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N A T I O N A L  ADVISORY COMJYIITTES FOR AEZOEAUTICS 

MEMORAl?DUM REPOXT --I 

f o r  t h e  

-- 

Bureau o f  Aeronautics,  Navy Department 

Three s e t s  of e levo3ors  with v a r i o u s  combinetions of  
s e c t i o n  contour ,  balancifig t a b s ,  bobae ights ,  ani? c v t r o l -  
system mechmicc71 adveqtsge were t e s t e d  on an SB2C-1C a i r -  
p l ane  i n  on a t t o m 9 t  t o  1r;iprove t h e  e l e v a t o r  c o n t r o l - f o r c e  
c h w a c t e r i s t f c s  i n  mmeuvers. An a r r a n p m e n t  W P S  developed 
which w i t h  8 3-pound bobwe3:ht @ave e v a r i e t l a n  of  
meneuvering s t i c k  f o r c e s  of  6 t o  18 1r~ounds p e r  g a c c e l e r -  
a t i o n  over t h e  oporc t ing  c e n t o r - o f - g r a v i t y  r ange  o f  33.2  
t o  23.8 p e r c e n t  mean ze rodynmic  chord; this amanqernent 
c o n s i s t e d  of e l e v a t o r s  hqv ing  2 nose contour  less S i u n t  
than t h s t  of t h e  Droductfon e l e v a t o r s ,  beveled t r a i l i n g  
edges,  a geared  b a l m c i n p ;  t e b  with 2 l i n k a g e  r c ? t i o  
dOt/d6, o f  - 0 . 3 3 ,  and a control-system mechanical  
advanka~e  t h a t  geve s t i c k  f o r c e s  22 J e r c e n t  less  than 
t1ir.t o f  the nroduct ion  arrangement f o r  R given  h inze  
moment. For  t h e  product ion  e1eval;oi.s with t h e  s t anda rd  
c o n t r o l  systsin and a 5-7ound bobweirr,ht the v a r i a t i o n  i n  
rfianeuvering s t i c k  f o r c e s  over t h e  o t ;e ra t ing  ceri-ter-of- 
g r a v i t y  rsnge was 5 to 2 4  powids p a r  g .  

A s e t  of  e l e v a t o r s  was t e s t e d  t h a t  p rovided  f u r t h e r  
r e d u c t i o n  i n  the va lue  of' Ch6,, t h e  v a r i a t i o n  of e l e v a t o r  
hfnge-inoment c o e f f i c i e n t  w i t h  e l e v a t o r  d e f l e c t i o n ,  i n  an 
e f f o r t  t o  o b t a i n  s t l c k  fo rces  within t h e  d e s i r e d  l i m i t s  
o f  3 t o  8 pounds p e r  g over t h e  o p e r a t i n g  c e n t e r - o f - g r a v i t y  
range. These e l e v a t o r 3  i n  conjunct ion  Y w i t i ?  ,m &pound 



bobwefTht were found t o  provide  a s t i c k - f o r c e  v a r i e t i o n  
w i t h  c e n t e r - o f - g r a v i t y  ? o s i t i o n  i n  s t e a d y  t u r n s  o f  about  
t h i s  ma<gnftud.e, bu t  t h e  c o n t r o l  was cons ide r sd  very  
ob jec t ionab le  by t h e  p i l o t  because i t  r e s u l t e d  i n  involun-  
t a r y  overc.ontro1 du r ing  ta -ke-of f  s .md r s p f d  e l e v a t o r  
movon!er, t s  . 3eca.use o f  this cons ideya t ion  no  r e d u c t i o n  I n  
the  ver i : . t ion  o f  m*meuvering f o r c e s  with cen- te r -of rgravf t  y 
g o s i t i o n  below t l i3t  g i v m  by t h e  improved arrangsrrient 
mentioned .rir 2vl. ous ly was p os  5; ?.b l e  . 

The o p e r z t i n g  cen te r -o f -g rav i ty  range o f  t h e  C u r t i s s  
S B X - 1  e i r p l m e  i s  be ing  extended t o  t h e  limits 23.8 t o  
33.2 percen t  mean aeroclhamic chord. R e s u l t s  of p rev ious  
t e s t s  by t h e  Na t iona l  Advisory Committee f o r  Aeroneut ics  
on an S R % C - 1  a i r p l a n e  i n d i c a t e  t h a t  with t h e  product ion  
e l e v a t o r  arrangement t h e  maneuvering f o r c e s  would be 
excess ive  a t  t h e  forward c e n t e r - o f - g r e v i t y  l l m i t  =and 
n e g a t i v e  a t  t he  r e m w s r d  cen t e r - o f - g r a v i t y  l l m i  t s p e c i f i e d .  
A t  the  r e q u e s t  of  t h e  Zureaii of Aei>onsutics,  Nevy De?artment, 
t h e r e f o m ,  f l i p h t  t e s t s  were rued= on an SE2C-1C airplane 
t o  determins m o d i f i c a t i o n s  t o  reduce the  v a r i p t i o n  of' 4 

mcme.uvering f o r c e s  w i t h  c e n t e r - o f - g r a v i t y  p o s i t i o n  t o  t h e  
l i m i t s  of  approximstely 3 t o  8 pounds p e r  g t h n t  a r e  
s p e c i f i e d  i n  the  Navy h a n d l i n s - q u a l i t i e s  requi rements  for 
t h i s  c l a s s  of a i r p l s n e .  

Previous t e s t s  conducted by t h e  N A C A  on o t h e r  SB2C-1 
a i r p l m e s  showed an unaccounteble  d f f f s r c n c e  i n  e l e v e t o r  
hinge -moment cli ar a c t e r  i s t i  c s be tween v c?r ious  p r  oduc t ion  
a i r p l s n e s ,  s o  i t  wes ccnz idered  a d v i s a b l e  t o  r e p e s t  t h e s e  
t e s t s  on t h e  :)resent a i r p l a n e  i n  o r d e r  t o  provide a s t a n d a r d  
for evnluatin.;  t h e  im?rovements e f f e c t e d  by t h e  inodif i -  
cs t4ons t e s t e d .  These p roduc t ion  e l e v e t o r s  were n o t  used 
as a foundat ion  for m o d i f i c a t l o n s ,  however, b ~ c a u s e  i n  
high-sneed d ive  r e c o v e r i e s  du r ing  t h e  e a r l i e r  N A C A  t e s t s ,  
they had evidenced u n d e s i r a b l e  t endenc ie s  f o r  t h e  s t i c k  
f o r c e s  t o  l i g h t e n ,  which were a t t r i b u t e d  t o  chsnging 
p res su re  u i s t r i b u t i o n s  over t h e  blunt nose  o f  t h e s e  
e l e v p t c r s .  I n s t e a d  t h e  m o d i f i c a t i o n s  were made on two 
s e t s  o f  e l e v a t o r s  provided  by t h e  C u r t i s s  company which 
d i r f e r e d  from t h e  product ion  e l e v a t o r s  i n  t l i e t  the nose 
contours  were l e s s  b l u n t  and t h e  rib su3cings  were ha lved;  
t h e  l a t t e r  chmg.e w a s  n n d e  i n  o r d e r  t o - r e d u c e  t h e  e f f e c t s  
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of f a b r i c  d i s t o r t i o n .  The modi f i ca t ions  made t o  t h e s e  
t e s t  e l e v a t o r s  i nc luded  changes i n  e l e v a t o r  t r a i l i n g - e d g e  
angle ,  belencl.ng te..b. linkage r r t f o ,  bobweight s i z e ,  end 
con t ro l - sys t em mechanical  aavant age . 

The r e s u l t s  of t e s t s  of t h e  p roduc t ion  e l e v s t o r s .  snd 
of t h e  v a r i o u s  modifications on the t e s t  e l e v a t o r s  Ere 
p r z s e n t e d  in t h e  fo i lowif ig  re?or t .  

THE AIi3YLANE 

The Curtiss S B 2 C - l C  a i m l a n e  (No. 18294) shown i n  
f i g u r e  1 i s  ~1 two-place s ing le -enc ine  monoplane, dimensions 
of. which a re  g iven  i n  r e f e r e n c e  1. A s  flown dur ing  the 
p r e s e n t  t e s t s  t he  g ross  weight v a r i e d  from a9proxirnately 
12,000 t o  l 4 , O c ' O  pounds,  The f l i ? h t  o o n d i t i o n s  used d u r i n g  
the t e s t  program a m  a s  de f ined  i n  r e f e r e n c e  1, wi th  the 
e x c e p t i o n  thRt  i n  t h e  ? r e s e n t  t es t s  the  cowl f l E p s  were 
c l o s e d  i n  t h e  c l imbing  cond i t ion .  

ELEVATORS AND NODIFICATIONS ' 

Three s e t s  of  e l e v a t o r s  werd t e s t e d  d u r i n g  t h e  f l i g h t  
program, the  p l m  form and a i r f o i l  s e c t i o n s  of which a r e  
shovun, respec t ive ly , in  figuras 2 and 3. The F len  form o f  
all t h e  e l e v a t o r s  w a s  t h e  sane. The production a l e v a t o r s  
had e rib s p n c i n g  o f  8 inchas  t o  9 i n c h e s ;  t h e  t e s t  
e l e v a t o r s  d e s i g n a t e d  i n  f i g u r e  2 as flnomiel contour ' '  and 
"beveled t r a i l i n g - e d g e  con t o u r f t  d i f f e r e d  from the  prc-  
duction e l e v a t o r s  in t h a t  the  nose contours of the former 
were l e s s  b l u n t  and they had 8 r i b  spac ing  o f  4 i n c h e s  
t o  42 i n c h e s ,  

The e l e v a t o r s  d e s i t p a t e d  as beveled t r a i l i n g - e d g e  
con tour  were c o n s t r u c t e d  t o  the contour  shown i n  f i g u r e  3 
by modifying the t r e i l i n g - e d g e  sha-ae o f  t h e  n o r + m a l  contour  
e l e v a t o r s  w i t h  b a l s a  b locks  and' cover ing  with f a b r i c .  The 
t r a i l i n g - e d  e con tour  was modified- t o  9 uniform i n c l u d e d  

on ly  over  t h e  p o r t i o n s . o f  t h e  e l e v a t o r s  ou t -  
board  of thr? tRbs.  The o r i g i n a l  e l e v a t o r s  lied a t r s i l i n g -  
edge angle  t h a t  v z r i e d  from 11.5' a t  t h e  outboerd  end of  
t h e  t a b  t o  90 n e a r  t h e  t i p .  

1 

angle  of 152 8 .  
c 
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The d e s i g n a t i o n s  3-, 5-, and 8-;>ound bobweights, 
i n d i c a t e  t h e  s t e t i c  s t i c k  f o r c e s  m d  t h e  numSer4 of pounds 
F e r  6 added by t h e  bobweichts x h i c h  were i n s t r l l e d , f o r  
t h e  t e s t s .  

Yor some, of  t he  t e s t s  t h e  mech5.riicr.l ~ ~ i ~ , m L q e  of  12-3 
e l e v a t o r  c o n t r o l  s y s t e n  w m  increaverj  by r sduc ing  t n e  
e l e v c t o r  t r a v e l  w i t h  r e s n e c t  t o  t h e  s t a b f l i z e r  c e n t e r  l i n e  
from 22' down and up t o  16O down Rnd 27' up, without  
cl-imgiric the s t i c k  t r a v e l .  T h i s  chmSe r e s u l t e d  i n  a 
22-percent r educ t ion  i n  s t i c k  f o r c e s  ?or t?. glven  h inge  
moment. The n e c h a n i c a l  acivrantage c h m k e  was accormlis 'ned 
by f i t t i n g  t o  t he  bell c r ~ i i ~  t o  which t h e  contr io1 c a b l a s  
a re  a t tacl ied a t  t h e  a f t  end o f  the f u s e l e g e  an ex tens jon  
which lengthened t h e  mms of t h e  bell c r m k .  

& 

In t e s m  t o  determine t h e  i n t e r n s 1  prescurie i n  one 
of t h e  e l e v a t o r s ,  a l ine  v:m mn f r o m  a pres,ure r e c o r d e r  
t o  a p o f n t  h i  t h e  i n t e r i o r  o f  t h e  l e f t  e l e v o t o r  a t  about 
t h e  m i d s p a n ,  aidcLorJ l o c u t l o r i .  

A l i s t  o f  t h e  e l e v a t o r  c o n f i g m a t p i o n s  t e s t e d  is given  
i n  t a b l e  I. It shou ld  be noted  t h E t p  fcir corLvenitrice, tbu 
yroduct ion  e l e v a t o r  was t e s t e d  with t h e  i n c r e a s e d  a e c h m i c a l  
advantzge i n  t h a  p r e s e n t  t3s t  p r o p a m ;  the  a c t u a l  ? r o -  
duct ion  r i r u l m e  hes t h e  original mechcnlcal  advmteg3.  

INS'L"RGEXTA7lJ:OE 

Standard KACA recordi:.l,i;; i n s t r u m n t s  were used t o  
de t e rmin e sf r s pee d , e le v e t or -- c 011 1. r c 1 for c8 , e 1 c v n t o r  
angle a c c e l e r z t l o n ,  r l r  :?rcssiim tad t,ime. 

Correc t  s e r v i c e  i n d i c s t e d  a i r s p e e d  as ;sed i n  t h e  
r e p o r t  r e p r e a e n t s  t h e  rec7dirig that .  w o u l d  be g iven  by a 
s tandard  AN airs7ec.d ineter i f '  i t  were co!*nected t o  a 
p f t o t - s t a t i c  head t h a t  was f r e e  froln p o s i t i o n  e r r o r ,  and 
i s  de f ined  by t h e  r e l R t i o u :  

. 
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where 

Vi c o r r e c t  ' se rv ice  i n d i c a t e d  a i r s p e e d  

f o  s e a - l e v e l  c o m p r e s s i b i l i t y  f a c t o r  

dynamic p r e s s u r e ,  ob ta ined  f r o m  the  d i f ' re rence  b e t w e e n  
t o t a l ' p r e s s u r e  m d  s t a t i c  p r e s s u r e  corx.ected f o r  
p o s i t i o n  e r r o r  on t h e  a i r p l C m e ,  inches  o f  water  

qC 

TESTS RESULTS, AND DISCUSSION 

Most o f  t h e  r e s u l t s  presented  i n  t h i s  r e p o r t  were 
obtafned  i n  s t e a d y  t u r n s  performed i n  t h e  c l lmbing  con- 
d i t i o n ,  
o e r a t i n g -  a t  t?bout r a t e d  power (38 inches  o f  mercury - 
2 E 00 r p m ) ; ,  In a d d i t i o n ,  t e s t s  were rnaae i n v e s t i g a t i n g  
the  s t a t i c  l o n g i t u d i n a l  s t e b i l f t y  of  tine a l r p l a n e  i n  t h e  
g l i d i n g  ( f l a p s  n e u t r a l ,  cear  r e t r a c t e d ,  power o f f )  e n d  
c l imbing  ( f l a p s  nf3utre1, gea r  r e t r a c t e d ,  r a t e d  power) 
c o n d i t i o n s  of f l i g h t ,  During some of t h s  l a t t e r  t e s t s  t h e  
i n t e r n a l  p r e s s u r e s  i n  one or' the  e l e v e t o r s  was recorded ,  

[ f l aps  n e u t r a l ,  1;inding gear  r e t r s c t s d ,  and engine 

In o r d e r  t o  e s t a b l i s h  t h e  adequAcy of  the reduced 
e l e v a t o r  t r a v e l ,  sever81  lendings , t a k e - o f f s ,  and s t a l l  
r ecove ides  were made w i t h  t h e  c e n t e r  of g r a v i t y  a t  t h e  ' 

most  c r i t i c a l  p o s i t i o n  f o r  each maneuver, 

Maneuvering S t  abili t j r  

Production e l e v a t o r s  .- The r e s u l t s  ob ta ined  i n  s t e s d y  
turnsT1Y€2i7Fithe-~Xctf,n e l e v a t o r s  on wfr;olnne fio. 18294. 

r .  

m e  shown i n  f i g u r e s  4 and 51. 
v a r i a t i o n  o f  s t i c k  forye with norlmal a c c e l e r s t i o n  and 
f i g u r e  .!i.(b), t h e  v a r i o t i o n  of e l e v a t o r  d e f l e c t i o n  with 
a f r b l a n e  normal - force  c o e f f i c i e n t .  
a t i o n  with c e n t e r - o f - g r a v i t y  p o s i t i o n  of t he  e rameters ,  
s t i c k  f o r c e  p e r  u n i t  n o r m a l  a c c e l e r a t i c k ,  F e K ,  and 
e l e v a t o r  angle  per  u n i t  a i r p l m e  normal-force c q c f f i c i e n t ,  
dB,/dCN, m e  shown. The values of F,/n and dG,/dCN 
shown a r e  de t e rmined , r e spec t fve ly ,  for an a c c e l a r s t f o n  of' 
4g and for t he  value of C x  corresf>onding t o  s t r a i g h t  

F igure  I;(  shows the  

I n  f i g u r e  5 t h e  v a r i -  

f l i g h t .  
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The d a t a  showti i n  f i g u r e s  Ik and 5 were ob ta ined  with 
a rrlechwic;11 advmtaTe of t h e  e l e v a t o r  con3ro l  s y s t e n  
g r e a t e r  t h m  t h a t  of t h e  Froduct ion  a i rp la r ,e .  In o r d e r  
t o  serni i t  comprrison w i t h  t h e  s t i c k - f o r c a  det:! o b t z i n s d  
froxi r e f e rence  I f o r  SBZC-L airl37iane EO. 00014, s t i c k - f o r c e  
d a t a  obta ined  with b o t h  a i r p l m e s  hsve been c o r r e c t e d  t o  
correspond t o  the  product ion  mechanical  Pdvsntage a d  
5-pounci bobweight. The r d s d t s  t-fiven i n  f i g u r e  5 show 
t h a t  t ne  varfatio:: i n  mcneuvsring s t i c k  for*ces qver  the 
o p e r a t i n g  c e n t e r - c f - g r s v i t y  range was k) t o  2b 7cjunds p e r  g .  

J 

The ? l ~ l l . o w i n ~  vzli ies;  o f  Ghbe and CyL,, t h e  v a r i a t i o n s  

of e l e v a t o r  hi-iZe-moment c o e f f i c i e n t  with d e f l a c t i o n  <and 
w i t h  er:;19 of  attHclc of  t he  horizontal t o i l ,  r 3 r p e c t i v e l y ,  
w t 3 ~ ( :  o b t s h e d  f r r j m  8 compar*ison of' t he  d s t a  i n  figure 5: 

' Air,>lcne m e  e Chcl 

SF~C-I .  ?TO. C C ) O ~ ! +  ( r a r e r e n c e  1) -:?. 0253 -c. 0012 
SF32C-lC Yo. lrJL:14+ - 0 . O L ' Z ~  - 0 . 9 0 0 ~  

These d i f f ' e r encas  i n  the v a l ~ e r ;  of  C12Ee 81id Ch, L*Jhich 
I result fn 4 s h i f t  i;i m:nel;lver 4)oint of a % u t  p e r c e n t  

mean a.;rodynan;ic chord a r 3  of  t h e  same o r 3 s ~ ~  5s d i f f e r e n c e s  
t h a t  h:_ve bkon found  betwedn o t h e r  S B 2 C - 1  P i rp l anes  t e s t e d  
a t  t h e  NACA. 

- 

IYormal coiltour e l e v r t o r s .  - For ths nor:,zel contour  
e l e v  at35FZ-ths-FErTr Z T E o f Z t  i c ' ~  f o r  c e wl t12 11 o m  8 1 8 c c e l e  r - 
a t i o n  for s e v e r c l  balnncfne t a b  1i:ilta:es a re  sholm i n  f i g -  
UPZ 0. The corresnondinhz var:iai;ions with can t2 r -o f -$ rav i ty  
l o c e t i o p  of etLck f o r c e  7 e r  u n i %  n o r m a l  e c c e l a r s t i o n  ere  
shown i n  f i p r e  8 ( a ) .  

With the b Z l a l C i c g  t a b  locke5,  the maneuvering f o r c e s  
v a r i e d  fronl a b o u t  1 t o  28 pouqds p e r  G a c c e l e r a t i o n  over  
t h e  c e n t e r - o f - g r a v i t y  r znee  from 34.2 t o  Z 5 r 2  ,:ercent mean 
eerodgnamic choru. This v a r i e t l o n  13 EreFtei? thcin W R S  
ob ta ined  w i t h  the b l u n t  nose e l e v a t o r s ,  which Is t o  be 
expected, 

/ 

\/Vi t h  i n  c r  e a s  i n g  b a1 a.nc ing  - t ab l i n k  age r c t i o  ' t h e  
v a s i  a t ion  o r  maneuvering forzes w i t h  cen Le r - o C - gr av i t y 
p o s i t f o n  was n r o g r e s s i v z l y  re j l lced  (fi:;. .j( a) ) ,  cand for 
a t a b  linke.:s,e ratio dCt/dbe e q u a l  t o  -1,2u, the  

.-. 
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v a r i a t i o n  z t  h i g h  speeds was reduced t o  a xagn i tude  which 
would be cons idered  acceptab le  f o r  an a i r p l a n e  of  t h i s  
s i z e .  However, as  i n d i c a t e d  i n  f i s u r e  6, a t  t h e  lower 
speeds a tendency for the  s t i c k  f o r c e s  t o  l i g h t e n  a t  high 
a c c e l e r a t i o n s  became fncraeasingly e v i d e n t  as the f o r c e  
g r a d i e n t s  were r e d u c e d  by the Pricreased t a b  l i nkage  r a t i c s ;  
t h i s  tendency wculd have r e s u l t e d  in  o v e r b o l m c e  of  t h e  
c o n t r o l  a t  more rearward cen te r -o f -g rav i tv  p o s i t i o n s .  
The c o n t r o l  f e e l  was cons ldsred  by  the g i l o t  t o  be some- 
what u n d e s i r a b l e  w i t h  t he  l a r g e s t  t a b  l i n k a g e  r a t i o ,  bac ruse  
of the l i@l;ness of t h e  s t , i s k  f o r c e 3  r e q u i r e d  i n  r a p i d  
e l e v  a t  01' mo vemen t s . 

Beveled t r a i l f n g - e d g e  e l e v a t o r s .  - - The r e s u l t s  of t e s t s  
w i t h  t h e e v a t o r s  having  beveled t r a i l i n g  edges are shown 
i n  figures 7 and 8 ( b ) .  A c o m a r i s o n  of  the d a t a  i n  f i g -  
u r e s  6 ' ( a )  and 8(b) i n d i c a t e s  that ,  3s expec ted ,  the bevaled 
t r a i l i n g  ed3es made bo th  Chg, and Ch, f o r  t h e  e l e v a t o r  

less negatjlve,  a s  evidenced, r e s p e c t i v e l y ,  by t h e  reduced 
v a r i e t i o n  o f  maneuvering f o r c e s  w i t h  c e n t e r - o f - g r a v i t y  
l o c a t i o n s  and by t h e  h ighor  maneuvering f o r c e s  expar ienced  
a t  rearward cen te r -o f -g rav i ty  l o c a t i o n s .  

'Jith t h e  Sa lanc ing  t a b  connected the maneuvering 
f o r c e s  were reduced and the  tendency f o r  t he  s t i c k  f o r c e s  
t o  l i g h t e n  i n  t u r n s  a t  low speeds whfch was exper ienced  
with the  e l e v a t o r s  having  t h e  normal contour  boas l e s s  
pronounced. However, with th i s  c m t r o l  arrangarnent i t  
was found t h i t  when the  ba lanc ing  t a b  l i nkage  r a t i o  was 
i n c r e a s e d  t o  4 magnitude t h s t  y i e l d e d  a d e s i r a b l y  s m a l l  
v a r i a t i o n  o f  maneuvering fo rce  w i t h  c e n t e r - o f - g r a v i t y  
l o c a t i o n  ( f i g .  c ( b ) ,  

c h a r a c t e r i s t i c s  became very u n d e s i r a b l e  f o r  abrupt  c o n t r o l  
movements. It appeared t o  t h e  p i l o t  t h a t  t h e r e  w a s  a l a g  
i n  resgonse  of  t h e  a i r p l a n e  t o  e l e v a t o r  rnovemmt. T h i s  
s e n s a t i o n  of lag i n  response i s  a t t r l b u t e d  t o  the  f a c t  
t h a t ,  owing t o  t h e  s m a l l  value of Chg,, t h e  p i l o t  was 
ab le  t o  move the  c o n t r o l  abruLDtly m d  w i t h  l i t t l e  f o r c e  
t o  a cons ide rab le  d e f l e c t i o n  befor3  t h e  a i r p l a n e  respondad 
and t h e  s t i c k  f o r c e  due t o  t h e  bobweight wes felt. For 
t h e  'os lancing t a b  l inkage  r a t i o  of -1.29, e l s o ,  t h e  l a c k  
of t h e  u s u a l  v a r i a t i o n  of c o n t r o l  f o r c e  with d e f l e c t i o n  
caused the s t i c k  f o r c e s  due t o  t h e  bobweight @nd due t o  
i n e r t i a  e f f e c t s  t o  nrGdominate. Ilhen the  p i lo t ;  a t temptad  
t o  c o n t r o l  the a i r p l n n e  longitudinally, these f o r c e s  were 
i n  xi u n f a m i l i a r  ph8se r e l a t i o n  t o  the e l e v a t o r  movement, 

dbt/d6, = -1.2?), the e l e v a t o r  
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and R S  a r e s u l t  t h e  p i l o t  tended t o  overacontrol. This 
d i f f i c u l t y  l e d  t o  dangerous p i t c h b g  o s c i l l a t i o n s  ol' , l a rge  
a r ~ l i t u d e  duri .ng t h e  f i r s t  take-off  with th i s  a r r m g e x e n t ,  
<and as 8 resu1.t no f u r t h e r  f l i g h t s  were at tempted.  Yiith 
t h e  b e l - ~ n c i n g - t a b  r e t i o  reduced t o  -0.7, and w i t h  s ?-pound 
bobweight, t h e  a i r p l m e  wes n o t  cons idered  d m p r o u s  t o  
f l y ,  but t h e  e l e v s t o r  f o r c e s  weri: still cons idered  some- 
what t o o  l igh t -  i n  r e p i d  rr,aneuvers, 

In o r d e r  t o  o b t a i n  r edJced  s t i c k  f o r c e s  wi thout  t he  
kindesirable c o n t r o l  c h a r a c t e r i s t i c s  due t o  very  s m a l l  
values  o f  C h g e ,  t h e  mechanical sdvantage o f  t h e  c o n t r o l  
sys tem WPS i n c r e a s e d  s o  t h a t  for -? giveri hinge moaient t h e  
s t i c k  f'orces were reduce6 by ,22 -Q;?rcsnt;  t h i s  change WS.S 
recormended in r e f a r e n c e  1. Tha r e , su l t s  of t e s t s  of t h e  
e l e v r t o r s  having beveled t r a i l i n g  edges w i t h  s ?-Found 
bobweight, t h e  ,balancing,  t a b  geared a t  d b t / d d ,  = -0 .33,  
and t h e  increosec? mechnsnical advmtz.%e a r e  Si-iOvVn i n  f i g -  
uras  9 and 10, A s  i n d i c a t e d  i n  f i g u r 3  9 t h o  vGr ia t ion  o f  
s t i c k  f o r c e  w i t h  a cce l e2a t ion  was approximately l i n e a r  
f o r  a l l  t h e  speeds i n v e s t i g a t e d ,  an6 t h e  p i l o t  r e p o r t e d  
no abnormal c o n t r o l  f e e l  f o r  t h e  srrangement.  I t ,  t h e r e -  
f o r e ,  appears  t h r t  t h i s  ba lanc ing- tab  l i nkage  r a t i o  is 
about t h e  l a r g e s t  t h a t  could  be used x i t h o u t  i n t r o d u c i n g  
undes i r ab le  c o n t r o l  f e e l .  The maneuvering f o r c e s  v a r i e d  
frqi 6 t o  18 pounds p e r  g a c c e l e r a t i o n  over  the o p e r z t i n g  
cen te r -o f -g rav i ty  range of 33.2 t o  23.8 p e r c e n t  m e a  aero-  
dynan5c ch.ord ( f i g .  1 0 ) .  A f o r c e  g r a d i e n t  of 18 pounds 
p e r  g is l s r g e r  then  i s  usually s ? e c i f f e d  as des ipab le ,  
bu t  was n o t  cons ide red  an unreasonable  vc lue  for t h i s  air- 
plane.  By reducing  or e l imina . t in2  t h e  Sobweight it would 
be p o s s i b l e  t o  reduce t h e  f o r c e  g r z d i e n t s  a t  e l l  c e n t e r -  
of-gra .vi ty  l o c a t i o n s  soi;i.ewhat, bu t  t h i s  change i s  n o t  
recommnded becs.use t h e  ? i l o t s  coris;Pdered a f o r c e  g r a d i e n t  
of about 3 oounds p e r  Q t oo  low for t h i s  a i r g l m e .  

Cornperison of Product ion 3 l e v s t o r s  . 

and Hervorrmendsd Arrmgernent 

The recorxtended e l e v c t o r  c o n t r o l  system c o c s i s t i n g  
o f  the  b e v e l e d - t r a i l i n g  e l e v e t o r  wfth be lenc ing  t a b  geared  

- -0.37, t h e  i n c r e a s e d  mechanical  advantage,  and a t  - - 
3-;30uiiJ. bobweight, which was found t o  be t h e  post s a t i s -  
f a c t o r y  arrangement on t h e  b a s i s  of maneuvering 

d6 t 
e 
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c h a r a c t e r i s t i c s ,  was t e s t e d  t o  determine i t s  e f f e c t  on 
s t a t i c  s t a b L l i t y ’ m d  its adequacy for c o n t r o l  i n  s t a l l s ,  
lar~c.iings, and take-of fs .  

C ortip 8r a t  1 ve s t, a t 1. c long i tudfn  el s t ab i li b y  da t  EI f o r  
t h e  m d i f f e d  e l e v a t o r s  and the p roduc t ion  e l e v a t o r s  a r e  
p re sen ted  i n  f i g u r e s  11 and 12 for t h e  c l i n b i n g  and 
g l f d l n g  c o n d i t i o n s  of flight, r e s p e c t i v e l y .  Tl?e v a r i a t i o n s  
of e l e v a t o r  angle 2nd stick f o r c e  w i t h  cirsmeod i n d i c a t e  
no  1 m p o r t m t  d i f f e r e n c e s  i n  e i t h e r  the s t i c k - f i x e d  o r  
s t i c k - f r e e  s t abi  l i t g .  

t h e  modif Ped e l e v a t o r  arrangement was determined by making 
t ake -o f f s  end s t a l l  r ecove r i e s  with t n e  c e n t e r  of g r a v i t y  
a t  the rearmost  p o s i t i o n ,  The i n c r e a s e d  s t i c k  motion due 
t o  t h e  i n c r e a s e d  mcchmicn l  sdvantage was p e r  t i . c u l a r l y  
appa rea t  t o  t h e  p l l o t  i n  s t a l l  approaches with power on 
and t h e  c e n t e r  of g r e v i t g  n t  t he  rearward’ l i m i t  where 
extreme fo rwnrd  movements of tksa s t i c k  were r e q u i r e d ,  
T h i s  condition vi03 n o t  considerad o b j e c t i o n a b l s ,  however, 
becpuse the e l e v a t o r  t r a v e l  a v a i l a b l e  was edequate for 
r ecove ry  f r g m  the, s t a l l s .  Tha adequacy of  thL3 up-e l eva to r  
t r a v e l  was determined by making l and ings  w i % h  thv. c e n t e r  
of g r a v i t y  a t  the most forward p o s i t f o n .  The e l e v a t o r  
t r q v e l  was found t o  be s u f f i c i e n t  f o r  t h i s  so r id i t i on .  

The adequacy o f  t h e  reduced dovm-elevetor t r a v e l  of 

If t h e  i nc reased  mechanical advantage were used i n  
con junc t ion  w i t h  t h e  praoduction e l e v a t m s ,  t h e  v a r i a t i o n  
of f o r c e  p e r  g w i t h  c en te r -o f -g rav i ty  p o s i t i o n  would be 
only s l ? g h t l y  g r e a t e r  then t h a t  ob ta ined  with the recorn- 
mended mrangernent. The recormended wren,n_exent h a s  a 
s l i g h t  a d v a n t q e ,  however, i n  t h a t  a 3-pomd ’bobweight 
r a t h e r  then a 5-pound bobweight i s  r e q u i r e d  4n o r d e r  t o  
ob ta in  s u f f i c i e n t l y  heavy maneuvering fo rces  with the 
r e a r  c a n t e r - o f - g r a v i t y  p o s i t i o n .  Furthermore,  t h e  modi- 
f i e d  e l e v s t o r s  i n c o r p o r a t e  a l e s s  blunt nos2 sh .c .2~  dnd 
c l o s e r  r i b  spac ing  than the product ion  e l e v a t o r s ,  which 
would be expected t o  make them more s a t i s f e c t o r y  in high-  
speed d ives .  

I n t e r n a l  E l e v a t o r ‘  P r e s s u r e s  ’ 

The r e s u l t s  of measurements of t’ne in .cern&l  p r e s s u r e s  
i n  t h e  modi f ied  e l e v a t o r s  are p r e s e n t e d  j n  f i z u r e  13  as  a 
f u n c t i o n  o f  i n d i c a t e d  a i r s ~ e 9 d .  The d a t a  i n d i c a t e  tha t  
a t  h i g h  speeds the i n t e r n a l  p e s s u r c s  a r e  ap-,Lboximatcly 
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4 percent  'of qc, ,above f 'ree-stream s t a t i c .  Th.ese d a t a  
a re  preserited F S  ari Did t o  e s t i m a t i n g  possiS1e e f f e c t s  
of f s h r i c  d e f l e c t i o n  if i t  i s  d e s f r e d  t o .  t o e s t  t h e s e  
e l e v a t o r s  in hi h-speed d ives .  The e l evs t to r s  were s e a l e d  

n e a r  each r i b  o n ,  the lower sixf ece.  n e a r  .the k r e i l i n g  edge. 
Esch vent  ho le  ' w a s  covered by sma l l  scoop-shhped s h i e l d ,  
oueiling reerward,  
i n t e r n a l  e l e v a t o r  geessures seems d e s i r a b l e .  No t e s t s  
w e r e  made o f  t h e  modi f ied  e l e v a t o r s  ,in high-speed d i v e s  
t o  eva lue te  t h e  e f f e c t s  of  t he  changed nose shape,  t h e  
beveled t r z i l i n g  edgs ,  End the  c l o s e r  r i b ' s p a c i n g  on the 
c o n t r o l  ch . a rac t e r f . s t i c s  a t  h i  

1 
s md -9erited with - inch  hole:; l o c a t e d  r; 

A change f n  vent&n,;; t;? g i v e  . lower 

, * F l i g h t  t e s t s  on a Cur t i s s  SB2G-lC a i r p l s n e  i n d i c a t e  
the fpl lowfng conclus ions :  

with e l e v z t o r s  h a v i n g  a nose r s d i u s :  sns l le r :  thcn t h c t  of 
t h e  productioi: e l e v a t o r s ,  t r a i ' l i n g  edges beveled t o  en ' 

included m g l e  of 15- , a belaricing t.ab s e w e d  z . t  a l i nkage  
r a t i o .  dQt/d6, = -0.33? a 3-pound bobweign.t, and en i n c r e a s e  
i n  mechanical advanSvage. t h a t  reduced t h e  stick f o r c e s  by 
22 percent;. ','Jit,h this  a.:c.rnr~ge;r;,ent the xai1.euveri.ng fo rces  
v e r i e d  from 6 pounds per1.g zcce lers t i . cn  e.t 33.2 p e r c e n t  
mea7 ss:r.od.ynaqic ciiorad t o  18 pounds y e r  g e t  23.8 pe;L-cent 
m e a n  aei7odynzmi c chord. 

1. Improved meneuvering s t i c k  forcss' x q ~  be oh ta fned  

lo 
2 

2.. F u r t h e r  r educ t ion  i n  t h e  ve lue  0.r" C h G e r  t h e  
v a r i 3 t i o n  of' e l e v a t o r  hinge-moment ' coe f f  i c i e t i t  with e l e v a t o r  
def l e c t i o n ,  which clecre aaed  t h e  varl.a.tion . GP . x m e u v s r f n g  

' f o r c e s  with c e n t e r - o f - g r n v t t y  pos i t i f i n ,  a l s o  resultzu i n  
a c o n t r o l  F e e l  d u r i n g  abrupt  e l e v a t o r  niovements t h a t  wsls  
cons iderca  o b j e c t i o n a b l e  by th:: pilot. This c o n s i d e r a t i o n  
may e s t a b l i s h  a lowela l i m i t  t o  t h e  va lue  of t h a t  
ma.y be used, and, hence,  a. lower l i m f t  t o  the  variatj-or! 
o f  maneuverfng forlces w i t h  c e n t e r - o f - g r x v i t y  ;r7osit?on. 

C h b e  

3. S t i c k - f r e e  s t a t i c  ins t zb i1f t .y  r:otad . g t  low speeds 
i n  t h e  cl imbing car idi t ion of f l i g h t  was n o t  a f fo2c ted  
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apprec iab ly  by t h e  moclff'ied e l e v a t o r  arpangq?ment. The 
i n c r e a s e d  s t i c k  xovements m q u i r e d  w i t h  the nod5 f i e i t  
e l e v a t o r  arrm.gement, wl?i!-e a p p a r m t  t o  the ;?li.et, viere 
n o t  o b j e c t i o n a b l e  s fnce  adequate  e l e v a t o r  t r a v e l  was 
provided  for critical f'ligkt c o n d i t '  . ions.  
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Figure 4. - Elevator  c h a r a c t e r i s t i c s  in  maneuvers of SBZC-1 
a i r p l a n e  w i t h  production e l a v a t o r s ,  increased  
mechanical advantage, and 5-pound bobweight. 
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Figure 5. - Comparison of maneuvering c h a r a c t e r i s t i c s  
of two sB2C-1 a i r p l a n e s  w i t h  production 
e l  evat or  8 .  
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Figure  g. - V a r i a t i o n  w i t h  center-of-gravi ty  l o c a t i o n  of s t i c k  f o r c e  
p e r  u n i t  normal a c c e l e r a t i o n ,  Fe/n. Data taken f o r  
a c c e l e r a t i o n  of 4 g i n  f i g u r e s  6 and 7. 
through data  f o r  275 miles  pe r  hour. 

Curves drawn 
SB2C-lC a i rp l ane .  
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Figure 9. - Var ia t ion  of s t i c k  force w i t h  normal a c c e l e r a t i o n  as 
measured i n  steady turns .  
t r a i l i n g  edge, balancing tab geared a t  

increased mechanical advantage,  and 3-pound bobneight. 
S B E C - l C  a i r p l a n e .  

Elevator  w i t h  beveled 

, 
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