
condition at approximately 50-mile - per-hour increments
from 100 to 300'miles per hour indicated airspeed.
Duplicate tests were made Ior the unsealed and sealed
gt leron (flg; 8). frplane 00014 had unsealed aillerons
at the start of the tests. The seals used were of the
type that has since been adopted for production models
of this airplane.

Filgure .88 gives time histories of typlcal
aileron rolls., The data obtained from the sileron rolls
were evaluated to determine the variation of alleron
effectiveness pb/2V and change in aileron stick force
with change in total aileron angle. These data are
presented in figures 39 to 42. Figures 39 and 40 give
data for the clean condltion-of flight with the aileron
unsealed and sealsd, respectively. Filgures 41 and 42
pertain to aileron rolls made in the landing condition,
allerons unsealed and sealed,rsspectively. From these
data, it was possible to determine ths helix angle pb/QV,
total aileron deflection, and rolling velocity obtainable
with any stick force through the speed range of the tests.
Figure 43 gives values of these quantities obtainable
with a 30=-pound stick force as a function of speed. The
rolling velocity in this figure is corrected to
10,000 feet altitude.
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The ‘data obtained in the tests reveal: the
following facts about ths allsron-control characteristics
of the 8B2C-1 airplane

1. Throughout the speed range, the maximum
rolling velocity obtained in abrupt aileron rolls
varied smoothly with allsron deflection.

2. The variation of rolling acceleration with
time was in the correct direction following an abrupt
aileron deflection and no lag was evident in devel-
oping the rolling moment.,

5. The '‘effect of the seals was to increase
the aileron stdck forces slightly at high speeds and
increase the effectiveness slightly at low speeds.

4. PFor both the sealed and unsealsd condi-
tions, ths aileron effectivensss (pb/2V per degree
aileron deflection) at 100 mllses per hour was anproxi-~
mately 60 percent of that obtained at 200 miles per
hourior morel

o» « The alleron’'effsctiveness in the landing
condition (flaps and gear down Jbading edge slots
open) was greatcv at a given s eed, than in the
clean condltion. - Ths eileron sLick foree s were
about the same in both conditions of flight.

6. Because of the loss 1In effectiveness at -
low speeds and the heavy stick forces at high speeds,
fhe allerons fall far short of meeting the minimum

Navy requlromﬂnt (Requirsment F-£, refersnce 1) that

specifies a-value of ‘pb/2V of 0.08 at sneeds
between 140 percent op the -stalling speed and 80 per-
cent of the maximum level-flight specd, with a

30-pound stick force.

7. The average valus of dch/dé forSshe o it
and right ailerons for small deflections was approxi
mately -0.0042 per degree. In this instancs,

Ch represents the over-all hinge-moment coefficient
as affected by deflection and by the response of

the airplane in a steady roll. The value of
dCp/d6 was almost constant through the speed range
except at 300 miles per hour, the highest speed

tested, where a slight increase was observed. In
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order to obtain full deflection with a 30-pound

stick force at 202 miles per hour or 0.8 of the

maximum level-flight indicated speed, a value of
dCp/d6 of -0.00195 would be required.

8. The stretch in the alleron-control system
in flight was determined by measuring simultansously
the angles of the alilerons and the control stick.

The reduction in total alleron angle, due to stretch,
was approximately 0.9° per 10 pounds of stick force.
The stiffness of the system therefore meets the
Navy requirement.

II-C. Yaw due to ailsrons

The yaw due to ailsrons was measured in the
abrupt aileron rolls described above. Maximum sideslip
angle was not reached 1ln any of the rolls attempted
because the allerons were not kept deflected for a
sufficisntly long time (fig. 38). The data presented
in figure 38 indicate that the specified maximum anglse
of sideslip (20° at 110 percent of the minimum speed)
will not be sxceeded. :

II-D. Limits of rolling moment due to sideslip
(dihedral effect)

The . rolling moment due to sidesllp was measured
by recording the aileron angle required in steady side-
slips. These sideslips were made by slowly deflecting
the rudder while using the ailerons and elevator to
maintain straight flight at a specified speed. These
continuous records were read up at 3-second intervals.
The distance between the plotted polnts may therefore
be used to determine the rate at which the sideslip was
increased, The sideslip data are presented in fig-
ures 44 to 50, In the figures, rudder, elevator, and
alleron forces and deflsctions and the angle of bank

-are plotted as functions of sideslip. angle.

From the foregoing data, the following may be

concluded concerning the dihedral effect of the SB2C-1 air-

plane: '

l. There was considerable positive dihedral
effect in all conditions as indicated by the amount
of aileron deflection required in sideslips.



2, The aileron force in sideslips was in the

correct .dlrection in 'all conditions. At low spesds,

howsver, the forces were of thse same order as the
4-pound aileron friction force. and,therefore, the
control probably would not return to trim when
relsased.

3. The rolling moment due to sideslip was
never so great that a reversal of rolling velocity
oceurred - as & result of yaw due to allsrons. Thers
was, however, an appreclable reduction in aileron
effectiveness in low-speed aileron rolls f{sec-
tion II-B) which might be attributed to the large
posmtlve o bl hedral efPact

II-E.. Rudder-cohtrol characteristics

1. In order to determins the ability of the

rudder to overcorie adverse aileron yaw, measurements

were .made .of the rudder deflection and: force used
by the pilot in an attempt to hold zero change in
sideslip angle as the airplane rolled into a turn.
Time histories of this maneuver at 100 miles per

JAour  are -given in flpures 51 and 52; and at 200 miles

per hour In flgure 53. In ths rolls at 100 miles

per hour, sufficient rudder deflection was available

to overcome the aileron yaw, but the rudder fordce
required was approximately 250 pounds. This value
was considered excessive and exceeds the 1limit of
180 pounds. recommended in refersence 2.. It is noted
that,in the rolls at 200 miles per hour, the pilot
used considerably more rudder deflection than was
required to hold zero sideslip. With the correct
emount of rudder deflection to overcome adverse
yaw, however, the force at 200 miles per hour would
8till be excessive.

2. The rudder control was sufficiently power-
ful to maintain directional control during take-off
and landing.. A time history of a landing is given

in figure 29,

2. No tests were made to determins the spin-
recovery characteristics of the SB2C¢-1 airplane.

4. As shown in figures 44 to 50, right rudder
force was required to hold right rudder deflection
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and left rudder foree was required to hold left
rudder-deflection in all flight conditions tested
except in the climbing condition at 95 and 120 miles
~per hour. In these two conditions (figs. 48 and 49),
there was a reversal Of the rudder-force curves at
about. 15° sideslip angle. . Theréfore, Requirement E-3,
reference 1, was not satisfied in. thesse Pllght condi-

in the wave-off condition.

5. The hinge-moment coeffiéiahté,

Chg |

requirement

- of the rudder were estimated from the sideslip data

(figs. 44 to 50) and the  data from the ru

dder kicks

(figs. 24 and 35).- Chg 1is GSthaqu to. be —0.0028

and Cha, aporoxlmatelv Zero,

II-F. Yawing moment due to SldPSllp (dlrectlonal

stability)

l. As it 1is stated in paragraph II-C, max1mum

dngles of. sideslip duse te allerons were not obtained,
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always in the correct direction, indicating positive
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t-is,
2 rudder

‘produced. right sideslip. The rudder deflection did
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at sideslip angles. of less than 5 t11u at

fres) was found to be such that ths airpl

le. The
1ghtly less
larger

5. The yawing moment due to sideslip (rudder

ane would

always tend to return to zero sideslip, regardless

of the angle of sideslip to which it wsas
all conditions of flight tested except in
climbing condition at 95 and 120 miles pe

\

\

|

\

\

\

|

| angles.,
\ _

|

|

|

|

| where rudder-force reversal oceurred as di
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i a force of 100 pounds would be requircd t
: ~the rudder to its neutral position (rig.

plane were flown in a sideslip with full left rudder,
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4, The rudder angles and forces required to
trim through the speed range in the variocus condi-

tions of flight are given in figures 12 to 15. There

- i8 no requirement specified. for. the change in rudder
trim force with speed, but .the: ni]otu fedlt s that in

the present instance fh@ changes in rudder trim forces

with speed wers excessive.
ITI-G. Cross-wind force characteristics

The variation of cross-wind force with sideslip
angle was in the correct direction as shown by the vari-
ation of angle of bank with sidesllp angle (figs. 44
0 50

II-H. Pitching moment due to sideslip

The pitching moments due to sideslip are shown
by the variation of slevator angle and slevator force
with sideslip angle (figs. 44 to 50). Approximately 1°
or le8s change in slevator angle was required at 95 miles
per hour when the rudder was movad 5° right or left from
its position for straight flight.

II-I. Power of rudder and alleron trim tabs

The power of the rudder trim tab was deter-
mined by a method similar to that used to determine the

.power of the elevator trim tabs (section I-G). Fig-

ure 54 gives the rudder forces required to trim through
‘the speed range with two rudder tab settings. The rudder
force per degree changs in trim tab setting is plotted

as a function of speed in figure 55. The change in
rudder hinge-moment coefficient per degree change in
trim tab angle is given as a function of speed in fig-
ure 56. These changes in hinge-moment coefficients are
based on free-stream dynamic pressure and on a value of
44.5 feet cubed for the product of the rudder span and
chord squared.

The above data show that the rudder trim tab
is sufficiently powerful to trim the rudder force to
zero throughout the speed range tested (100G to 320 miles
per hour).

No guantitative tests were made to determine
the power of the aileron trim tab. The aileron trim
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forces, however, were small as shown by figure &7, which
gives the aileron force and deflection required to trim
through the spesed range, in one particular flight. These
curves would be changed by varying the distribution of
fuel load in the wing tanks. The aileron trim tab was
reported by the pilot to be adeguate for trimming the
airplane in all conditions encountered in the tests.

Backlash existed in the rudder and alleron
tab control system just as 1t did in the elevator trim
tab system (ssction I-C). The aileron and rudder trim
tabs would retain a given setting indefinitely unless
changed manvally. :

ITI. Stalling Characteristics

The stalling characteristics of the 8B2C~1 airplane

-were determined in stalls mads by gradually decreasing

the speed in straight flight. The motions of the air-
plane and of the controls were recorded by NACA instru-
ments. No tuft studies were made and the effectiveness
of the controls with the airplane in a stalled condition
was not. extensively investigated. The stability charac-
teristics and the maximum 1ift coefficients during the
stall approaches were determined. The gun ports were
covered with doped fabric throughout the tests.

Time histories of stall apvroaches in the various
conditions of flight are given in figures 58 to 64. 1In
some cases, the motions of the airplane and the controls
after the stall are also presented. The stalling charac-
teristics may be summarized as follows:

(a) In the gliding condition (fig. 58) stall
warning was provided by buffeting and by slight
pltching motion of the airplane. Rolling instability
developed gradually. In the stall shown, the use
of the rudder in an attempt to maintain control after
the stall resulted in a rolling oscillation. The
lift coefficisnt increased and decrcased as the wing
alternately stalled and unstalled, so that a steady
value of maximum 1ift coefficient could not be deter-
mined. Maximun values ranging from 1.5 to 1.6 were
obtained in various stalls.

(b) In the climbing condition (fig. 59), the
stall was preceded by mild rolling and pitching
motions of the airplane. An initial tendency to
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roll right was centrolled by use of the allerons.
Later the elevator was moved up 18° and the airplane \
showed no violent tendency to roll -off. Considerable
shaking of the controls occurred with the airplane

in & stalled conditlon. The 1lift coefficient again :
showed considerable variation. The average value |
for five stalls wasg 1.8,

(c) Time histories of stalls in the landing
condition are given in figures 60 to 62. he effects
of differences in hood and cowl-flap position on the |
stalling characteristics are shown by figures 60 ' |
and 61. With the cowl flaps and hood open (fig. 60), |

|
\

buffeting and shaking of the controls set in at a
speed of 10 milesg per hour above the stalllng speed.
Almost full-up elevator angle was applied in order
to prevent the airplane from plbﬂhlng down.. No
tendency to roll off existed. The maximum 1ift
coefficient reached in this run was 1.91. With

the cowl flaps and hood closed (fig. 61), no buf-
feting was observed until the maximum 1lift coef-
ficient was reached. The maximum 1ift coefficient
of 2.2 was obtained with only 8° up-slevator angle. -
Plgure 62 is included to show the motlon of the

airplane after the stall. The rolling motion was
very mild,

(d) In the approach condition (fig. 63), full
right rudder was reqb'JPd to maintain stralght flight
near minimum speed. Accordlng to the pilot'!s notes,

a slow left roll occurred at the stall. The aver~
age maximum 1lift coefficient in three stalls in the
approach condition was 2.4.

(¢) In the wave-off condition (fig. 64), full
right rudder was insufficient to maintain stralght |
flight near the minimum speed. Th° maximum 1ift |
coefficient appeared to vary in different runs
from 2.5 to 3.0. Apparently the abllity to reach
a stalled .condition in straight flight was limited |
by the lack of rudder power.

Time histories of stalled turns mede to the
right and left at an acceleration of about 3g are given
in figures 21 and 22. In both cases the airplane rolled ’
right at the stall. The maximum 1ift coefficient was
2o B 60
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A time history of a three-point landing 1s
given in figure 29. The average 1lift coefficient at the
time of contact with the ground in eight landings made
with the SB2C-1 airplene was 1.97. Individual values
varied from 1.9 to 2.1. In general, the higher values
were obtained when the 1ift coefficient was rapidly
increased before contact.

CONCLUSIONS

1. The short-period longitudinal oscillations of
the SB2C-1 airplane were satisfactorily heavily damped.
The elevator, when suddenly deflected, however, would not
return to the trim position because of the friction in
the elevator-control system.

2. The neutral static longitudinal stability point
(stick fixed) in the power-off conditions of flight varied
from about 34 percent mean asrodynamic chord in the
gliding condition to about 31 percent for the landing
condition.

3. The application of power had a large desta-
bilizing effect, resulting in an appreciable forward
shift of the neutral points.

4. The stability with stick free was less than
with stick fixed. The stick-free neutral point wasbetween
3 and 4 percent mean aerodynamic chord forward of the
stick-fixed neutral point in most flight conditions.

5. The increase in stability caused by the ll-pound
bobweight corresponded to a rearward shift of the stick~
free neutral point of 5 percent of the mean asrodynamic
chord in all flight conditions.

6. The combined effect of flexibility and friction
in the elevator-control system gave the pilot an unde-
sirable impression of instability when he attempted to
fly at a constant speed.

7. The stick force per g 1in maneuvers was
satisfactory (3 to 8 pounds per g) in the range of
center-of-gravity positions from 28- to 30.percent
mean aerodynamic chord. A decrease in the stick-force
gradient was observed in dive pull-outs at a Mach number

in the neighborhood of 0.6,
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8. The longitudinal trim changes due to power and
flaps were within the specified limits except when large
tab deflections were used for trim as in the landing
condition.

9. The elevator tab was sufficiently powerful to
trim the airplane as desired in the various flight
conditions.

10. The control-free lateral oscillations with
amplitudes between 2° and 10° of sideslip damped to
one-half amplitude within two cycles, but continuous
lateral osclillations 'of 0.2° to 0.79 amplitude occurred
at high speeds. No short-period osclllations of the
ailerons existed.

11l. The. aileron-control effectiveness met neither
the Navy nor the NACA minimum requirements.

12. The mazimum yaw due to ailerons was not devel-
ocped %but the data indicated that it would be less than
the specified value of 20° at 110 percent of the minimum
speed.

13. The dihedral effect was positive and quite large

in 211 conditions tested.

14. The rudder provided sufficient directional con-
trol during landing and take-off. The ruddér power was
also adequate to counteract the aileron yaw, but the
rudder forces were in excess of ths spe01fled 180 pounds
pedal force. The changes in rudder trim forces with
speed were found to be excessive.

15. The directional stability, rudder fixed, was
positive in all conditions and speeds tested. Th
directional stability rudder free was positive in alZ
conditions and speeds tested with the exception of the
climbing condition at 95 and 120 miles per hour. In
these two cases, the variation of rudder force with
sideslip angle reversed at 15° sideslip, and the
direction of the forces reversed at 25° sideslip.

16. The pitching momesnt due to sideslip was within
the required limits, there being less than 10 change of
elevator angle requ1red for 5°© change of rudder angle.

17. The powser of the rudder and aileron trim tabs
was adequate. !
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18. In most flight conditions, there was stall

warning of one kind or another. There was either
buffeting, shaking of the controls, or a gradual deve-
lopment of pitching or rolling motion.

Langley Memorial Aeronautical Laboratory,

National Advisory Committee for Aeronautics,
Langley Field, Va., March 14, 1944,
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CHANGES IN TRIM FORCES WITH POWER AND FLAPS

V; = 120 MPH, CURTISS SB2C-1 AIRPLANE

‘ {Elevator tab setting 0.2°0 tail heavy, rudder tab setting 10.8° nose rjqntj
J Manifold Bonb Bl avat Rudd
i pressure o) Landing| Front} Rear |Cowl and u?exa e }ug e
| S W s FAAPS | genr hood | hood |flaps |vision zigje (ié?e
( 5000 &t doors
‘ 2400 38 Up Up Closed|Closed}| Open |Closed 0 8 left

Power Power i , 96 4 82
‘ of off Up Up Closed] ClesediClosed{Closed 14 pull} 82 left
| Power Power Up Down |Closed|Closed|{Closed|{Closed|17.5 pill| 68 left
| of f off >

Power Power Down | Down |Closed|{Closed|Closed|Closed| 15 pulll87 left
} off i
| 00 Poger Down Down Open [Closed{Closed|{Closed 14 pull{ 84 left
| eff off
[ 2400 38 Down' Down Open jClosed| Open [Closed| 3.5pull}66 left
| 2400 21 Ong;gilf Down | Open |Closed|Closed|Closed|10.7 pull | 45 left
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SUMMARY OF HANDLING CHARACTERISTICS SB2C-1
NACA FLIGHT DETERMINATION

AIRPLANE AS TESTED

LONGITUDINAL

LATERAL

C.G. POSITION FOR
FLIGHT LIFT NEUTRAL STABILITY
CONDITION | COEFFICIENT|STICK FIXED|STIOK FRES
GLIDING 1.0 34,0 0.2
CLIMBING 0.3 0.2 26.9
Ly 1.0 26,0 21,8
" 1.6 28.2 =
LANDING 1.0 30.8 30.1
by 1.4 31,5 -
APPROACH 10 28,1 25,0
WAVE-OFF 1.0 27.8 23,2
" 2.0 25.4
Dgsmm 0.6 29,1 25.1
i 1.0 26.5 23.6
DIVE FLAPS
EXTENDED,| 0.6 32.7 28.3
FONER OFF

CAUSED A REARWARD SHIFT OF THE NEUTRAL POINT
(STICK FREE) OF 5 9/0 M.A.C. FOR ALL CONDI-

WEIGHT 12000 TO 12672 LB
Cs Gy RANGE 23,3 70 32,3 /o
SPAN 49,72 FT
MohoCy 9,11 FT
WING AREA 422 F12
AIRFOIL ROOT 23017; TIP 23009
TYPE FLAP 26° DIVE BRAKES AND

60° SPLIT FLAP
CONTROL SURFACE DEFLECTIONS :

ELEVATOR (FROM THRUST AXIS) 35.6° UP,
16.6° DOWN
ATLERON (FROM NEUTRAL) 10.7° UP,
15,09 DOWN
RUDDER (FROM THRUST AXIS) 25° LEFT,
29° RIGHT
TYPES OF CONTROL SURFACE BALANCE:
ELEVATOR ‘ INSET HINGE TYPE
AILERONS FRISE TYPE; BALANCE TAB ON RT AIL.
RUDDER INSET HINGE TYPE

BALANCE TABS ON ELEVATOR AND RUDDER LOCKED.
ENGINE AND RATING:
CURTISS-WRIGHT R-2600-8

TAKE OFF 1700 EP AY 8. L.
MILITARY 1700 HP 8. L. TO 3000 FT
FORMAL 1500 HP S. L. TO 8700 FT
NORMAL 1350 HP 6700 TO 13000 FT

TIONS.

AILERON POWER:
.08 BRmRE NN A i
AL N
g .Ost"l"r— ot 1
- T 1
a -
2 LosHHHHT HHEGE 50 LB
2 TSR
ol SEALED -+t 3
8|& -02/55= pnsearen H L
o e M
100 200 300

INDICATED AIRSPEED, MPH

,__M_J____T E——
EIGHT GIVING 11 LB. PULL ON STICK,

MANEUVERING OEHARACTERISTICS:

l'l]l!l_rl—'—llll—llllj
o 2OTEXE FORCE PER o[ Bz
B o FORCE PR ES
H S
TRAVE L] NEOBWEIGHT I
g ] Cacr] BB
[ o PRS e rlo ™
20 30 40

CG.POSITION, ©/, MAC

CHARACTERISTICS AT HIGH SPEEDS:
* PORGE PER G IN DIVE PULL~OUTS ED BY
ABOUT 8 POUNDS PER G ‘1IN GOING FROK
NUMBESS OF 0.3 TO 0.626 AT 8000 FEET.

TRIM CHANGES DUE TO POWER AND VARIOUS
CONFIGURATIONS 1

AT 120 MPH; ELEVATOR TAB SETTING OF 0,20
TAIL HEAVY AND A RUDDER TAB SETTING OF 10,89
NOSE RIGHT; C.G, AT 23.7 9/ M.A.C., WHEELS
UP, OR 24,2 °/o M.A.C., WHEELS DOWN.

FORCE VARIAYION WITH DEFLECTION:
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LT. CHANGE TOT.AIL.ANGLE, DEG RT

DUE TO LOSS OF EFFECTIVENESS AT LOW
SPEEDS AND HEAVY STICK FORCES AT HIGH SPEEDS,
THE ATLERONS FALL SHORT OF MEETING NAVY OR
NACA REQUIREMENTS .

AILERON TRIM CHARACTERIS TiCS:

LARGE AILERON TRIM FORCE VARIATIONS AT
HIGH SPEED.

AILERON ANGLE AND FORCE MAY BE CHANGED
CONSIDERABLY BY GAS LOAD IN WING TANKS AS
WELL AS AILERON TAB SETTING.

CONDITION ELEVATOR FORCE RUDDER FORCE
CONTROL FRICTION (AVERAGE VALUES NEAR
NEUTRAL) » CLIMBING 0 8 LEFT

GLIDING 14,0 FULL (]
EIRVACE S LANDING 14.0 % 8 "

WAVE-OFF 3.6 " &6 "
L 412 APPROACH 0.7 " 45 "
RUDDER 13

i ELEVATOR TRIM TABS ADEQUATE IN ALL CONDI-

TIONS EXCEPT LANDING BELOY 96 MPH.  ELEVATOR

REMARKS TRIM TABS 1/3 AS POWERFUL IN LANDING CONDITION

8TICK.CONTROL.
CONVENTIONAL LANDING GEAR.

8LOTS IN LEADING EDGE OF WING AHEAD OF
AILERONS OPEN WHEN LANDING GEAR IS DOWN,

MANUFACTURED BY
CURTISS-WRIGHT CORP., AIRPLANE DIVISION,
COLUMBUS, OHIO.

TRET AT NIGH MACK NUMDESRS MAUS ON AYRFIANES
00085 AND 00140. ALL OTHER FLYING QUALITINS
$ES% MADR ON ATRPLANE 00014,

ESRERRACE:

FEE3aTPs, W.H., WILLIAM, W.C., AND HOOVER,
@, MEASUREMENTS OF FLYING QUALITIES OF
A GEBTISS SB2C~1 AIRPLANE (N0, 0001¢).
O,k.x. POR BUR. ABRO., NAVY DEPT.,

MR 14, 1064,

AS IN WAVE-OFF. EXCESSIVE PUSH FORCES RESULT
IF FULL POWER IS APPLIED WHEN TAB IS FULL
TAIL~HEAVY.

CONTROL IN LANDING AND TAKE OFF:

ADBQUATE T0 CENTER OF GRAVITY OF 14 °/o
M.a.C,

DYNAMIC:

NO SHORT PERIOD OSCILLATION WAS OBTAINED
WITE OR WITHOUT BOBWEIGHT.

DIBEDRAL EFFECT: E
g 20 2
v, = 95 WPHEE ANGLE 8
E E: POWER OFF A §
N HcLEAN H :
2 HH FORC E
< o e H &
= =
3 g
w1 »—:—
: HE : g
L7} Haga ]
. &0 &
" 20 c 20 o

LT. SIDESLIP ANGLE,DEG RT.
POSITIVE MIHEDRAL EFFECT IN ALL CONDITIONS,

REMARKS 1

TAIL BUFFETING REPORIED AT 290 TO 300 KNOTS
WITH TER DIVING BRAKES AT 309,

OPEN COWL FLAPS IN CLIMB CAUSE TAIL
BUFFETING AT APPROXIMATELY 1336 KNOTS.

REMARKS 1

AT LOV SPEEDS AILERON FORCE IN SIDESLIP WAS
OF THE SAME MAGNITUDE AS THE FRICTIONAL FORCE.




SUMMARY OF HANDLING CHARACTERISTICS SB2C-1
NACA FLIGHT DETERMINATION -

CONCLUDED

DIRECTIONAL STALLING
YAWING MOMENT DUE TO SIDESLIP: o FLIGAT AVERAGE WARNTEG
= N = CORDITION MAXIMUY LIFT oR
& 30 ANGLE {-V; = 120 MPH COEFFICIENT REMARKS
Ry POMER o% 4 3
8 201D CLEAN 71200 &3 GLIDING 1.6 BUFFETING AND
a NJ I8 SLIGHT PITCH-
o l0H T 4100 R
E RN & 6.
2 o — - o
= 1 i &
1 < oo & CLIMBING 1.9 MILD ROLLING
& T 3 f § AND PITCHING.
g t:pmcv,‘ Z5 1200 CONTROLS S HAKE-
] g ING.
HHHW A &
< 02100 W2 30 LANDING, COWL o BUFFETING AND
AND HOOD OPEN = SHAKING OF
LT. SIDESLIP ANGLE,DEG RT. AL
RUDOER REVERSAL UOES NOT OCCUR IN GLIDING
it OR LANDING CONDITION; AND, ©UE TO LARGE LANDING, COWL 2.2 BUFFETING AT
- RUDDER FORCES LIMITING THE ANGLE OF SIDESLIP, AND HOOD CLOSED i MAXIMUM C
wm REVERSAL #AS NOT OBTAINED IN CLIMBING CONDI- L
i TION AT HIGE SPEED. APPROACH 2.4 FULL RUDDER
5] NECESSARY .
RUDDER TRIM CHARACTERISTICS : e O Setro s ol i euoer
FORCE INSUFFICIENT.
PUDDER TAB SETTING | POWER| AT
100 MPE | 300 MPH LEFT 180° TURN 1.33 STALLED AT 3,4g,
1,7° RIGHT ON | 69 RIGHT [128 LEFT BOLLED}KOETS
1.7° RIGHT OFF |44 LEFT |186 " RIGHT 180° TURN 1.36 STALLED AT 3J4g,
ROLLED RIGHT.
PITCHING HOMENT DUE TO SIDESLIP:
LANDING 1,97 ACTUAL THREE-
LESS THAN 10 OF ELEVATOR REQUIRED FOR SIDE= POINT LANDINGS,
SLIP REQUIRING 50 OF RUDDER EXCEPT AT LO
: N STUE~
g:};.ifﬁ IN THE CLIMBING CONDITION, RIGHT SILE e
- IN THE GLIDING CONDITION, BUFFETING AND
DYNAMICS SLIGHT PITCHING SERVE AS WARNINGS, AND ROLLING
INSTABILITY DEVELOPS GRADUALLY, WITE POWER
OSCILLATIONS DAMPED T0 1/2 AMPLITUDE IN ON, LIGHT AILERON SNATCEING STARTS BEFORE THE
APPROXIMATELY ONE CYCLE, AT LGV SPEEDS, STALL. AND MILD LATERAL INSTARILITY OCCURS AT
RUDDER DID NOT RETURN TO TRIM POSITION. THE STALL. IN LANDING CONDITION, BUFFETING
OF THE AIRPLANE AND SHAKING OF THE CONTROLS
L] GIVE AMPLE WARNING, AND AT THE S TALL ONLY

REMARKS 1

AT LON SPEEDS THE ANGLE OF BANK OBTAINABLE
WITH FULL RUDDER IS APPROXIMATELY 5°.

PITCHING INSTABILITY DEVELOPS.

TURNING FLIGHT:

THERE IS NO WARNING, BUT AS THE STALL IS
PEACHED, MILD LATERAL INSTABILITY DEVELOPS
WHICH IS EASILY CONTROLLABLE.

BOMB MANTFOLD
FLIGHT AND e LANDING | FRONT | REAR | COWL e PRESSURE
CONDITION | VISION GEAR | HOOD | HOOD | FLAPS IN. EG AT
DOORS 5000 BT.
GLIDING | CLOSED up UP | CLOSED | CLOSED | CLOSED | POWER OFF | POWER OFF
CLIMBING N 4 L " ! OPEN 2400 38
LANDING o DOWN DOVN | OPEN " CLOSED | POWER OFF | POWER OFF
APPROACH * 1/2 DOWN " * A OPEN 2400 21
WAVE=OFF " DOWN * (] s L 2400 38
DIVE FLAPS DIVE FLAPS
orEl OPEN e up J . " | POWER OF¥ | POWER OFF
i3
mng E‘;!(APS o urvg: P;APS " " . : 2400 25
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Figure 1.- Front view of Curtiss SB2C-1 airplane (Bureau of Aeronautics No. 00014). |



Figure 2.-

Side view of Curtiss SB2C-1 airplane (Bureau of Aeronautics No. 00014).
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Figure 3.- Three-quartei- rear view of Curtiss SB2C~1 airplane (Bureau of Aeronautics No. 00014).
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Figure 4—Three view drawing of
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Landing gear JockK

Arm clamped
Lo Lorque Lube
o7 right hand
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25 /b /ead W€/_7/7Z

Flgure 10.~- Sketch of bobweight installation in Curtiss 3B2C-1 airplane.
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characteristics in the gliding condition

TLS=1

f£f) Curtiss SB2C-1 airplane.

(flaps up, landing gear up, power o

- 8tatic longitudinal stability

Pigure 12.




(flaps up, landing gear up, rated power) Curtiss SB2C~-1 airplane,

Flgure 13.- Static longltudinal stability characteristics in the climbing condition
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(b) wave=off condition (flaps down,

(a) Approach condition (flaps one~half

!\m‘;vaﬁ

landing gear down, rated powe).

dowm, landing gear down, partial

power).
Figure 15.~ Static longltudinal stabllity characteristics, Curtiss SB2C-1 airplane,
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in the gliding condition (flaps up, landing gear up, power off) Curtiss

SB2C-1 airplane
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in the climbing condition (flaps up, landing gear up, rated power)

Curtiss SB2C-1 airplane.
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Figure 20.- Variation of elevator angle

with speed in dives, Curtiss 8SB2C-1 airplane,

flaps up, landing gear up, front hood open, rear hood closed, power off.
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Plgure 23.- Time history of a steady turn started at 201 miles per hour.

Curtiss 82C=-1

airplane (flaps up, landing gear up, hoods closed, cowl flaps closed, power
for level flight) center of gravity at 2li.1 percent of the mean aerodynamic

chord, no bobweight,



Pigure 23.- Concluded,
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Curtiss SB2C-1l airplane,

of elevator angle with 1ift coefficient in

tums,

Plgure 2.~ Variation
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landing gear up, power off) at 95 miles per hour.

airplane.

Flgure Lli.- Steady sideslip characteristics in the gliding condition (flaps up,
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Pigure Lj5.- Steady sideslip characteristics in the gliding conditi

ST T

aps up,

Curtiss SB2C-1

landing gear up, power off) at 120 miles per hour.

airplane,




cteristics in the landing condition (flaps down,

Figure L6

Curtiss 3SB2C-1

landing gear down, power off) at 95 miles per hour.

alirplane,

«= Steady sideslip chara



Vi

¥
L
o4

)

TR}
N | AT

0

[~ Left L 1Sid

54_,4,____ L. U gty

FPlgure L7.- Steady sideslip charac
landing gear down, p
airplane,

! )
¢ Liai | S [l {2 | !

SN g B

teristics in the landing condition (flaps down,
ower off) at 120 miles per hour, Curtiss SB2C-1

slip lahgle, msgj;ﬂ ERED- AR
]

45 din e easan
iéro it
S h Lot , i s e RS R G
i i : = Elevgtorn
HHHE ’ Bt ar sl e i e 1 i
o 2
q9 20 i e Rl 1 R
{10, L R YA S R | 4 B 7,40 o et 1, 46 L6 s )




Flgure L8.- Steady sideslip characteristics in the climbing condition (flaps up,
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Pigure 5l1.- Time history of a roll into a turn in which the rudder was used in an

Curtiss SB2C-1 airplane, flaps

up, landing gear up, power for level flight.

attempt to maintain zero sideslip.
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Figure 52.- Time history of a roll into a turn in which the rudder was used in an
attempt to maintaln zero sideslip, Curtiss SB2C-1 airplane, flaps up,
- landing gear up, power for level flight,
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Pilgure 5L.- Variation of rudder force with speed with two rudder
trim tab settings; flaps up, landing gear up,
front hood closed, rear hood open, power off,
Curtiss SB2C~1 airplane.
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Pigure 58.- Time history of a stall in the gliding condition (flaps up, landing gear up,
hoods closed, cowl flaps closed, power off) center of gravity at 29.8
percent of the mean aerodynamic chord, bobweight installed, Curtiss
SB2C-1 alrplane.
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hoods closed, cowl flaps open, rated power) center of gravity at 30.2
percent of the mean aerodynamic chord, bobweight installed, Curtiss

SB2C-1 airplane,
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