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FLIGHT TESTS OF VARIOUS TAIL IODIFTCATIONS
ON THE BREWSTER YSBA=l ATRPLANE
I - MEASUREMENTS OF FLYING
QUALITIES WITH ORTGINAL
7'IL SURFACEST
By We He Phillips and Js Me Nissen

SUMMARY

A series of tests of the Brewster XSBA-l airplane is
being conducted to determine the effect of various tail
modifications. The present report describes an investiga=-
tion of flying qualities of the airplane with its original
tail surfaces, The results may be summarized as follows:

1. The static longitudinal stability with stick fixed
or free was positive in all conditions tested.

2. The average elevator force required in highly
accelerated meneuvers was 30 pounds per g normal accelera=-
tions This value was considered undesirably large.

5 The stick travel required to stall in maneuvers was
about li« 6 inches.,

lie Trim changes caused by depressing the flaps or by
application of power were in the direction causing the nose
to rises The stick forces to maintain trim were considered
excessive,

e Lateralloscillations of the airplane with controls
free damped to 3 amplitude in less than 2 cycles., No undamped
short-period oscillations of the . controls themselves existed.

6. The aileron effectiveness was sufficient to give a
value of the helix angle pb/2V of 0.075 radian in right

e tail surfaces referred to in this report as "original
tall surfaces" were different from those used on earlier
models of the XSBA=-l airplane. This tail design was developed
by the Naval Aircraft Factory @s a prototype for the tail
surfaces later used in production models of the SBN-1
airplane.
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rolls, 0,085 radian in lef i@ ,:)cron control forces
were consldered excessive,

7, The directional stability and dihedral effect were
satisrfactory, The pitching moment due to sideslip was
desirably small,

3. The rudder control was sufficiently effective for
all flight conditions, but the rudder forces were considered
excessive,

9, The stalling characteristics were satisfactory.
INTRODUCT ION

At the request of the Bureau of aAeronautics, Navy
Department, a series of tests of the Brewster XSBA-l1l airplane
is being conducted to determine the effects of various tall
modifications., The modifications are to include (1) varia-
tion of the cliord of the elevators and rudder while the total
area of the surfaces is kept constant and (2) variations of
the total area of the vertical tail surface.  This report
presents the results of tests to determine the flying qualities
of the airplane with its original tail surfaces, The* test's
were conducted at the Langley Memorial Aeronautical Laboratory.

DESCRIPTION OF BREWSTER ¥XSBA-l1 ATIRPLANE

The XSBA-l airplane is a two-place, single-engine, mid-
wing, cantilever mononlane with retractable landing gear.
For the investigations described 1in this report, the .cut-outs
in the flap were sealed to ,ive a conventional partial-span
split flap, [See.T1lzgs 1 te lig) The general specifications
of the airplane follow:

Name ang type. o« « « ¢« % 3 s 9 2 8. o % # % DBrewatop SESAAT
Bagdme 0 v 4 AN v e 6 s Te’ s Wrightilielons  RapE20«38
Rated:

PAREGwGRE~ ¢~ i T s T 5 ¢ "0 hp et 2200 Frnand 170 1h;
Hg manifold pressure

Maximum continuous
faea level) 4+ . s s 3 . 550 hp at 2160 vem.snd 3547 16k
: Hg manifold pressure
Crulsing » .ot ia 308 + o % 0600.hb 8% 1900 Pudeang 501566
Hg manifold pressure
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Gear ratio (ungeared) . .
FEYRBeLIer . « « o « » v 7

VLaEetor: o« o o e, s

Number of blades .
el pepaelty o o . .
R gRPECIEY o o e »
Lmpty welght . . . .
Normal gross weight (

Scout) « e .

Wing loading (normal gross weight)

Power loading (normal gross weight)
Over-all helght (thrust-axis level)

Over-all height (three-woint
position to propellei; tips) . .
DereaBll lengbh o « 6w @ e e
Wings
e R M o A S e
Area (including aillerons
fus

3 ] e
aRe: 29% 14 L

. . . . . . . . . . l:l

Hamilton Standard constant speed

R gt e W e B Y
. . . . . . . . o . 3
o0 R o e -
. . Ll . . . . . . 10 gal
A PR .
. . . . . . . . 5276 lb
o e ROLEL SR T
61 BB .6 1b/hp
¢ geaoeel 4L0EE 2& in.,
PR TR . T I

. . . . . 2"7 ft’ 1lg in.
o200 Tt O dns

258 sq ft

Airfoil Section . . . . . « NACA CYH tapered 18 percent to

Aspoet pablio ois e
pean aerodynamie chord s « + 4

. . . . .

Distance behind leading edge o

WA Z@ A ROOE ™ Wt s o o ey Lot
R e L TN AT
Dihedral:
Leeding edge of
Leading edge of outer panel .
IRELOBNCE 5 o »' ¢ % g T KLY LA s
Sweepback (L.E. of wing) . . .
Wing flaps:
N T T P P e
peximun- detlectlon | e o s @i
Allerons:
T e NP L S ST
Area, behind hinge line (each)
Trimming-tab area,
behind hinge line (each) .

-

Rudder:
Vertical span (from center line
8 SBIETEER ) s x .o s o e
Area (behind hinge line but
including horn-balence area)
HOPNeLALEN0E AP6A o » o a5 5 Lk
Srlininc-58h are8 . s o« ew w0 s

center section

Min area (sbove fuselage, ahead of
hinge line, not including balance

.

11.8 percent thick

BBt N N

. . . . . . . . . 105:1
Y R T R N
. 2 . . . u. . . - Ll LJ-OBO
- . . . . . . . o . . Oo
R I R B N AR -
M ENC R R 1 M AR A
o o i e i LY TG 2 An.
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Stabilizer area (ahead of hinge line,
not inecluding . horn-balance area but
ineluding ctohtalned fuselage BB )* "W s S s 320.6 sq ft
Elevator: '
e ofsha e SRR R A B
Area {behind hinge line
including horn-balance 8rea) . . « o« « o + o 20.6 sq ft
Pl nmingstab' aPem * & o of 0t Wt TS s el s e 157 =q 't
Trimming-tab travel . . 9.0° tail heavy, 15.5° nose heavy
Distance from elevator and rudder 1
hinge-lines to leading edge of wing . . . 18 ft, 115 in.,
Maximum fuselage ;
crosg-sectional mrea {at eowling) « « « « » « 18,3 8q Tt

SO LA RO SE Rl | A 1l TR

The original horizontal and vertical tail surfaces are
shown in figures 5 and 6.

between the control-stick position and the

The relation
1leron angles is shown in figures 7 and 8.

elevator and a

INSTRUMENT INSTALLATION

Item HNACA instrument

fime ‘ ; Timenr
Airspeed : Alrspeed recorder
Elevator, alleron, and

rudder” control’ forces Control-force recorders
Angular velocity about

the three airplane axes Angular-velocity recorders
Normal, longitudinal, and Three-component accelero-

lateral acceleration meter
Angle of sideslip Recording yaw vane
Inclination of thrust

axis or angle of. bank , Recording inclinometer

The airspeed recorder was connected to a pitot-static
head attached to a boom extending 1 chord length ahead of

the right wing tip. This instrument was free to swivel 1In
g & I

piteh but not in yaw, The yaw vane ‘was connected to a

similar boom on the left wing tip. for measurements of

rudder and elevator angles in cases in which the control
forces were large, control- osition recorders attached
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direotly to the elevator and rudder were used. Errors due
to cable stretch were. thereby eliminated. In addition, the
rudder, elevator, and alleron angles were measured by &
three-component control-position recorder attached to the
control cables near the rear cockpit. In cases in which the
recorders attached directly to the rudder and elevator were
not used, the angles recorded by this instrument were cor-
rected for stretch in the control cables, No attempt was.
made, howsver, to correct the recorded aileron angles fob
stretch in the aileron linkage.

ATRSPEED CALIBRATION

alibration of the alrspeed recorder was made by
trailing airspeed head.

TESTS, RESULTS, AND DISCUSSION
s 2

All the measurements of flying qualities were made with
the center of gravity located at 25.5 percent of the mean
aerodynamic chord with full service load. In this condi-
tion, the airplane weighed 5770 pounds. Retracting the
landing gear had no effect on the horizontal location of the
center of gravity. WVhen all the gas and oil were used, the
centér of gravity was moved forward to 23%.8 percent of the
mean aerodynamic chord. The vertical location of the
center of gravity was at %.,0 percent of the mean aerodynamic
chord above the thrust axis with landing gear retracted, or
at 1.2 percent of the mean serodynamic chord above the thrust
axis with landing gear extended.

Longitudinal Stability and Control

Characteristics of uncontrolled longlitudinal motion. =
Of the two types of control-free longitudinal oscillation,
only the short-period oscillation was investigated with the
ASBA-1 airplane because previous research hes shown that the
well-known long-period (phugoid) osclllation has little or
no correlation with -the ability of pilots to fly an airplane
efficlently. :

The degree of darping of the short-period oscillation
was determined by deflecting the elevator and guickly




releasing 1t at high speed, In all cases, the subsequent

variation of normal acceleration and elevator angle had com- .
pletely ‘diseppeared af'ter one ‘cycle, thereby satlsfying the
requirement for this condition suggested in reference 1.

Characteristics of elevator control in steady flight. =
The gharadcteriatics ol the elgvdtor control of the XSBA=<]
sirplane in steady flight were measured by recording the
elevator posltions and forcesireduired for btrim at various
airspeeds and trimming-tab settings. The measurements were

made in the followling condltions of fllght:

Flight “dn;fo}g,?ressure BIELNe | oy Landing-gear
=i b o000 1 Eme el T
condition (in. Hg) (rpm) position position
Cruising 25 1800 Up Up
Climbing z2 1800 [---d0===-- Do.
Gliding Throttle closed ~=w= |~-=dOm==-= Do.
Landing | --====t do====m=- - Down Down
Approach 18 1900 |Half down Do.
Wave-off 2l 2100 Down Do.

Conecluslons reached regarding the elevator control
characteristics may be summarized as follows:

{l) In all the filght condltions tested, stick-fixed
statle atabllibty existed, as ghown by the negative slopea of
the curves of elevator angle against airspeed (figs. 9 to 12).
The stability was greatest in the landing condition (flaps
and landing gear down, power off), It was also relatively
large in the gliding condition (flaps and landing gear up,
power off). The large increase in up elevator angle at low
speeds in the gliding condition was believed to be caused by
separation of the flow at the wing root as the stall was
approached. The static stabllity possessed by this alrplane
in the flaps-down, power-on conditions of flight was unusually
large, inaasmuch as statle Igstablllity 18 offen encountered in
these conditions. :

(2) The slope of the stick-force curves 1s negative at
the speeda a8t whieh the airplene 18 trimmecd in 8ll condlilons
of PRighty i s chapaeberi aeielassinres (aticle-—frce statilic
stablllity of the alrplane in &Lkl £11ghE sondliticns, The :
varlations of stick forece with @irspeed in the TlAps-up con=
ditions have & characteristic shape thet is believed to be

-
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caused by nonlinear hinge-moment properties of the elevator
and by the influence of the wing wake at the tail.

(%3) The gradient of elevator control force was suffi-
glently large and the friction sufficlently small in all
conditions to return the control. to 1ts trim posltions

(l,) The elevator aqb*es rcquired for trim were well
within the available range in all conditions,

Characteristics of the elevator control in accelerated
flight. - The characteristics of the elevator control in
accelerated flight were determined from measurements taken
19 abrunt “u11 -ups and push-downs from legvel fiight and in
rapid 180° turns. The results of the pull-ups and push-
downs are presented in figure 13 Time histories of repre-
sentative turns are Drespnted in fi*ures il 60.1% The
results of the tests pertaining to the elevator control may be
summarized as follows:

(1) The elevator control was sufficiently powerful to
develop elther the maximum 1ift coefficient or the allowable
load factor at every speed. This fact was evident in pull-
ups made at various speeds. :

(2) The normal acceleration was observed to increase
progressively with the elevator angle at any given' speed.

(3) DPFigure 15 shows a time history of & turn in which
the stick was nulled back until a stall occurred; an elevator
eflection of 12° from the trim position was required to
reach the maximum 1ift coefficient, . This deflection corre=-
sponds to a stick movement of !.,6 inches, which satisfies

the requirements ol referencesln

(L) mle variation of stick force with normal accelera-

tion in 180° turns is plotted .in figure 18. A large increase

in stick force and elevator angle occurred as the stall was

approached. for this reason, turns'made at 1ift.coefficlents

near the stall required a greater force per- g acceleration
than turns made at low 1lift coeff 1C¢ents.

(5) On the vasils of the. force required to make a lLg
turn, it is seen that about 30 pounds per ‘g was required
to make highly accelerated turns., This value 1s considered
excessive, ilor scout-bomber airplanes, such as the XSBA-1,

a value of 15 pounds per g seems reasonable as an acceptable

upper limlt of stick forces.




Characteristics of the elevator control in landling. =
The elevator control was sufficiently powerful to hold the
airnlane off the ground until three-point contact was made.
The average of records taken of several landings shows that
21° up elevator deflection wvas required to make a three-point
landing. In the cases of several low-wing airplanes that
have been tested, about 10° more up elevator deflection was
required to land than to reach the stall in the landing con-
dition atialtititen In the case of the XSBA-1 airplane,
however, the up elevator deflection required to land was
about the same as that needed to stall. The reason for this
condition is believed to be that separation of the flow from
the wing root reduced the downwash at the tall as the 'stall
was approached, just as the ground effect reduces the down-
wash at the tall when the airplane 1s landing. The elevator
control force required to make a three-point landing was about
i1 pounds. This force is considsred excessive and is larger
than the upper limit of 35 pounds recommended in reference 1.

Characteristics of the elevator control in take-off. =
The elevator was adequate to ralse thie tall or to adjust the
attitude angle s desired during take-off. Figure 19 shows
a time history of a take-off in which the tail was raised
fairly early in the run.

Trim changes due to power and flaps. - The trim change
caused by lowering the flaps was in the direction tending to
cause the airpliane to nose up. Lowering the landing gear
caused the airplane to nose down. A push foeorce of abeub 16
pounds was required to maintain trim if the flaps and the
landing gear were lowered with power on at 120 miles per hour.
This trim change is in the opposite direction to that usually
consldered desirable. Aprlication of power with flaps and
landing gear up had a sligi.t tendency to nose the alrplane up.
With flaps and landinggear dowr, this tendency was increased.

A push force of about 13 pounds was required to maintain trim
at 120 miles per hour if full power was anplied when flaps and
landing gear were down. The stick-force change at 120 miles
per hour in going from the flaps-up, power~off condition to the
flaps-down, full-power condition was about 38 pounds, which
exceeds the upper limit of 35 pounds recommended in reference 1,

Characteristics of the longltudinal trimming device. =
The stick force per degree trimming-tab change as a function
of indicated airspeed in various flight conditions iIs shown
in " Bimipre: 204 The trimming-tab setting required to trim at
zero stick force in these conditions 1s plotted in figures
9 to 1ls The trimmling tabs were sufficiently powerful to




reduce the stick force to zero at any point in the speed
range in the power-on flight condition. In the power-off
condlfions, the airplane could be trimmed at all speeds in
the speed range greater than 10 miles per hour above the
stall, Unless changed manually, the trimming device
retained a given setting indefinitely.

Crharacteristics of uncontrolled lateral and directional
motion. - The lateral motion of the Brewster XSBA-1l airplane

with controls free following a disturbance was measured in

the cruising, gliding, and landing flight conditions at
various speeds, The period and damping of these lateral
oscillations as functions of alrspeed are shown Iin figure 21.
The conclusions reached with regard to the uncontrolled
lateral and directional motion are as follows:

(1) In all cases, the lateral oscillations were well
damped and met the requirements of reference 1.

- (2)  Vhen the ailerons were deflected and released
quickly, they returned to their trim position, No oscilla-
tlon of the sllerons themselves was noted.

(3) When the rudder was deflected and released quickly,
it returned to its trim position. Jo oscillation of the
rudder itself was noted.

Aileron control characteristics. - The effectiveness of
the ailerons of the Brewster XSBA-1 airplane was determined
by recording the rolling and yawing velocities produced Dby
akrunxlj deflecti ng the ailerons at various speeds while the
rudder was held fixed. The rolling acceleration was obtained
by differentisting the angular-velocity record. The aileron
angles and forces and the angle of sideslip were also measured.

The results of the ailleron tests are presented in fig-
ures’ 22 o 2l ?icures 22 and 2% show the variation of the
maximum values of sideslip angle, ailleron force, rolling
veloclty, and rolling acceleration reached in aileron rolls
with various atleron deflections in the cruising and landing
conditions at low speeds. The quantities are plotted against
total aileron deflection, which is the sum of the deflections
of the right and left allerons from their trim positions.

The results may be summarized as follows:
(1) The rolling velocity varied linearly with total

gadlienen delfllection, At a glven speed, the rolling velotity
was practically unaffected by flap or power condition,
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(2) The variation of rolling acceleration with time
following an abrupt control deflection was always in the
correct direction and reached 2 maximum value in less than
0.2 second after the controls reached their given deflectlion.

(3) The XSBA-1 ailerons gave a maximum value of helix
angle pb/2V of 0.075 in right rolls and 0.085 in left rolls.
This value was practicelly constant over the entire speed range.

(li) The variation of wileron force with deflection was
approximately linear for about three-quarters of the maximum
alleron deflection., From this point, the force increased
rapidly to much larger values, This rapld increase of. force
was probably caused by separation of the flow from the lower
surface of the aileron deflected upward., The balancing
action of the projectlion on the Frise alleron was thereby
reduced. The increase of force with deflection was so rapid
that the force.required to reach full deflection varied
greatly with the setting of the stop in the aileron linkage.
Evidence of the separation of flow from the lower surface of
the aileron deflected upward is found in the curves of maximum
sideslip angle against aileron deflection. The sideslip.
angle increases up to the point where the separation sets 1in.
At higher deflections, it is reduced by the favorable yawing
moment ' caused by the drag on, the aileron deflected upward.

Because of the flexibility of the alleron linkage, the
total aileron angle reached was probably less than that
recorded in the rear cockpit. The flexibility of the system,
combined with the flow separation on the aileron deflected
upward, caused a violent shaking of the up aileron when it was
fully deflected at speeds above 120 miles per hour. S

The aileron forces for maximum deflectlon were considered
excessive. From filgure 2ly, it is seen that a force greater
than 20 pounds was requlred to obtain full alleron deflection
even at the minirmum flving speed and that, at 175 miles per

N

hour, which was about 80 pe.¢ent of the maximum indicated
apeed, a force of about L2 pounds was required. Thia Sl oRge
exceeds the upper limit of 30 pounds at 80 percent of the
maximum indicated speed gilven in reference 1.

Yaw due to ailerons. - With rudder locked at 110 percent
of the minimum speed, the maximum change 1ir sideslig developed
as a result of full aileron deflection was about 20Y, which
{s the maximum allowable sldeslip angle recormended 1n
reference 1.
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~ Rolling moment due to sideslip. - The rolling moment dQue
to sideslip wags measured by recording the aileron angles re-

quired in steady sideslips. These measurements were made
at wvarious speeds in the climbing, gliding, and landing con-
ditions. The results are presented in figures 25 to 30, in

which the rudder, elevator, and aileron angles, the angle of
bank, and the rudder force are plotted as functions of the
gldeslip angle. The sideslip angle plotted is simply that
recorded by the yaw van=, The recorded angles of sideslip
may have differed as much as 3° or L° from the actual side-
slip angles, This error would be simply a shift of the zero
setting. The slopes of the curves of the plotted gquantities
may therefore be considered correct. The conclusions reached
are as follows:

(1) The dihedral effect was stable in all conditions

tested as shown by the curves of aileron position against

(2) The aileron forces were nnt measured in sideslips;
howsver, it was noted that the alleron always tended to
return to a trim poslition when released,

(3) The rolling moment due to sideslip was never so
great that a reverssl of rolling velocity occurred as a result
of yaw due to ailerons,

Rudder control characteristics, -~ The rudder control
characteristics were Investigated 1n steady flight, in side-
gatlps, iIn abrupt rudder kicks, and in rolls in which the
rudder was used to maintain zero sideslip. In the rudder-
kick maneuvers, records were taken of rudder position, of
rolling, pitching, and yawing velocity, and of sideslip angle
resulting from abrupt deflections of the rudder in steady
flight while the other controls were held fixed. The results
of the rudder kicks are shown in figures 31 to 33, The
results of the sideslins are shown in Figures 25 Lo 50, The
variation of rudder an_ie required for trim in steady flight

with indicated airspeed is shown in figure 3. Time histories

of aileron rolls in which the rudder was used to hold zero
sideslip are shown in figures 35 and 36,

The results may be summarized as follows:

(1) The rudder control was sufficiently powerful to
overcome the adverse aileron yvawing moment in all conditions
hesbed This fact i1s shown by the time histories of alleron
rolls(figs, 35 and 36), in which the rudder was used to
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overcome the adverse yaw. In fight relle, neariy fulld rudder b
was required to overcome alleron yaw in the landing condition,

(2) The rudder was sufficiently powerful to maintain
directional control during take-off and landing.

(3) Pigure zu shows that, for each condition tested, the
rudder was sutffleliently )nwe=ful to trim the airplane at all
speedsiigreater than the mumsspeed lof ‘the airplenes

(L) The effectiveness of the rudder in recovering from
spins was not investigated.

(5) The rudder control force was proportlional to the
rudﬁer deflection. Right rudder force was required to hold
right rudder deflections and left rudder force was required

to hold left rudder deflections.

(6) The curves of rudder force against angle of side-
slip show that the rudder was uncomfortably heavy. Pine
heavy rudder forces require considerable exertion on the part
of the pillobiin radevve¢1ng and also have the disadvantage
that they reduce the maximum rudder deflection that can be
attained because: of stretch in' the rudder cables.

Yawing moment due to sideslip. - Characteristics of the
yawing moment due to sideslip were found to be as follows: b

tated, ‘the directional

(1) As has been previously
as ct tke yaw due to aillerons

b 3
stability w gufficlent Lo restiri
toythe sapeeci filed’ vaikues

(2) The yawing moment due to sideslip was such that the
rudder always moved in the correct direction from the trim
pegitionst ihat iy, vﬁght rudderSproduced (e Ft "sidegliphand
left rudder DPOQLCC“ right sideslip. Fom angles ofwaldeailin
between t15°, the angle of :¢ideslip was substantially propor-
tional to TLe rudder deflestions

(3) The vawing moment due to sideslip (rudder free) was
such that the airplane always tended to return to the trim
condition regardless of the angle of sideslip to which it was
foreced,

Cross-wind-force characteristics. - The variation of
eross-wind forecetwibh sidegliivsancles fag imeasured in steady
sldeslips was everywhere such that right bank accompanied
right sideglip .and left banrnk acegompanied left sidesllp. The
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angle of bank reached with maximum slideslip was comparatively
smail, especially at low. speeds with power off.

Pltching moment due to sideslip. - The curves of ele-~
vator angle against angle of sideslip show that the pitching
moment due to sideslip was very small, In sideslips to thi
left at 85 miles per hour in the gliding condition, about l
Qi sup televacor deflection was required to maintain longi-
tudinal trim when the sideslip was produced by a right rudder
deflection of 5°, In all other cases, the amount of elevator
deflection reqguired for & rudder deflection of 59 was less
Ehen 1°, It should be noted, in interpreting the curves of
angle of sideslip for a given airspeed, that there may be
Some error in the indicated alrspeed due to the angle of yaw
of the pitot-static he d.

Power of rudder and aileron trimming devices. - No trim-
ming tab was provided on the rudder on the XSBA-1 airplane;
however, the rudder is equlpped with a trimming tab on the
production models of this ailrplane.

The aileron trimming tab was sufficiently powerful to
reduce the alleron forces to zero.in all conditions of level
flight. Unless changed manually, the trimming tab would
retain a given setting indefinitely.

STALLING CHARACTERISTICS

The stalling characteristics of the Brewster XSBA-1l air-
plane were determined by recordinb the motion of the airplane
and the control positions and forces during stalls made from
various conditions of flight. In each condition, a 'stall
was made with the controls held fixed in thelr trim positions.
Stalls were then made in which control was attempted with the
allerons alone. and with the rudder &alone.

The results of these te ts are presented in the form of’
time histories (figs. 37 to x)) The conclusions reached
are as follows:

(1) In the gliding condition (flaps up, landing gear
up, power off), the ui.controlled stall resulted in a rolling
and pitching oscillation. The airplane did not tend to
roll off., The stall appeareatly occurred at the wing root

and spread UP&dualWy to the tips. This gradual stalling
makes it dlifficult to assign a definite value to the stalling
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sveed. The amnlitude of the oscillation could be reduced
conslderably by use of the allerons alone, whereas control
with the rudder alone only slightly reduced the amplltude.

(2) 1In the cruising condition (flaps up, landing gear
up, cruising power), the stall was somewhat more violent.
The alrplane would roll off, usually.teo the left, 1If the
stall was not controlled. The roll-off was preceded by
rolling and pitching oscillatlonsg that served as a warning.,
It was found possible to prevent the roll-off by use of the
ailerons but not by use of the rudder.

(2) The stall in the landing condition (flaps down,
landing gear down, power off) resulted in a roll to the left
that was preceded by some warning in the form of buffeting
and piltching and rolling motions of the airplane, In no
case was 1t possible to prevent the roll by use of the con-
trols, though it could be delayed somewhat by means of the
rudder,

(L) The stall in the take-off condition (flaps up,
landing gear down, Full throttle) resulted in a rather mild
roll in either direction if the controls were held fixed.
The airplane could be controlled beyond the stall by either
the allerons or the rudder, though the response to the con-
trols was sluggish,

{53 o tim histories were prenared of stalls in the
approach condition (flaps half down, landing gear down,
pertial power). ?1*5 stall, however, was extremely mild.
If no attempt at control was made, the airplane would roll
slowly from its level attitude. Good control could be
maintained with either the allerons or the rudder,

The following table gives the stalling speeds recorded
in the various fllght conditions:
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Manifold Hod e Indicated
Condition| Pressure sgeéd Flap Landing-gear| stalling
at 6000 ft (rpm) |POSLition position speed
{(in, Heg) : (mph)
Gliding Throttle
closed |[====== Up Up 80
Cruising 25 1600 |~-~do====|==--= domm=u- 66
Climbing %2 1800 |---do====|=mn=- do===m== 53,5
Take-off I 2100 |-~-do-~--- Down 65
Approach 18 1900 |Half down|----- B e mn 58
Landing Throttle
closed |---=-- Down  |===m- A0===== 70
Wave-off 3l 2100 |orntlor==m | ammm A0k v inn

The stalling characteristics of the Brewster XSBA-1

airplane were considered to be unusually good.

The stall

was always preceded by adequate warning in the form of

rolling and pitching motions of the airplane.

Flight could

be maintained beyond the stall in all except the landing

condltion,

dhe f)

CONCLUSION

ying qualities of the Brewster XSBA-l airplane

with original tail surfaces were determined fron flight

measurements.

The following conclusions apply for a center-

of-gravity location at 25.5 percent of the mean aerodynamic

chord:

,

1. The variation of elevator angle with airspeed indi-

cated positive stick-fixed static longitudinal stability in
all conditions tested.

2. The variation of elevator control force with air-
speed indicated positive sti
stability in all conditions tested.

clr

LA

-free static longitudinal

3. The average elevator control force required in
highly accelerated maneuvers amounted to %0 pounds per g

normal acceleration.

iarge.

that seems reasonable as an u

airplanes.

This value was considered undesirably

It far exceeds the gradient of 15 pounds per g
pper limit for scout-bomber




li., The stick travel required to stall in maneuvers was »
about 4.6 inches. This value was desirably large.

5. Trim changes caused by depressing the flaps were
rather lerge and were in the direction causing the nose to
e Application of power with flaps down likewise caused
a nosing—un tendency. The stick-force change at 120 miles
per hour inigolng’ fireom Sk Jans-up, power-off condition to
the flaps-down, full-power pJanthn was about 38 pounds,
which PhCGPdo the recommended upper limit of 35 pounds.
6. The motion of the airplane with controls free was
ormal. TLateral oscillations damped to L amplitude in less
an 2 cycles. ° No undamped short-pericd~oscillations of the
0ls thernselves exigted,

—J

. The alleron effectiveness was sufficient to give a
value of the helix angle pb/2V of 0.075 radian in right rolls,
0.085 radian in left rolls. The aileron effectiveness was
considered satisfactory.

8. The aileron forces were consldered undesirably large.
A stick force of about .2 pounds was required for full deflec-

tion of the aileron econtrol stlek at 175 mlles per houpp thls -
value exceeds the recommended limit of 30 pounds. A violent

shaking of the ailleron deflected upward occurred at full

deflection of ‘the controls, 3

9. The directlonal stabllity was sufficlently largs to
1limit the yaw caused by full deflf >tlon of | thhe allerons|with
rudder fixed to about 20° at low rlylngi speeds,. " The rplling
moment due to sideslip was always positive. The pitching
moment due to sideslip was desirably small in all flight

condittiiomnsr

10, The rudder control was sufficiently effective to
maintain stralght flight at minimum speéd in (all flight| con-
ditions, Tt was also powerful enough to overcome aileron
yaw in all conditions, t?ﬁunh almost full deflection of the
rudder was reduired for this purpose in right rolls at low
speed in the landing condition (flaps down, power off).
The forces required to deflect the rudder both in maneuwvering .
and in counteracting trim changes were considered excessive.

11, The stallling characteristics were good,. Adequate -
stall warning existed in all conditions of flight in the
form oF pltehin b gnd-rolling motdens of the airplane, Con-
trol of the airplane in a partly stalled condition could be
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maintained in all except the landing condition. Recovery
from the stall was prompt In all conditions.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va,

l, Gilruth, R. R.: TLequirements for Satisfactory Flying

REFERENCE
Qualities of Airplanes. NACA A.C.R., April 1941.
|
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Figure 1.— Front view of Brewster XSBA-l airplane.
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Figure 16. - Time history of a rapid 180° turn to the left started at 119 miles per hour.
Brewster XSBA-l airplane; flaps up, gear up, 18 inches Hg manifold pressure, 1800 rpm.
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Flgure 27. - Steady-sideslip characteristics in the cruising condition.

at 82 miles per hour (flaps up, gear up, cruising power).

Brewster XSBA-1 airplane.
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Figure 28. - Steady-sideslip characteristics in the crulsing

condition at 122 miles per hour (flaps up, gear
power) . Brewster XSBA-l airplane.
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Figure 29. - Steady-sideslip characteristics in the landing

condition at 76 miles per hour (flaps down, gear down, power

off).
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Figure 30. - Steady-sideslip characteristics in the landing condition
at 115 miles per hour (flaps down, gear down, power off).

XSBA-1 airplane.
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Figure 38. - Time history of a stall in gliding condition (flaps up, gear up, power off)
holding controls fixed. Note complicated rolling and pitching oscillation of constant
amplitude. Pitching oscillation has twice frequency of rolling oscillation.

Brewster XSBA-1 airplane.
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Control is maintained by use of the allerons. Brewster XSBA-1 airplane.
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the left occurred.

Brewster XSBA-1l airplane.

Control was maintained by use of rudder until roll-off to
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Figure 43. - Time history of a stall in the landing condit
Controls held fixed until roll-off to left occurred.
slight rolling and pitching oscillations.

Brewster XSBA-1 airplane.

ion (flaps down, gear down, power off).
Note adequate stall warning in form of
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Figure 45. - Time history of a stall in the landing condition (flaps down, gear down, power off).
Control maintained by use of rudder until roll-off to the left occurred.

airplane.

Brewster XSBA-1
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Figure 46. - Time history of a stall in the take-off condition (flaps up, gear down, 35 inches
Hg manifold pressure, 2050 rpm). Controls held fixed until mild roll-off to right occurred.
Note stall warning in form of rolling and pitching oscillation. Brewster XSBA-1l airplane.
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Figure 47. - Time history of a stall in the take-off condition (flaps up, gear down, 35 inches Hg
manifold pressure, 2050 rpm). Control maintained by use of the allerons. Brewster XSBA-1l

eirplane.
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Figure 48. - Time history of a stall in the take-off condition (flaps up, gear down, 35 inches
Hg manifold pressure, 2050 rpm). Control is maintained by use of the rudder, though
rolling oscillation is rather violent. Brewster XSBA-1 airplane.



