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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Bureau of Aeronautics, Navy Department
FLIGHT TESTS OF VARIOUS TAIL MCDIFICATIONS
OGN THE BREWSTER XSBA~1 ATRPLANE
ITI - MEASUREMENTS OF FLYING QUALITIES
WITH TAIL CONFIGURATION 3

By H. L. Crane and J. P, Reeder
INTRODUCTION

At the request of the Bureau of Aeronautics, Navy
Department, a series of tests on the Brewster XSBA-1
airplane is being conducted to determine the effects of
various tail modifications. The modifications include
(1) variations of the chord of the elevator and rudder
while the span and total area of the surfaces are kept
constant and (2) variations of the total area of the
vertical tail surface. This report presents the results
of the tests of the narrow-chord movable surfaces of
tail configuration 3 and a comparison of these results
with those obtained for the wide-chord movable surfaces
of tail configurations 1 and 2. Only those handling
qualities affected by the modifications of the tail
will be considered. The flight tests were conducted at
the Langley Memorial Aeronautical Laboratory between
November 1942 and October 1943.

DESCRIPTION OF BREWSTER XSBA-1 AIRPLANE

The XSBA-1l airplane is a two-place, single-engine,
midwing, cantilever monoplane with retractable landing
gear. For this serles of investigations, the cut-outs
in the flaps were covered to give conventional partial-
span split flaps. The general specifications of the
airplane are given in reference 1. Figure 1 is a




three-view drawing of the airplane with tall configura-
tion 1. Figure 2 1s a side-view photograph of the air-
plane with tail configuration 3.

TAIL COXFIGURATIONS

The surfaces of tail configuration 1, which are
shown in figures 3 and 4, were horn-balanced and had
approximately equal movable and fixed areas. The sur-
faces of configuration 2 (figs. 5 and 6) had approxi-
mately equal movable and fixed areas but were not
horn-balanced. The elevator area of configuration 3
(figs. 7 through 10) was reduced to about 25 percent
of the total horizontal arsa and the rudder area was
reduced to 35 percent of the total vertical-tail area,
Figure 11 shows tralling-edge sections of the various
tail surfaces. The positions of the hinge lines with
reference to the fuselage were the same in all cases
so that the tail length of tail & was about 1 foot
less in 17 than that of tails 1 and 2.

The elevator and rudder of tail configuration 1
were mass-balanced with lead in the horns. The elevators
and rudders of configurations 2 and 3 were mass-balanced
with lead mounted on loops which passed through the fixed
surfaces.

No seals were used on the control surfaces.

A table of tail-surface area for the three configu-
rations follows:
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Configuration it 2 3

Fin, above fuselage, 12.1 12.41 186
ahead of hinge line excluding horn )

13.9
| Rudder, behind hinge line(including 1.5 {15.6 9.6
horn balance

Total vertical tail 2640 2601 B8
Rudder trimming tab None .9 o7
Stabilizer, ahead of ' 30.6
inge line, including .|, xeludine horn 33.5| 49.8
fuselage ares i
Blevator, behind hinge Sl 3t e 7 q
T4 ’ ' (e including 2.7 [2%.8] 15.8
horn balance
Total horizontal tail 61.2 61.24%63.6
Elevator trimming tab 1% e La'?

i |

a. z F - 1 .
The increase in total area is due to increase in
included fuselage area,

The relations between control positions and control-
surface deflections are shown in figure 12, Figure 13
is a calibration of the elevator trimming tab., The
stabilizer incidence was 0° from the thrust axis. Ele-
vator angles were measured from the thrust axis.

INSTRUMENT INSTALLATION

A description of the instrument installation is
given in reference 1. Deflsctions of the rudder and




elevator were either measured at the surface or corrected
for cable stretch. Aileron deflections were not cor-
rected for cavle stretech,

ATRSPEED CALIBRATION

The calibration of the airﬂpeed recorder was made
by the use of a trailing airspeed bomb. The alrspeeds
referred to in this report as COPPGPE service indicated
airspeeds were obtalned from the difference 1n total
and static pressure corrected for positlon error and
for compressibility at sea level using the formula

Vy = 45.08 f,/a., where q, Iis the correct difference

between static and total pressures in inches of water
end | 4,918 EDB compressibility correction at sea level.

TESTS, RESULTS, AND DISCUSSION

With tail configuration 3, measurements of longl-
tudinal stability and control were made with the center
of gravity at approximately 95, 31, and 35 percent of
the mean aerodynamic chord. Measurements of lateral
stability and control for configuration 5 snd all meas-
urements for other configuratioms were made at the
25-percent center-of-gravity position. The welight of
the airplane varied from V4OO to 6000 pounds or the
wing loading varied from 21 to 23 pounds per square
foot. The vertical location of the center of gravity
was about 3 percent of the mean aerodynamic chord above
the thrust axis for the airplane with full gas load and
landing gear up or about 1 pQPOLﬂt of the mean aerody=-
namic chhrd above the thrust axis with the landing gear
extended. Retracting the landing gear had no effect on
the horizontal location of the center of gravity.

The effect of fuel comsumption on the cenfer—of-
gravity position was small enough to be ignored in the
tests of tail configurations 1 and 2. However, during
the tests of tail configuration 3, which were to be
used for neutral-point dotermlratwon. the shift of the
center-of-gravity position due to fuel consumption was
approximated.
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Tongitudinal Stability and Control

Characteristics of uncontrolled longitudinal motion.=-
The degree of damping of the short-period oscillation was
determined by quickly deflecting and releasing the ele-
vator in high-speed flight. For each of the taill con=-
flgurations with the center of gravity at 25 percent mean
aerodynamic chord, the requirement that the subsequent
variation of normal scceleration and elevator angle should
have completely disappeared after 1 ¢ycle was satisfled.
Figure 14 is a plot of two short-period oscillations with
tail configuration 3.

The long-period (phugnid) oscillation was not
investigated.

Characteristics of elevator control in steady
flight.~ The characteriztics of the elevator control of

the XSBA-1 airplane in steady flight with the various

talil configurations were measured by recording the
elevator positions and forces required for trim at
various alrspeeds and trimming-tab settings. These
measurements were made in the following conditions of
flight:

Flight Manifol? pressure |Enzine |Approx. Flap Landing-zear
condition at_OOOQ ft speed] power position position

(in. Hg) (rpm) | (hp) " | :
Cruising 25 1800 500 Jp Up
Climbirng 32 1800 | 680 Up Up
Gliding ! Throttle closed [~e==m=|—mwe——- Up Up
Landing | Throttle closed |-em—-n|-mwe=ax Down Down
Approach 18 1200 | 360 Half down Dovm
Wave-off 34 2100 | 800 Dovm Down

i

The results of the tests of the elevator control
characteristics with the various tail modifications may
be summarized as follows:

1(a). With tail configuration 3 and with the
center of gravity at 25 percent of the mean aerodynamic
chord, the alrplane was stable, stick fixed, for all
flight conditions at low speeds. At the upper end of




the speed range, the stick-fixed static stability had
decreased but was still at least slightly positive for
&ll Plight condition=.  Thlls fe¢ dllustrated by the
curves of elevator position against airspeed in fig-
ures 1S ithraough 20

1(b). The stick-fixed neutral points have been
determined for the airplane with tail 3 at 1ift coeffi-
clents of 0.4 and 1.0 from flight tests at three
center-of-gravity positions. Figure 21 contains the
plots of dée/dCL against center-of-gravity pocition,
where 6 1s elevator position and €y 1s airplane

1ift coefficient, from which the stick-fixed neutral
points were determined. Tigure 22, & plot of &g

against Cp, 1llustrates for one conditlon, landing,

the intermediate step between the plots of elevator
deflection against airspeed and the plots of dée/dCL
against center-of-gravity position.

Values of d6,/d0y for tails 1 and 2 for the one
test center-of-gravity position are plotted in figure 21.
Although it 1s not slways true, in general the values of
d6e/dCy, for tails 1 and 2 are about equal and about two-
thirds of the corresponding value for tail 3. Values of
d6,/dC;, for tails 1 and 2 would be expected to be equal

because the areas behind the hinge line were the same.

The value for tall 3 would be expected to be about

50 percent greater bhecause of its reduced elevator chord..
The stick-flixed neutral points should be approximately
the same for the three talls because the aspect ratios
and products of tail area times tail length are nearly
the sams.

The airplasne was stable, stick fixed, in all condi=-
tions except wave-off with the center of gravity back
to about 29 percent mean aerodynamic chord and satisfied
the requirement of reference 3 to that point. A table
of neutral points is given in paragraph 2(b).

The slopes of the curves of d@e/dCL agalnst
center-of-gravity position are greatest with power off
at high 1ift coefficients and least with power on at
high 1ift coel{ficlents. The slope of these curves
varies with the ratio q./q, where q; 1is ilmpact

pressure at the tail and gq 1is free~stream lmpact
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pressure. With power on at low speeds, -q./q would be

a maximum and with power off at low speeds, a minimum.
It was found during tests of the airplane in the full-
scale tunnel that due to the sharpness of the cowling
qt/q became as low as 0.8 in the power-off condition

at low speed.

2(a). The curves of elesvator control force against
indicated airspeed in figures 15 through 20 show the
degree of stick-free static stebility of the XSBA-1
airplane with taill configuration 3 with the trimming
tabs undeflected. The force curves for the two center-
of-gravity positions are parallel as would be expected
with the same trimming-tab setting. With the center of
gravity at 25 percent of the mean aerodynamic chord
the airplane was stable, stick free,in all conditions

xcept wave~off for any trim speed within the speed
range for tnat flight condition. This statement is
based on the calculated elevator force curves for
varicus trim speeds which can be found usling the power
of the elevator trimming tabs as given by figure 24,

A summary of the stick-free static-stability char-
acteristics with the three tail configurations for the
25-percent center-of-gravity position follows:

Condition Configuration « 1 4 Z
Gliding Stable Stable Stable
Cruising | ~=-~=--- A0===mm=—- Neutral Do.
Climbing | ====w==- dommmmm s QO Do.
Approach | -==-=-~ Oommmmmmme | Ao==== Do.
Landing | =====-- do==m=- -——- Stable Do.
Wave-off e by do===mm=—— Unstable Neutral

Due to the peculiar reversal of the elevator con-
trol force variation with speed which occurred with
tail 2 in the cruising, climbing, and gpproach condi-
tions, the airplane was unstable over part of the speed
range in these conditions and did not satisfy the
requirements of reference 3.
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2(b). The stick-free neutral points have been deter-
mined at 1ift coefficlents pf 0.4 and 1.0 for the air-
plane with tail configuration 3 from flight tests at
three center-of-gravity positions. Figure 23 contailns
plots of the variation of F/q, with Cp against

center-of-gravity position, where F 1is elevator control
force and g is impsact pressure, from which the neutral
c p p 3

points are determined. The intermediate step, a plot of
F/q, against Cp, 1s again illustrated for one condi-

tlon by €igure 22.

With tail configuration 3 the alrplane was stable,
stick free,with the center of gravity back to about
27.5 percent mean aerodynamic chord in all condltlions
except wave-off. A table of neutral points,both stick
free and stick fixed, for the XSBA-1 airplane with tail
configuration & follows:

conattion op, |MSRITR RR0 | Shiok free
Crulsing l:g 22 28
Landing |5 B e
Wave=-off l:g gg j gi

The table indicates that the stick-fixed neutral
points are usually aft of the stick-free neutral points.

2. For the airplane with tail configuration 3
with the center of gravity at 25 percent of the mean
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aerodynamic chord the elevator did not have sufficient
power to stell the airplane in the landing condition
either at altitude or during an actual landing, as shown
by figures 22 and 34. With the wider chord surfaces of
tails 1 and 2 the elevator angles required for trim were
well within the available range for all fl*ght condi~
tions.

Characteristics of elevator control in accelerated
flight.- The characteristics of the elevator control of
The XSBA-1 airplane In accelerated flight were determined
from measurements taken in abrupt pull-ups and push-downs
from level flight, and in turns. The results of the
pull-ups and push-downs with tall configuration & are
presented in flgure 25. Time histories of representative
turns are presented in figures 26 to 29. The variation
of stick force with normal acceleration and elevator
position with C; 1in turns for three center-of-gravity
positions is plotted in figures 30 to 32. Figure 33
shows the stick-fixed and stick-free neutral points for
accelerated conditions.

The results of these tests may be summarized as

follows:

Q]

1. With tail configurations 1 and 2 the elevator
control was sufficiently powerful to develop either the
maximum 1ift coefficient or the allowable load factor
at every airspeed. With the narrow-chord elevators of
tail configuration 3, full up-elevator deflection was
required to make a 3.5g stalled turn with the center of

ravity at 25 percent mean aerodynamic chord.
& oJ

2. With all three tails the normal acceleration
was observed to increase progressively with elevator
angle.

3. With tail configurations 1 and 2 the stick

motion required to go quickly from a 1lift coefficient

of 0.2 to the stell was over 4.5 inches and, with tail 3,
over 7 inches for the 2E-percent center~of-gravity posi-
tion. It is believed that, with the center of gravity
at 29 percent, the requirement of 4-inch travel would

at least be nearly satisfied with all three configura=-
tions.
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4, With any of the three tails the change in normal
acceleration was proportional to the elevator control
force applied.

5. The force per g to make a turn was 30 pounds
with tail 1, 27 pounds with tall 2, and 20 pounds with
tall 3 for the 25-percent center-of-gravity position.
With tail 3 the force was about 15 pounds per g with
the center of gravity at 30 percent of the mean aerody-
namic chord, which would be a reasonable upper 1limit of
force per g for this type of airplane,

6., The values of the rate of change of elevator
hinge-moment coefficient with elevator deflection and

with angle of attack, Ché and Cha’ for taill 3 have

been calculated from the turn data., The wvalue of Ch5

was between -0.010 and -0.C1ll per degree; that of Cy
was between O and -0.001 per degree. &

Characteristics of elevator control in landing.-
It was not possible to make a three-point landing with
tall configuration 3 when the center of gravity was at
25 percent of the mean aerodynﬁmic ehord using Tull
up-elevator deflection of 23.5 « With configurations 1
and 2, 21° of up-elevator deflection was sufficient to
produce a three-point landing. On the XSBA-] the same
amount of elevator deflection is required to stall in
the landing condition at altitude as to land.

Figure 34 1s a plot of elevator deflection required
to land against center-of-gravity position for the air-
plane with tall 3.

The elevetor control force requlred to land was
about 41 pounds with tail configurations 1 and 2, which
exceeded by 6 pounds the upper limit recommended in
reference 3. The force required to deflect fully the
elevator of tail 3 during landing was approximately
26 pounds.

Characteristics of elevator control in take-off.-

For any one of the tall configurations for all test
center-of-gravity positions the elevator control was
adequate to adjust the attitude angle as deslred during
take~-off.
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Longitudinal trim changes due to power and flaps.-

The trim change caused by lowering the flaps was in the
direction tending to cause the airplane to nose up.
Application of power produced a nosing-up tendency and
lowering the landing gear produced a nosing-down
tendency. The following table illustrates the magnitude
of the trim changes at an alrepeed of 120 miles per hour
with the trimming tabs at C°, the position for trim in
the gliding condition at sbout 160 miles per hour..

" Trim change by
Condition configurations
51 e AFy AFo AFz
aps Landing gear{ Power (1b) (1b) (1b)
Up Up Ooff 0 0 0
Down Down QL E 17 push| 9 push|{ 5 push
Down Down Wave-off| 40 push|22 push |18 push
i

'

The upper limit recormended in reference 3 for trim
changes due to power and flaps was 35 pounds. Configu=
rations £ and 3 easily satisfy this requirement (with
the trimming tabs neutral). However, the pilot found
the trim changes due to power and flaps objectionable
because of their direction.

Characteristics of longitudinal trimming device.-

l. As is shown in figures 3, 5, and 7, the elevator
trimming tabs on the three tail configurations were of
the same area. The power of the tab on tail 3 in pounds
of stick force per degree of tab deflection, shown in
figure 24, was about one-third that of the tabs on
tails 1 and 2. With a deflection range of %11° the
elevator trimming tab on tail 3 was inadequate in the
landing condition. For every 3.5° of tab deflection on
tail 3, 1° of elevator deflection in the opposite direc-
tion was required to trim the airplane at a given speed.

2. Unless changed manually, the trimming tabs
retained a given setting indefinitely.
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Tateral Stability and Control

Characteristics of uncontrolled lateral and direc-

tional motion.- The control-free lateral oscillation of
the airplane with tail configuration & damped to one-
half amplitude in about one-half cycle, as shown in
figure 35, satisfying the requirement of reference Se

The rate of damping decreased slightly with speed. With
either tail 2 or tail 2 the periocd and rate of damping
were the same. 'he number of cycles required to damp

to one-half amplitude with tail 1 iuncreased from one~half

l ° . o - el . .
to 1§ with airspeed. The period of the oscillatlon was

about two-thirds as long throughout the speed range with
tail configuration 1 as with tails 2 and 3. The rela-
tion of yaw angle to rudder angle showed that rudder P
floated with the relative wind thus decreasing the effec-
tive angle of attack and restoring tendency of the
vertical taill, and rudder 1 floated against the relative
wind with the opposite effect, &s would be expected with
a horn balance. Rudder 3 also had a slight tendency to
float with the relative wind. This is the reason why the
period of the lateral oscillation was longer and the
damping more rapid with tail configurations 2 and 3.

Rudder control characteristics.- The rudder control
charscteristics were measured in steady flight, in rolls,
in sideslips, and in abrupt rudder kicks, In the rudder-
kick maneuvers, records were taken of rudder position,
rudder force, rolling velocity, yawing velocity, and
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 36 through 38. The results of the sideslips
are shown in figures 39 through 45. The rolls were
made as turn entries with full aileron deflection using
the rudder to maintain zero sldeslip and also with the
rudder locked in ites trim position. Figures 47 through
51 are time histories of these maneuvers,

A summary of rudder control characteristice
followss

1. The rudder control with tail configuration & was
not sufficiently powerful to overcome the adverse
aileron yawing moment in all conditions tested. This
hown in figure 48(a), a right roll in the crulsing

ndition at 82 miles per hour using full alleron

e

o
.
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deflection. The rudders of configurations 1 and 2 met
this requirement although almost full rudder deflection
was necessary in some flight conditions.

2. The rudders of all three tail configurations
were sufficiently powerful to maintain directional con-
trol during take-off and landing.

3. The amount of rudder deflection required to
trim the alrplane for level flight in various conditions
i1s shown in figures 15 through 20. Considerably more
rudder deflection was required with the narrow-chord
rudder of tail 3 than with rudders 1 and 2. The pilot
stated that in some runs he "ran out of rudder" near the
stall in the wave-off condition with tail configuration 3
but did not consider the rudder control inadequate on
this account. In these instances the correct rudder
deflection was almost 20° compared with about 10°
required with rudders 1 and 2, Because of differences
in the gas loading in the wing tanks, there may have
been differences in the lateral position of the center
of gravity which would have affected the amount of
rudder deflection required for trim. TInasmuch as no
records were kept of the lateral loading conditlons,
the effects of this variable on the rudder deflectlon
were not determined. Subsequent flight tests have shown
that a lateral center-of-gravity shift of a few inches
produces a large effect on the amount of rudder deflec-
tion required for trim near the stall.

4, The effectiveness of the rudder control in
recovery from spins was not investigated.

5 The rudder control force was proportlional to
rudder deflection with each of the tail configurations.
Right-rudder force was required to hold right-rudder
deflections and left-rudder force, to hold left-rudder
deflections.

6. The rudder control forces required to produce a
given angle of sideslip were about 25 percent larger
with tail 1 than with tall 2. Rudders 2 and 3 were
about equally heavy for small angles of sideslip. For
larger angles of sideslip, rudder 3 was slightly heavier
than rudder 2. However, for a gilven deflection at zero
sidesllp, rudder 3 was considerably lighter than
rudder 2. With rudder 3, a right force Increment of
2bout 185 pounds was required to deflect the rudder
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fully in an attempt to overcome the yswing moment due to
full aileron deflectlion in the cruising condition at

S miles per hour. The increment of force required to
overcome the aileron yaw was 240 pounds at 110 miles per
bour. Data obtained from turn entries with tails 1 and
2 indicated that the rudder force required to overcome
the yawing moment due to full aileron deflection at low
speed was about 150 pounds. Complete data were not
obtained for econfigurations 1 and 2, but the largest
recorded trimming force with the tab neutral was

75 pounds at .56 miles per hour in the wave-off condition.
With rudder 3, for the same condition and speed, the
force required to hold zero sideslip was approximately
40 pounds. The pilot considered the magnitude of the
directional trim changes with speed with tall 3 very
satisfactory compared to those of other single-engine
airplanes.

Values of change in hinge-moment coefficlent ACy

with deflection for constant angle of attack and corre-
sponding values of ACh/AG were caleulated for all

three rudders from the initial portion .of rudder kicks
where the rudder had been deflected, but the sideslip
angle had not started to change. Values of change in
hinge-moment coefficient AC, with angle of attack

(e

and ACh/Aa were calculated for the latter portion of

the rudder kicks during which the sideslip angle bullt
up and the deflection was held constant. This calcu-
lation assumed that the change in angle of attack at
the teil was equal to the measured change in sideslip.
The method of calculation of ACh/Aa took account of

any slight changes of rudcder deflection that occurred.
The results are plotted in figures 52 through &6. The
values of ACh/Aa for Irydder 1, which are not plotted,

were very slightly positive.

With rudder 3, forces in excess of 180 pounds were
required, so that this rudder was too heavy according
to reference 3. It should be remembered that the tail
length of tail 3 was somewhat shorter (5 percent) than
that of talls X iand 2.  "Fhe wvalue of ACH/AB (figa. 52

2

through 54) was largest for rudder 3. These factors

plus the reduced effectiveness of the narrow-chord
surface offset the tendency of the reduced chord and area
to reduce the rudder control forces.
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Pitching moment due to sideslip.- It was recommended
in reference & that not more than 1% of elevator movement
should be required to counteract the pitching moment due
to steady sideslip caused by 5% of rudder deflection
right or left from the trim position. For the XSBA-1 air-
p]anc with tail configurations 1 and 2, a maximum of

l of elevator motion was required. With the narrow-

chgrd elevators of configuration 2, the maximum was about
5% in the cruising condition at 87 miles per hour,
although in all other conditions tested the elevator
motion was small. The pilot did not consider the magni-
tude of pitching moment due to sideslip objectionable.

The comparison, &s far as possible, of the handling
qualities of the XSBA-1 airplane with the three tall
configurations may be summarized es follows:

Longitudinal Stability and Control

1. The XSBA-1 airplane was statically stable,
stick fixed, with the center of gravity back to 29 percent
mean aerodynamic chord, except in the wave-off condition.
The stability was small WJu% power on at low 1lift coef-
flefents The data generally indicated that the varia-
tion of elevator angle with 1ift coefficient was about
50 percent greater with tall configuration 3, which had
the narrow-chord elevator.

i1lity was satisfactory
v position with tail
peculiar reversal

.g

2. The stick-free static sta
for the 25-percent center-of-grav
configurations 1 and 3. Due to &
of the elevator control force variation with speed which
occurred with tail 2 in the crulsing, climbing, and
approach condltlops, the airplane was unstatle over part
of the speed range in these conditions for the 25-percent
center-of- grav1+y position. With tail configuration 3,
the airplane was stable, stick free,with center of gravity
back to about 27.5 percent mean aerodynamic chord in all
conditions except wave-off.

|-'°U‘
@ ct i

!Jn }-Je by

-
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3. The average elevator control force gradient was
30, 27, and 20 pounds per g with tail configurations 1,
2, and 3 with the center of gravity at 25 percent mean
aerodynamic chord. With the center of gravity at
20 percent mean serodynamic chord, the gradient with
tail 3 was about 15 pounds per g, which would be a
reasonable upper limit for this type of alrplane,.

4, The. stick trevel requirsd to go from cruilsing
speed to the stall in maneuvers was satisfactory. It
was about 4.5 inches with tails 1 and 2, and 7 inches
with tail 3, with the center of gravity at 25 percent
rean aerodynamic chord.

5. The elevator control forcs required to land
with tail configurations 1 and £ with the center of
gravity at 25 percent of the mean aerodynamic chord
.exceeded. by about 5 pounds the limit of 35 pounds
recommiended by reference 3., For this center-of-gravity
position the elevator control with tail conflguration &
was not sufficient to meke a three-peint landing.

6. The trim changes due to power and flaps were
smallest with tail configuration 3 and excesslve only
with tail configuration 1 for which thée maximum change
in force for trim caused by power and flaps at any
airspeed with the trimming tab undeflected was about
40 pounds.

7. As indicated in section 5, the elevator control
was inadequate witn tail configuration 3. It was not
possible to make a three-point landing or reach the
stall in turns with the 25~percent center-of-gravity
position. '

8. The rudder control was adequate with tails 1
and 2. With tail configuration 2 the rudder control
was not sufficlent to overcome aileron yaw in the
crulsing condition at low speed. The power of
rudder 3 to trim the airplane for straight flight
near the stall in the wave-off condition was inadequate.
Rudder 1 was about 25 percent heavier than rudder 2 1n
sideslipa. Rudder 3 was slightly heavier than rudder 2
for large angles of sideslip. The force required to
overcome the yawing moment due to full aileron deflec-
tion with rudder 3 was excessive and was probably
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greater than for ruddere 1 and 2., The directional trim

changes with speed were satisfactorily small.

Langley Memorial Aeronautical Laboratory
‘National Advisory Committee for Aeronautics
Langley Fileld, July 12, 1844
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Figure 1.- Three-view drawing of Brewster XSBA-1
alrplane with configuration 1.
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Figure 3.- Horizontal tall configuration number one.

Brewster XSBA-1 airplane.




L-599

Trailing edge

Section A-A

Trailing edge |

W angle 18°

Section B-B
A
t ;.
lr__ll
|
|
8 |
N |
3,';\4 T _ _ : x|
&y |
|
an

b
|
|
l,.
'._
|
|
I
|
|
L

/

¢ Hinge —
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 4.- Vertical tail configuration number one. Brewster XSBA-1l airplane.
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Figure 6.- Vertical tall configuration number two. Brewster XSBA-1l airplane.
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Figure 9.- Close-up of the vertical tail of configuration 3;

’

XSBA-1 airplane.
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Plgure 52,- Plots of ACh /A0 and ACh for constant a
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Figure 53.- Plots of AC, /A8 and ACh for constant a a
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Flgure 55.- Plots of ACh /Aa and ACh against change of sideslip
angle durl ng rudder kicks; XSBA-1l airplane with tail
configuration 2.
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Flgure 56.- Plots of ACh /Aa and ACh against change of sideslip

angle during rudder kicks; XSBA-1l airplane with taill

configuration 3.




