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SATIOgAL A0VI3CRY SCIOCI7TBB FOR AEROMAOTXCS 

my  KAS-'V  HZfZZ 

far the 

Bureau of  Aeronautics,  Navy Gepartnent 

Plttwr TESTS or VARIO"3 TAIL HODIPICATIOM 

OR TKB BREaSTER XSBA-1  AIRPLANE 

III  •  MEASUREMENTS OP PLTIHO  QUALITIES 

»IM TAIL COaTIOÖnATIO» 3 

By H.   L.  Crana and J.  P.  Reader 

IlfTROD-JCTIO« 

At  the  request of the Bureau of Aeronautics,  Navy 
Department,  a  aerie« of teeti en the Breaeter XSBA-1 
airplane  1* being conducted to determine  the  effects of 
various  tall Modifications.    The codifications Include 
(1)   variations of the chord of the elevator and rudder 
•fttie the  span and total area of the surfaces are leapt 
constant and (8)   variations of the total area or the 
vertical  tall  surface.    This report presents  the results 
of  the  tests of the narroa-ehord movable  surfaces of 
tall  configuration 3 and a comparison of those results 
•1th th.se  obtained for the «Ida-chord movable  surface* 
or tall configurations  1 and 8.    Only those handling 
t  alltl«a arrected by the .-iodlfIcatlor.s  or the  tall 
•.       te considered.    The  flight tests «ere conducted at 
the  lar.#ley Meskorlal Aeronautical  Laboratory betaeen 
»oveafcer  1942 and October 1943. 

XJsTSCRIPTIOS  OP  BReVSTZR  XSRA-1   AIRrLAIOX 

The  XSBA-1  airplane  la a tao-pleee,   single-engine, 
• '.Owing,  cantilever monoplane alth retractable  landing 
tear.    For this aeries of investigations,  the cut-outs 

n the flaps aere covered to five conventional partlal- 
tpan  split  flape.     The general   specification»  or the 
airplane are given In reference  1.    Figure  1  Is a 



thr«e-vlea dreeing of the airplane «1th tall eonflgura- 
ItM  I,    Figure 2  It • elde-vle» photograph of tha air- 
; :»  l   »tth tall  c-nfIgurstlon 3« 

TAIL CONFXOUIUTIOIIS 

Tha  turfaeoa of tall configuration 1,  «rhlch ara 
th an In figures 3 and 4, were horn-balanced and had 
approximately aqual movable and fixed area*.    The  »  r- 
facet of configuration 2  (figs«  S and 6)  had approxl- 
-stely aqual »avable and rlxad araaa but were not 
r. rn-talar.ced.    Tha elevator araa of configuration 3 
(flga. 7 through 10)  «at raduead to about 26 percent 
of tha  total horlsontal araa and tha ruddar araa m 
rcdicad to 35 pareant of tha total vartleal-tall  area. 
Figure  11  shoes  tralllr.g-edge aaetlona of tha various 
tall  aurfaca*.    Tha poMtlone of tha hln^a lines «1th 
reference  to tha fusalaga eere  tha aana  In all eaaaa 
so that tha tall  length of tall  3 «as about  1 foot 
laaa In 17 than that of tails 1 and 2. 

Tha elevator and rudder of tall configuration 1 
•ara MSS-balanced with laad In tha horns.    Tha elevators 
ar.d rudders of configurations 2 and 3 «ere Mss-balanced 
•lth lead aounted on loops which paaaad through tha fixed 
surfaces. 

So aaals «ore used on tha control  surfaces. 

A table of tall-surface area  for the three conflgu- 
retiir.s  folloast 
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Configuration 

fir.,  «bo«« fuselage, 
•head of hin«*  Hit* 

liiMtr, behind bin«« Una 

Total vertical  tall 

Rudder trtawing tab 

Stabiliser, ahead of 
blue« Una, including 
fuselage araa 

Elevator,  behind hinge 
Una 

Total horlaontal  tall 

Elevator  trlaslni  tab 

U.l 
am« lading hern 

13.9 
Including  1.5 
horn balanee 

se.o 
Nona 

90.6 
excluding horn 

3C.C 
Including £.7 
horr. talance 

61.2 

1.7 

18.« 

13.6 

26.0 

••9 

33.3 

27.» 

61.2 

1.7 

16.2 

9.6 

86.8 

.7 

49.8 

13.6 

'63.6 

1.7 

"This  vili«  • »«  given  Incorrectly  In  reference  2 
aa 1.2  square  feet. 

*Tbe  Inerea-e  In  total area  It due to Increase  In 
Included  Tutelage  area. 

The relation«  between control  positions  and control* 
surface deflection« are  shown In figure  12.    Figure  13 
la a calibration of the elevator trltanlng tab.    The 
stabiliser  Incidence  «a« 0     fros  the   thruet axis.     Ele- 
vator angles  were  nee-jred  fros the  thrutrt  axis. 

IMTRUKEIT XXSTAUATIOX 

A description of the instrument Installation la 
glean In reference 1. Oaf lections of the rudder and 

w **m 



• ".•»•tor »era either aaeaured »t the surface or corrected 
far cable etreteh.    Aileron deflections were not cor- 
teeted for cable stretch. 

alRSKSB CALIBrUTIOB 

The »«ittnibn of the airspeed recorder woe ««do 
by the use of • trailing airspeed boeb.    Th« airspeeds 
referred to  In thl« report aa correct  service  Indicated 
alrepeede were obtalnad fro» tbo dlffaranca In total 
and ttatle pressure eorraetad for position error and 
for eoajpreaslblllty at aaa  level using the  formula 
V) a 46.06 f,Vi7.    «hare    qc     la  the correct difference 
ftween atatlc and total pressuraa  In  Inches of water 
and    f-    la the compressibility correction at aaa level. 

TESTS.   RESULTS.   ART CISCU3SI0H 

• lth tall configuration 3(  measurement? of  longi- 
tudinal   stability and control were siade »lth the center 
of gravity at approximately cl,  31, and 36 percent of 
tha a»an aerodynamic chord.    Measurements of lateral 
stability and control  for configuration 3 and all meas- 
urenar.te for other configurations «are sade at tha 
»J— percent center»if«gravity poaltlon.    Tha «eight of 
tha airplane varied fro» 3400 to 6000 pounds or tha 
a!:.»-  loading «arlad fro« 21  to 23 pounds par square 
foot.    Tha vertical  location of the center of gravity 
aaa about 3 percent of the near, aerodynasilc chord above 
tha thrust aale for the airplane «lth full gaa load and 
ler.-llr.« rear up  or about  1  percent  of  the swan aerody- 
..ar.le  chord above the  thruat axis «lth tha  landing gear 
•atendod.    Retracting the  landing gear had no effect on 
th« horizontal  location of the center of gravity. 

Tha effect of  fuel consumption or. tha center-of- 
gravity poaltlon «as «nail enough to be Ignored In tha 
teata of tall configurations  1 and 2.    Bovever,  during 
the testa of tall eonflr-»ration 3, which were to be 
used for nejtrel-pilnt deterr.lr.atlone,   tha  shift of the 
eenter-of-gravlty poaltlon duo to fuel consumption ••• 
aporoalawstod. 



longit jdlnal  Stability and Control 

:hara?tarl«tlcs of uncontrolled longitudinal »otlon.- 
Tho degree of deseptng of the  short-period oscillation ««a 
determined by quickly deflecting and releasing  th« ele- 
vator In high-speed flight«    For aaeh of th« tall eon« 
figurations »Ith th« cantor of gravity at 25 p«re«nt nran 
•erodynaale chord,   tha requirement  that  th«  subsequent 
variation of norael acceleration and elevator angle should 
• »• completely disappeared aftar 1 eycla am» aatlaflad. 

Figure 14 la a plot of two ahort-parlod oscillation; «1th 
tall  configuration 3. 

Tha long-period (phugold)  oscillation was not 
Investigated. 

Characteristics of elevator control In steady 
r:..-ht.» Tha eharactarlatlca of tha elevator control of 
•• »  \1BA-1  alrplana  In ataady flight «1th tha various 
tall  configurations a«re aeaaured by recording tha 
elevator porlttona and forsaa required for trim at 
«arloua alrap««da and trlT»Ir.g-tab  settings.    Thasa 
•teaeurefatnta «ere «avde  In tha following oondltlona of 
flighti 

High* 
- sr.1l» i ,n 

slfola pressure 
•t aooo r* 
(In. Hg) 

teglne 
speed 
(rea) 

Appro« 
poawr 
(»r) 

rup 
position 

leading-gear 
peiltlen 

-rvtslag 
:llaklag 
••.lllr» 

• •   i-r 
Approach 

la • 
Throttle dor.»« 
Threttl* el seed 

M 
• 

1M0 
IK» 

aoo 
«to 

>10U 
v>-; 
•00 

UP 
op 
vp 
Soan 

»ir 

op 
Op 
op 

Tha raault« ->t tha taat« of tha elevator control 
characteristic« atth tha various tall »jodl fleet ion« nay 
ba  S'jraiarltad as folloasi 

Kai.    atth tall configuration 3 and «lth th« 
eer.ter of gravity at 8S parcant of tha stsan eerodynar.lc 
chord,  th« alrplana «as etable. stick f laed. for all 
fll(ht condition« at  Is« speed«.    At th« upper and of 



the  sreed ran««.   UM  stlck-flaed static  stability had 
decreased but  «as attll  at  laaat  slightly positive  for 
ali nicht  condition«.    Thl«  la Illustrated by  the 
curves of elevator position against airspeed  In fig- 
ure« IB through 20. 

Kb).     The  stlck-rtsed neutral  point«  have  beer. 
determined  for th«  alrplan« with tall  3 at  lift coeffi- 
cient» of C.4 and l.C from flight t««t« at three 
eenter-of-gravity positions.     Figur« 81  contains   the 
plot« of    d6a/dC{,    against center-jf-gravity position, 
eher« 6# 1« elevator position and Cj_ 1« airplane 
lift coefrielent, fro» which the stlck-flxed neutral 
point« «ere determined.    Figure 22, a plot of    6, 
against    %,     Illustrates for one condition,   landing, 
the  Intermediate  step betveon  the plots of elevator 
deflection against alr«p«ed and th« plot« of    d6r/dCL 
agalnat ccnter-of-gravlty position. 

Value« of    dOi/dCr.    for tall« 1 and 2 for th« one 
test center-of•gravity position are plotted In figure 21. 
Although It  1« not aleays  true.  In general  the value« of 
4c,/&Ci.    tor tails 1 and 2 are about «qual and about two- 
thtrd« of  th« eorr««pondlng value  for tall 3.    Value« of 
dOa/dCf,    for tall« 1 and 2 would be expected to be equal 
because the area« behind the hinge line •era the aas». 
The value for tall 3 mould be expected to be about 
SO pereent greater beeauae of Its reduced elevator chord. 
The  stlck-flxed neutral point«  should ba approximately 
the  seas  for th«  three  tall« beeeua«  the aspect ratio« 
and products of tall area tlaes tall length are nearly 
the  same. 

The airplane eas  stable, «tick  fixed, In all condi- 
tions except vave-off *lth the center of gravity back 
to about 2» percent mean aerodynamic chord and  satisfied 
the requirement of reference 3  to that point.    A table 
of neutral point« Is given In paragraph 2(b). 

The) slopes of the eunres of    do^/dCj.    against 
-••»--  f-rravity position are greatest «1th power off 
at hlfh lift coefficient* and laaat with power on at 

The «lope of these curves 
•here    qt    1« Impact 

1«  free-stream  lapset 

high lift coefficient«. 
varl«s with th« ratio    qt/q 
pressure at the tall and   4 



pressure.    Vttn pttr on at low speed*.    qt/q    would bo 
•    «»!-ir and «lth power off at  low speeds,  a minimus. 
It wot found during toott or tho airplane  In  tho full« 
scale tunnol  that duo to tho sharpness of tho cowling 
o^/q    beeaae a« low as 0.8 In tho power-off condition 
at low speed. 

2(a). Tho curves of elevator control force against 
Indleatod alropaod In figures 16 through 20 ahow tho 
decree of stick-free atatlc  stability or tho X3BA-1 
e!r;lans with tall conriguratlon 3 with tho  trlasslng 
taba under lee ted.    Tho forco curves for tho  two center- 
of «gravity positions aro parallel aa would bo expected 
with MM  sane  trlnr.lng-tab  sotting.    With tho eontar or 
gravity at 26 poreant of tho sjaan aerodynaalc chord 
tho alrplano was stable, stick free. In all condition« 
except wave-off for any trlir. speed within the  speed 
range for that night condition.    This  statener.t  la 
based on the calculated elevator fore« curves ror 
various  trtsj speeds which can be  round using the power 
or the elevator trlanlng taba a« glvan by figura 24. 

A aussaary of tho stick.free static.stability char- 
acteristic« with the  three  tall configurations ror tha 
2o«percent center-of-gravity position followsi 

Condition Configuration 

Olldlng 
"raising 
CUsfelng 
*l preach 
landing 
wave-off 

Stable 
..do———<• 
--do-——•- 
--do--««-.-« 
..do——... 
—do  

Stable 
Neutral 
...do  
...do  
Stable 

Unstable 

Stable 
Do. 
Do. 
Do. 
Do. 

Keutral 

Due to the peculiar reversal of the elevator con- 
trol force variation with »i «ed which occurred with 
tall 2 In the cruising, cHating, and approach condl« 
tlons, the airplane was unstable over part of the speed 
range In theee conditions and did not satisfy the 
rej.lre»«nte or reference 3. 



8(b). Tb« etlek-free neutral ; -int» ha«* bean deter- 
• Ir.«d at  lift ev rriclantt er 0.4 and 1.0 for the  air- 
ier.« with tall configuration 3 fron flight  taita at 
thraa center. >f-«/revlty positions.    Figure 23 eontalna 
plots of the variation of    F/a.c    »lth   CL   against 
eenter-of-grevltj position, «her*    T    la elevator control 
r re» er.d    q.    !•  lapact pressure,  fron which the neutral 
i   Inte are determined.    The  Intermediate  atap,  a plot of 
r/qe    against    C.,    la again Illustrated for one eondl- 
tlon by figure 22. 

•1th tall configuration 3 the alrplana «a«  stable, 
etlek free, el In the center of gravity back to about 
87.6 percent «wan aerodynar.te chord in all conditions 
•icept aeve.off.     A table of neutral points, both  stick 
free end «tick flaed. for the XSBA-1 airplane «1th tall 
-it.figuration I  follostai 

Condition Ct 
Keutral point, Neutral point. 

•tick fixed •tlek free 

illding 

Cruising 

Cllablnc 

Landing 

approach 

•eve.off 

C.« 
1.0 

.« 
1.0 

.4 
1.0 

.4 
1.0 

.4 
1.0 
.4 

l.C 

SB 

9C 
41 

26 
40 

36 
36 
31 
31 
27 
27 

96 
3« 

26 
38 

27 
31 

34 
35 
29 
29 
24 
24 

The  table  Indicates that  the  »tick.fixed neutral 
points are usually aft  -f the stick-free neutral points. 

9. For the airplane «lth tall configuration 3 
• lth UM center of gravity at 86 percent of the «ear. 



aerodynaalc chord  tu» elevator did not neve aufflclent 
power to  stell  the elrplane  In tba landing condition 
either at altitude or during an actual   landing,  ai  shown 
by figures 22 and 34.    >!tl> the wider chord surfaces of 
tall«  1 and 2  tha elevator angle« required for trla were 
well within tha available range for all flight condi- tion*. 

Characteristics of elevator control  in accelerated 
flight.- Tha characteristic* or tha elevator control of 
TTTHCSBA-1  airplane  In accelerated flight were determined 
froa weaaureswnts  taken In abrupt pull-up* and push-down» 
fro» level flight, and In turn*.    Tha reaulte of tha 
pull-upe and push-down« with tall configuration 3 are 
presented In figure 25.    ?l«e hletorlee of representative 
turns «re presented In figures 80 to 29.    Tha variation 
of atlck force with normal acceleration and elevator 
position with    Cg,    In turn* for three center-of-gravity 
poeltlon*  la plotted In figures SO to 32.    Figure 33 
ehows the  «tick-fixed and «tick-free neutral points for accelerated conditions. 

1. with tall configuration* 1 and 2 the elevator 
control was sufficiently powerful to develop either the 
»aurlaua lift coefficient or tha allowable load factor 
at ovary airspeed.    *lth the narrow-chord elevator* of 
tall  configuration 3,   full up-elevator deflection waa 
required to s**ko a S.Sg stalled turn with the canter of 
gravity at 26 portent «ear. eorodynaclc chord. 

t, kith all  three tall* the normal  acceleration 
waa obeenred to increase progressively with elevator 

i*B^BWSW»»W*SW*»T**W»SWW*l 

of 0.   __. vwwr e.o inches and, with tall 
over 7  Inches for the 28-percent eanter-of-gravlty posl 
i:  r.(     It  la believed that, with tha cantor of gravity 
at 29 percent,   the requirement of 4-Inch travel would 
at  least be nearly satisfied with all  three configura- tion . 
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4. atu> any of the  three tall* the chance  In norr.al 
acceleration ••• proportional  to th« elevator control 
fore* applied. 

ft* Th« force par g to sake a turn «a« 30 pound« 
•1th tall  1, 27 pound« with tall 2, and 20 pound» with 
tall 3 for the 23-percent c«nter-of«gravlty position. 
a:th  tall 3 th«  force »a« about 16 pound« per g >lth 
tn« rer.ter or gravity at 90 percent of the ««tan aerodjr- 
naale chord, erhleh would ba a reaaonatle upper Halt of 
roree par g for thl« type of airplane. 

6.  The value» of the  rate of change of elevator 
t 'r.rt-m.mer.t coefficient with elevator deflection and 
elth angle  of attack. C»6 

and    C„ for tall 3 have 

•'•i. calculated fron the  turn data.    The  value of 
•at  •»••err 
•a« between 

-0.010 and «COll per degree:  that of 
0 and »0.001 par degree. 

C»ft 
C»a 

Charact«rl»tlc« of elevator control In landing.- 
It *a« not poailble to nake a three-pi lr. 
tall eonftguratlon 3 «her. the center of . 
3ft percent of the nean aerodynar.lc chord 
up-elevator deflection of 23,6 . «lth e 
and 2, ffl° of up-elevator deflection «er 
produce a three-point landing* On Uta 
aaount of elevator deflection la requlr 
the landing condition at altitude a« to 

t  landing with 
gravity «a« at 

uelng full 
onf tguratlona 1 
aufflclant  to 

ABa-1 the aaae 
d to »tall In 
land. 

figure 94  la a plot of elevator deflection  required 
to  land agalnat center-of-gravlty position for the air» 
plane ulth tall  3. 

The elevator control force required to land «a» 
about 41 pound« Tilth tall configuration« 1 and 2, which 
•acaedad by 6 pound« the upper llr.lt  recoeaaended  In 
reference 3.    The ferae required to deflect fully the 
elevator of tall 3 during landing «a« approalaately 
2« pound». 

Charocterlattc« of elevator control In take-off.« 
For any one of the tall configuration» for all teat 
eenter-of-gre»lty pieltlon»  th« ele/at.r control ••« 
• deiiate to adjuat the attitude angl« a» desired during 
tak«-3fi*. 
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yajgUajmi trla eteMti due to DOT and flap».- 
The  trla change reused by lowering  tha  flapa «a«  In tha 
ürectlon tending *» causa tha airplane to noae up. 

Application of power produced a noslng-up  tendency and 
lowering  tha  landing |taar produced a nosing-down 
tmfeney.    Tha following table illustrates tha magnitude 
of tha  trla changes at an airspeed of ISO alia« par hour 
atth tha  trloalng taba at 0°,  tha poaltlon for trla In 
tha eliding condition at about 160 allaa par hour. 

Condition 
Trla chang» by 
configurations 

riapa Landing gear Powar "l 
(lb) 

»F2 
(lb) (lb) 

UP 
Down 
Down 

Op 
Down 
Down 

Off 
Off 

lava-off 

0 
17 puah 
40 puah 

0 
9 puah 

22 puah 

0 
6 puah 

18 puah 

Tha uppar Halt reeoaaended In reference S for trla 
rr.ar.gtf <!ua to powar and flapa waa 35 pounds.    Ccnflgu- 
ratlons 2 and 3 aaally aatlafy thla raqulraaant (with 
tha  trlanlng taba neutral).     However,  tha pilot found 
tha  trla changes due  to powar and flapa objectionable 
because  of  their direction. 

Characteristics of longitudinal trla»1M device.- 
1.  As la ahewn In figures 3,  6, and 7,  tha elevator 

trlas-tng  taba on tha  three  tall configuration» war« of 
tha  aaaa area.    Tha power of the  tab on tall 3 In pounds 
of  stick  fore» par degree of tab deflection,   shown in 
figure 84, waa about  one-third that of tha  tab» on 
tall»  1 and 2.    atth a deflect lor. rang* of »11° tha 
elevator tr leasing tab on tall 3 waa  Inadequate  In tha 
landing condition.     For ovary 3.5°  of  tab deflection on 
tall 3,   1-  of elevator deflection In the oppoelte dlrec- 
•!  r. waa required to trla tha alrplana at a given apaad. 

>.   "r.lest changed aanually,  tha  trlscslng  tab» 
retained a given setting Indefinitely. 



u 

Uu«:  Stability and Control 

'UrxOrUtlci of uncontrolled lateral and dlrec- 
•:  f.«! notion.- Tit* eontrol»free lateral oscillation of 
••••' »!r; Ian« eitr. tall conflagration 9 dsnped to one- 
half amplitude  In about one-half cycle,  a* shown In 
fls-jre St,   satisfying the requlreaent of reference .". 
The,  rate of dajeplng decreaeed slightly with speed.    Kith 
either tall 2 or tall 3  the period) and rate of dsjsplng 
•ere  the  -an».    The nunber of cycle* required to daiep 
to or.e-hair amplitude with tall  1  increaeed fro« one-half 
to  .* with alrapaed.    The period of the oscillation ••• 
eoout two-third» at long throughout the spaed range with 
tall configuration  1 a« with tall* 2 and 3.    The rela- 
tion of yaw angle  to rudder angle ahowod that rudder 2 
rloated elth the relative wind thus decreasing the effec- 
tive angle of attack and restoring tendency of the 
vertlcel   tall, and rudder 1 floated against the relativ« 
elnd elth the opposite effect, as would be «spected with 
a horn balance.    Redder 3 also had a slight tendency to 
rioet with the relative wind»    This Is the reason why UM 
period of the lateral oscillation was longer and the 

ping awre rapid with tall configurations 2 and 3. 

Rudder contro} characteristics.- The rudder control 
characteristics were Matured in steady flight.  In ro'ls. 
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 
etdesllp angle  resulting fron abrupt deflections of the 
rudder la steady flight while the other controls were 
held flsed.    The results of the rudder kicks are shown 
In figures 3d through 38.    The results of the sideslips 
are shewn In figures 3w through 46,    The rolls were 
wade ae turn entries with full aileron deflection using 
UM rudder to ssilntaln aero sideslip and alao with the 
rudder locked In Its trie) position.    Figures 47 through 
91 are tlsw histories of these Maneuvers. 

A susssary of rudder control characteristics 
followsI 

1. The rudder control with tall  configuration 3 waa 
not sufficiently powerful  to overeosM the adveree 
aileron yawing aoaent  In all conditions  tested.    This la 
•hewn In figure 48(a), a rlxnt  roll In the cruising 
«oadltlon at 02 wiles per hour using full aileron 
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inflection.    The rudders of configurations  1 and 2 aat 
thla  requirement although almost full  rudder dariaetlon 
aas necessary in sosia  flight eondltlona. 

2. Tha  rudder* of all three  i-ll configurations 
sti* sufficiently powerful  to Maintain dlractlonal con» 
troi during take-off and landing. 

3. Tha amount of ruddar dafiactlon required to 
trim tha  airplane  for level flight  In varloua eondltlona 
la shown In figures 16 through 20.    Considerably »ore 
rudder deflection was required «1th tha narrow-chord 
redder of tall 9 than «1th rudders 1 and 2.    The pilot 
stated that In •case runs ha "ran out of rudder" near the 
stall  in the eave-off condition with tall configuration 3 
but did not consider the rudder control Inadequate on 
tnta account.     In these Instances the correct rudder 
defleetlon «as almost 20° compared with about 10° 
required with ruddere 1 and 2*    Becauee of differences 
In the «as  loading In the wing tanks,  there nay have 
been differences in the  lateral position of the center 
of gravity which would have affected the aaount of 
rudder deflection required for trla«    Inasmuch «a no 
recorda were kept of the lateral loading eondltlona, 
the effeeta of this variable on the rudder deflection 
were not determined.    Subsequent flight tests have  shown 
that a lateral centsr-of-gravity shift of a few Inches 
produces a large effect on the aavount of rudder defleo- 
tlon required for trla near tha  atall. 

4. The effectiveness of the rudder control In 
recovery from spins was not Investigated. 

S« The rudder control force was proportional to 
rudder deflection with each of the tall configurations, 
ft t<rhi-rudder Toree waa required to bold right-rudder 
deflsetlona and left-rudder force,  to hold left-rudder 
deflections. 

6. The rudder eontrol  forces required to produce a 
«Ivan angle of sideslip were about 2S percent larger 
with tell  1 than with tall 2.    Rudders 2 and i were 
about equally heavy for small angles of sideslip.    For 
larg*r angles of sideslip,  rodder 3 was slightly heavier 
than rudder 2.     However,  for e given deflection at sero 
sideslip,  rudder 3 was considerably lighter than 
rudder 2.    with rudder 3.  a  right force  Increment of 
about IBS pounds was required to deflect the rudder 
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fully In an attempt to overcome the yawing moment due to 
full aileron deflection In the cruising condition at 
US at lee per hour.    The increment of force required to 
overcame the aileron yaw eaa 240 pound» at 110 miles per 
hour.    Data obtained fron turn entries «lth tatli 1 and 
2  Indicated that the rudder force required to overcome 
the yawing moment due to full aileron deflection at low 
epeed eat about  ISC pound».    Complete data mere not 
obtained for configuration« 1 and 2, but the  largest 
recorded trimming force elth the tab neutral wa» 
75 peur.de at 6« mile» pmr hour In the wave-off condition, 
•lth rudder 3,  for the  »ame condition and »peed,  the 
force required to hold aero sideslip ma» approximately 
4     j;ur.Js.     The  pll-t  considered  the  magnitude  of  the 
directional  trim change» elth epeed elth tall 3 vary 
•atlafaetory compared to those of other single-engine 
airplane». 

Value» of change  In hliure-moaent coefficient    fiCn 

elth deflection for constant angle or attack and corre- 
sponding value» of    AC^/fto    «ere calculated for all 
three rudder» from the  Initial portion of rudder kicks 
ehere the  rudder had been deflected, but  the sideslip 
angle had not started to chance»    Values of chancre In 
h Inge-mom.nt coefficient    ACn   wlih angle of attack 
and    eC^/aa    «ere calculated for the  latter portion of 
the) rudder kicks during which the sideslip angle built 
up and the deflection was held constant.    Thl• ealcu» 
latlon assumed  that  the change  In angle of attack at 
the  tall was equal  to  the measured change  In sideslip. 
The method of calculation of    a'^/io.     took account of 
any slight change» of rudder deflection that occurred. 
The results are plotted in figures 68 through 5*.    The 
value» of    aCo/aa    for rudder 1, which are not plotted, 
were  very »lightly positive. 

•lth rudder 3,  force»  in »ace»» of 160 pounds were 
required,   »o that this rudder was too heavy according 
t« reference 3.     Tt  should be rememberer* that the tall 
length of tail  ! was  somewhat  shorter (S percent)   than 
that of tall» 1  and 2.    The value of    a-j/io  (rigs.  52 
through S4I  wa»  largest for rudder 3.    The»e factor» 
plus the reduced effectiveness of the narrow-chord 
surface offset the tendency of the reduced chord and area 
to reduce the rudder control force». 
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fit;? \r*  »o-«r.t   du»   to   «ld««l'.r.-   It was   NCOHMndtd 
• r»r.e« I  that r.ot  nor»  then !• of «lav«tor movement 

should be required to counteract the pitching anaent du« 
to steady sldeellp  caused by ft    of ruddar deflection 
rlrht or laft fron th«  trln position.    For the  X3BA-1 air- 
plan« «1th tall conflagration« 1 and 3,  a «aklsmss of 
1*    of elevator wot Ion was required.    Kith tha narrow« 
chord elevators of configuration 3,  th« naxlmia aa« about 
M    In tha erut sing condition at ö7 alia« per hour, 
.'•.-.-»h  lr.  all   ?th«r condition«  t*-t«d  th«  «l«vat?r 
notion »a«  «mall.    Tha pilot did not conaldar tha nagnl« 
tuda of pitching nosant dua to  sldasllp objectionable. 

c:scr.'s:css 

Tha comparison,  aa  far aa possible,  of tha handling 
I.II'.MM  or th« X3BA-1 airplane alth tha  three  tall 

r:.-.r«»! v.»   -.»-  tie   fjrr-MrlZf !   as   follows: 

Longitudinal  Stability and Control 

1* Tha X35A-1  airplane «as  statically stable, 
stick flsed,wlth the center of gravity back to 29 percent 
•wan aerodynawle  chord,  except   In  tha wave-off condition. 
:••  atablllty aas saall alth paver on at  low lift c •>».*- 
flelents.    The data generally Indicated that the varia- 
tion of elevator angle «1th lift coefficient vas about 
BO percent greater alth tall conflruratlon 3, which had 
tha narrow-chord alevator. 

>. The stlek-fres statle star 
for the *5-rercent c«nt«r-r>f-£r«v! 
- ->r :'. • .ration 1 «aal ». 2\ie t; i:. 
of the alevator contra', force varl 
occurred alth tall 2 In th* erulsl 
approach conditions, the airplane 
of th« apaad range In these condlt 
--• ?«r- r-gravlt| poatttam« Utk 
the airplane wai stable, stick free 
beak to «beut 27.S percent swan aa 
e-:.21tlons  aacept  aeve-off. 

'.:•:  was  satisfactory 
ty position with tall 
a peculiar reversal 
atlon alth spaed which 
ng,  cllssMng,  and 
was unstable  over part 

ons  for the 2ft-perccr.t 
tall configuration 3, 
.with canter of gravity 
roJynajtle chord In all 



3. TIM average elevator esi.troi  fore« gredlent wes 
30, fT, end SO pound* par * with tall cenflcuratlone 1, 
8»  and 3 «1th the eantar of gravity at 85 percent mean 
aerodynaale eh->rd.    »lth tha center of gravity at 
3C pareant naan aerodynamic chord,  tha gredlent with 
tall 3 »a» about 15 pound* par g, which would ba a 
raaaonabla up par Unit for thla typo of airplane. 

4* Tha stick travel required to gs fron cruising 
epeed to the «tall In naneuvera was satisfactory. It 
wa» about 4.1 Inches with tails 1 and 2, and 7 inches 
with tall 3, with the center f gravity at 23 percent 
-•en eerodynaate chord. 

i. Tha elevator control  force required to land 
•lth tall canfiguretlont  1 and i «1th the center of 
gravity at 23 percent of the swan aerodynamic chord 
eseeeded by about S pounds.tha  limit of 35 pounds 
reeosasended by reference 3.    for this center-of-gravlty 
poaltlon the elevator control with tall configuration 3 
was not sufficient to sake a three-point landing,. 

4. Tha trial changes due to power and flaps were 
smallest with tall configuration 3 and escesdve only 
with tall configuration I for which the oaxlmusi change 
in fsree for trie, caused by power end flepe at any 
alrepeed with the trlnrlnr tab undefleeted wa* about 
4C pounds. 

7.  As  Indicated In  section 5,   the elevator control 
waa  Inadequate with tell  sorflruratl-r. 3.     It was not 

•tlblc  to Mke a three-point  landing or reach tha 
atall  In  turns with the 25-percent eenter-of-grevity 
poaltlon. 

9. The rudder cont 
and 8.    «lth tall eonM 
•as n-t  sufficient  to 
erulelnf condition at 1 
rudder 3 to trln the al 
near the  stall  in the 
Rudder 1 was about 25 p 
sideslips.     Rudder 3 aa 
for large angles of aid 
overeoaw the yawing 
tlon with  rudder 7 

rol was adequate with tails  1 
guratlon *  the rudder control 
vereoBW aileron yaw In  tha 
ow speed.    The power of 
rplane f  r atraight flight 
ove-off condition wes lnedequete. 
ereent heevler than rudder 2 In 

»ll<rhtly heavier than rudder 2 
esllp.    The  f-.ree  required to 
nt due to full  aileron deflee- 
aeeatlva and was probably 
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rraat«? than far r.ddart 1 and I,    Tha alractlanal  trio 
«••.*r.«t» «lth apaaa aara  aatlafaetorlly aeali. 

:. /I«T 
..-'.•:  Aeronautical Laboratory •y Maaariai — • — • 
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Plgure 1.« Threa-vlea drawing af Br««*ter X3BA-: alr- 
;:•.'.«• alth configuration 1. 

Plfure 8.- Side *tn of Bre>ater XS8A-1 vtth tall 
configuration 3. 

Plgwra 3.» Horlaontal  tall cor.fleuratlon nuasber an«. 
Breaeter X3BA-1 airplane. 

Plgur« 4. Vartlcal  tall onfle-iratlrn nunber ana. 
Breeater X3PA-1 alrplana. 

Figur« 6.- Horlaontal  tall cor.fl»urat!->r. number t«o. 
Bravrtar X3BA-1  airplane. 

Figure 6.- Vartleal  tall configuration nuaber t«o. 
Brewater X3BA-1 alrplana. 

Pleura 7.. Horizontal  tall eor.flguration 3;  Brawitar 
X3BA-1  alrplana. 

Pleura 6.-  Vartleal  tall configuration 3; Brawstar 
XSBA'l alrplana. 

Pleura ».- Cloa«-up of tha vartleal  tall of conflgura- 
tlon 3:  XSBA>1 alrplana. 

Pleura 10.- Cloaa-up if tha hnrlaontal  tall of configu- 
ration 3: XABA-1 alrplana« 

Pleura 11.- Tralllne edge  aaetlona of XSBA-1  tall  eurfaeea 
at ttoa atatlor.a  Indicated In figure e 3 through 6. 

Pleura IS.- Variation of control aurfaea deflection« with 
control poeltlonei XSBA-1 alrplana «1th tall configu- 
ration 3. 

Pleura  13.- Calibration of alavator trliralng  tab;  Bravatar 
X3PA-1 alrplana «1th tall configuration 9. 

Plgur«  14.- Short parlod seclllatlone of the XSBA-1 alr- 
plana «1th tall configuration 3. 

Plgur« 16.- Static longttudlnal  ateblllty charaetarlatlc* 
of the XSBA-1 alrplana «1th tall configuration 3 In 
tha gliding condition. 



riQUIIB TTT1 - Continued 

rtiuN  1«.- Static   longlfidlnel  stetlllty characteristics 
of UM X36A-1 airplane «1th tall configuration S  In 
tha cruising condition. 

Pleura  IV.« Static  longitudinal stability characteristic» 
or tha  X3BA-1  airplane >lth tall configuration 3 In 
tha cilablng condition. 

Maura  18.« Static  longitudinal stability characteristics 
of tha X3BA-1  a!rclanr with tall configuration 9 In 
tha approach condition. 

figure 19.. Static  longitudinal  stability charactarlstlca 
of tha XSPA-1 airplane with tall configuration 9  In 
tha landing condition. 

Figure 80.« Static  longitudinal  stability characteristic« 
or tha XSBA-1 alrplar- «1th tall configuration 9 In 
tha wave-ofr condition. 

Figure SI.» Plots  «hialnr »tick-fixed neutral points In 
verloua flight conditions for tha X3BA-1 airplane. 

Figure 81.- (concluded). 

Figure 32.« Hots of elevator position and elevator force 
divided by dynamic pressure against lift coefficient 
for the X3bA-l airplane with tall configuration 9 In 
tha landing condition (flaps down,  gear down,  and 
poaar off). 

Figure 83.« Plots showing stick-free neutral points In 
various flight conditions for tha F1BA-1 airplane 
with tall configuration 9.     (Trlrcmlng tab aet at 0°.) 

Figure 89.«  (concluded). 

Fig »re 84.- Variation of elevator control  force per degree 
of trlar-lng tab deflection with airspeed:  XSBA-1 air- 
plane with tall configuration I. 

Figure it.- Characteristics of elevator control as 
waeeured la pull-ops and push-downs from lavel  flight 
(power on.  flap* up,  landing gear ur); Brewster 

•1  airplane w.lth tall configuration 3. 
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:•'..   r» it.. TJ-« Mtt-ry  ->t - 8» turn to the  rlpht  In 
•hteh the speed It gradually reduced free» 193 alles 
par hour|  Brevoter X3BA-1 airplane with tall eon- 
!\$ .ratlor. 3,   e.g.   at  25.2 (ercent  M.A.C. 

Plgure If•> Tla« history or a 3.5« rl.-M  turn to  tha 
•tall;  Braaatar X3BA-1 airplane «1th tall configura- 
tion 3j  e.g.  at 28.2 percent M.A.C. 

Plfura 26.« Tine history of an abrupt  right  turn at 
."i   -::«• par hours  Brews ter X3BA-1 airplane «1th 
tall configuration 3|  e.g.  at 2S.2 percent M.A.C. 

Plgure 29.» Tlae history of an abrupt left turn at 
17« «lies per hour;  Brewster X3FA-1  airplane with 
tall configuration 3|  e.g.  at 30.8 percent M.A.C. 

Pleura SO«- Variation of elevator control  force elth 
noraall acceleration,  and variation of elevator poal- 
tlon «tth lirt coefficient  In turn»!  Bravster X4BA-1 
airplane alth tall configuration St  e.g.  at 2S.2 par- 
cent M.A.C. 

Plgure 31.- Variation of elevator control  force «1th 
noraal  acceleration,  and variation of elevator posi- 
tion alth lift coefficient  In turns;  Breaster X5BA-1 
airplane alth tall configuration 3;  e.g. at 30.7 par- 
cent  M.A.C. 

Figure 32.- Variation of elevator control  force alth 
noraal  acceleration,  and variation of elevator 
position «1th lift coefficient  In turns;  Breaater 
X3BA-1  airplane alth tall configuration 3s  e.g.  at 
34.« percent M.A.C. 

Plgure 33.- Plate shoeing stick-fixed and stick-free 
neutral points  In turne for the XSBA-1 airplane  alth 
tall confirmation 3. 

Plgure 3«.« Elevator deflection required to land XSBA-1 
airplane alth tall configuration 3 (power off, flap* 
down). 

Figure SB.- Variation of period and dasrplng of lateral 
oscillation alth  Indicated air-reed;   Breaster X3BA-1 
airplane alth tall configuration 3. 
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Figur* 3*.- Variation of ***leua velue* or sideslip 
Megl*,   rudder f>ree,  end angular veiacltle« «1th 
rudder deflection durlnc abrupt rudder kleka In the 
gliding eendltior at »6 and 140 alias par hour (flare 
S,  lending gear up, power off); Brewster X*iBA-l elr- 
.  MM with tall configuration *. 

Figur* 3?.- Variation of r.axlnur. values of sideslip 
»r.r'.a,  ruddar fore«, and angular velocities «1th 
rudder daflection during efcrutt ruddar kleka In tha 
-raising condition at 9& and 140 «lias par hour 
(flat* up,  landing fear up, cruising power) j Brewster 
XSBA-1 airplane with tall configuration 5. 

Figur* 38.- Varlatlsn or -axlnun values of eldaallp 
angle,  ruddar force,  and angular velocities «1th 
ruddar deflect*. >n during abrupt rudder kicks In the 
landing condition at 100 and 15C mile» par hour 
(flaps do«r., landing gear down, power ofr) ; Brewater 
XS84/-1 airplane with tall configuration 3. 

Figure 39.- Steady sideallp characteristics In the 
gliding condition at 94 alias per hour (riaps up, 
lending gear up, power of f) t firewater XSBA-1 airplane 
with tall configuration 3, 

Figure 40.- Steady sideslip characteristics In tha 
gliding condition at 114 alles par hour (flaps up, 
landing gear up, power off); Brewster X*JBA-1 airplane 
with tall configuration 3. 

Figure 41.» St»»*.y eldesllp characteristics In the 
cruising condition at 67 alias per hour (flaps up, 
landing gear up, cruising power); Brewater XSBA-1 
airplane with tall configuration 3. 

Figur* 48.» Steady sideslip characteristic* In tha 
cruising condition at 116 alias per hour (flaps up, 
landing gaar up, cruising power) ; Brewster XSBA-1 
airplane with tall configuration 3. 

Figure 43.- Steady sideslip characteristics In tha 
landing condition at 63 alias per hour (flap* down, 
landing «ear down, power oft); Brewster XSBA-1 air» 
plan« with tall configuration 3, 
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F'.ftoi-a Ma* V.aeiy «tdeellp charaetertatlc«  In the  landlnr 
condition at  Hi Mle» par hour (flap* down,  landing 
»•••r dsan, poaar off) I  Braaatar XSEA-V airplane alth 
tall configuration S. 

»l#ure *?.- Steady aldatllp characteristic« In tha level 
flight condition at IB? »Ha» par hour (flepe   J; , 
landing gear up, poaar on); Breatter X3BA-1 alrplana 
alth tall configuration 3. 

Pleura 4«.- Steady aldatllp ehareeterletlet  In tha lav» 
flight condition at 187 allaa par hour (flapa up, 
landing paar up,  poaar on)| Bravatar XSBA-1 alrplana 
alth tall eonflfuratlon 3« 

Figure «7,. Tla* hlatorloa or loft roll» alth full 
allaron deflection In tha crulalng condition (flapa 
up,  landing gear up,  poaar on);  Breaatar XSBA-1 
alrplana alth tall configuration 3. 

Plpure 4C- Tla» hletorlet sf right roll« alth full 
allaron deflection In tha crulalng condition (flapa 
up,  landing gear up, poaar on);  Jireaeter XSBA-1 
airplane alth tall configuration 3. 

Figure 4«.- Tina hlatorlaa of laft roll» alth rull 
allaron daflaetlon In tha landing condition (flapa 
do am,  landlnp peer doom,  and ;   irr off);  Braaatar 
XS?A-1 alrplar.e alth tall configuration 3. 

Ptp-sre BO.- Tla» hlatorlaa of laft rollt alth full 
allaron daflaetlon In tha crulalng condition (flapa 
up, landing paar up, poaar on) ; Breaatar X<BA-1 
alrplana alth tall configuration 3. 

Plrura 61.- Tla* hlatorlaa of rl. •••   rolla alth full 
allaron dariactlon In tha crulalng condition (flapa 
up,  landing gaar up, poaar on) | Braaatar XSBA-1 elr- 

. • •:t>. •.»'.: c--f.r:»ura*.I • ;. 

»r.; Figure S3.- Biota of    aC|/ao    and    aCh    for eonatant    a 
ruddar daflaetlon 

Irplana alth tall configuration 1. 
•pelnet ehanga of ruddar daflaetlon during rudd«r 

SBA-1 alt kleka;  XSBA- 

Figure S3.» Biota of    AS^/iB    and    ACn    for eonatant   « 
egelnat ehanga or ruddar daflaetlon during ruddar 
kick«; XSBA-i airplane alth tall configuration 2. 



navm UBJWCS . coneiuded 

PI «fur» M.- riot« «r    »Ch/48    *n4    ACh    for constant    a 
aralnet ehanse of rudder deflection durtnr rudder 
kiek»;  KSBA-1  airplane with tall configuration 3. 

Figure 58.- Plata of    ACy/la    and    ACh    against charvt 
of aldaallp angle during rudder kick»;  XSBA-1  air- 
plan« «!th tall configuration 2. 

Figure M.- Plot« of    ACn/aa    and    lCn    again« change 
of aldaallp angle during ruddar kick«:  XSBA-1  air- plane with tall  configuration 3. 
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