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SATIONAL ADVISCRY COMMITTEE FOR AZRONAUTICS

for the

Bureau of Aeronautics, Navy Department

FLIOHT TESTS OF VARIONS TAIL MODIFICATIONS
OX THE BREWSTER X3BA-1 AZRPLAXNE
IT1 - MEASUREMINTS OP FLYING QUALITIES
WITH TAIL COXPIGURATIOCN 8
By H. L. Crane and J. P, Reeder

INTRCDUCTION

At the request of the Bureau of Aeronautics, Navy
Tepartment, a series of tests on the Bresster XSEA-l
alrplane != delng conducted to determine the effects of
various teall modificationa. The modifications ineclude
(1) vartstions of the ehord of the elevator and rudder
shile the span and total area of the surfaces are kept
constant and (2) variations of the total area of the
vertical tall esurface. This report presents the results
) the teats of the narrowechord movable surfaces of
tall conflguration 3 and a corperison of these results
with those obtained for the sideechord movadle surfaces
of tatl configurations 1 and 2, Only those handling
qualities affected Dy the modifications of the tall
will te considered. The flight tests sere conducted at
the langley Memorial Aeronautical ladboratory betseen
Novesber 1042 and Octoder 1943,

CESCRIPTION OF BREASTER X3BA-l AIRFLANE

The X3BA-l alrplane is a twoe-place, single-erngire,
»idwing, cantilever monoplare with retracta%le landing
gear, For thie serles of investigations, the cut-ocuts
in the flaps were covered to glve conventional partiale
span eplit flaps. The general specifications of the
airplane are gilven in reference 1, Flgure } ts a




thirco=-view Arawing of the sirplane with tall confligure-
tion 1. Plgure 2 1s & side-view photograrh of the alr-
glane with tall configuration 3,

TAIL COXPIGURATICNS

The rzurfaces of tall configuration 1, which are
shown in flgures 3 and 4, were hornedalanced and had
approximately equal movadble and fixed areas. The sur-
faces of confifguration 2 (fige., & and €) hed epproxi-
=ately equal movadle and fixed areas but were not
horn-balanced. The elevator area of conrlgurtllon 3
(figs. 7 through 10) wes reduced to about 25 percent
f the total horizontal ares and the rudder area was
reduced to 35 percent of the total vertical-tall area.
Figure 11 shows tralling-edge sectiones of the various
tall surfaces. The positions of the hirnze lines with
reference to the fuselage were thre same in all cases
50 thet the tall length of tall 3 was adout 1 foot
less in 17 than that of tells ] and 2.

The elevator and rudder of tail configuration 1
were mass-dalanced with lead in the horms. The elevators
and rudders of conflgurations 2 and 3 were mass-dbalanced
with lead mounted on loops which passed through the fixed
surfaces,

%o seals were used on the control surfaces.

A tadle of talle-surface area for the three configu-
rations followsg




Configuretion 1

Fin, above fuselage, 13,1
aheead of hinge line axeluding horn

13.9
Ruddar, behind hinge linefincluding 1.8
homn bealance

Total vertical tail 26,0
Radder trimming tad None

S::bul::r. mog :{ 30,6

ne, inelu

Nm.” A ns excluding horn
Blevator, bahind hinge lnelu:(l:;tg .7 13.8
line horn talance

Total horigzsntal tail 61,2 bs3.6

Blevator trisming tad 1.7 1.7

STris valie wae given ircorpectly in referencs 2
88 1.2 square feet,

YTne incresse in total area 13 due to increase in
included fusalaga ares.

The relatisns betwean control poritions and contpol-
surface deflactisn® are shown in figure 12. Flgure 13
fe & eslibrati~n of tha alav.tor trimming tad. The
stabiliser incidence wae J° frox the thrust axis., Ele-
vator anglas were mearured from the thrust axis.

TNSTRUMENT INSTALLATION

A description of the instrurent instsllation is
gilven in reference 1. Deflections of the rutder and




elevator were eitlier measured at the surface or corrected
for cabdle etreteh. Alleron deflections were not core
rected for cadble 2treteh.

AIRSPEED CALIBRATICN

The calidration of the airspeed recorder was made
by the use of a tralling airspeed bomb. The airspeeds
referred to in this report as correct service indicated
airspeeds were odtained from the difference i{n total
and static pressure corrected for position error and
for compressibility at sea level using the formulas

Vg = 45.00 £,V/q., where q. 43 the correct difference

between static and total pressures in inches of water
and f, 18 the compressibility correction at sea level.

TEST3, RESULTS, AND DISCU33ION

With taill configuration 3, measurements of longi-
tudinal stadility ard control were made with the center
of gravity at approximstely 2%, 31, and 35 percent of
the mean aerodynamic chord, HXeasurements of lateral
stadility and control for configuration 3 and all meas-
uresents for other configurations were made at the
2%-percent center-of-gravity position. The welght of
the airplane varied from 5450 to 6000 pounds or the
wing loading varied from 21 to 2% pounds per square
foot. The vertical location of the center of gravity
was adout 3 percent of the mear. aerodynamic chord sbove
the thrust axis for the airplane with full gas load and
landirg gear up or adout 1 percent of the mean aerody-
na=ic chord adbove the thrust axis with the landing gear
extended, thun{ the landing gear had no effect on
the horizontal location of the center of gravity.

The effect of fuel consumption on the center-ofe
gravity position wae ==all enough to be ignored in the
teste of tall configurations ] and 2, However, during
the tests cf tail econfigpuration 3, which were to be
used for neutral-point deteresiraticns, the shift of the
centereof-gravity position due to fuel consusption was
approxi=ated.




longitudinal 3tadility and Control

2 ont g $on.~
The d-nfno of damping of the shorteperiod oscillation wes
Cetermined b; quiekl¥ deflecting and releesing the eole-
vator in high-speed flight, For eech of the tall cone
firurations with the center of gravity et 25 percsnt mesn
aerodynamic chord, the requirement that the sudsequent
variation of normal ecceleretion and elevetor angle should
rave completely disappeared eftsr 1 cycle wes setisfied.
Plgure 14 18 & plot of two shorteperiod oscilletions with
tail configuration 3.

The long-period (phugoid) oscilletion was not
investigated,

characteristica evetor control of
«]1 eirplane in steedy flight with the various
tall configuretions wers meesured by recordl the
elevator poritions end forces required for trim et
verious ajirspeeds and triaming-ted settings. These
:;;;urmnu were made in the following conditions of
hts

|maifeld presoure [Bngine [Approx.
Flight Flap Landing-gear
at 6000 ft speed r
eordition (in. %) (rpm) :‘,"; ftion positlion
800

Creising 28 1000 Up
Clisdlag 2 1000 | €30 vp
Glilng | Throttle closed [eccccclcccoces uvp
tanting | Threttle cleoped |ecoccc]eacecceas] Dowm
Approach 18 1900 1 380 Half down
Tavsesll M 2100 | &0 Down

The results of the tests of the elevetor control
charecteristics with the various tall modifications may
be summarised as followe:

1(a). With tell configuretion & and with the
center of gravity et 2% percent of the msan nrod'{msic
ehord, the airplane was stable, stick fixed, for al
flight conditions et lcw speeda, At the upper end of




¢

the speed rarge, the stickefixed static stadility had
Cecreased bu? was stll]l at least slightly positive for
8ll-flight conditions. This is 1llustrated b{ the
curves of elevator position sgeinst elirspeed in filg-
ures 15 through 20.

1(d). The stickefized neutrsl points have been
determined for the eirplane with tail 3 at 1ift coeffi.
clents of C.4 and 1.0 fro=m flight tests et three
center-of-grevity positions. {gure 21 contelns the
plots of aCy egelnst center-of-gravity poesition,
where 8¢ 18 elevetor position and Cy 1s elrplene

11ft coefficlent, froms which the stick-fixed neutrsl
points were determined. Pigure 22, ¢ plot of §,

sgainst Cy, 1llustretes for one condition, landing,

the intermediaste l“t bdetwsen the plots of elevator
deflection against airspeed end the plots of 48,/4Cy
against center-of-grevity position.

Values of db8,/d4C; for tails 1 and 2 for the one

test center-of-gravity position are plotted in figure 21.
Although it is not elways true, in generel the values of
40e/4Cy for talls 1 and 2 ere adout equel and adbout two-
thirds of the corresponding value for tail 3. Values of
d0,/4C; for teils } and 2 would de expected to be equal

becouse the ereas dehind the hinge line wers the same.

The velue for tell 3 would be expected to be edout

S0 pereent greeter because of its reduced elevetor chord.

The stick-fixed neutral points should da approximately

the same for the three tails because the aspect retios

:b.sd products of tell area times tell length ere neerly
SAmS .

The alrplane was stadle, stick fixed, in all condl~
tions except wave-off with the center of grevity dback
to about 29V percent mean serodynamic chord and satisfied
the requirement of reference 3 to that point. A tadle
of rieutrel points 1s given in persgreph 2(dv).

The slopes of the curves of 408¢/4Cy ageinst
centor-ot’-,nvu; position are greatest with power off
8% high 1ift coefficlents and leest with power on et
high 1ift coeffliclents. The slope of these curves
varies with the retic q,/q, swhere q; 15 impsct

pressure at the tall and q 18 free-stres= impect
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pressure. With power on at low speeds, q,/q would be

a maximus and with power off at low speeds, s minimum,
It way found during tests of the airplane in the full-
scale tunnel that due to the sharpness of the cowling
q‘/q becans as low as 0.8 in the power-off condition

at low speed.

2(a). The curves of elevator control force agalnst
indicatsd airspeed in figures 15 through 20 show the
dezree of stick-free static -mun{ of the XSBA-1
alrplane with tail configuration 3 with the trimming
tadbs undeflected., The force curves for the two center-
ofegravity positions are rallel as would de expected
with the seme trimming-tad setting. With the center of
gravity at 25 pereent of the mean serodynamic chord
the airplane was etadle,stick free,in all conditions
except wave-off for any trim speed within the speed
renge for that flight condition. This statement i
based on the calculated elevator force curvee for
various trim speeds which can de found usi the r
of the elevator trisming tade as given by figure 2¢.

A eurmary of the stickefree static-stadility char-
acteristices with the three tail configuretions for the
29=percent center-of-gravity position follows:

Condition  Configuretion « 1 2

Gliding Stadle Stadle
Cruising ecccscccfecccncas Xeutral
Clisding sesccccdessccces ecedQecne
Approach cecccscleccconce ccalfesce
Lanal cccccccdpecccocns Stadle
Rave-off eccccccafeccassce Unstadle Neutral

Due to the peculiar reversal of the elevator con-
trol force varistion with speed which occurred with
tatl 2 in the cruising, cli=dbing, and approsch condi-
tisns, the airplane was unstadle over part of the speed
rarge in these conditions and 41é not satisfy the
require=ents of reference J.

i o A oo




2(d). The etick-free neutral points have deen deter-
mined at 11ft eorfficlents of O.4 and 1.0 for the aire
rlane with tail configuration 3 from flight tests at
three eenur-of-{uvlty positions., Plgure 23 contains
plots of the varistion of F/q, with Cy egainst

center-of-gravity position, where P e elevetor control
force and q, 1@ impact pressure, from which the neutral

pointe are determined. The intermediete step, 8 plot of
¥/q. against C;, e sgein 1lluetrated for one condi-

tion by flgure 22.

With tall configuration 3 the airplane wea etadble,
stick free, with the center of ¢nvlt{ ck to about
i7.% percent mean aerodynaric chord in sll conditions
except wave-off. A teble of neutral inte,doth stick
free snd etick fixed, for the XSBAel eirplane with tail
configuration & followes

Neutral poingffieutral point
Conaltion CL | yetex rixed | stick free

e fef 38 i

Crutsing 1:3 2‘{ g:

Climbing 1:3 ';'g §'{

l‘ a s‘
1.0 35 38

& 3 20
Approsch |, o s 29

4 27 24
1.0 27 24

Landing

Save-off

The tedle indicatee that the etick-fixed neutral
points are ususlly aft of the etick-free neutrsl points.

2. For the airplane with tall configuration 3
with the center of grevity at 2% percent of the mean




Serodmamic chord the elevator 414 ro
Fower to stell the airplene in the land
either at altitude or Curing an actual
by figures 22 and 3. wg

telles 1 and 2 the elevator ang

-;u within the avalladle rang

tisne,

light were determined
ml-wu and push-downs
results of the
th tell configuration 3 are
hietoriee of representative
presented in figures 26 o 20. The variation
orce with norma acceleration and elevator
position with cx_ in turne fopr three cmtor-or-guvxty

positions te plotted in figuree 30 to 32. Pigure 33
shows the etick-fixed and stickefree heutral points fop
accelerated conditions.

The resulte of these tests Bay de eummarizsd as
followss -

1. With tall conf 2 the elevator
9ae sufficient Yelop either the
®aximum 14 ovadle 1oed factop
the narrow-choprd elevatore of
~slevator dsflection was "
ed turn with the center o
rodynaxie chord,

With all three teils the normal acceleration
rved to increese Progressively with elevator

. hes and, with tail 3,
S-percent eonter—or-guvxty el-
that, with the conter of ty
reent, the requirement of 4-inck travel woulq
ot least bde nearly eatisfied with all three eonfigurs-
tions.
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4. Bith any of the three taile the chenge in norrmal
scceleration was proportional to the elevator control
force applied.

$s The forece per g to make a turn was 30 pounds
with tall 1, 27 pounde with tail 2, and 20 pounde with
tail & for the 28-percent em!oM?-;nvuy position.
With tail 3 the force was about 15 poundes per g with
the center of gravity at 30 percent of the mean serodye
namie ehord, which would be a ressonadle upper 1limit of
force per g for thie type of airplane.

6. The values of the rate of change of elevator
ringee-moment coefficient with elevator deflection and
with angle of attack, ch‘ and Ch'. for tail 3 have

been calculated from the turn data. The value of CM

wvae detween -0,010 and 0,011 per Qegree; that of cbc
wee detwoen O and «0.001 per degree,

; 4] Lt °®
It was not ponlb*o to make a threeepoint landing with

tall configuretion S when the centar of gravity was at
25 parcent of the mean serodyngmic chord ueing full
w-ﬂﬂ-tsr deflsction of 23,85, With conf tions 1

and 2, 217 of up-elevator deflection was sufficient to
producs & three-point landinge On tha XSBA=) the same
ancunt of elevator deflection is required to estall in
the landing condition at asltitude ss to land,

Pigure 34 1e¢ 8 plot of elevator deflection required
to land againet center-of-gravity position for the aire
plane with tail 3.

The elevator control force required to land was
adout 41 pounde with tall eonﬂfurluom 1 ang 2, which
sxceeded by 6 unds the upper lirmit recommended in
referenee 3. foree n}uxm to deflect fully the
elevator of tail 3 Quring landing wae spproximately
28 pounde.

mn;n;;n of !l!*lh-l: gontro) in take-offee
Por any one of the tall configurations for all test

esnter-of-gravity positions the elerator control was
sdequate to adjust the attitude angle se desired dupring
taksecofl.
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Longitudins) tpim changes due to power snd flsps
The tri= change caused by lowering the flaps was in the
d2rection tending to cause the airplane to noes wp.
Arplication of power produced a noeing-up tendency and
lowering the landing ru' produced a nosing-dosn
tenderey. The following tadble 1llustretes the magnitude
of the trim changes at an ajirspeed of 120 miles per hour
with the trimmi tabe at 0%, the position for trim in
the gliding condition at adbout 160 miles per hour.

Trim change by
Condition configuretions

"1 "g I?;
laatiag oax) Sewmy av) | an | aw

Up ore (4] .0 (o}
Down ore 17 push| ® pueh] 5 push
Down Bave-off| 40 push|22 push {18 push

The upper limit recommended in reference 3 for trim
changss due to power and flaps was 35 pounds. Configue
rations 2 and 3 0.!11{ satiefy this requirement (with
the trimming tads neutrel). ver, the ptlot found
the triz changes due to power and flaps obd jectionadle
because of thelir direction.

Charecteristice of longitudira) trimming device

1. As 9 shown in figures 3, 8, and 7, the elevator
trimming tade on the three tail c—onhtmt{on- were of
the same area. The power of the tad on tail 3 in pounds
of stick forece per degree of tad deflection, shown in
"f'n 24, was adbout one-third that of the nb8 on

tails )1 and 2. With a deflection range of $11° the
elevator trimming tad on tail 3 9 inadequate in the
landing condition. Por every 3.5° of tad deflection on
tall 3, 1° of elevator deflection in the oppoeite direc-
tion was required to trim the airplane at a given speed.

2. Unless changed un-nz, the trisming tabs
retalned a given setting indefinitely.




iaterel 3tadility and Control

t «= The controlefree laturel oscillation of
with tall conngﬂuon 3 damped to one-

halr o-pln“l in about ons«-half eycle, ss shown in
figure 38, uu-rﬁn‘ the :nu!mt of reference 3.
The rete of damping htly with speed. With
elther tatl 2 or uu 3 the per! and rate of damping
were the same. The number of eyclll required to damp
to one<half axplitude with tail 1 lncressed from one-hslf

to l* with airspeed. Ths period of the osclllation wes

adout two-thirds as long throughout the ngnd range with
tall configuretion 1 as with tails 2 and The relas-

tion of yaw angle to rudder angls showed that rudder 2
flosted with the relative wind thus decressing the effec-
tive l1a of attack and restoring tendency of the
verticel tall, and rudder 1 floated -im the relative
wind with the oppcsita effect, as would ds axpected wlth
8 hom dalanea., Ruddsr 3 sleso had & rlight nndon:z t.om
y t

float with the relative winde Thle 1s tha resson
period of the laters) oscillation was longer and ths
damping more repid with tall cornfigurstions 2 and 3.

res P ITI e Eer it it toaay F11gne; tn rolis
cha messu steady flight, in rolls,
in sideslips, ard in sdbrupt rudder kicks. n the ruddere
kick mareuvera records were taken of rudder sitlon,
rudder fores, rolling velocity, yawing valocity, and
sidesly. il resulting from sdrupt daflections of the
rudder 1. flight shlle the other controls were
held nm The results of the rudder kicks are shown
in figures 36 through 38. The results of the sideslips
are in figures 39 thro 46. The rolls were

made as turn entries with full aslleron deflaction using
the rudder to maintain sero sideslip and slso with the
rudder locked in 1ts trim sition., Plgures 47 through
€1 sre tire histories of these mansuvers.

A summary of rudder control charecteristics
fallowss

1. The rudder control with tail configuretion 3 wes
not sufficiently powsrful to overcome tha adverse
slleron yaeirg soment in al)l conditions tested. This s
shown in figure 48(a), s right proll in the crulsing
econdition at BE =iles per hour using full atleron
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deflection. The rudders of configuretione 1 and 2 met
this requirement although almost full rudder deflection
was recessary in some flight conditions.

2. Tha rudders of all threc tiil configuretions
were sufficiently powerful to maintain directional cone
trol Quring takee-off and landing.

3. The amount of rudder deflaction required to
tri= the ur;lm for level f1 t in varioue conditione
19 shoen in figures 15 through o Coneideradly more
rudder deflection wae required with the narrow-chord
rudder of talil & than with ruddere 1 and 2, The pillot
stated that in eome runs he "ran out of rudder® near the
stall in the wave-off condition with tall configuration 3
but d1d not consider the rudder control inadequate on
thie sccount. In these snulncoo the correct rugdor
deflection was almost 20° compared with adbout 10
required with ruddere 1 and 2, Becauee of Jdifferences
in the gas loading in the wing tanke, there may have
teen differencee in the lateral pol.!‘.!on of the center
of gravity which would have affected the amount of

r deflaction required for trim, Inasmush ae no
records were kept of the latersl ludlz oonditions,
the effects of this variadla on the r deflection
were not determined. Subsequent f1 t teste have shown
that a latars] center-of-gravity ehift of a few inchae
produces a large effect .on tha amount of rudder deflece
tion required for trim near the etall.

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

2, The rudder control force wae proportional to
rudder deflection with each of the tall cornfigurations.
Right=rudder force was required to hold right-rudder
deflections and left-rudder force, to hoia left-rudder
Geflections.

€. The rudder control forces required to produce &
given angle of eideslip were adout 25 percent larger
with tall 1 than with tail 2, Rudders 2 and & were
adout equally M-vg for small angles of sideslip. For
larger angles of sideelip, rudder 3 was slightly heavier
than rudder 2. Bc'onr._for s given deflection at zero
sideslip, rudder 3 was consideredly lighter than
rudder 2. With rudder 3, a right force incre=ent of
adout 189 pounds wes required to deflect the rudder
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fully in en ettempt to overcome the yawing moment due to
full alleron deflection in the erulsing condition et

8¢ miles per hour. The inerement of force required to
overcome the eileron yaw wes 240 pounds at 110 miles per
hour. Dats obtained from tum entries with tails 1 and
< indiceted that the rudder force required to overcome
the yewing mosent due to full aileron deflection at low
speed was about 150 pounds, Complete dete were not
odbteined fer aonﬂ,unuom 1 ené 2, dut the lergest
recorded trim=irg force with the tad neutrel was

75 pounds at $6 miles per hour in the wave-off condition.
With rudder 3, for the same condition and speed, the
fores required to hold gsero sicdeslip wes approximately
40 pounds. The pilot considered the megnitude of the
directionel trim chenges with speed with tail 3 very
setisfactory compared to those of other single-engine
airplanes.

Values of change in hinge-moment coefficient &Cy,

with deflection for constent angle of etteck and corre~
epording velues of AC),/A8 were cslculeted for all

three rudders from the initial portion of rudder kicks
shere the rudder hed been deflected, but the sidaslip
angle had not startad to change. Values of change in
hinge-moment coefficient AC), wiih angle of atteck
and 4C,/3a were calculeted for the lstter portion of
the rudder kicks during which the sideslip angle dullt
up enéd the deflection wes held constant. This celcu-
letion sssumsd thet the change in angle of attack at
the teil wes equal to the msecsured change in sidesiip.
The method of celculation of AC;/8a took account of
eny slight changes of rudder deflection that occurred,
The résults ere plotted in figures £2 through 56. The
velues of 4Cn/8a for rudder 1, which are rot plotted,

vere very slightly positive,

With pudder S&hforen in excess of 180 pounds were

required, so thet 19 rudder wes too heevy ecco:viing
to reference 3. It shoulé be reme=mbered that the tell
lergth of tell & was somewhet shorter (5 percen:) then
that of tells 1 end 2. The velus of 4C,/:8 (fige. 52

through 24) wes largest for rudder 3. These fectors
plus the reduced effectiveness of the nerrow-chord
surface offset the tendency of the reduced chord erd ares
to peduce the rudder control forces,
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techts nt Q@ (] «= It was recommended
in prelerernice 3 not more an of elavator movexant
should ba required to countnrlst the piteh! moment cue
to steady sideslip caused By 87 of ruddar deflaction
right or laft fron tha trim position. For the X3BA-l alr-
plane with tail configurations 1 and 2, a =aximum of

1‘ of elevator motion was required. With tha narrow-
chgre alevatores of configuration 3, the maximum was about
> in the crulsing conditisn at 67 =ilas par lour,

sl2hough in all othar conditions testad the alavator
motisn was emall. Tha pilot 414 not considar the magni-
tude of pitching momenrt Que to sideslip odjectionadle.

coengLusicHs

Tha comparison, as far as porsidble, of tha hihdllng
quslitias of tha XSBA-l airpiane with the threa tall
configurations may be sum=arized as follows:

Longitudinal Stad®ility ané Control

1. The X35A~1 airplane was statically stadle,

stick fized with the cantar of gravity tack to 29 percent
rean aerodynamic chord, except in tha wave-off condition.
Tha stability was small with power on at low 1ift coef-
flcientas. The dats gerierally incdicated that tha varia-
tisn of elevator nn;te with 1ift coefficlent was adout

80 percent greater with tall cornfiguration 3, which had
the narrow~chord alavator.

2. The stick-free =tatic sta>llity was satiesfactory
for the «<Se-peprcent center-sf-gravity position with tall
eonfigurations 1 and ¥. Due tc the pecullar revarcal
of the alevator control force variation with speed which
occurred with tail 2 in the crulsirg, climding, and
spproach: conditions, the airplane wae unstadle over part
of the speeld range {n these conditions for the 25-percent
center-of-gravity position. W%ith tall conflguration 3,
the alrplane wes atadle, stick free,with canter of gravity
back to adout 27.5 peprcent mean aerodyna=ic chord in all
eondiions except wave->{f.




Se The average elevator control forca gradient was
20, 27, and 20 pounds par g with tall econfigurations 1,
€, and & with the center of gravity at 25 percent mean
aerodyna=ic chord. With the canter of gravity at
30 percent mean serodynemic chord, the gradlent with
tall & was adout 15 pounds per g, which woulé be a
reasonadle upper 1li=it for this type of airplane.

4. The stick traval prequired to go> from crulsing
speed to the stall in maneuvers was satisfectory. It
was adbout €.5 inches with tails 1 arnd 2, and 7 inchea
with tall 3, with the center of gravity at 25 percent
=ean aeroldyna=mic chord.

&. The elevator control force required to land
with tall configurations 1 end £ with the center of
Fravity at 25 percent of the mean serodynamic chord
exceeded by adout & pounds. the 1imit of I8 pounds
recommended by reference 3. For this center-of-gravity
poaition the elevator control with tall configuration &
was not sufficient to make a three-point landing.

6. The trim cranges due to power and flaps were
s=allast with tall eonrlfur‘tlon 3 and excessive only

with tall configuration for which the maximum change
in force for tri= caused by power and flaps at any
alirspeed with the trimming tad undeflected wae adout
4C pounds.

7. A8 indicated in section S, the elevator control
was iracdejquate with tall configuration 3. It was not
poesidle to make a three-point landing or reach the
stall in turns with the 2S5-percent center-of-gravity
position.

8. The ruder control was adequate with talls 1
and 2., ¥With tall confilguration ¥ the rudder control
was not sufficlent ts overcome alleron yaw in the
eruls!nf eondition at low spead. The power of
rudder & to trim the airplane for straight flight
near the stall in the wave-off condition was inadequate.
Rudder 1 was adout 25 percent heaviar than rudder 2 in
slcdeslips. Rudcer I was slightly Leavier than rudder 2
for large angles of siceslip. The forca required to
overcome the yawing moment cus to full alleron deflece
tion with rudder ® wae excascive and wee prodadly
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an for rudders 1 and 2. The airectional trim

greater th
evanges with speed were satisfactorily s=sll.

tangley Memorial Aeronsutical laborstory
sationsl Advisory Cosmittee for Aeronautics
Lengley Field, July 12, 1944

o Cranc

Herold L. Crane
Asronauticel Engineer

7 Ak Ad

Aeronauticel Engineer
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PICURE LEGENDS

Figure l.- Threa-viaw drewing 5f Brewster X3BA-l air-
plene with configuretion 1.

Pleure 3ide view of Brewstar X3BA-) with tail
eonfiguration 3.

Plzure Horizontal tall configurstion number one,
Brewster X33A-l airplane.

Plgure Vartical tall configurstion nuwbar one.
Brewster X3BAe-l airplene.

Pilgure Horfzontal tall configuration number two.
Breweter XSBAel alirplane.

Pigure 6.~ Vertical tall configurstion number two.
Brewster XSBA-)l airplane.

Filgure 7. Horizontal tall configuration 3; Brewster
XSBA-1 alirplane.

Plgure B.. Vertical tall configuration 3; Brewstar
XS8A-1 airplane.

Plsure 9.- Close-up of the vertical tail of conflgura-
tion &; X3BA-l alirplane.

Figure }0.- Close-up of tha horizontal tail of configu-
ration 3; XABA-l alrplane.

Plgure ll.- Tratling edge sections of XSBA-1 tall surfaces
at the stations indicated in figures 3 through 8.

Flgure 2.~ Variation of control surface deflections with
eontrol positione; XSBAel airplans with tall configue
retion 3,

Plgure 13.- Calidbration of elevator trimmi tadb; Brewster
X324=1 alrplanre with tall configuretion S.

Plgure 14.- Short period oscillations of the XSBA-l aire
plarne =ith tall configuration 3.

Plrure 15.- Static longitudinal stability characteristics
of the X2BA-l alrplane with tail configuration 3 in
tha gliding condition.




FIGURE LESENTS - Continued

Figure 1€.- Static longitudinal stadility characteristics
of the X38A-] sirplane with tail configurstion 3 in
the crulsing condition.

Flgure 17.- Static longitudinal atadility charscteristice
of the X38A~} sirplane with tail configuration 3 in
the climbing condition.

Plgure 18, Static longitudinal stadility charscteristice
of the XSBA-1 a!rplane with tail configuration 3 in
the approach condition.

Filgure 19.~ Static longitudinal atability charscteristics
of the XSBEA-]l airplane with teil configuration 3 in
the landing condition.

Figure 20, Statie lon&ltudinnl atadility characteristics
of the XSRA-1 airplane with tail configuration 3 in
the wave-off condition.

Plgure 21.- Plote showing stick-fixed neutral points in
varioua flight conditions for the XSBA-l airplane.

Plgure 21.- (corcluded).

Plgure 22.- Plots of elevator position and elevator force
divided dy dynenic pressure against lift coefficient
for the X3BA-l airplane with tail configuration 3 in
the landing condition (flaps down, gear down, and
power off). o

Plgure 23.- Plots showing stickefree neutral points in
various flight eonditiosns for the Y3BA-l airplane
with tell configuration 3. (Trimming teb set at 0%)

Plgure 28.- (concluded).

Plgure 24.- Variation of elevator control force per degree
ef trimming tad deflection with airepeed; XSBA-1l alr-
plane with tall configuration 3.

.

Figure i%.- Charecteristics of elevator control as
measured ¢n pull-ups and pughedowne from level flight
(power on, flape up, landing gear up)s Brewster
XSPA-1 alrplane with tail eonfiguretion 3.




PISURE LESGSNDS - Continued

Flgure 26.- Time history of a 2g turn to the right in
shick the spead !s gredually reduced from 1 miles
per hour; Brewster XSBAel airplare with tell cone
flguration 3, c.g. 8t 25,2 percent M.A.C.

Flgure 27.- Tize history of a 3.%5g right turn to the
stall; Brewster X3BA-1 alrplare with tell configura=-
tion 3; c.g. 8t 25.2 percent X.A.C.

Flgure 26.- Time h!ltorg of an adbrupt right turn st
174 =milles per hour; Brawster XSBA-l airplane with
tall conflguration &3 C.ges 8t 25,2 percent M.A.C.

Flgure 29.- Time history of an adrupt left turn at
174 miles per hour; Brewster XSBi-)l sirplane with
tall configuration 3; c.ge 8t 20,8 percent ¥.A.C.

Filgure 30.- Variation of slevator control force with
rnor=al acceleration, and variation of elavetor posie
tion with 11t coefficiant in turne; Brewster XSBA.)
alrplane with tall configursation 33 c.p. 8t 25.2 per-
cent M.A.C.

Figure Sl.- Varistion of elevator control force with
normal scceleration, and variation of elevator posi-
tion with 1t coefficlent in turns; Brewster XSBA-l
llrplcn: ;:th tall configuration 3; c.g. at 30.7 per-
cent M,A.C,.

Plgure 22.- Varfation of elevator control force with
rnor=al asceleration, and variation of elevator
position with 110t coefflclent In turns; Brewater
X38A-1 airplana with tall configuration 3; c.g. at
34.8 percent W,A.C.

Flgure 33.« Plots showing stickefixed arnd atick-free
reutral points in turns for the XSBA-l alrplane with
tall configuretion 3.

Plgure 34,.,- Elavetor deflaction required to land XSBA-l
clrp}lnn with tall configuration 3 (power off, flaps
down) .

Pigure 35.- Variatior of pariod and damping of lateral
osecilletion with indicated alirspead; Brewster XTBA-l
airplare with tail configuretion 3.




PIGURE LEGENDS « Continued

Pleure 36.- Varistion of maximum values of sideslip
angle, rudder foree, and angular velocities with
rudder deflection during adrupt rudder kicks in the
£1141ng cendition at 95 snd 149 miles per hour (flaps
up, landing gear up, power off); Erewster XSEA-1 air-
plane with teil configuration Je

Flgure 37, VYaristion of maximum values of siderslip
sngle, rudder force, and angular velocities with
rudder deflection duri abrupt rudder kickes in the
cerulsing condition at and 140 miles per hour
(flaps up, landirg gesr up, crulsing power); Brewster
X33A~1 sirplene with tall configurstion 3.

Figure 30.- Veristion of =aximum velues of sildeslip
sngle, rudder force, and anguler velocities with
rudder deflection during adrupt rudder kicks in the
landing condition at 100 and 130 miles per hour
(flaps down, landing gear down, power off); Brewster
X3SBA-1 airplane with tall conr!sunuon .

Plgure 30.- Steady siceslip characteristics in the

£liding condition st 94 miles per hour (flaps up,
landing gear up, power off)s Brewster XSBA-1 airplane
with tell configuretion 3,

FPlgure 40, Steady siderlip characteristics in the
£liding condition at 114 miles per hour (flaps up,
landing gear up, power off); Brewster XTBA-1l sirplsne
with tall configuration 3.

Plgure 4l.= Steatly sideslip characteristics in the
erulsing condition st 687 miles r hour (flaps up,
landing gvar up, cruleing power); Brewster A=1
sirplane with tail configuretion 3.

Flgure 42.- Steady sideslip charscteristices in the
crulesing condition at 116 miler per hour (flaps up,
landing geer up, crulring pomer); Brewster XSBA-1l
airplene with tail configuretion S,

FPlgure 4%.~ Steady e2ideslip charscteristics in the
landing condition st 63 milles per hour (flape down,
landirg geer down, power off); Brewster X3CA-l sire
plane with tail configuretion 3,




FIGURE LEGENDS « Continued

iRure 44.- Stoud{ sideslip charecteristics in the lending
condition at 112 miles par hour (flaps down, landing
gear Gown, power off); Brewster XSBA-l airpleres with
tall cenfiguration 3.

Flgure 4%.- Jtealdy eicdeslip chearacteristics in the level
flight condition et 187 miles per hour (flaps up
landing gear up, power on)i Brewster XSRA-l Airpitne
with tail configuration 2,

Flgure 46.- Steady sideslip characteristics in the level
f1%e%t condition at 187 miles per hour (flaps up,
landing gear up, power on)3 Brewster XSBA-1 sirplane
sith tall configuretion 3,

Pigure 47, Time histories of left rolls with full
slleron deflection In the crulsing condition (flaps
up, landing gear up, powar on); Brewster XSRA-l
slrplane with tail configuration 3.

Flgure 48.« Tima histories of right rolls with full
sileror deflection in the crulsing condition (fleps
up, lending geer up, power on); Brewster XSBA-1l
airplena with tail configuration 3.

Filrure 49,~ Time histories of left rolls with full
sileron deflection in the landing condition (flaps
down, landing gear down, and power off); Brewster
XSZA~1l airplane with tail configurstion 3.

Plrure 80.- Ti=e histories of left rolls with full
a2)aron deflection in the crulsing condition (flape
Vp, landing gear up, power on); PBrewster XSBA-l
airplane with tall configuretion 3. .

tgure Bl.- Tine historias of right rolls with full
alleron daflection in the crulsing condition (flaps
up, landing gear up, power cn)j Brewster XSBA-1l alre
plane with tall configuretion 3.

Flgure $2.- Plots of &C)/a0 and AC) for constant a
against chun{o of rudder deflection durirg rudder

kicks; X3BA-l1 alrplare with tall configuration 1.

Plgure S3.- Plote of &C),/28 and &Cy for constant a

against change of ruddar daflection during rudder
xlcue: X32A-1 alrplane with tail configuretion 2.




FISURE resmxps . Coneluded

Flzure 64.- Plots of 4Cp/a0 and acp for constant g

nfn!nn ckange of ruddes deflection during pruddep
kioks; XSBAE{ airplane wity tafl configuration 3.

Fleure $8.- plote of 8Cp/8a ana 4c), sgatnst change
of sidesltp

le during rudder kicks; X3BA-1 air.
plare with tag configuration 2,

Flgure 36.- Plots of 4Cn/aa

and iCh against change
of ?ideslip ar

le during pudder kicks; XSBA-1 atp.
Plane with tag configuration 3,
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Pigure 9.- Close-up of tLhe vertical tall of configuration 3:
XSBEA-1 alrplane.
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