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THE DEVTEOPEIENT OF SATISFACTORY FLYING QUALITIES ON THE 

DOUGLAS DNE BOMBER, X@D% SBD-1 THROUGH FLIGHT TESTING 

SUCCXSSB'E  I G D I F I C A T I O N S  I N  CCImOL-SURFACE AREA, 

HINGE-LINE LOCATIGN, AND flEP,3DYNAMIC-EALANCE NOSE SHAPE 

By L, E. Root 

Upon the bas i s  of interent  expressed i n  the  methods used t o  
obtain desirable  contrcl-force cha rac t e r i s t i c s  on t h e  Douglas 
Nodel SBD-1 a i rp lane  by minor re loca t ion  of control-surface hinge 
l i n e  i n  combination with modifications i n  aerodynamic balance 
nose shape, f l i g h t - t e e t  data  contributing t o  the  development of 
the  present SBD-1 f ly ing  qua l i t i e s  have been presented. 
of the  consideration that such i n f o m i t i c n  would be of possible  
value as a guide f o r  obtaining sa%isfactory f ly ing  q u a l i t i e s  on 
other  experimental airplenea,  de ta i led  f l i g h t - t e s t  r e s u l t s  in3i-  
cat ing the  e f f e c t s  of  va r iom win& Etnll control-surface modifica- 
t i o n s  on the  s ta l l . ing character ie t ica  and s t a b t l i t y  and control  
of the  prototype models a r e  included. 

I n  view 

A br ie f  h i s tory  of the various design phases 3.8 given f o r  
b e t t e r  understanding of the modificaticns f i n a l l y  incorporated 
i n  t h e  model sBB>-1. Fl ight - tes t  r s au l t a  obtained during these  
phases are presented and discussed i n  t k e e  sect ions:  s t a l l i n g  
charac te r i s t ics ,  l a t e ra l -d i r ec t iona l  s t a b i l i t y  and control ,  and 
longi tudinal  e t e b i l i t y  and control. 
is  given t o  describe the detai led nature of each modification i n  
control-surface a rea ,  cross section, aerodynauic balance nom 
shape, hinge-line aCJuotEent, o r  charse i n  cont ro l  system. Par- 
t i c u l a r l y ,  t he  method used t o  obtain hinge-line adjustment with- 
out change i n  the moveable-to-fixed control-surface gap is shown. 
A compariaon i e  made between the or ig ina l  and the  f inal  a i rp lane  
configurations,  pa r t i cu la r ly  emphasizing the  nature of control-  
surface modifications made. 

A l l  ava i lab le  information 

Certain de f in i t i ons  and eymbols, i n  addi t ion  t o  those given 
i n  other NACA publications,  were found necesoary i n  order that 
the  de ta i led  control-ourface geometry be s p e c i f i c a l l y  defined. 
These are offered for  adoption a s  standard i n  other  technical  
da ta  t o  be published on control-surface design, 
extensive f l i g h t  t ee t ing  a c c a p l i s h e d  on the SRD-1 and prototype 

Based upon the  
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models, ir. comhlnatlon with 
experience, reccm1.mh.t ions 
viding necessary f 5 c i l i t i e s  

other Douglas control-surface-d.esign 
a r e  m,?e with res3ec t  t o  (1) pro- 
f o r  aajustment i n  control-surface - 

hinge l i n e ,  3eLaxe nose e h c p ,  aid control  system; and ( 2 )  
designing t h e  de ta i led  control-surface shape f o r  most e f f i c i e n t  
use of a e r o Q w i c  nose balance, 

INTRODUCTION 

This report  has been prepared a t  the request of t h e  National 
Adviaory Cormittee f o r  Aeroraufuics and t h e  Bureau of Aeronautics, 
Nava Cepartrnent , who expl-esc,ed i n t e r e s t  i n  t h e  successful methods 
employed by t h e  E l  Scgurdo Plant of t h e  Douglas Aircraf t  Company 
i n  a t ta in ing  des i rab le  control-force c h a r a c t e r i s t i c s  on the model 
SBD-1 airplane by minor re lcca t ion  of control-surface hinge l i n e s  
i n  conbinat ion with m d i  ? i c e t i o m  i n  aerodynaaic-balence nose 
shaye. It was comidered. thzt  such a deocripzicn would be of  
service t o  other  mnufactursys  of m i l i t a r y  a i x r a f t  as a d i r s c t  
a i d  f o r  obtainirp, s a t i s f z c t o r y  f ly ing  q u a l i t i e s  on expsrimentnl 
airplanes.  Since infome.tion of Lhis nakure must be f i n a l l y  
interpreted by the  A e r o 2 y m i c s  and Fl ight  Test  personnel of Elny 
company before s p e c i f i c  appl ica t ion  t o  experlmental designs is  
made, par t icu lar  care has bsen taken t o  descr ibe i n  d e t a i l  succes- 
s i v e  control-surface changes made and f l i g h t - t e s t  r e s u l t s  obtained. 
Because of' the  possible d i f f i c u l t i e s  i n  i n t e r p r e t i n g  cor rec t ly  
e f f e c t s  of i s o l a t e d  changes i n  xhe balznce nose shape and hinge- 
l i n e  location, it was considered advimble  t o  include a l l  s v a i l -  
ab le  f l i g h t - t e s t  da ta  contributing t o  t h e  development of t h e  
present SBD-1 f ly ing  q u a l i t i e s .  It is t o  be emphasized that 
nos t  of t h i s  information is of a c h a r a c t e r i s t i c  q u a l i t a t i v e  
nature,  having been obtained by several  d i f f e r e n t  p i l o t s  and 
observers, and therefore  m y  not be wholly consis tent .  

NOTAT ION 

Definit ions and sym3ols used i n  t h i s  r e p o r t  follow standard 
nTf'XA conventions and those given i n  reference 1. 
t i o n  was found necessary t o  specify f u r t h e r  d e t a i l e d  control-  
surface geometry. 

A d d i t i o n d  nota- 

It is  suggested t h a t  these be adopted as standard i n  other  
Subscr ipts  technical d a t a  published on control-surface design. 
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a, e ,  r r e f e r  t o  a i le rons ,  elevators,  and rudder; subscr ip ts  
W, H, V t o  w i n g ,  horizorital swface ,  and v e r t i c a l  surface. 

Lecgths 

t a i l  lengths mzasured p a r a l l e l  t o  fuselags reference 
l i n e  i n  the plans of s y m e t r y  from t h e  25-percent- 
chord point o f  the wing mean aerodynamic choxl t o  
the  con t r~ l - e~a r face  hirge l i n e  at the  base of t he  
movable surfaces 

'H' 'V 

perpendicular diei-ance between plene of symmetry and 
the  centsoid of the w i n g  a rea  a f fec ted  by aiZeron 
i n c l  :id iw a 11 er on 

'a 

%, ba, %, bv* Wing, a i leron,  and horizontal-surface spans 
arc takon i n  the horizontal  plane perpen- 
d icu lar  t o  %he plane of s p e t r y .  
vei.tical surface spa? i a  taken perpexdicu- 
la11 t o  fueslago reference l i n e  i n  the  ?lane 
of spmet ry  f x m  %he in t e r sec t ion  of t h e  
f i n  lesding edge with the extension of the  
top  f u s e l q e  lir+e. 

The 

wing and control-surface chord lengths measured 
p a r a l l e l  t o  the plane of s p m e t r y  and i n  t h e  
chord plane, (CorBtru-ction t i p  a d  r o o t  chords 
a r e  designated by the proper subocripts,  
and R, respectively. ) 

"w, "11, cv 

T 

'ma, 'me, 'mr t o t a l  moveable-control-surface chords measured 
p a r a l l e l  t o  the plane of s p m e t r y  and i n  the 
chord plane 

mova5le-control-nurface chords forward of the 'b a ' 'be) 'br hinge l i ne  

c c c  movable-control-surface c h o r b  af t  of t he  hinge 
1 ine a' e' r 

- - - - - - - - ~ , - - - - - - - - - - - - - - - - - - - - - - - -  

*For the  SED-1, 
f a c l l i t a t e  comTarison with and without movable t a i l  cone. 

bv was measured frm the  base of the rcdder t o  
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mean a e r d y c m l c  chord of wing and control  surfaces  
coxput& i n  t h e  rmmer out l ined i n  sec t ion  11, 
par t  11, paragraph 7 ,  r e v i s i o n  4 of the  A m y  
EanCSook of Ins t ruc t ions  f o r  Airplane Designers, 
vo lme I 

%, tHJ  tV 

t,, te, t, mean a e r o d y m i c  chord of cont.ro1 surfaces  a f t  of 
the  hinge l i n e  

m a n  asrodymuic chord of control  surfaces  af t  
of the  hinge l i n e  a f fec ted  by the  t a b  including 
t h e  tab 

ta t ,  ‘et) t rt 

A r g a s  

%, SH, % Gross w i q  and horizontal.-sirface a reas  include 
cut-outs arid portion8 covered by t h e  fuselage 
and a r e  measured i n  a. horizontal  plane v i t h  
chordwise dimensions i n  t h e i r  t r u e  length,  
G ~ o s s  v e r t  ical-surfa  ce m e a  includes only t h a t  
area above a horizontal  l i n e  through t h e  i n t e r -  
sec t ion  of the f i n  leading edge with t h e  extended 
top  fuselage l i n e ,  

t o t a l  movable contrcl-surface a reas  Sm,) s% 
control-swface areas measured forward of t h e  

hinge l i n e  ‘b,, sb e 9 sb r 

sa, s,, s, control-surface a reas  measured af t  of t h e  hinge 
1 ine 

amoun% of to ta l - sur face  a r e a s  a f fec ted  by movable 
surface including movable-surface a reas  %aJ ‘He’ ‘Vr 

amount of to ta l - sur face  a r e a s  a f fec ted’by  t&b 
including t a b  areas .  %lt9 ‘Ht) ‘Vt 

s s s  ~~~~~~~~~control-surface a r e a s  af‘t of t h e  hinge at’ et’ rt 
l i n e  affected 5y t a b  including t a b  a reas  

trim, servo, o r  balancing-teb a r e a s  a f t  of t h e  
a e r hinge liile 

St ’ S t  ’ st, 

c 
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!_nlw, ARg, fiRv wing and ccntrcl--swface aspect  r a t i o s  

($I2 (la)" defined -- -- sw SH SV 

wing m d  control-swfacs  taper  r s t i o s  defined as %, OV 

3,, Be, 23, a e r o d y ~ ~ ~ i - c - ~ s l a n c o  r r t i o s  expressed i n  t cAms of 
control- m r f a c o  amas aft of t h e  hinge l i n e  and 

s., Sb S? 
e 'i- decinsd 2s --? 

Sa Se sr 
> --- > -- , 

iw angle of incidence of the w i x  w i n g  r o o t  chord and fuselage 
referenze l i m  

it angls of incidence o r  the k\,orjzont,al stabilizer wing 
horizoni;al-sui-faco r o o t  cho3-d r.rC f uselag3 refarer-ce l l n e  

if angle cf o f f s s t  or' the  v e r t i c a l  s ' icbii izer usirg t h e  plane of 
( E r n e  s i g n  ccnvention as angle of e,vrr,aetr$ as a re  ~ X U I C ~  

yav) 

6,,6,, 6, movable-cont ro l . - s~~faco  angles with respect  t o  fixed- 
control suri'acee 

%,' % t 6tr  tr im, mr-m, c r  tal-sncing-tab angles with  respect  
t o  the smsble-conlrol  s w f s c e s  r! 

q ar.810 between tlvxst F and f u s d a g e  refzrence l i n e  -. -1 

For 9 b e t t e r  L1,n_deretarir!l;g of -Lhe madel XBT-2 configuration 
a t  t3e beg<.,rrii-ng of the flight t e s t s  t o  -be  di~:c:.msed i n  t k ' i s  
r epo r t ,  previous stages i n  t h e  develqment; 0% the XBT-2 and 
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comparison with the  p r d u c t i o n  model ET-1 a r e  of i n t e r e s t .  The 
36th airplarie of tho EP-1 contract -ves b u i l t  i n t o  t h e  experimental 
modo1 dXBT-2, pr ini i*i ly  t o  furnish FL more s a t i s f a c t o r y  and conpletely 
re t rac tab le  l a n d k g  gsnr. Although t h i s  change con2leted on April  
2 5 ,  1938, resul ted i n  a s p e d  increase,  addi t iona l  perfo-rmance 
improvment w a s  desii-ed by the Buresu. O p p o r t u i t y  was taken t o  
change engines a t  t h s  time of a rework necessi ta ted by a gear-up 
land.1178 during the S.nitia1 f l i g h t  t e s t s .  Af-tor goire t h r m g h  the 
prel-imlnar2 derncnskrrat i c n  a% t k  plant ,  t h e  a-irplacr! w a s  delivered 
on Au.gust 24, 1938, t o  ths N a i r a 1  A i r  Et.a-tion a t  r?nr,co?tia; D. C . ,  
Tor bervice-acceptance t e s t 3  vhich s t a r k d  an Aiguat 27, 1938, and 
were conpl.eted on November 9, 1938. 
melidations concerning c3mqefi a f f e c t i i x  s t s b i l - i t y  e.nd ccil trol  were 
t o  moeify the a i l e r o n  corkrci  system f o ~  reduct ion r;n forces  at  
high speed and “kick” at  the s ta l l .  Wlth res3ec t  t c  chzracter-  
i s t i c s  a f fec t ing  stabilit:r and control ,  t h e  Xm-2 a t  t h i s  time 
differed from t h e  stai-idard production ET-l a i rp lane  i n  having: 

The only T r l a l  Board recom- 

1, Provislon for complete instead of p a r t i a l  r e t r a c t i o n  
of tlie lancii,% g e m  

2. A change i n  engine i n s t a l l a t i o n  Tram R1535-94 Twin 
Wasp Junior, ra ted 750 bhp a t  9500 feet t o  t h e  
R1820-32 Cyclone engine, ra ted  a t  800 bh-r, at 
16,090 f e e t  

3 .  A r e s u l t h a  welght increase of 445 pounds and change 
i n  center-of-gravity l o c a t i o n  from 30.2 percent 
(gear dorm) and 31.5 percent (gear  up) t o  26.5 per- 
cent M.A.C. with gea? up o;* down 

4. A revised w i q  t i p  and a %-inch extension i n  a i l e r o n  
chord giving 3.6 square f e e t  a d d i t i o n a l  wing a r e a  

5 .  A pitct-head i n s t a l l a t i o n  on t h e  t o p  of t h e  f i n  as w e l l  
as on the  l e f t  wing t i p  

A 3 e r  completion of t h e  service t r i a l s  i n  November 1938 t h e  air- 
plane was i n s t a l l e d  i n  t h e  EACA PLTll-scale wind tunnel a t  Langley 
F ie ld  d u r i w  January arid Febr:mr:r 1939, f o r  the  purpoae of inves- 
t i g a t i n g  p o s s i b i l i t i e s  of drag reduction and- t o  deternine w i n g  
s t a l l i n g  charac te r i s t ics .  
wind-tunnel. tests the  XBT-2 did noT; have wing-tip slots. 

D u r i n g  t h e  acceptance t r ia l s  and t h e  
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Upsn re turn  of th .3  ai;.~ler.e t o  the Naval Air Stati .on at 
Anacostie &om Langley li.013. d u r i n g  t'l-e f i rs t  p a r t  of biarsh 1939 
a2.3itl.cnal f l i g h t  t e a t s  were condmted i n  s n  cverload scout con- 
d i t i o n  C@E?E~L?A.G 50 a pocnible prcduction design with addi t iona l  
equiymnt an3 a 50-gallon f u e l  incraase t o  give the g r e a t e r  range 
o r ig ina l ly  obtainxl on t k s  ET-1 rode l  with t h e  R1535-94 enginc;. 
These c h n g e s  increase3 the wei&it 430 pounds and mcved t h e  center  
cf gravi ty  e f t  2.1 pl-cent t o  28.7 p r c e n t  mean aerodynsmic chord,, 
t2iv.s advemel>- a?'fecti,ng the a t a b i l i t y  and coa t ro l  c h a r a c t e r i s t i c 8  
o f  the  a i q l a n e .  I n  vilsw of t 5 e  above changes i n  weight ar-d bal-  
ancs cor&ined with the Curoau'a des-ire t o  improve the possible  
product ion BT-2 stsbility an3 control  c h c a c - b e r i a t i c s  as ccmpared 
witn t h e  E-1, specif ic  racomea(d.zt5ms for modificaticns i n  t h e  
cont rc l  surfaces f o r  appl ics t ion t o  any futui-e production air-  
planes were made. One o f  these siiggestions a l s o  appl icable  t o  the 
sxForimenta.1 XkT-2 airg!.ane wzs t o  i n c c q o r a t o  the  rixecl wing-tip 
s l o t s  a b e s d y  dsve iopd  frcE f l i g h t  ';est3 conCucted by t h e  DoLglae 
RI1*ci*aft Co;llpsns. on t h e  f i f t i e t h  prozuct ion ET- 1 model from &sch 
29, 1259, t o  A p d i  21, 1939. Them t a s t a  were conc;erned with the  
invest igat ion of staU.ir:g chc-nc-Loriat Ica i n  the carrier-lsnC.il?g 
ccndition, and it m s  Sasired that the 2 " - 2  Eodel incoryorate 
modifications vhich rewi-LLto& i n  3qr-ovment. Tip s l o t s  were in- 
coi-prn-ated i n  all exiet lng BY-1 rtirpl.cr-en by Service C5a-e Order 
t o  obta in  necessary bqrovement d iv ing  c a r r i o r  operatiorr. 

F l i g h t  t e s t e  with which t h i a  reFoirt i o  moEt concernec7, s ta r ted  
E t t  t he  time tho F 3 - 2  a i rplane ??P,s retwned t o  the p lan t  f o r  incor- 
Toration of all recomieded Trial Board changes. Them chai-Ges 
W8i-e xade during t h e  period f:.om Narch 9, 1939, t o  May 19 ,  1939. 
For cazvenicnco a l l  i ' l igkt-test  i n f o i m t f o n  has beea divided i n t o  
ckronologlcd phases, each phase c o n t a i n l m  a s e r i e s  of t o 3 t ~  
conducted elthcr- a t  tha  y l m t  or a t  Anecostia on wir!! or control-  
surface mcdificctions which were yoseible t o  m k 3  without rrisjor 
rework. 

Phase I 

Fllghte 1 t o  10, from June 3, 1939, t o  Jvne 14, 1939, a t  P lan t  

As Q mcmm of L q r o v i r g  wiag s t a l l i n g  c h a r a c t e r i s t i c s ,  t h s  
m-2 of Fhas8 I incoiipxjakd Scze of t h e  rno2ifications suggested 
by the  f u l l - s c a l e  tl.mael tsst8, as-well as charges recormended by 
t h e  Navy T r i a l  Board: 
w i n e  t i p s ,  auxi l ia ry  f u e l  tanks of 30-gallon capacity were added, 
a g a p s e a l i n g  s t r i p  wc1s uddeC i o  the  ou5board end cf t h e  flap, 

Fixed wsng slots were incorporated i n  tho  



8 

the  lower-surface a i le ron-h iws  cut-outs were covered, the  
s t r a i g h t  Eection of Che pi tot-heat  i n s t a l l a t i o n  on the  l e f t  w i n g  
was replaced by a goossneck sect ion,  t h e  f i n  p i t o t  head w a s  re- 
moved, and t h e  carborundun was rmoved fron the  forward 45 inches 
of the  walkways. 
on t h e  basis  of improved s t a l l i n g  c h a r a c t e r i s t i c s  obtained during 
f l i g h t  t e s t s  of the  ET-1 S e r i a l  Kumber 0639 by the  Douglas A i r -  
c r a f t  Company. An addi t icna l  change was a 4-inch Increase i n  t h e  
height of the  overturn s t ruc ture  f o r  increased p i l o t  p ro tec t ion  i n  
t h e  event of capsizing, 
the scout-ovwload condition with 210 ga l lons  of fuel.  The air- 
plane vas loaded s o  that t h e  center-of-gravity pos i t ion  was located 
a t  27 .7  percent mean aerodyrmnic chord. This forward center-of- 
grav i ty  movement of 1 percent from the  previous overload scout 
locat ion of 20,.'7 percent mean aerodynami-c chord used d u r i n g  Navy 
tests pr ior  t c  t h i s  phase bas due t o  t h e  proponed i n s t a l l a t i o n  
of twc instead of  one .53-c;.l.iber fixed nachine gun. These 
f l i g h t s  were m a i n l j  concerned with the  iqrovement of t h e  wing- 
s t a l l i n g  charac te r i s t ics .  
s l o t s  and wing-leadjng-edge modifications were obtained. It w a s  
considered t h a t  some of the changes mado decreased t h e  ai loron-  
control forces  at high speed a i d  tended t o  e1iminat.e t h e  sudden 
reversal  o r  "kick" at the stall.  

Trial Board changes a f f e c t i n g  the  wing were made 

Th:: f l i g h t s  of t h i s  phase were made i n  

Separate effec, ts  of f ixed wing-tip 

4 

Phage I1 

Fligh%s 1 t o  16,  from ALLY 1 7 ,  1939, t o  July 31, 1939 a t  Plant  

Uzon completion of the f l i g h t s  i n  phase I t h e  X3T-Z a i rp lane  
w a s  return-ed by liavy p i l o t  t o  t h e  Nava l  A i r  S t a t i o n  a t  Amccs t ia  
on June 21, 1939, where a n  inspection of t h e  recomnended T r i a l  
Board changes was conrlucted. Aclditional t e s t s  were made at the  
Naval Ai rcraf t  Factory with p a r t i c u l a r  emphasis placed on ar res ted  
c a r r i e r  laadings. It was concluded tb% t h e  incorporation of w i n g -  
t i p  s l o t s  mater ia l ly  improved the handling q u a l i t i e s  of t h e  air- 
plane duririg c a r r i e r  approaches and ar res ted  landings. On t h e  b a s i s  
of addi t ional  tests i n  the overload-scout condi t ion with 210 gallons 
of f u e l  (c.g. at 27.7 percent M.A.C.) ,  the  F l i g h t  Test Sect ion made 
epec i f ic  recornendations for the  following changes t o  provide 
improved s t a b i l i t y  and control i n  the  carr ier- landing conclition: 

1. Posi t ive l a t e r a l  s t a b i l i t y  a t  from 5 t o  10 miles per  hour 
above t h e  s ta l l  

2. Additional longi tudinal  s t a b i l i t y  with increased elevator  
motion t o  produce t h e  stall 
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On July 14, 1939, t h e  s i rplane was r e t w n e d  t o  t h e  p lan t  by Navy 
p i l o t ,  at  whish t h e  the  f l i g h t s  of phase I1 were made involving 
t h e  eff 'ects of modiffcations i n  v e r t i c a l  and horizontal  control  
surface8, and chsngee i n  dihedral  angle as a means of obtainixq 
desired shai-actcr ts t ics .  Temporary addi t ions were made t o  both 
the  horizonla1 an4 the v e r t i c a l  surfaces  giving span increases,  
aQd t h e  w 5 n g  dihedral  was increased 2c, 
wer6 made for  tho purpose o r  checking t h e  s t a b i l i t y  and control  
c h a r a c t e r i s t i c s  of the airplane i n  the  sco-It-werload condition, 
13C~O-pcund-class-5omber condition, and exti-eme noseheavy condi- 
t i o n  with a view t o  obts in i r5  throvzh necessary control-surface 
mcdificationa f ly ing  charac te r i s t ics  desired by the  Nayy. 

The f l i g h t s  i n  t h i s  phase 

Phase 111 - F l i g h t s  1 t o  24, 

from September 8, 1938, t o  September 22, 1939, a t  Plant 

From results obtained :In phase 11, Z0 increase I n  w i n g  
d i h e i r a l  was minta lned  and all control aurfaccs were r e b u i l t  
v i t h  provisions f o r  hinge-line adjustneat  and change i n  balance 
nose sLhape. 
area and t h e  span of t h e  horizontal  and the vert ical  surfaces  
i n  phase I1 were permamntly incorporated on t h e  b a s i s  of t h e  
improvements obtained. Provision was made f o r  eithei- a fixed 
o r  a mcvable t a i l  cone arui the a3-laron $an form was changed, 
gqving ccnstant balance chord a l c q  t h e  span. 'To pravido posi- 
t i v e  centering of t h e  a i le rons  a r d  t o  e l iminate  t h e  undesirable 
reversa l  of "kick" a t  t h e  stall, a strut with double-acting 
spr ing was included i n  t h s  l e f t  s i d e  of t h e  a i le ron-cont ro l  
systex. The degree of bluntness of t h e  a i l e ron  nose shape was 
inereased and the  elevator  and r idder  nose s-bpes were changed 
f r o 2  bli.mt t o  e l l i p t i c a l .  A l a r g e r  e levator  t r i m  t a b  w a s  pro- 
vide<, and var ia t ions  i n  elevator mvchanical advantage were 
tes ted .  
the most s a t i s f a c t o r y  control-s:rfacc hinge-line posi t ions and 
balance nose Bhapes, and deciding whether t h e  t a i l  cone should 
bo fixed t o  t h e  fuselage o r  movable with the ruddar, The bes t  
c o d i g u r a t i c n  from t h i v  pl~ase was submitted t o  a p l l c t  repre- 
sonbative af the  BureaJ, who ccnsidered t h a t  insuff  icienk improve- 
ment had boen mde.  

The temporary mcdificatlona which increased t h e  

F l i g h t s  of ?!lase 111 p r i m w i l y  Involved determining 
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Phase IV - F l i g h t s  1 t o  21, 

from October 6,  1939, t o  October 11, 1939, at  P lan t  

Since t h e  bes t  control-surface arrangements from phase I11 
were not considered s n f f i c i e n t  improvement, an addi t iona l  s e t  of 
mcvsble control surfaces w a s  made, a l l  having chord reductions 
aft of the hinge l i n e .  
chord resulted i n  a decrease i n  wing area  of 12 square f e e t ,  
F l i g h t s  of phase IV invclved additional e leva tor  hinge-line 
adjustmcnt, v a r i a t i o n  of e levator  rnechanical advantage, changes 
i n  e levator ,  rudder, and a i l e r o n  balance nose shapes, and f u r t h e r  
t e s t s  with t a i l  cone fixed t o  the  fuselage o r  movable with the 
rudder. The e f f e c t s  of increased a i l e r o n  and elevator  control-  
surface gaps and of increased a i l e r o n  t r a v e l  were determined. 

The reduction of 1L inches i n  a i l e r o n  
2 1  

Phase V - F l i g h t s  t t o  7 ,  

from October 29, 1939, t o  November 6, 1939, a t  Anacostia 

Upon the  b a s i s  t h a i  the optimim arrmgement obtained through 
t e s t s  i n  phase IV was an  improvement, the  X3T-2 a i rp lane  was flown 
by a Navy p i l o t  t o  the Naval A i r  S t a t i o n  a t  Anacostia f o r  accept- 
ance. Althcrgh longftudinal asrd l a t e r a l  s t a b i l i t y  were ccinsidered 
sa t i s fac tory ,  i t  was desired t h a t  the d i r e c t i o n a l  s t a b i l i t y  and 
control  i n  the c a r r i e r  lanai% ccndi t ion be improved. For t h i s  
phase the a i l e r o n  t r a v e l  was decreased t o  170 up, 100 down, as i n  
phase 111. The flights of phase V concerned addi t iona l  tests con- 
ducted by the ccmpny p i l o t  at -\nacostia on modifications t o  the  
f i n ,  the dorsal  f i n ,  the rudder, and the  rudder tab.  During t h i s  
phase a f i n a l  s a t i s f a c t o r y  ver t ical-surface configuration was 
approvsd , except f o r  ruddsr-trim-tab effect iveness;  t h i s  ms 
increased on the  production model SBD-1, formerly known as the  
ET-2. 

Phase VI1  

F l igh ts  1 t o  77,  from May 1, 1940, t o  May 30, 1940 a t  Plant  

The production model SBD-1 incorporated a l l  control-surface 
arrangements approved i n  phase V with s l i g h t  modifications i n  
rudder, e levator ,  r.nd a i l e r o n  nose shapes; d o r s a l  f i n ;  rudder 

c 
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t r i m  tab; and elevator  cut-out. The e leva tor  hinge l i n e  was 
moved aft 1/16 irrch from the  locat ion of phase V, the  balance 
nose IUS changed from a radial t o  the  f i n d  modlfied e l l i p t i c a l  
shzpe, th elevator cu';-oixt wit3 replaced with s t a b i l i z e r  area, 
and the  rudder-ti--h-tab span tias increased. A moCification on 
t5e re t rac ted  i a r ~ l ~ - g e a r - i n t o - ; J i n ~  fairing resn l ted  i n  a wing- 
w e a  incrense of 5 scl,uar.e feet .  Ths dcrsz l  f i n  l ines  were refrzirsd 
t o  give 3.4 square f s g t  ra ther  tkan  4 square f e e t ,  and t h e  t a l l  
cor,e w a s  f i r a l l y  fixed t o  the f w e l a g e .  
M e d i a t e l y  a f t  of the cowting i n  order t o  e l i n i n a t e  the  undesirable 
"necking-.in" reported 98 incrcas'i rg the  drag i n  the  fu l l - sca le -  
tunnel t o e t s .  It wns imdv i sab l s  t c  tdce adventage of an  a d d i t i c m l  
possible  drag reducticn by covering the  holes  i n  tile dive f l a p s  i n  
view c f  t h e i r  desirabla  effectiveness i n  eliminating t a i l  bu f fe t iw  
with dive f l s p s  open. 
l i n i n z r y  demonstraticn on S A D - 1  (EO. 1596) during whlch f ina l  minor 
adjustments i n  e levator  and a i le ron  hime l i n e s  wera made? and the  
separat;? e f f e c t s  cf wi.ng slots, ailwcn-to-wing gap, rind severs1 
wing-lczding-edge modi f i c s t i o n s  on the s t z l l i n g  c l ia rzc te r i s t ics  
were detcmninai. 

+The fuselage was r e f a i r e d  

Flight8 of phase VI, const i tuted the  pre- 

Phsse VI2 

F l i g h t s  1 t o  9, from May 28, 1940 t o  Mag 31, 1940 a t  P l m t  

F l i g h t  t e s t s  dilring t h i s  phar;e ww*3 m a l e  on t h e  second SBD-1 
(no. 3597) and were of' sup2lcmont:my n a t w c  t o  those for the  pre- 
liminary demonstrdtion. They ir,volved the  separate  u f f e c t s  of 
right an? l e f t  w i n p t i p  s l o t s ,  p i t c t  hzzd, and aileron-to-wing 
gap on t h e  stallin& chzrnc ter i s t ics .  A comparison of t h e  s t a ' o i l f t y  
aad ccnti-ol charac te r i s t ics  with t ho  XET-2 of phzsc V wae mcdo. 
Tho sacond SBD-1 (no. 1597)  was used i n  z d d i t i o r i t c  no. 1596 t o  
obtain f l i g h t - t e s t  r a o v l t s  nnd c o q w i s o n s  on as ~ ~ n y  modifica- 
t i o n s  3s Fossible i n  th,: shor tes t  t h e .  
mont includod fixed w i q - t i p  s l o t s  without lezding-edgG modifica- 
t i o n s ,  and ailerons with minimum upper-surface aileron-to-wing 
€PP 

The Piml wing a r r m g e -  
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DISCVSSION - SECTIODT I 

STALLING CaWCTERIST ICs 
(Reference t a b l e  IV) 

Models BT-1 and XBT-2 

Because of pi lot i r i2  d i f f i c u l t i e s  expericncad by squadrons 
operating frm a i r c r a f t  c a r r i e r s  with Thf: low-wing model BT-1 
a i rplane,  it vas necessary t h a t  the stallifis c h a r a c t e r i s t i c s  of 
the  aj rplane i n  the cam5.r-landing c x d i t i o n  be mater ia l ly  
improved. The most obJeckSonable c h a r a c t e r i s t i c  was reported 
t o  be a sudden f a l l - s f f  02 the l e f t  wing accompnied by rapid 
ai leron control-fcrce reversa l  termed a i l e r o n  "kick" a t  the s ta l l .  
immediate f l i g h t  t e s t s  were ccnducted at The $ant t o  invest igxte  
the  v a l i d i t y  of these repor t s  nzd t o  decemine a meens of p s s i b l e  
iriiproveiaent. 
arid several  modif j  cations w r e  r'zvml which cnuld be incorporated 
i n  ser-fice and would consideTably inprove t h e  s t a l l i n g  character-  
i s t i c s :  These were t h e  fo1lo;Jirg: 

The condition repcrted was v e r i f i e d  by compar-y p i l o t s  

1. An extension of t h e  upper and t h e  lower wimpsurface 
paint- l ine in te rsec t ion  around t h e  leading edge of 
the wing t c  the lower su1*face, thuo avoiding t h e  
formation of a paint  r:dge on t h e  extreme forward 
port ion of the  wing 

2. A replacement of inspecticn handhole p l a t e s  Just  below 
the  leading-edge center l i n e  of t h e  center  wing 
sec t ion  wtth nevr p l a t e s  having f la thead screws f o r  
i n s t a l l a t i o n  

3. Addition of f i l l e r  a t  t h e  i n t e r s e c t i o n  of the  landing- 
gear fairiw and the wing surface 

4.  Removal of carbo:-undum from t h e  first 45 inches of t h e  
wa 1 kvas 

5, Removal of the outside-aZr-temperatui-e ind ica tor  from 
the  P i t o t - s t a t i c  head on t h e  l e f t  iring t o  a pooition 
having no possibls  e f f e c t  on t h e  s t a l l i n g  character-  
i s t i c s  
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6. I n s t a l l a t i o n  of  a net7 gooseneck f i t t i n g  so that the  p i t o t  
head was below t h e  l e f t  wing t i p  

7 .  I n s t a l l a t i o n  of lower-wing-surface aileron-hinge cut-out 
c ov e ra  

I n  addi t ion  bc the zbose nedi f ics t icns  a r"ur%her possiblo inprove- 
ment i n  stalling charac te r i s t ics  was indicated by the observation 
oi' t u f t s  m e r  t h e  upper w l n g  surface. Closing the chordwise gaps 
between f l a p s  and a i l e r c q  caused a noticeable decrease i n  t h e  
t e n k n c y  of' t h e  a i l e r o n  t o  kick a t  tho stall ,  reducirg somewhat 
the associated tendency f o r  fa l l -of f  t o  the  l e f t ,  and gave some 
improvement i n  s t a l l  wzsning. 

From the  period of I4arch 29, 1939, t o  Apri l  21, 1339, f u r t h e r  
tests were made on the s t a l l i n g  c h a r a c t e r i s t i c s  of the  BT-1 air- 
plans with a l l  these changes incorycrated. These t e s t s  were made 
on BT--1 a i rplane,  S e r i a l  limber 0639, f o r  the  primarjr purpose of 
invest igat ing t h e  e f f e c t s  of fixad wimg-tip s l o t s .  Although diP- 
ficul.ty waa exporienced i n  obtaining consis tent  da ta  from the  f i v e  
p i l o t s  par t ic ipa t ing  in thess  t o s t s ,  i t  was f i n a l l y  concluded that 
fixed wing-tip slots d i d  give improvements i n  reducing: 

1. The tendency fo r  +,he Lindersirablo f a l l - o f f  of the  l e f t  
w i n g  a t  the s t a l l  

2. The amomt of a l t i t u d e  loss and s-pced increase necessary 
t o  e f f e c t  recovery from a stall 

These iQprovemcnts were a l l  ccnsidared a d f r e c t  r e s u l t  of increase 
i n  a i l o r o n  effoctiveness.  To c b t a i n  an optimm armngement, tests 
were made cf the  e f f e c t s  of varlous modifications i n  wing-tip s l o t  
gap and spsnwis,: locst lon.  The b e s t  arrangement was found t o  be 
incorporat icn or" three ssparate spanvise s l o t  sec t ions  similar t o  
thosa shcwn i n  figures 1 7  and 18 f o r  the SBD-1 modal and an upper- 
surface s l o t  gap cf 1 / 2  inch. Tuft observations substant ia ted 
somewhat the  improvercent g a i n d  by t h e  wing-tip s l o t s  by indicat ing 
the progress of the stall  s t a r t i n g  from the  center  sec t ion  and 
spreading ontboai-d t o  the t n n o r  virg s l o t ,  which acted as a b a r r i e r  
f o r  l u r t h e r  outward progress of  t h e  stall  toward tho t i p .  I n  t h i s  
mannsr the  sever i ty  of the s t a l l  w a s  reduced as s l o t  sect ions were 
i n s t a l l e d  inboard, Stri.ctura1 limitations prevented the addi t ion  
of more inboard s l o t s .  During the  f l i g h t  tes t i I lg  of the  var!ous 
wing-slot configurations several i n t e r e s t i n g  secondary e f f e c t s  
were obta-tned: 
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1. The BT-1 s l c t s  gave no appainent reduction i n  stallin& 
speed with f l a p  e i t h a r  up or down. 

2. The s l o t a  had nc e f f e c t  on the BT-1 airspeed c a l i b r a t i o n  
with the  p i t o t  head located below t h e  l e f t  w i n g  t i p ,  
using t h e  o r i g i n a l  gooseneck f i t t i ag .  

3. S l o t s  were clcre e f f e c t i v e  near the s ta l l  with power cff 
than with power on. 

4. With a t h r e e - s i c t  sec t ion  on each w i n g  t i p  and with 
1/2- inch gap, t h e  s l o t s  caused a 3-miles-per-hour 
speed reducti,on from 217 m i l e s  per  hour a t  9500 f e e t .  

D u r i n g  Februarg 1939, t e s t s  were made on t h e  XBT-2 mcdel i n  
the  NACA f u l l - s c a l e  turmel. On% of t h e  p!’sposes of these tes ts  
was t o  determir,e the mrmer i n  which t5e wing s t a l l e d  with f l a p s  
down. Tuft observation i n  the tvziiel indiLca5ed t h a t  t h e  l e f t  
wing t i p  s t a l l e d  approximately lo e a r l i e r  t h a n  t h e  r i g h t  t i p  and 
t h a t  both w h g  t i P o  s t a l l e d  before uzaximm l i f t  w a s  reached, thus 
checking BT-1 f l ight-t :ot  r e s u l t s ,  It w a s  f u r t h e r  noted t h a t  the  
t r a i l i x - e d g e  port ion of the center  sec t ion  was s t a l l e d  simultane- 
onsly with the l e f t  win$  ti!! nom the p i t o t  head. It should be 
emphasized t h a t  during these t e s t s  none of t h e  i;mprovsments 
obtatned dining t h e  ET-1 s t a t i i ~ - c h a r a c t e r i s t i c s  inves t iga t ion  
had yet  been incorporated i n  the ricdel X%T-2. 

After completion of the f u l l - s c a l e - w i n d - t u ~ l e l  t e s t s  and 
addi t ional  Naval Air S t a t i o n  flights i n  the scol-it-overload condi- 
t i o n  the XBT-2 wss returned t o  the plant  l o r  inzor2oration of 
T r i a l  Board changes. 
included all the  mjor  mcdiftcaticns found t o  impove the  stalling 
charac te r i s t ics  of t h e  BT-1 airplane.  Table N ccntains a f l i g h t -  
t es t  6-y o f  a l l  s t a l l i n g  c h a r a c t e r i s t i c s  of the XBT-2 a i rp lane  
and detai led p’, lotrs cornants on var ious racdifications. Before 
addi t ional  changes other than  those required by t h s  T r i a l  Board 
were made, a complete inves t iga t ion  of t h e  XBT-2 bas ic  stallirig 
charac tc r i s t ics  vas malle. 
In  oi’der t o  b q r o v e  s t a l l i n g  c h a r a c t e r i s t i c s  i n  t h e  c a r r i e r -  
approach condition with f l a p  &nd gesr down, cruis ing power, by 
preventing the c h a r a c t e r i s t i c  sharp fall-off t o  t h e  lei’t,  a sharp 
leading-eQa f a i r i n g  as shown i n  f igure 23 w a s  added t o  t h e  left- 
wir ig  center sect ion.  
The e f fec t  cf v a r i a t i o n  i n  upper slot gap was again invest igated 
and the gap f i n a l l y  increased from 1/2 inch t c  3/4 inch. 

These clisnges as ciitlined i n  t a b l e  IV 

(See t a b l e  IV,  F l i g h t s  I: 1, 2, 3, 4 . )  

This change gave no s i&nif icant  improvement. 

Again 

Y 

I 
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the aeparate e f f e c t s  of the t i p  s l o t s  were determtned by complete 
sealfng.  From these coxvzrativc: t e s t s  it w a s  cor,cl;ided t h a t  any 
Sqrovement due t o  the s l o t  on s t a l l i n g  c h a r a c t e r i s t i c s  or aile- 
ron control  a t  t k  stal l  vas rrarginal on the XBT-2 airplane.  It 
appasred t h a t  the s l o t s  provided some improvement i n  the ao t7mt  
of' a i l s r c n  control j u s t  before and r i g h t  a t  the  stall ,  bdt t h a t  
t e s ; s  with thc bcs t  arrangement d i d  not s u b s t a n t i a l l y  a l t e r  the  
m o m t  cf stall  warning or  contribute t o  the  a i l e r o n  Gontrol a f t s r  
the  s ta l l .  D i i r i n g ;  t h i s  Lnvestlgation it becams increasingly ap- 
perent t h a t  improvemen, cliould 5e m d a  i n  the s ta l l - ing character-  
i s t i c s  of the XRT-2 a l r p l s c e  i n  t h e  carr ier- landing cord l t ion  
with f l a p s  and gear down and with approximately 43-percent power 
(29 Sn. E@; manifold p r e s s w s  a t  1900 i y m )  t o  avoid the fa l l -of :  
t o  the  l e f t  w:th insuif ic7ent  warning. It was noted that  the  
a i l e r o n  kick a t  the s ta l l  orLgiriilly present on the XET-2 air- 
plane was s:-bstant ia l ly  retiuced a f t e r  t h e  incorporation of T r i a l  
Board changes as was the case with t h e  ET-1. This iwltucticn 
vas apparently being effected through the redvction of  t h e  
aileron- f l a p  gap. 

A f t e r  the completion or' t e s t s  in phase I the ,W-2 a i rp lane  
waa returned t c  the  Naval A i r  S t a t i o n  a t  P m c o s t i a  f o r  inspect lcn 
of Trial. Bgard chawes. D.-ring t h i s  pcriod a, cxmsiderdble number 
of landing t e s t s  were ccnducted by the sh-lp experiiiental unit and 
the d e f i n i t e  opinion was given that the incorparation of the  w i n g -  
t i p  s l o t s  on -the XBT-2 airp ' lsm tnad mater ia l ly  improved i t s  han- 
d l ing  q u a l i t i e s  during c a r r i e r  ap7rcaches and ar res ted  landings. 

XBT-2 Aileron Control Forces 

I n i t i a l  f l i g h t  t e s t s  on tho XBT-2 a i rp lane  a f t e r  the  incor- 
porat ion of Trial Board changes indicated t h a t  the a i l e r o n  control  
forces  were excessive at indicated air speeds above 160 knots. To 
ccr rec t  t h i s  condition, the  a i le ron  balance t a b  control  horn arm 
ler?gth was ahortened 3/8 inch t o  increase t h e  h l a n c e  t c b  t r a v e l  
f r v n  t h e  former 1-to-1 ra t ic .  F l igh t  bests with t h i s  change indi- 
cated that t h e  a i l c r o n  ccntrol forces  k d  been reduced a t  all 
speeds s o  that forces at  high speed were now considered rczsomble.  
Since the  control  forces ncar t h e  stall  with the  reviscd balance- 
t a b  r a t i o  were qui te  l i g h t ,  it w%s considered inadvisxble t o  a t -  
t o q t  fur ther  aileron-control-force reduct ion through t h e  use of 
balance-tab ac t ion  g'lving a. r a t i o  of tab- to-a i le rcn  t r a v e l  @;rester 
than 1.2 t o  1. A check on the ac t ion  of the  a i l e r o n  during stalls 
indicated that the  increased bnlance-tab a c t i o n  had no adverse 
e f f e c t s  . 
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Model SBD-1 

D u r i n g  t h e  preliminary demonstration of t h e  SBD-1 model, 
the  subjact of wing-tip s l c t s  again came up f o r  inves t iga t ion  
i n  f l i g h t .  Upon the basis of p r e l - b i n a r y  f l i g h t  t e s t s  conducted 
on a E"-1 a i rp lane  concerning t h e  e f f e c t  of wood s t r i p s  with 
half-rounded cross-sectional shape applied t o  t h e  center-sect ion 
wing leadir4 edge, aZd.itiona1 t e s t s  wme made upon t h e  stalling 
charac ta r i s t ics  of t h e  S3D-1 a i rp lane  with a view t o  s u b s t i t u t i n g  
the  " s t a l l  control" s t i c k 8  for t h e  wing-tip s l o t s ,  A consider- 
ab le  amount of  c o d l i c t i n g  opinion with respect  t o  whether sub- 
s t i t u t i o n  could be made w a s  obtained from t h e  p i l o t i n g  personnel. 
For t h e  varioi1.s posi t ions of the  wood s t r i p s  t r i e d  i n  f l i g h t ,  see  
f igxres  2b t c  2g. I n  general  it w a 8  agreed t h a t  the  "stall 
control" s t i c k s  redu.ced the  violence of f a l l - o f f  t o  t h e  l e f t  
and increased s t a l l  warning; whereas t h e  wing-tip s l o t s  increased 
the  a i l e r o n  effect iveness  and rec3very a f t e r  a s t a l l  took place. 
It was ccnsidered t h a t  t h e  haly-round wood s t r i p s  had not par t ic -  
u l a r l y  improved the  sudden :Yall-o:'f t o  th.e l eTt  i n  the  c a r r i e r -  
apgrcach conditicn.  It was f i n a l l y  decided t h a t  before a r j  szb- 
s t a n t i a l  imprcvement would be gained from t h i s  modification the 
t i p  stall  on the  l e f t  ving would have t o  be corrected. This con- 
c lus icn  was based on t u f t  observation which indicated t h a t  by 
means of proper placement of the  half-round s t r i p s  a root  stall  
cculd be ds1a;:ed e n t i r e l y  u n t i l  a f t e r  complete t i p  s ta l l  on both 
wing t i p s  had taken place. Minor ncdi f ica t ions  of remcving t h e  
wirg-attachment fa i r ings ,  and smoothing of p i t o t  m a s t  f i t t i n g s ,  
wing-tlp attachments, laEding l i g h t s ,  and t h e  forward por t ion  
of the w i n g  had ins igni f icant  e f f e c t s  on t h e  t i p  s t a l l i n g  charac- 
t e r i s t i c s .  The most e f f e c t i v e  improvement t o  the  s t a l l i n g  char- 
a c t e r i s t i c s  i n  the  carr ier- landing coiidition w a s  obtained by 
completely seal ing the upper.surface aileron-to-wing gap with 
medical tape allowing f o r  f;?.ll-dcwn a i l e r o n  t r a v e l .  T u f t  obser- 
v a t  ioiz indicated there hsd been considerable improvement i n  t h e  
t i p  stall and the p i l o t  reported d e f i n i t e  improvement i n  a i l e r o n  
control  force with increased effect iveness  a t  low speed. A f v r -  
t h e r  check by a Navy p i l o t  veri-Pied that a maJor improvement had 
been obtained i n  the  carr ier- landing condition with cruis ing 
power; although the  airplane i n  t h i s  cond5.tion still. f e l l  t o  
the l e f t  i-n the s ta l l  due t o  the sngine-torque e f f e c t .  The 
c loses t  p - a c t i c a l  approach t o  the  ccmpl-ete sea l ing  of the  upper 
aileron-to-wing gap w a s  made by the  addi.tton of an extension 
& r i p  t o  the  wing, closing the  gap p a r t i c u l a r l y  a t  t h e  extreae 
a i l e r o n  t i p .  This sxtenslon s t r i p  can b.= seen i n  f igures  1 7  
and 18. The absencc, of v a r i a t i o n  i n  gap can be seen with the 
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a l l e r o n  up. The grea te r  a o v n t  of improvement obtained by t h e  
aileron-to.wing &ea1 w a 8  realized with t h e  addi t ion  of t h l s  
s t r i p .  The ef-r'ect of having only t h e  l e f t  w i n g  s l o t  open was 
compared with t h a t  of having both  310tS closed. An increase i n  
ai1,:ron control vas cbtained. The complete removal of t h e  p i t o t  
head from the  l e f t  wing had no pari;icglar e f f e c t  i n  reducing the  
l e f t  wing-tip s ta l l .  This indicated t h a t  mix imum hprovement 
had been obtained with the f i n a l  modifications mde t o  t h e  goose- 
neck - - i t t ing  
or ig ina l  rough l i n e s  t o  the r e l a t i v e l y  streamline shape shown i n  
f igure 17.  

For the SBLD-1 t h i s  >"i.tti% w a s  r e f a i r e d  from t h e  

I n  view of the e rhs tan t ia l  -3mprovernent obtained in  the  w i n g -  
t i p  s t a l l i n g  charac te r i s t ics  .throu@i tile use of  the  wing-to-aileron 
extension s t r i p s  because o f  %he possibility of some improvement 
thro.!gh the  use of tke  "stall control" st!cks, arid i n  considera- 
t i o n  of t h e  s t rx tura l  ccxaplexi-b>- of the wing-ttp s l o t s ;  t h e  
advisabi l i ty  of t h e l r  iccwporacion i n  the prodi.:ction SBD-1 air- 
plane w a s  ra fe r red  t o  the rviavy f c r  decision. I n  an8wer t c  t h i s  
request the following conclusive reply m6 receivsd: V i t h  the 
wing-tip s l o t s  closed the stall is  reached with l i t t l e  miming 
and is characterized by cmple te  loss of a i l e r o n  cont rc l  and very 
sharp roll and p i t c h  fro= which reccvery begins i n  a s teep  dive. 
With s l o t s  open considerable warning is gtven a8 the s ta l l  i s  
approached and ai-leron control does nok e n t i r e l y  disappear xnless 
the stalling contzol i a  forcod. The recovery is  far less severe 
and mwh shallower; t,hol@l hprovment  of t h i s  phase is less 
marked i n  land!.ng condition than i n  tho  c lean  condition." L a t e r  
t e s t s  conducted during. the KACA irivestigation cf the  SBD-1 f l y i r g  
q u a l i t i e s  iEdica ted  that. clcsing t h e  wing-tip s l o t s  had no s i g n i f i -  
cant efYects on s t a l l i n g  charac te r i s t ics  o r  alleron-control char- 
a c t e r i s t  i c s  with one except ion: Whon t h e  a i q l a n o  was sideslipped 
a t  low speeds near the  stal-l,, t h e  at lercn-control  forco reversed 
a t  a f a f r l y  low angle of .yaw, thus  iridicating qi ia l i ta t ive r o l l i n g  
i n s t a b i l i t y  with free  ccntrol  .in t h f s  condition, I n  some cases 
the a i r p l a m  tended t o  spin out of the  s i d e s l i p ,  a condi t icn 
caused by irici-pient stal1f.n.g on t h e  l e 3  wing which was yrevented 
when t h e  s l o t s  were opened. 
enough t o  j u s t i f y  t h e  1x38 of the wing-tip slots, giving marginal 
pos i t ive  r o l l i r g  s t a b i l i t y  i n  t h o  carrier-approach condition. 

This f u n c t l m  was consfdered important 
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DISCUSSION - SECTION I1 

c 

LA'I'ERkL-DDECTIONr% STA3ILITY AND CONTROL 
(Reyerence t a t l e  V) 

A f t e r  the completion of: Service Acceptance Tr-tals on the 
model XBT-2 i n  Ncvemker 1938, the  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  
and control charac te r i s t ics  were accepted with the proviaton 
t h a t  T r i a l  Board changes Snclude modi€ication of t h e  aj leron-  
control systen f o r  reduction i n  c o n t r d  'orces a t  high speed and 
an objectionable kick at  the s ta l l .  Additional mcomnendaticns 
f o r  imprcvex3nt came al ' ter  removal cf the a i rp lane  from the fu l l -  
scale  tunnel at  Langley Field and as a r e s u l t  of  t e s t s  made i n  
a scout-overload condition with a gross weight of 7407 p o d s  
and balance of 28.7 Fer-cent nean asrcdgncm-ic chord. I n  t h i s  
conrigmation, the Navy found t h a t  the l c t e r a l  s t a b i l i t y  waB 
neut ra l  a t  low speeds i n  the  l a n d i r i  cord i t ion  with r r e e  con- 
t r o l s ,  or t h a t  the ap2l ica t ion  of' rLdder would not r a i s e  a w i n g  
dropped approximately Eo. It w a s  recommended t h a t  the  l a t e r a l  
s t a b i l i t j  i n  production models or' the  XBT-2 be improved s o  t h a t  
high ruddnr  woiild pick up a 1 5 O  low w i n g  at 75 knots with f r e e  
a i l e r o n  controls.  

Fl ight  t e s t s  were made i n  phase I a f t e r  the  inccrporat ion 
of a l l  Trial Board changes t o  check the  a b i l i t y  of t h e  p i l o t  t o  
pick up a wing dropped ov.2r ISo. T'he coments  from these t e e t o  
appear on t a b l e  IV and do not indicate  the  d i f f i c u l t y  reported 
by Navy t e s t s .  With f l a p s  and gear down, f r e e  a i l e r o n  control ,  
w.: t,h pcwer id l ing  o r  at  20  inches of mercix-y a t  1900 rpm (43.5 
percent r a t o d  powor a t  m a  l e v e l )  no d i f f i c u l t y  i n  r a i s i n g  t h e  
low wing wi th  the ri?dder was repcrted at any time down t o  a n  
indicated speed of 60 kncts. I n  view of -the i'act t h a t ,  upon 
reti lrn of the  ai rplane t o  %lie Naval A i r  S t a t i o n  for  inspect ion 
cf recommended charges, the Navy again raccmmended an increase 
i n  'Lateyal. s t a b i l t t y  f o r  ths  landing condition, the above f l i g h t -  
tes t  coment,s can be inter'preted only as a r e s u l t  of differences 
i n  t e s t i n g  tech ' ique with respect  t o  c a r r i e r  approaches o r  a 
l a c k  of c lear  waderstanding of the  basic  problem, 
tests i n  the  overload-sco:rt condltion by t h e  F l i g h t  T e s t  Sect ion 
a t  Anacost ia .Punished a basis f o r  the  following recommendation? 
Pi-ovide pos i t ive  l a t e r a l  s t a b i l i t y  a t  from 5 t c  10 miles per 
hour above t>he s t a l l i n g  speed i n  the carr ier- landing condition. 
The f l igh t  t e s t s  of subseqcent phases were concerned with 
obtaining t h i s  desired increase i n  s t a b i l i t y  by modificationR 

Additional 

Y 
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in v e r t i c a l  surfaces,  aile:*ons, and dihedral  angle. Changes made 
i n  t h e  f i n  and ru3,Cer areas, l o c a t i m  of rudder hinge l i n e ,  aero- 
dynamic balance nose &ape, t a i l  cone, an6 rudder-trim-tab s ize  
a r e  described i n  d s t e i l  i n  f'igurcs 4a t o  4v. Ver t ica l  surface 
a rea  changes can k e  Eore accurately compared q u a l i t a t i v e l y  by 
reie-:*ence t o  t h e  superimposed l i n e  djagrams of 3.gu-e 5, and 
quant i ta t ive l - j  by reference t o  t a b l e  I. Changes i n  a i l e r c n  cross- 
sec t iona l  &aye and hinge-line loca t ion  a r e  given i n  f igures  6a t o  
SJ.  Changes i n  a i loron  plan form and in  the  l o c a t i o n  of t h e  trim 
t a b  are ehotm i n  f i g w e  7. 
dynain'lc balance, and design ratios a r e  l i s t e 3  i n  t a b l e  11. 

Qvanti ta t ive changes i n  a reas ,  aero- 

I n  an  e f f c r t  t o  investigate s y s t e m n a t i c a l l ~  the q u a l i t a t i v e  
l a t e r a l - d i r e c t i o n a l  charec te r l s t ics  cf the  XBT-2 aii-.plane, four 
basic  t e s t s  were devised for the conditions f l a p s  and gear 
re t rac ted ,  pcwer i d l i n g ;  a d  f l a p  and gear f u l l x  extended f o r  
a c a r r i e r  landing with apprc.-&nafelj 40 percent ra ted  power. 
t e s t s  were made fyom a steady condition of sidesl-ip with 1.5' of 
bank and with t h e  elevator  t r m e d .  
involved r a i s i n g  the <own wira with the  use of rudder alone, first 
with tho a i le rons  held i n  t h e  pooition i'oi- steady s l i p ,  and then 
with controls  f r e e ,  
the observation 0; reszlt izlg mction, first a f t s r  t h e  a i l e r c n s  
were suddenly ret>:rned t o  neutral ,  and second when the  a i l e r o n s  
were :;cntrol free; the  rvdder remaining f ixed i n  t h e  pos i t ion  
f o r  steady s l d e s l i p  i n  bcth caae8. Tho first s t e p  i n  th1s inves- 
t i g a t i o n  wa8 the d e t c m i m t i o n  cr' the c h a r a c t e r i s t i c s  of the  
&BT-2 i n  t h e  or ig ina l  condition returned t o  the i'actcrjr by 
performin@; the f'oi'r t e s t s  described above a t  indicated airspeeds 
of 120, 100, and 8 C  knots w i t h  ; l a p s  and gear  LIP; 85, 75, and 65 
knots with flaps and gear exterdcd. 
these t e s t s ,  given i n  table  V, Flfght  11:1, indica te  agreement 
with Navy t e s t s ,  s ince it  rms imyossible t o  r a i s e  a low w i n g  by 
the  use cl' the  rudder at an  indicated speed or' 85 knots or  less 
with f laps  and geaz extsnded, a i le rons  fixed or f ree .  

A l l  

Twc casss ,  t e s t s  1 and 3, 

The other two c a m s ,  t e a t s  2 and 4, involved 

The d a t a l l e d  r e s u l t s  of 

The first change made i n  t.he a l rp lane  t o  improve t h i s  con- 
d i t i o n  was a change i n  dihedral angle of t h e  outer  wing panels 
by 10, obtajnec thro ish  the use of shims a t  t h e  attddxnents. 
The r e s u l t s  of t e s t s  cn thCs modification indicated a s l i g h t  
hprovement i n  l a t e r a l  a t a b i l i t y  f o r  ailel-ons f ixed,  but a neg- 
l i g i b l e  e f f e c t  with controls  3 e e ,  f l a p s  and gear doim. With an 
addi t ional  degree making a t o t a l  change i n  d ihedra l  angle of 20, 
there  w a s  a d e f i n i t e  Smprovcment a t  t h e  lower ai rspeeds,  but 
recovery was sti l l  not possible a t  65 knots where fu l l  rudder 
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was required t o  maintain the steady s i d e s l i p  with 1S0 angle of 
benk, f'1.aps and gsar extended. I n  t h i s  cofidition both the a i l e -  
ron and tho rudder-control forces  were reversed. Aileron over- 
balznce w a s  f i rs t  noted a t  82 kncto;  whereas no mention w a s  made 
of t h i s  c h a r a c t e r i s t i c  with .;he or ig ina l  value of dihodral angle 
a t  speeds down t o  65 knots. It c m  be assumed here t h a t  t h e  in- 
crease of 2' resu l ted  in: 

1. An incrzased tendency f o r  the  a i l e r o n s  t o  overbalance 
i n  a constant s i d e s l i p  with 15O angle of bank 

2. An increcss i n  tho  ancunt of ruddcr angle t o  hcld constant 
angle cf bank a t  t h e  lower ai rspeeds 

It can be scncluded that  the increased dihedral  resu l ted  i n  improved 
lcw-spsed 1a te ra l - s tab . l l i ty  c h a r a c t e r i s t i c s  but d i s t w b e d  tho de- 
si rzd adjustment Setvser, a?-leron and rudder  con-urol forces  and 
effectiveness i n  m i n t a i n i r i i  a constant sSdesl ip  with 1SC a x l e  
of bank. 
f ica t ions  t o  t h e  v e r t i c a l  surfaces  and ai lerons.  

Upon t h i s  besIs  it appeared decir:ble t o  consider modi- 

Several combinations of' tumprary  f i n  and rudder extensions 
were t r ied .  The :'irst of these is  shorn i n  f igure  4b. With the  
larg.c! f i n  and rudder extansions i n  combinatton with tile 10 increase 
i n  dihedral ,  a i l c r c n  and rusrier reversa l  Lock place a t  75 knots. 
A t  65 kncts i t  w33 impossible t o  nn in to in  a o r c  -tkan a 7 O  bsnk with 
t h e  new rudder f u l l  over, f l a p s  and gear extended, with 40 p e r c a t  
power. I n a b i l i t y  t o  maintain a 15O bank with f u l l  rudder indicsted 
an  excessive mount of d i r e c t  i o m l  s t a b i l i t y ;  therei'ore t h e  smllor 
f i n  extension w i t h  the l u g e  rudder w 3 s  t es tod  i n  combination with 
t h e  2O i n c ~ e a s e  i n  dihedral .  Although it vas possible  with t h i s  
arrangement t o  hcld a Eo bank with t h e  rueder at 65 knots, both 
t h e  a i le ron  and. rudder control  forces  werz reversed. The rudder 
r a v w s z l  was p a r t i c u l a r l y  o t jzc t ionz t le .  I n  an attdmpt t o  lower 
the s p z d  a t  which a i l e r o n  overbnlance took place,  t h e  brtlancing- 
t a b  s c t i c n  was renioved. This change resu l ted  i n  an  improvement, 
lowering the  speed for ovcrb2lnnce i n  t h e  1mdin.g condition from 
8 2  knots t o  75  knots without s ign i f icant  changes i n  recovery 
charac te r i s t ics .  A fur-ther chi-ge i n  reducing t h e  lower-surface 
aileron-to-wing gap t o  l/4 inch gave a s l i g h t  improvement. Tirr- 
%her change8 ir- rudder-balznce area above t h e  upper hinge bracket 
(Pig. 4d) and incresse i n  the  width of t h e  f i n  trailing edge gave 
no noticeable improvements. The r e s u l t s  obtained with t h e  ma11 
i i n  extension and the  lai*ge rudder formed t h e  b a s i s  f o r  the fab- 
r l c a t i o n  02 R new s e t  of v e r t t c a l  surfzc2s ( f ig .  48).  
nose slinpe of thc rudder was changed from b l u n t  t o  e l l i p t i c a l  

The balance 

e 
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(fig. 3c) ,  and provisions were made f o r  t h e  attachment of t h e  
t a i l  cone t o  t h e  fuselage or the rtl.dder. The a i l e r o n s  were recon- 
s t ruc ted  with a constant-balance chord and a minimm lower-surface gap 
( f ig s .  6c and 7 ) .  
{i’ig, 3 f ) .  
l i n e  loca t icn  on both the a i le rons  and the  rudder. 

The a i le ron  nose shape was made more blunt  
Provisions were a l so  made for t h e  adJustment of hinge- 

Iiuring the ?‘l ights of phase I11 t h e  separate  e f f e c t s  of  

With “ue change i n  rudder 
hinge-line location, t a i l  cone movable o r  f ixed ,  and rudder 
balaxiciq tab wei‘e in.rsstigated. 
nose shape and with the orlginal hinge-line pos l t ion  (Fldght III:l), 
t h e  rudder cantrol  fcrcea wsre considered heavy i n  s p i t e  of the  
change i n  aerodjmamic balance from 13, = 0.148 t o  C.183 resulting 
from the  ta i l  cone being f i x e d  t o  the  iuselage.  The combination, 
however, reduced the untlssirable ter,dmcy for overbalance. Af te r  
adjtwtment 0’’ the control  forces on radder and a i l e r o n s  tlwough 
moveLent of t he  hinge lines, 8 ccrnplece a e t  cf t e a t s  \.?as made for 
l a t e r a l - s t a b i l i t y  chacac ts r i s t ics .  Retiults indicated t h a t ,  al- 
tho:Gh reversa ls  i n  f x c z  were not as ser icns  as before, f u r t h e r  
modtficaticns were necessary. The a i l e r o n s  reversed at 72 knots 
i n  a l e f t  s l i p  arLd 7 5  ?mots i n  a r i g h t  s l i p ,  the rudder a t  75 
knots and 85 knots, r e s p c t i v e l y .  
t h e  t a i l  cone t o  the  rudrfer an3 r e s t r i c t  the travel. from f30° t o  
f25’. A t  the  same t h e  t h e  a i l e r o n  d i f f e r e n t i a l  was revised t o  
give 10 percent lese  a i l e r o n  travel. 
provide t h e  deslred major improrwrxmt, eubs5puent nodi f ica t ions  
were made. The hinge l i n e  of the n d d e r  was r e t w n e d  t o  the  
o r i g i n a l  poel t ion and a balancing-Tab motisn wa3 incorporated 
with r e s u l t i n g  s l i g h t  e f f e c t  on coa t ro l  forces .  The t a i l  cone 
was attached t o  the fuselage k i t h  the i n t e r e s t i n g  r e s u l t s  t h a t  
no apparent loss  i n  rxdder effect iveness  w a s  obtained, and that 
t h e  rudder forces  were li&tter with less tendency f o r  severe 
resrersal. Spin t e s t s  were conductad t o  demonstrate the adequacy 
of the  rudder control without the conir ibut ion t c  rudder area 
Trovided by the  ta i l  cone, w i t h  the  r e s u l t  t h a t  recovery could 
be effected e i t h e r  t o  the l e f t  o r  the  r i g h t  within onc-q1;Lir5er 
turn, f l a p s  and gear i n  both extended and r e t r a c t e d  posi t ions.  
The a d d l t i c n  of a b a l a n c i r j  t a b  t o  t h e  a i l e r o n s  with or ig ina l  
t r a v e l  reduced t h e  contzol forces t c  a des i rab le  magnitude i n  
t h e  low-speed range, but d id  not ayfect  $he high-speed region. 
The balancing t a b  was removed from the  a i l e r o n s  and the  hinge 
l i n e  was moved back t o  l igh ten  tho high-speed forces.  Further  
force  red-iction ~ras obtained by a c-hnge i n  t h e  control  system, 
reducing t h e  t o t a l  a i l e r o n  ti-avel by 25 percent. 
rsversaL, however, s t i l l  occlured a t  approximately the  erne 

Thl; next change w a s  t o  connect 

Since these  changes did not 

Aileron 
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speeds. 
e f f e c t  on t h i s  rsveraal ,  but did reduce t h e  control  forces;  al- 
though such a reduction p.ay well have been due t o  a f u r t h e r  7- 
percent decrease i n  t o t a l  a i l e r o n  t r a v e l .  

Increasing t h e  @p between a i l e r o n s  and w i n g  had no 

Upon the  basis of r e l a t i v e  conparison with the  character-  
istics of the or ig ina l  a i rplane,  it w a s  decided that some d e f i n i t e  
imyrovemefit i n  the  lateral-directional-stability c h a r a c t e r i s t i c s  
had been accomplished by the changes r e s u l t i n g  i n  t h e  v e r t i c a l -  
surface arid a i l e r o n  configurations shorn i n  f-igures 48 and 6d, 
and t h a t  the  a i rp lsne  should be flown by a Navy p i l o t  f o r  comments 
on these im7rovements. I n  accordance with t h i s  request ,  a Navy 
p i l o t  checked the  c h a r a c t e r i s t i c s  of t h e  a i rp lane  and reported 
insuf f ic ien t  improvement, giving t h e  recammemlation t h a t  the  pos- 
s i b i l i t i e s  of f > > r t h e r  improvements be invest igated,  with par t icu-  
lar respect t o  the  a i l e r o n  and rudder r e v e r s a l  i n  control  forces ,  
I n  order t o  invest igate  the  p o s s i b i l i t i e s  of imprcvement i n  rud- 
der  control force by a reduction i n  chord, a f l i g h t  was made with- 
out the t r i m  tab.  Since indicat ions were t h a t  a modificaticn of 
t h i s  n a t w e  would %e very desirable ,  arrangements were made t o  
constriict a new rudder with reduced chcrd. I n  the  case of t h e  
a i le rons  no modification yet  made had ef fec ted  subs tan t ia l  im- 
provement i n  the  andesirable contrcl  r e v e r s a l  or kick obtained 
i n  a steady s i d e s l i p .  Although changes had been made i n  the  
hinge-line locat ion,  control-surface t r a v e l ,  cross-sectional 
shape, and plan form; there  ye t  remined  one possible  solut ion,  
which involved the addi t ion  of forces  within the  control system 
t h a t  would give t h e  desired fcrce c h a r a c t e r i s t l c s .  
i n  mind, a spring-loaded plunger w a s  added t o  the  control  system, 
providi-ng a fc rce  i n  the d i r e c t i o n  tending t o  r e t u r n  o r  center 
t h e  a i le rons  t o  neutral  s e t t i n g  a t  a l l  t imes,  F l i g h t  tests with 
t h i s  device i n s t a l l e d  indicated a subs tan t ia l  imprcvement. This 
r e s u l t  has  been ver i f ied  by l a t e r  t e s t s  wherein it w a s  attempted 
t o  e l lmfmte  the  centering device because of coiuplication i n  the  
a i l e r o n  control system. 

With thi.s 

For phase IT, a new rudder and a p a i r  of n i l e r c n s  were con- 
s t ructed having the same aerodynamic-balance nose shapes as 
formerly, but wit,h chord reduction. I n  t h e  case of the a i le rons ,  

1 the chord was reduced by a constant 1- inches s o  t h a t  t h e  trailing 2 
edge formed a. continuation of t h a t  f o r  the  landing and dive f l a p s  
( f i g s .  6e an6 7 ) .  The rudder chord was reduced about 8 inches at  
the  t i p  ( f i g s .  4h and 5 ) .  
of both the  surfaces  was maintained, and the t a i l  cone was s o  con- 
structed t h a t  it could be m d e  p a r t  of t h e  rudder or the  fuselage. 

The adjustable-hinge-bracket fea ture  

. 
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The spring-center3.w 6evice formed an  i n t e g r a l  p a r t  of the 
ai leron-control  Bystem, and the a i l e r o n  t o t a l  t r a % e l  was kept a t  
27". F l i g h t  t e a t s  witn the reduced chord surfaces  indicated a 
very d e f i n i t e  irilprovzment i n  t ha l a t  erel-d ir e c t  i onal character-  
is  cJic3, The or ig ina l  blunt aerodynainic-balance nose shape w a s  
t e s t e d  on the  rudder  and found t o  be one reason f o r  t h e  d i f f i -  
c u l t i e s  with codcrol-force reversal .  The e f f e c t  of t h e  movable 
t a i l  cone as p a r t  of t h e  ruader m a  again invest igated.  Rudder 
a c t i o n  w a s  considered superior wi%h t h e  cone r i g i d l y  attached 
t o  the  fuselage, s ince there  was l e s s  tendency f o r  overbalance 
ani1 buffet ing and very little, if  any, losa i n  effect iveness .  
Sgin t e s t s  were again made on the a i rp lane  with t h e  t a i l  cone 
attached t o  the fuselage, with the  r e s u l t s  s u b s t a n t i a l l y  checking 
those greviously obtained, Ot!ier minor changes included t h e  
smoothing up of the I.e.ding edge of' t h e  rudder by countersinking 
balance-weight a t taching screws and covering the surface with 
fabr ic ,  and the cover-iq o m r  of  a por t ion  of t h e  rudder-hinge 
cut-outs. The f i n a l  v e r t i c a l  si;r:'uce arrangenent f o r  t h i s  phase 
i s  shown i n  f igure  4n, wlth rudder tra-Jel f30°, hinge l i n e  at 

wG f e e t  aft t h s  leading edge at, s t a t i o n  40, tai l  cone fixed t o  
the  fuselage, minimum gap betweer, rudder and f i n ,  and without 
balancirg-tab act ion.  I n  the case of the  a i l e r o n ,  t h e  t r a v e l  
i s  17O up, 13O down, the  hinge line is  located ?+ a f t  t h e  leading 
edge, and the aileron-to-wing &zp Le R mlninum of 1/4 inch, and 
no balancing-tab a c t i o n  i s  used. (See f ig .  6f . )  A s m m r y  of 
the  l a t e r a l  s t a b i l i t y  and control c h a r a c t e r i s t i c s  of the  XBT-2 
a i rp lane  at  t h e  conclusion of phase IV as in te rpre ted  by company 
f l i g h t - t e s t i n g  yersonnel, is as follows: 

16 

1. The l a t e r a l  s t a b i l i t y  is considered s a t i s f a c t o r y ,  

2.  Recovery by use of rudder alone from a steady s i d e s l i p  
with 15O cf bank i n  the  lan3iI-g condition is  possible  
down t o  an indicated airspeed cf 60 kno5s. Recovery 
is positive t o  a l e s s e r  degree with t h e  r i g h t  wing 
low, probably because of reduced rudder power when 
held t o  the  l e f t .  

3. Rudder control forces  and ef fec t iveness  a r e  considered 
s s t i s f a c t o r y  throxghout t h e  required speed range; 
although n reversal  is possible  with full l e f t  rud- 
der  a t  indicated speeds below 70 knots with power 
on. 
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4. The a i l e r o n  coritrsl forces a r e  considered s a t i s f a c t o r y  
throughout t h e  required fl:',ght ra-%e. It is  possible  
t h a t  the forces  may be considered somewhat l i g h t  below 
airspeeds of 65 *mots. 

5. With the reduction i n  chord and t r a v e l ,  the  a i l e r o n s  pro- 
duce adequate r o l l i n g  moments within 5 knots of t h e  
s ta l l .  Although it is  possible t o  overbalance t h e  
a i le rons  i n  a steady s i d e s l i p  with angle of bank 15' 
a t  indicated airspeeds below 68 knots, t h i s  charac- 
t e r i s t i c  is  considered not extremely objectionable.  

I n  the  configmation described above, t h e  XBT-2 a i rp lane  was 
taken t o  the Naval  A i r  S t a t i o n  a t  Anacostia for acceptance. Upon 
the basis of Navy t e s t s  the  l a t e r a l  s t a b i l i t y  was considered sat- 
isfactory; however, d i r e c t i o n a l  s t a b i l i t y  w a s  considered marginal 
i n  the  carrier-landing ccndition with f l a p  and gear extended and 
with cruising power. 
increased dihedral angle caused more roll than  is  desired f o r  a 
given amoirnt or" yew, and t h a t  the  riidder-control force had a n  
undesirable tendency t o  reverse near fu l l - sur face  throw, It w a s  
desired th?t  pos i t ive  d i r e c t i o n a l  s t a b i l i t y  and trim be provided 
i n  t h e  carrier-landing condition down t o  65 knots, with rudder 
f r e e .  
t h i s  requirement by a szccessive series of modifications i n  
ver t ical-surface plan f o m  and rudder t r i m  tab ,  without jeopard- 
iz ing  the progress already mace i n  obtaining s a t i s f a c t o r y  l a t e r a l  
s t a t l l i t y .  

It wm observed t h a t  i n  t h i s  condition the 

The f l i g h t  t e s t s  of phase V were concerned with s a t i s f y i n !  

The tes t  used t o  cmpare t h e  d i r e c t i o n a l  s t a b i l i t y  i n  t h e  
carrier-landing condition obtained by the  various modifications 
w a s  t o  find t h e  minimum indicated airspeed f o r  recovery from a 
d i rec t iona l  o s c i l l a t i o n  s t a r t e d  by a 100 displacement of t h e  rud- 
der  m e d i a t e l y  followed by pedal re lease ,  with l a t e r a l  and 
1ongitL:dinal trim maint2ined by use of t h e  s t i c k .  For the con- 
f igura t ion  a t  the beginning of phase V t h i s  speed w a s  85 knots; 
whereas the desired value was 65 knots. Progressive increase i n  
f i n  area gave t h e  expected reductions i n  minimum speed f o r  direc-  
t i o n a l  s t a b i l i t y  i n  the  cari-ier-landing condition: a n  increase 
of 0.8 square foot added by the small f i n  extension of f igure  4p 
reduced t h e  speed t o  72 knots indicated; whereas a f u r t h e r  increase 
of 0.9 square foot added by the la rge  f i n  extension of f igure  4q 
brought t h e  speed t o  68 knots indicated.  Although the  d i rec t iona l -  
s t a b i l i t y  requirements could bo met e a s i l y  by increasing t h e  s i z e  
of the f i n ,  the  addi t ional  requirement. t h a t  t h e  rudder overbalance 
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be e lh ina ted  wa8 aore d i f f i c u l t  s ince the tendency for reversa l  
lncreased with tho f i n  extensions. I n  t h e  case of t h e  combined 
large f i n  and trim-teb extension of f igure  4r, a yrohibit i-<e rud- 
der  reversa l  o f f s e t  the  advmtage of fu l f i l l ing  t h e  d i r e c t i o n a l  
requ.irenont dorm t o  an i d i c a t e d  speed of 65 knots. This  i so la ted  
e f f e c t  OF tr im-tab extension only on the rudder r e v e r s a l  indicated 
the  c r i t i c a l  n a t w e  of the Flow abcut the  base of the  rudder and 
l e d  t o  t h e  use of the "dorsal" f i n ,  ccmbined with t h e  amall f i n  
extension of  f igure 4s. 
reworked t o  accom-odate -the larger  t r i m  t a b  ( f i g .  4 t ) ,  a s a t i s f a c -  
tory v e r t i c a l  surr'ace m s  f i n a l l y  obbained; although it was desired 
t h a t  the t a b  effectiveness be increased f o r  d i r e c t i o n a l  tria i n  t h e  
landi,ag condition. 

With t h e  t r a i l i n g  edge of t h e  rudder 

On the  prod.ct ion SBD-1. model the span of the  rudder t r i m  t a b  
was increased and the aerd3namic balance nose shaye was s l i g h t l y  
revised ( f i g s ,  4v and 3c) .  The area of the  fixed t a i l  ccne was 
increased and the  dorm1 f i n  l ings  were rei 'aired from those used 
on the temTorary modification o f  f i g w e  4 t  with a r e s u l t i n g  decrease 
i n  area fi-om 4.0 equese f e e t  t o  3.4 square f e e t .  The a i l e r o n  con- 
f igura t ion  o f / t h e  PBD-1 was sbilar t o  that of t h e  f i n a l  XBT-2, 
except that the nose ohape waa m d e  more blunt, ( f i g .  3f) .  
tests on the  first two models of $he S3G-1, numbers 1596 and 1597, 
Tarious modifications were added t o  the  a i l e r o n s  8s  discussed 
under t h e  sec t ion  on stalling clmracter iot ice ,  The f i n a l  a i le ron-  
wing conftgmation had the extension strips added as shown i n  
f igures  6 j  and 1 7 .  
The o r i g i n a l  SBT-2 and f i n a l  SSD-1 enpennages. 

During 

Figures 1, 13, and 20 give a comparison of 

DISCUSSION - SECTION I11 

LONGITmINAL ST,4"Y AND CONTROL 
(Reference t a b l e  V I )  

The longitudi,nal-stabilitg and control  c h a r a c t e r l a t i c s  of 
the Ill?-1 and the U T - 2  airjglanes were considered s a t i s f a c t o r y  
In. the  n o m 1  scout loadizg with 180 gal lons of fue l .  In  t h e  
case of the XET-2 loaded to r q r e s c n t  t h e  scout con6ition with 
210 gal lons of fue l ,  however, the  increase i n  gross weight and 
rearward movment of the center of gravi ty ,  i n  combinat-ion with 
a general  fee l ing  on the p a r t  of the N a v j  t h a t  s t a b i l i t y  require- 
ments should be more r i g i d  than previol.i.sly f c r  shipboard a i r c r a f t ,  
made i t  necessary t h a t  some inprovement be obtained. The e f f e c t  
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of t h e  increa.sed Euel acd other equipment was a 430-pound increase 
i n  grosa wsight, and a moveaent of the  center  of grav i ty  from 26.6 
percent m28n aerodyrmic chord t o  28.7 percent mean aerodynmic 
chord, a charae of 2 . 1  perceilt. 
longitu3ixal s t z . 3 i l i t j i  c h a r a c t e r i s t i c s  w-lth t h e  scout-overload 
ccndition were as follows: 

Navy coments  concerning the  

1. With f r e e  control an& a t  high speeds, the  dynmic longi- 
tudinal  s t a b i l i t y  i s  barely pos i t ive ,  and o s c i l l a t i o n s  
a r e  exceedingly slow i n  d.mTing. 

2 .  I n  thq landing condition with e leva tor  f r e e  the a i rp lane  
is ion&itudinal ly  unstable a t  low speeds, and there  
is nc recovery from an  applied diving o r  stalling 
moment. 

3 ,  The c o n t r o l l ~ , b i l i t : ~  is  general ly  similar t o  t h a t  for 
the  BT-1 and 2ZT-2 with nom31 scout loading, with 
the possi’r?le exce9tj on t h a t  the  a m a l l  Etick mcvenent 
necessary t c  prodwe a s ta l l  seems fur thzr  reducedr 

For any fu ture  production BT-2 Erirglsnefl, it ’tic18 d e f i n i t e l y  recom- 
mended by the  Birreau t h a i  the  l o n g i t u 6 h a l ’ s t a b i l i t y  f o r  the  high- 
speed and landing conditions be inproved, and t h a t  the  s t i c k  move- 
ment requirad t o  e f f e c t  a stall be increased. These recomenda- 
t i o n s  ware not included i n  t h e  T r i a l  Board changes affectin@; t h e  
XBT-2; there’ore no attemp-c vas made during the f l i g h t  t e s t a  of 
phase I t o  obtain the  e f f e c t s  of modifications laading t o  improve- 
ment, t h i s  phase being pi*imari.ly concerned with the  s t a l l i n g  char- 
a c t e r i s t i c s  of the airplane.  F l igh t  1 : 2  w a s  made, however, t o  
obtain a check on t h e  longi tudinal  c h a r a c t e r i s t i c s  of t h e  a i rp lane  
i n  t h e  overload-scout condition with t h e  center  of grav i ty  located 
a t  27.7 percent mean aerodynamic chord, 1 percent f a r t h e r  forward 
than during the Navy t e s t s .  
i n s t a l l a t i o n  of an  addi t ional  ,50-caliber fixed gun. The results 
of t h i s  test  indicated t h a t  s t a t i c  lor43 i tud ina l  i n s t a b i l i t y  exis ted 
i n  the  landing condition below 80 knots. 
Nsvy at Amcostia with the a i rp lane  i n  t h i s  s a e  condition indi-  
cated t h a t  the longitudinal s t a b i l i t y  waa marginally acceptable 
at indicated airspeeds 5 t o  1‘’ miles per hcvr above t h e  stall ,  
and that  tho elevator  movemeilt t o  produce a stall  with t h e  f l a p s  
and gear extended w a s  s t i l l  too  small. From t h i s  r e s u l t ,  it w a s  
apparmt t h a t  a more de ta i led  inves t iga t ion  i n t o  possible  methods 
f o r  imyrovement was necessary. This inves t iga t ion  was s t a r t e d  i n  
conjunction with the  l a t e r a l - d i r e c t i o n a l  s t sb : ’ i i ty  2nd control  
t e s t s  of phase 11. 

This change w a s  due t o  a proposed 

F l i g h t  tests made by t h e  
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A sixmmary of the f l i g h t  t e s t s  made on t h e  longi tudinal-  
s t a b i l i t y  and ccntrol  charac te r i s t ics  of the  Xf3'i'-2 i s  given i n  
t a b l e  V I .  The detai led nature of changes mde  i n  horizontal  sur- 
face plan form 3rd elevator aerct.,namic-balance nose shape i s  
shown i n  f i p r e : ;  3d, 8a t o  81, arid 9. Quant i ta t ive  d a t a  on a reas  
and design r a t i o s  a r e  presented i n  tab le  111. It should be pointed 
out  t h a t  t h e  1orgjitild:nal-stability t e s t s  outl ined i n  t a b l e  V I  were 
macle a t  several  di ; ' ferent  ccnter-of-gravity locationo s u b a t a n t i a l l y  
correspondi% t o  the t 'ollow~ ng loading condittons : 1000-pound and 
530-poimd c lass  bombei-s, normal scout with 180 ga l lons  of f u e l ,  
overload scout w i t n  210 gallons of fde l ,  and extreme noseheavy 
and ta i lheavy loa3ings. 

I n  order t o  determine spec i ' i ca l ly  the longi tudina l -s tab i l i ty  
and control  charac te r i s t ics ,  q5ant i ta t ive mea3urements were taken 
of a t i c k  force againat indicatsd airspeed f o r  th ree  bas ic  condi- 
t ions :  l e v e l  T l i p b t  w i t a  flaps end gsar r e t r a c t e d ,  l e v e l  f l i g h t  
with f l a p s  and gear ~ x t e n 3 s d ,  21x3 g l i d i i a  f l i g h t  with f l a p s  and 
gear  extended. Far the first case, the a i rp lane  w a s  trjmmed a t  
a n  indicated airspeed of 180 knots at  approximateiy 5000 f e e t  
a l t i t u d e .  
tor posi t ions were reoorded by an observer a t  several  speeds 
between trim and t h e  s ta l l  while the  p i l o t  maintained l e v e l  f l i g h t  
by reduction i n  power and/or revolutions p r  minute. 
procedure was followed for the accond c a m  with t r b  speed a t  
110 knots. For the  pgwer-off g l ide  with flap and gear down t h e  
indicated trim speed was 120 knotR a t  approximately 1 2 , W O  feet. 
Throl1.ghou-L these t e s t s ,  some var ia t ions i n  t r i m  airspeed were 
obtained, thus  somewhat affect ing accurate comparisons between 
modi f i c a t  icns.  

With conotmt t rqa- tab  sett!ng s t i c k  forces  and eleva- 

A s imi la r  

By use of t h i s  procedure, the  e?lect  of the e leva tor  balancing 
t a b  was first obtai2ed. "he changes i n  e leva tor  control  force and 
angle t o  : r i m  f o r  varioL1.s airspeeds arc shown i n  f igure  10. 
comparison of the  curves indicates t h a t  the balancing t a b  had l i t t l e  
e l e c t  on the control m'orces o r  e levator  angle i n  l e v e l  f l i g h t ,  but 
did anfect  those i n  the g l ide  wlth f l a p s  and gear down, For this 
E a m e  case, the s t a b i l i t , g  w a s  considerably reduced as indicated by 
a cornparison of the ci,rvefl of e levator  angle t o  trim versus air-  
speed. Another s2gnificnn"u pcint i s  t h a t  t h e  e l imirn t ion  of t h e  
balancing t a b  changed the charac te r i s t ic  shape of t h e  control  
fcrce vcrsu.s airspeed curve f o r  f laps  and gear down, power off, 
s o  t h a t  the  forces did not decrease near the s ta l l .  The next t e s t e  
were made t o  deternine the e ' f e c t  of a Z-percent forward movement 
of the center oi' gravi ty  w i t h  the b a l a n c i r !  t s b  s t i l l  dieconnected. 

A 
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The data obtained and comyared i n  f i g u r e  11 indicate  t h a t  no 
siibssantial improvement could be realfzed by such a change, par- 
t i c u l a r l y  i n  l e v e l  f l i g h t  w i t h  :laps and gear dovm. 
i s t i c s  with the  extreme noseheavy l o a d i r e  were obtained with the 
cer'ter of gravi ty  a t  21.2 percent. The control  r'orces with t h i s  
center-of-gravity yos i t ion  were considered heavy i n  comparison 
with those a t  27.7 percent. It is  i n t e r e s t i n g  t o  note the  con- 
s i s t e n t  var ia t ion  O C  control force and e leva tor  angle with air- 
speed f o r  the various center-oi-gravity loca t ions ,  p a r t i c u l a r l y  
wLth the f l a p s  and gear up i n  l e v e l  f l i g h t .  
no s igni f icant  improvements had y e t  been obtained, it was decided 
t o  increase temporarily the  horizontal  surface span by two feet 
( f i g .  8b) ,  gjving an  increase i n  aspect r a t i o  from 3.72  t o  4.30. 
This modification gave a s u f f i c i e n t  improvement ( f i g .  1 2 )  t o  
j u s t i f y  the  c o n s t r u c t l m  of a new s e t  of horizontal  surfaces  
with increased span, a l s o  i n c o r p o r a t i r i  a change i n  e levator  
balance nose shape from blunt  t o  e l l i p t i c a l  ( f i g s .  3d and 8c) .  
Provisions were a l s o  made Tor the  adjustment of hinge-line loca- 
t i o n  s o  t h a t  the  most des i rab le  loca t ion  could be determined 
experimentally, 
indicated a minimm of 2 5 O  up elevator  required for landing i n  
the  noseheavy condition, the t r a v e l  of t h e  new e leva tor  was ad- 
justed t o  2 d 0  ~ p ,  25' down. 

2 

The character-  

Upon the  b a s i s  t h a t  

Upon the b a s i s  t h a t  previous t e s t s  (F l igh t  II:16) 

Fl ight  t e s t s  i n  phase I11 were concerned with t e s t s  on t h i s  
new horizontal  s i r f a c e ,  as w e l l  an with t h e  e f f e c t s  of modifica- 
t i o n s  t o  the a i le rons  and v e r t t c a l  surAFaces previously described. 
Because of the  heavy elevator-control forces  obtained with t h e  
f i r s t  hiage-line locat ion,  the  hinge l i n e  was moved progressively 
back from 4 inches t c  d inches from the  e leva tor  leading edge. 
The comparison between the  blunt  and e l l i p t i c a l  aerodynamic- 
balance nose shapss is  given i n  f igure  13. 
changes i n  the  shape of the curv3s a r e  for  t h e  ca8es f l a p s  and 
gear extendod, l e v e l  f l i g h t  cr gl ide .  

2 

The only s i g n i f i c a n t  

Considering the  increased value of aerodJ-namic balance with 
t h e  e l l i p t i c a l  nose, these changes indicate  t h a t  the  reduct ion 
of control I'orces near t h e  s ta l l  with f l a p s  and gear down could 
be caused by the  blunt e levator  balance nose shape ( f i g .  3d) .  
The e f fec t  of increasing the mechanical advantage of t h e  s t i c k -  
to-elevator t r a v e l  by 19  percent,  l i m i t i n g  t h e  elevator  throw 
from f 2 5 O  t o  -22O, + 2 9 ,  i s  given i n  f igure  14. It can be seen 
t h a t  the magnitude of the  control forces  was considerably reduced 
at  a l l  speeds f o r  a l l  conditions, In t h e  opinion of the  f l i g h t -  
t e s t i n g  personnol, t h i s  reduction gave control  forces  which were 

J 
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des i rab le  and should be ot ta ined i n  t h e  f l n a l  arrangement, i f  
posoible. 
improved conf igwat ion  during p u l l - o u t s  from dives before making 
any f inal  coriclwion. Pre lminary  dives  indicated t3at Pore up- 
t a b  tyavel  ohodd be pro-fided f G r  t r i m  and that elevator-control 
forces  a t  high speed were greater  than desired.  To provide such 
a reduction, a spec ia l  balancing-tab a c t i o n  w m  i n s t a l l e d  on t h e  
elelrator so that no bclzncing e f f e c t  was obtained at  fu l l  e leva tor  
throw. Since, seemingly, the  longituCinal s t a b i l i t y  was not 
mater ia l ly  affected bJ- t h i s  change, dives  were made with dive 
f l a p s  cyen a d  cloce?.. 
t'fie a i rp lane  -as sulsmitted t o  a Navy p i l o t  representat ive f o r  
check. 
t h e  longi tudinal  s t a b i l i t y  - i s  comldered unsat isfactory because 
of i n s u f f i c i e n t  s t i c k  motion required t o  e f f e c t  a stall and insuf-  
f i c i e n t  conwol  force dm-i,x the a t a l l  approach i n  the  c a r r i e r -  
landing condition, Consi&,sring t h e  o f f e c t  of the  balancing t a b  on 
longi tudinal  s t a b i l i t r  a t  tho  beginning of tbese  t e s t s  f o r  t h e  case 
of a g l ide  with f l a p s  and geer extended, it is reasonable t o  assume 
t h a t  s m e  a,dver,qe e f f e c t  still exis ted  with t h e  arrangenent j u s t  
described; even though the  t a b  did not move a f t e r  t h e  elevator  
had reached a t r a v e l  of 20'. 

It %BE deslred t o  obtain tha  c h s r a c t e r l s t i c s  of t h i s  

The pull-out fa rces  were favorable and 

Although the  charactei*ietics i n  a pul l -out  were acceptable, 

To obtain t h e  desired elevator-control-force magnitude and 
t o  provide s u f f i c i e n t  elmface movement near t h e  s t a l l  i n  t h e  landing 
condition, it was evidgnt that the  e leva tor  chord would have t o  be 
reduced. 
increased t o  provide tris with forward center-of-gravity locat ion.  
F l i g h t  t e s t s  of phase IV were made with a new horizontal  surface 
hsviiig the  elevator  chord reduced approximately 7 inches at the  
inboard end ( f i g s .  Be and 9 ) .  
balance nose wag not changed. 
ab le  e levator  hinge l i n e  arid the e leva tor  t r a v e l  was increased t o  
-30°, + 250. 
f o r  t h i s  new arrangement with the  overload-scout loading and centsr-  
of-gravi ty  pos i t ion  of 28.1 percent mean aerodynamic chord. 
e f f e c t  of t h e  elevator-chord reduction i s  shown i n  f igures  15 and 
16.  
t h a t  of t h e  f o r - e r  surface with increased mechanical advantage 
( f i g .  14). 
the  control  Tortes do not exhibit  t h e  o r i g i n a l  tendency t o  decrease 
belgw an indicated airspeed of 80 knots, and t h e  elevator  angle t o  
t r i m  over u. speeC rango of from 113 knots %a 70 knots was increased 
50 percent compared t o  the or ig ina l  configuration of F l i g h t  1I:l. 
Because of the  differences i n  t r i m  speed f o r  the  c a w  of g l id ing  

This meant that t h e  elevator  t r a v e l  would have t o  be 

The skipa of t h e  elevator  aerodynamic 
Provlsione were again made f o r  ad jus t -  

Longi tu&iml-s tab i l i ty  c h a r a c t e r i s t i c s  were obtained 

The 

The magnitude of th9 control forces  compares favorably with 

For t h e  @ic ing  condition with f l a p  and gear down, 
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f l i g h t ,  f l a p s  and gear d.otm, it i s  d i f f i c u l t  t o  obtain any s ig-  
n i f ican t  comparison frcm f igure  15, with t h e  possible  exception 
t h a t  the elevator  angle f o r  trim seems t o  incrsase more rap id ly  
near the s t a l l  f o r  the reduced-chord case. There is no apparent 
explanation f o r  the wide vaxiat ion i n  control  forces  near the  
s t a l l  for t h e  case of l e v e l  f l i g h t  with f l a p s  and gear extended, 
with and withoat reduced chord. 

Preliminary dives indicated t h e  need f o r  addi t iona l  aero- 
dynamic balance t o  reduce control  f a c e s  at high speed, 
elevator nose shape wati accordingly changed from e l l i p t i c a l  t o  
r a d i a l  as shown i n  f igures  3d and 8f t o  provide more aerodynamic 
balancing f o r  small elevator  movenent. Since t h i s  change d id  
not provide s u f f i c i e n t  improvenent, t h e  hinge l i n e  was moved 
back 3/8 inch, o r  3/4 inch frm t h e  s t a r t i n g  posi t ion.  This 
change gave s a t i s f a c t o r y  c h a r a c t e r i s t i c s  i n  pull-out,  and t h e  
elevator effect iveness  f o r  laniling with forward center  of grav i ty  
was checked. Since raore than  enough e leva tor  control  was ave i l -  
ab le  with t h e  maximum throw, -30°, the  t r a v e l  was again redwed 
t o  -25' and t h e  e f f e c t  of a 1-inch gap between elevator  and 
s t a b i l i z e r  was obtained, This change gave a "flat  spot" i n  t h e  
elevator control which was not considered s a t i s f a c t o r y  f o r  con- 
t r o l  i n  dives where small pos i t ive  displacements a r e  needed. 
With the elevator  moved forward again,  the  horizontal  s * u f a c e  
w a s  considered sa t i s fac tory ,  and the  longi tudina l  s t a b i l i t y  con- 
siderably improved. A sumnary of t h e  l o n g i t u d i n a l - s t a b i l i t y  and 
control c h a r a c t e r i s t i c s  of  the  XBT-2 at t h e  conclusion of phase 
I V ,  as interpreted by company t e s t i n g  personnel, is as follows: 

The 

1. The cklaracterist ics have been improved t o  an acceptable 
degree by the  changes incorporated. 

2.  The elevator  control is  very e f f e c t i v e  throughout t h e  
required speed range, and t h e  l i m i t e d  up t r a v e l  is 
more than  adsquate t o  e f f e c t  a three-point  landing 
with the  maximum forward center-of-gravity loca t ion  
of 22 .1  percent mean aerodynamic chord. 

3 .  The elevator-control forces  are considered s a t i s f a c t o r y  
a t  a l l  speeds above 90 knots indicated,  and e leva tor  
control during diveo i s  considered excel lent  i n  view 
of the pos i t ive  control  f o r  s m a l l  movements. 

8 
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. 

4. Charac ter i s t ics  preuionsly reported undesirable have 
been 2qro-Je.3; al5hcugh there  is  s t i l l  a gradual 
decreme i n  elevator-control force  a t  indicated air-  
epw.-;s below 90 knoi;s i n  l e v e l  f l i g h t  with f h p s  and 
geer dovn. For the  case with power id l ing ,  however, 
the var ia t ion  of ccntrol force with airs2eed has been 
consid-erably f q r o v e d ,  and t h e  mount  of s t i c k  t r a v e l  
required ill a stall appoech  has been s u 5 s t a n t i a l l y  
increased. 

5. T5e e?cistenee cf  a posi t ive degreg of s t a t i c  longi tudinal  
s t t ' b i l i t y  i s  established a t  a i rspeeds above t h e  s ta l l  
v5th f l a p s  a,d gear r e t r a c t e d  o r  extended, s ince a 
constantly incresaing u p e l e v a t o r  angle i s  required 
f o r  trim a3 the  stall is approached. 

After  del ivery of the  XBT-2 t o  the  Neval A i r  S t a t i o n  a t  
Rnacostia, addl t iona l  tssts were mds  on She a i r3 lane  by Ifmy 
personnel p r i o r  t o  t h e  d i r e c t i o n a l - s t c b i l i t y  t e s t s  of pkaso V 
at  t h e  210-gallon scoxt loading with a gross veight of 7330 pou_rlds 
and a center-of-gravity locat ion of 29,s p w c e n t  mean aerodynamic 
chord. The Navy comments from t h i s  test were t h a t ,  although posi- 
t i v e  longituddnal s t a b i l i t j r  had been provided i n  the  overload-scout 
condition, t h e  control-column mcvsment t o  e f f e c t  a stall  appreach 
i n  t h e  landing condition was still mall and was accompanied by 
l i g h t  elevator-control forcoa, It should be pointed out t h a t  these 
t e s t s  were made at  a cen+er-of-gravity l o c a t i o n  1.5 percent mean 
aerodynamic chord f a r t h e r  a f t  than that used during the  t e s t s  of 
phase IT. Realizing the c r i t i c a l  e f f e c t  of t h e  balance on t h e  
desired longi tudina l -s tab i l i ty  c h a r a c t e r i s t i c s ,  t h e  engine of 
t h e  production model SBD-1 was mGvcd 5 inches forward t o  keep 
t h e  center-of-gravity locat ion a t  27.5 percent mean aerodynamic 
chord i n  t h e  210-gallon scoxt condition, when re fer red  t o  t h e  
D T - 2  mean aerodynamic chord of 97.5 inches. Actually, t h e  in- 
crec?se i n  w i n g  area effgcted by a b e t t e r  f a i r i n g  over t h e  r e t r a c t e d  
landing-gear wheel ( f i g .  1) for  tho SED-1 chawed t h e  mean- 
aerodynamic-chord length t o  100 inches, giving an equivalent 
center-of-gravity loca t ion  of 26.6 percent mean aerodynamic chord 
f o r  t h i s  same loading. 

The horizontal  surface configuration f i n a l l y  used i n  produc- 
t i o n  on t h e  SED-1 mcdel incorporated a l l  the  modifications from 
previous f l i g h t  t e s t s  found t o  improve t h e  l o n g i t u d i n a l - s t a b i l i t y  
charac te r i s t ics .  Minor differences were t h a t  t h e  aerodynamic- 
balance nose shape of tho elevator was changed from r a d i a l  t o  a 
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modified e l l i p s e  used successful ly  on other Douglas designs, t h e  
cut-out a t  the base of t h e  elevator  w a s  replaced with f ixed 
s t a b i l i z e r  area,  and t 3 e  trirn t a b  was s l i g h t l y  revised a t  the  out- 
board and inboard ends ( see  f i g s .  3d, 8i ,  and 9 ) .  
e levator  t r a v e l  was increased t o  -30°, + 20°. 
inary demonstration of the  model SBD-1, the hinge-line pos i t ion  
of the elevator w a s  again adjusted ( see  t a b l e  V I ,  phase V I ) .  
Further  adjustment was required on t h e  b a s i s  t h a t  t h e  pull-out 
forces  from a dive had increased over those f o r  t h e  XBT-2. With 
t h e  hinge l i n e  moved back 5 inches from t h e  e leva tor  leading edge, 
alt'nough the  force c h a r a c t e r i s t i c s  I n  a pull-out were sa t i s fac tory ,  
t h e r e  was an undesirable tendency f o r  t h e  control. force t o  reverse  
a t  low speeds i n  the landing condition near t h e  stall.  

The maximum 
During t h e  prelim- 

An intermediate loca t ion  of & inches, 1/16 inch a f t  of the  
1 6  

final locat ion on t h e  XBT-2 (F l igh t  IV:18), was f i n a l l y  used upon 
t h e  basis  t h a t  it would b s  more sa t i s fac tory  t o  favor improvement 
of t h e  stalling c h a r a c t e r i s t i c s  i n  t h e  carrier-approach condition 
than t o  reduce the dive pull-out forces.  With t h i s  l o c a t i o n  t h e  
s t i c k  force necesoary t o  p u l l  out of a dive w i t h  an acce lera t ion  
of 7.5g was approxlmfltely 40 pounds with t h e  dive f l a p s  open and 
with the 1000-pound bomber loading. The only remaining change 
which was made on the  SBD-1 w a s  t o  increase t h e  nose-up trim-tab 
t r a v e l  6 O  i n  order t o  provide addi t iona l  tr imming power f o r  power 
o f f ,  f laps  and gear down. For a comparison of the o r i g i r i l  and 
final empennages, see f igures  1, lS, and 20. 

The longi tudina l -s tab i l i ty  and control  c h a r a c t e r i s t i c s  f o r  
t h e  various bas ic  configurations throughout t h e  various t e s t  
phases are cGmpared i n  f igure  1 6 .  
tude of the control  forces  has not varied from t h e  o r i g i n a l ,  
pai-ticularly i n  l e v e l  f l ight ,  f l a p s  and gear up. There i s  ample 
evidence that t h e  control  forces  with f l a p s  and gear down, power 
o f f ,  increase up t o  the  stall  with in i t ia l  t r i m  speeds as low as 
90 knots indicated.  Unfortunately, no da ta  are ava i lab le  on t h e  
var ia t ion  of control force  with airspeed f o r  the  f inal  SBD-1 con- 
f igura t ion  i n  l e v e l  f l i g h t  with f l a p s  and gear  down. It is prob- 
able ,  however, t h a t  the  forces  decrease below 90 knots i n  t h e  
manner i l l u s t r a t e d  by F l i g h t  IV:3, f igure  16 .  

It can be seen that t h e  magni- 

In  view of t h e  extensive Ejxperhental f l i g h t  t e s t i n g  accom- 
plished t o  improve t h e  1ongi tudim.l-s tabi l i ty  and control  char- 
a c t e r i s t i c s  of the production SBD-1 model, it is of consiaerable 
i n t e r e s t  t o  note the  r e s u l t s  of recent  overload tests made at  
Anacostia on t h e  model SBD-3 a i rp lane ,  which does not  d i f f e r  
aerodynamically from the  previous models: 
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The s t a b i l i t g  and control charac te r i s t ic0  of t h e  subject  
model were investigated at gross w i g h t s  up t o  10,339 
pound3 an6 center-of-gravity locatFons act t o  33.1 per- 
cent mean aerod2-mmic chord. A t  a gross weight of 9200 
pounds x i t h  t h e  center of grav i ty  a t  33.1 percent mean 
aerodynmic chord the  longi tudinal  s t a b i l i t y  was found 
t G  be v d q -  c lose t o  neutra.1, varj-ing Tram s l i g h t  ins ta -  
b i l i t y  i n  high-pcwer clirob t o  d e f i n i t e  posit i-re s t a b i l i t y ,  
power of f .  I n  l e v e l  f l i g h t  the  s t a b i l i t y  W ~ E  close t o  t h e  
borderline but r e r g  s l ight17 p x i t i v s .  
of 10,423 porndz w-lth tna  center  of grav i ty  located at  
33.2 Fercent man aerodymaic chord the  lcngi tudina l  
s t a b i l i t y  was s l i g h t l y  bnproved over %he condition above. 
Pos i t ive  s tab i l i ty -  appeared a t  cru-lsing speed i n  l e v e l  
f l i g h t ,  and on ly  a t  high power8 d i d  s t a b i l i t y  become 
nextral. or s l i g h t l y  negstive. The control  forces  are 
ver3 l i g h t  and reach zero mde-r ooine conditions.  For 
t h i s  reason, control tlt high s p a d e  I s  not e n t i r e l y  
sa t i s fac tory .  It i s  considered that t h e  a i rp lane  i s  
sa t i s fac tory  f o r  service r.80 Tn t'ie ccnditions t e s t e d  
and described here in, providzd high-speed divee and 
maneuvers are unh- taken  only a f t e r  i n s t r u c t i o n  and 
indoctr inat ion in the  a i rp lane  an& i n  the  e f f e c t s  cf 
reduced s t a b i l i t y  on control c h a r z c t e r i s t i c s .  

A t  a gross WGight 

I n  reviewing t h e  results cf f l i&t  t e s t s  Eade on t h e  BT-2 
and S3D-1 a i q l a n e s  dwir,g the several  design stages discussed 
i n  t h i s  report ,  it becomes evident t h a t  a considsrable number of 
required cont ro l - sur fwe adjustments may take  place before d e s i r -  
ab le  f l y i r g  q u a l i t i e s  f i r ia l ly  can be obtained. If 3uch a possi- 
b i l i t y  i s  kapt i n  mind during tho i n i t i a l  design s tages ,  and 
provisions for  such adjustments are mde i n  t h e  airplano,  a sub- 
stantial time saying can be r c r l i z e d  i n  obtaining f l i g h t - t e s t  
approval of tho prototypa d o s i p .  The following suggestions are 
made : 

1. The hi-age brackets for t h e  rudder, a i l c r o m ,  and. e leva tor  
shoulC be 80 designed t h a t  t h e  hingo l i n e s  can be 
adjusted thro'ugh a masonable range of aerodynamic- 
balance values without Val-iation i n  t h e  gap between 
fix5d and Movable surfaces. Thc method used during 
t h e  XBT-2 t e s t s  i s  i l l u s t r a t e d  i n  f igure 23. 
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2. Some s a t i s f a c t o r y  method should be ava i lab le  f o r  providl.ng 
v a r i a t i o n  i n  t h e  wing-dihedral s e t t i n g ,  e i t h e r  by shims 
or replaceable fittings. 

3. The horizontal-  and ver t ical-surface plan forms should be 
chosen with a taper  r a t i o  permitt ing possible  a rea  in- 
crease. 

4. The forward par t  of t h e  mwable c o n t r c l  surfaces  s h o d d  
be so  designed t h a t  a rework of t h e  aerodynamic-balance 
nose shape i s  pcssible  without requi r ing  a new surface.  

5. A s  far  as possible,  tha min-control-surface hinges 
should be advantageously located with respect  t o  t h e  
trim tabs ,  thus permitt ing the i n s t a l l a t i o n  of balance- 
t a b  a c t i o n  i f  absola te ly  required.  

6. The control systems shsuld be so designed t h a t  bell cranks 
can be replaced t o  give full  s t i c k ,  wheel, or pedal 
t r a v e l  with reduced control-surface throw. Considera- 
t i o n  should a l s o  be given t o  t h e  possible  necessi ty  
f o r  including i n  t h e  elevator- or  a i leron-control  system 
an internal-hinge-nornent contr ibut ion similar t o  the 
spr ing centering device used on t h e  SBD-1. 

Incorporation of t h e  above s i g g e s t i o m  w i l l ,  of course, have 
no beneficial  e f f e c t  i n  the  case of a design with fundamental 
def ic iencies  which shauld have been apparent, e i t h e r  from wind- 
tunnel tes t ing  o r  previous design experience. Vith respect  t o  
recornended prac t ice  i n  the de ta i led  design of control  surfaces ,  
some observation8 which ma3 be of value can be mzde from the f l i g h t -  
t es t  data  contained i n  t h i s  report .  'Ihe superimposed three-views 
shown i n  f igure 1 were prepGed i n  order t o  i l l u s t r a t e  i n  an  effec-  
t i v e  manna- the changes made from t h e  o r i g i n a l  x13T-2 model, i n  ar- 
r i v i n g  at t h e  f inal  cont ro l - swlace  arrangements of the  SBD-1. 
This comparison i n  combination w i t h  t h e  de ta i led  f l i g h t - t e s t  re- 
sults on the XBT-2 and general-design experience gained on other  
Douglas airplanes,  permits the  following comments: 

1. Control-surface a i r f o i l  section.-  The control-surface air- 
f o i l  sections used on the  SBT-1 a i rp lane  a r e  shown i n  fi&,wres Sa 
and 3b f o r  the v o r t i c a l  and horizontal  s w f a c e s .  These a i r fc i l s  
a r e  basic  N-69 sect ions modified by a 12-percent chord extension 
tc, give a s t ra ight-s ided afterbody over the  movable-coritrcl- 
surface portion. I n  the case of t h e  horlzontal  surface tha thick-  
ness is a constant 10 percent, and f o r  t h e  v e r t i c a l  surface t h e  

. 
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th ickr~ese  is varied frm 10.9 percent t o  7.5 percent. 
it is considered edvisa'cle t o  keep t h e  thickness  a t  a constant 
value not less t F m  10 pei-cent. The a i r f o i l  sec t ion  most fre- 
quently used on other Eouglas designs is  t h s  NACA 0012 modified 
with t h e  12-percant chord extension i n  t h e  same mnrier, giving a 
thickness of 10.7 psrcenk. If the  chordwise loca t ion  of t h e  m a x i -  
mi-= thickness is des i re3  fur ther  af t ,  t h e  0012-64 sec t ion  can 'oe 
used with the sane modification t o  give t h e  s t ra ight-s ided after- 
body. With this section, a greater  control-svL*face movement can 
be obtained without unporting of the  balance noee. 

I n  general ,  

2. ControJ--silrface plan form.- More favorable results have 
been obtained with cont,rol elzfa.ces having chordwise dimensions 
proportional along the  cpm, par t icu lar ly  where t h e  overhang o r  
nose type of aerodymxic balance is uoed ori t h e  movable surface.  
In  t h i s  marrner, where constant thickness i s  a l s o  used, t h e  
mount  of balance-nose nnporting is lik?wios proportional.  
low t a p e r  r a t i o  of t h e  orchr 0.5 i3 u n i a l l y  advissble,  s ince it 
allows a b e t t e r  d i s t r i b u t i o n  of =ea. 
ratios for the  horizon+& and v e r t i c a l  surfaces  are 0.58 and 
0.30, res2ect ively.  
due t o  excessive mport ing,  it has been f0ur.d advisable t o  reduce 
t h e  aerodynamic balar.ce a t  the coritrol-skrface t i p s  as shown i n  
f igures  1 7 ,  19, and 20 fer  t h e  S3D-1. This reduction a l s o  pro- 
t e c t s  t h e  leading edge of t h e  movable s i r f a c e  from possible  over- 
balance due t o  i c e  formation over the w q r c t e c t e d  portion. 

I --I-- 

A 

Fcr t h e  SBD-1 t h e  t a p e r  

Fram tL;s s t a d p o i n t  of pcsslblc  overbalance 

3. Movable-control-s~face chord.- It is  of i n t e r e s t  t o  note -- -- 
from t h e  cornparisms given i n  f igure 1 t h a t  a l l  movable-control- 
surface a reas  were reduced i n  goirg from the  o r i e i n a l  t o  t h e  final 
configuration. 
optimum r a t i o  of movable t o  fixed control-surface a r e a  f o r  obtaining 
t h e  proper balance betvcen control effect iveness  and force.  These 
values f o r  the SBD-1 a r e  0.428, 0,230, and 0.300 f o r  t h e  rudder, 
a i le rons ,  and elevator ,  using the r a t i o  02 movable-ccntrol-surface 
a r e a  aft of t h e  h i rae  l i n e  t o  the to ta l - sur face  a r e a  effected.  

This d e f i n i t e l y  ind ica tes  t h a t  t h e r e  e x i s t s  an 

4 ,  Aerodynmic nose balance.- Best r e o u l t s  have been obtained -----I--.---- 
with this type of aerodjm%ic balance when propor t iona l i ty  i s  used. 
Hinge cut-outs should be kvopt t o  a minimum, and t h e  movable surface 
8houl.d be cut perpendicular t o  the hinge l i n e ,  thus allowing aero- 
dgmnic  balance t o  be effectad elfzncnt by elenent spanwise alone?; 
t h e  control surface. Cut-outs a t  t h e  base of  tho movable surfaces  
for operating mechanism should be avoided i f  possible.  

- 
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Comparison of the aerodynamic-balance nose shapes shown i n  
f i g w e  1 f o r  the  e l m a t o r  and rudder show t h e  chaage from blunt 
t o  modified e l l i p t i c a l  shape. The blunt nose u s E l l y  gives dif- 
f i c u l t y  because of i ts  adverse hirge-moment c h a r a c t e r i s t i c s  a t  
la rge  surface tk,rows, resu l t ing  i n  a tendency f o r  overbalance. 
The shapes given i n  f igures  3e. acd 3b have proven q u i t e  satis- 
factory for a number of Dowlas designs, giving a s a t i s f a c t o r y  
comprcxise between l o s s  i n  control-Pree s t a b i l i t y  and reduct,ion 
i n  control-surface hinge moments, 

5. Edance  ta.b.- The us3 of the balance t a b  with uniform 
---I 

r a t i o  t o  the main-control-surface t r a v e l  i n  combination with t h e  
overhang type of sorodynamic tal.ance, usxal ly  should be discouraged. 
Altho:-@h t h e  expected reduction i n  hinge momnt can be obtained, 
t h e  accom-psrqing charLge In  freu-float-?i.x angle of the  movable 
control surrnce e f f e c t s  a considerable reduct ion i n  s t a b i l i t y .  
I n  case9 -,dive no overhag-tSgpe aerr>dynm.ic b d a n c s  i s  used, the  
balance ta5 o f f e r s  an ef fec t ive  method of hinge-norcent reduction. 
A s  iniiicated i n  the  f l i g h t  t e s t s  on longi tudina l  E t a b i l i t y  with 
t h e  S3D-1 model ( t a b l e  VI, p h s e  V I ) ,  d i f f i c u l t y  was experienced 
i n  obtainiI.Lg the  desired elevator  control  forces  over t h e  required 
speed rapge. The use of a balance t a b  would probably have redrced 
t h e  pull-out forces ,  but w o d &  have f u r t h e r  aggravated t h e  low- 
speed overbalance. 

6. Control-surface em.- I n  general ,  it can be said t h a t  t h e  
gap between t h e  fixed and t h e  movable cont ro l  surfaces  should be 
kept t o  t h e  m i n b u n  possible clearance fcr  manufacture. From t h e  
XBT-2 t e s t s ,  where t h e  gap between t h e  e leva tor  and t h e  s t a b i l i z e r  
was increased, a flat spot i n  t h e  v a r i a t i o n  of control  force with 
angle occurred. I n  the case of the  a i l e r o n s ,  t h e r e  w a s  some indi- 
ca t ion  t h a t  the  control forces  became l i g h t e r .  From a performance 
point  of view, t h e  addi t iona l  drag caused by a , l a r g e  control-surface 
gap i s  not desirable .  The i d e a l  arrangement from a l l  poin ts  of 
view except manufacture is t h e  pressure-seal type of aerodynamic 
balance. 

----I_--- 

7.  T a i l  cone.- On t h e  XBT-2 it was found inadvisable t o  have 
t h e  t a i l  cone xove with the rudder, No e s s e n t i a l  d i f fe rences  
were obtained with the t a i l  cone f ixed t o  t h e  fuselage or  movable 
with the  rudder concerning a b i l i t y  f o r  s p i n  recovery, and consid- 
erable  d i f f i c u l t y  w a s  found i n  e f fec t ive ly  balancing t h i s  por t ion  
when connected t o  t h e  rudder. With t h e  t a i l  cone at tached to t h e  
fuselage, there  was less tendency f o r  rudder-force r e v e r s a l  with 
e s s e n t i a l l y  t h e  same control  effect iveness .  
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8. Dorsal f in . -  The dorsal f in  has been e f f ec t ive ly  applied - 
t o  multiengine a i r c r a f t  t o  hprove the d i r e c t i o n a l  cha rac t e r i s t i c s  
a f t e r  engine f a i lu re .  Its primary e f fec t  is t o  increase the  angle 
of yaw at which atall ira of the v e r t i c a l  surface OCCUTS, without 
subs tan t ia l ly  a f f ec t ing  the d i rec t iona l  s t a b i l i t y .  I n  the  case of 
the XBT-2, the  dorsd .  f i n  was a major f ac to r  contr ibut ing t o  the  
e l b i n a t i o n  of the undesirable rudder-force reversal during direc-  
t i o n a l  o sc i l l a t ions  or  sfdealips a t  low airspeeds ( t a b l e  V, phase V) . 
The use of t he  dorsal  f i n  is recommended t o  improve dmping i n  yaw, 
t o  reduce the rudder angle requ:ired for d i rec t iona l  trim at high 
powers on a single-engine design, and t o  eliminate possible  in t e r -  
ference e f f e c t s  at  the in te rsec t ion  of t he  v w t i c a l  surface and 
the fuselage which may contribute t o  a premature v e r t i c a l  surface 
stall  o r  ruclder-force reversal .  

Douglas Aircraf t  Company, Inc., 
E l  Segundo, Cal i fornia .  

1, Root, L. E.: lWpenm@e Design with S i w l e  and Multiple Vert ical  
Surfaces. Jour. Aero, Sci . ,  vol. 5, no. 9, Ju ly  1939, 
pp. 353-60. 
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VIEW A 

CONFIGURATIONS TESTED : 
ORIGINAL: (FIGURE 6a) WITH TAB *I, 

B A M C E  TIPDI, CWORD 24h'; 
BALANCE CHORD VARIABLE 

6ALANCE TIPOZ, CHORD 23% I 
BALANCE CHORD CONSTANT 

FINAL : (FIGURE 6 e) WITH TAB%, 
BALANCE TIP s3, CHORD 22:" 
W C E  CHORD CONSTANT 

REBUlLT (FIGURE 6c)  WITH TAB :2 

- 

NOTE: FOR NOSE SHAPES SEE 
FIGURE 3f. 

\ 

- TA6'I- 

-cra_a*2 
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I -  
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FIGURE 7 : AILERON LINE DIAGRAM 
SHOWING AREA CHANGES MADE DURING FLIGHT TESTS 

MODEL : XBT-2 6 SBO-I 
SCALE : 1~/13512E 

DIMENSIONS TAKEN CHOROWISE 
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STABILIZER * 3 . r ” l  

TH VARIABLE RATlQ 
: III : ( l 5 - Z l ) l  

.ANCE : BE = 0.243 WITH BALANCE TAB 
2 20 O 

STABILIZER * 3 

STh 401 
I 

. .- I - 1 

URFACE , NO CUT OUT, ELLIPTICAL 
1 

ANCE NOSE SHAPE : 
TS . Cl!I,:(I-52)] 
BALANCE : B e = O . 3 0 1  

TORBALANCE NOSE S H A P E  : 
FORWARD l/a TD 4 ’/e : 

[PTi  : ( 5 6 - 5 7 ) ]  
LNCE : Be = 0 .312  

T 

I, i STABILIZER 8 3  , 

FIGURE 8 e  : 
REDUCED ELEVATOR CHORD REVISED TAB : 

USED ON FLIGHTS . ~ r n  : ( 1 - e ) ~  
AERODYNAMIC BALANCE : Be = 0 . 2 d &  

FIGURE 8 J  : 
ELLIPT ICAL~LEVATOR BALANCE NOSE SHAPE : 
HINGE LINE MOVED AFT )1/4 TO 5 : 

- 
USED ON FLIGHTS : [E,: ( 5 3 - 5 5 ) ]  
AERODYNAMIC BALANCE Be= 0 325 

l 

H I 1  

FINAL SED-\ CONFIGURATION ; ELLIPTICAL ELEVATO 
BALANCE NOSE SHAPE : y! MOVED FORWARD x6TO 

IURE‘ 20  
USED ON FLIGHTS [Et, (58-17)I Cm, : (1-9)J 
AERODYNAMIC BALhNyE . Be = 0 336 

REFERENCE :-x 
t 



ORIGW~AL- 

- -FINAL- .- 

OR~GINAL- 

FINAL - 

8ALANCE TIP', J / /  
BALANCE TIP"2- 
BALANCE TIP'3 

TAB "5 : FINAL TTzu3 

I 

:STATION 278, FINAL 
25% M A C  AT STATLON 31.8 t 

FIGURF 9 : HORIZONTAL SURFACF LINE 
DIAGRAM SHOWING AREA CHANG ES 

MADE DURING FLIGHT TESTS 
DEL: XBT-2 & SBD - I  
SCALE : & S a  

FOR AIRFOIL AND BALANCE NOSE  SECTION^,^ 3 3. 
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FIGURE IO : EFFECT OF BALANCE TAB WITH I : I  RATIO ON ELEVATOR ANGLE 
AND CONTWL FORCE TO TRIM FOR SEVERAL FLIGHT CONDITIONS ON 

MODEL XBT-2 
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FIGURE 17 : EFFECT OF ATWO-FOOT INCREASE IN HORIZONTAL SURFACE SPAN ON 
JLEVATOR ANGLE AND CONTWL FORCE TO TRIM FOR SEVERAL FLIGHT CON OlTlONS 

0,QA .,*A 
ON MODEL UT-2 

FLIGHT n:2 n:9 
WEIGHT 7281 7300 

27.7 28A 
.207 ,216 

I 
I I 

60 80 IC 

vi - I N D I C A ~ D  A~RSPEED (KNOTS) 



FIGURE 13 : EFFECT OF A CHANGE IN ELEVATOR BALANCE NOSE SHAPE 

FROM BLUNT TO ELLIPTICAL ON ELEVATOR AN GLE ANDCONTROL FORCE 
TO TRIM FOR SEVERAL FLIGHT CONDITIONS ON MODEL XBT-2 

0.W .,..A 
FLIGHT 11:9 3x3 
WEGWT 7300 

-e- L -_ e,\ 

\- 
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\ LEVEL FLIGHT 
\< F. BG. UP 
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)-r \ Y %,. F.%t.DN. m 
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F. &G.DN. 

\ \ 

\ \ 
60 80 I+  I20 140 I60 I80 

\ 

v i  - I,NOlCA-TED AIRSPFED (K,WTS) 
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FIGURE 14 : EFFECT OF A 19% INCREASE IN THE ELFVATOR CONTROL MECHANICAL 
ADVANTAGE ON ELEVATOR ANGLE AND CONTROL FORCE TO TRIM FOR SEVERAL 

FLIGHT CONDITIONS ON MODEL XBT-2 
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FIGURE 15 : EFFECT OF REDUCED ELEVATOR CHORD ON ELEVATOR ANGLE 
AND CONTROL FORCE To TRIM FOR SEVEFUL FLIGHT CONDITIONS O N  

MODEL XBT-2 
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FIGURE 16: W W R I S O N  OF ELEVATOR ANGLE AND CONTROL FORCE TO 
TRIM FOR ORIGINAL, REDUCED CHORD, AND FINAL HORIZONTAL SURFACE 

CONFIGURATION ON MODELS XBT-2 AND SBD-1 

O , W  @,.,A A (FINAL) 
FLIGHT II:l m 3  X:58 
WEIGHT 7281 



FWRE It# OOUOLAS MODEL SBD-l;2,-b LEFT WING LOWER 
SURFACE SHOWING FIXED WING SLOTS,'GOOSE NECK' TYPE 
PITOT HEAD FAIRING, AND FINAL AILERON CONFIGURATION 

lOWlNG AT EXTREME TIP. 



Pigs. 13, 20 

FIEUR~ 191 DOUGLAS MOO= XBT-2 EMPENNAGE (ORIGINAL) 
NOTE MOVABLE TAIL CONE, BLUNT AERODYNAMIC BALANCE 
NOSE SHAPES, ELEVAtOR BALANCE TAB, AND P ITOT HEAD OW f l W .  



FIGURE 2l:% LEFT REAR VIEW, t IOUGLAS MODEL XBT-2 (ORIGINAL) 
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