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ADVANCE C OMF IDENT I A L  

By Haro ld  F, Xleckner  

SUMMARY 

The a i l e r o n  c h a r a c t e r i s t i c s  of a  Grumman F4P-3 a i r -  
p l a n e  were de te rmined  i n  f l i g h t  by means of EBCA r e c o r d i n g  
and i n d i c a t i n g  i n s t r u m e n t s ,  

The r e s u l t s  show t h a t  t h e  a i l e r o n s  met RACA minimum 
. r e q u i r e m e n t s  f o r  s a t i s f a c t o r y  c o n t r o l  th roughou t  a  l i m i t e d  

speed r a n g e .  A h e l i x  a n g l e  of approx imate ly  0.07 r a d i a n  
was produced wi th  f l a p s  down a t  speeds  from 9 0  t o  115 

:miles p e r  hour i n d i c a t e d  a i r s p e e d  and wi th  f l a p s  up from 
115 t o  200 m i l e s  p e r  h o u r ,  With f l a p s  up a t  9 0  m i l e s  p e r  
h o u r ,  t h e  h e l i x  a n g l e  droppea t o  0,055 r a & i a n ;  above 200 
m i l e s  p e r  hour  heavy a i l e r o n  s t i c k  f o r c e s  s e r i o u s l y  re-  
s t r i c t e d  m a n e u v e r a b i l i t y  i n  r o l l .  

IN!PRODUC!T I O N  

P l i g h t  t e s t . s  t o  measure t h e  a i l e r o n  c h a r a c t e r i s t i c s  of 
a Grumman $43'-3 a i r p l a n e  were made a t  t h e  r e q u e s t  of t h e  
Bureau of A e r o n a u t i c s ,  Navy Department .  The t e s t s  were , 

made a t  Langley  F i e l d ,  V a . ,  d u r i n g  a  %week p e r i o d  from 
May 1 3  t o  May 27,  1942,  

The Grumman P4F-3 a i r p l a n e  i s  a s ing le -p laoe ,  s i n g l e -  
eng ine ,  midrving monoplane used  a s  a  sh ipboard  f i g h t e r  
f i g .  1 )  , A three-view drawing of t h e  a i r p l a n e  i s  shown 
i n  f i g u r e  2 ,  and a  c r o s s - s e c t i o n a l  o u t l i n e  of t h e  wing and 
a i l e r o n  i s  shown i n  f i g u r e  3. The d imensions  i n  f i g u r e  3 
were measured from t h e  a i r p l a n e .  
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P e r t i n e n t  d i n e n s i o n s .  of t h e  a i r p l a n e  a r e  l i s t e d  below:" 
* 

% .  

Wingarea. ,  s q f t .  . . . . . . . . . . . . . . .  260 ,.. 
b 

J Wing span ,  f t  . . . . . . . . . . . . . . . . . s . .  38 .. 
.? 

Wing-taper r a t i o  . . . . . . . . . . . . . . . .  1.6'7:l 
A i l e r o n  chord  behind h i n g e  ( a p p r o x . )  . ' ,'., 

p e r  c e n t  wing chord . . . . . . . . . . . . . .  22.8 
A i l e r o n  l o c a t i o n :  

I 

-4 . . . . . . .  Inboard  end, p e r c e n t  wing semispan 65.5);: ,; .. Outboard end,  p e r c e n t  wing semispan . . . . . .  92.5 
9 

Curves showing t h e  v a r i a t i o n  of a i l e r o n  a n g l e  w i t h  21; c o n t r o l - s t i c k  movement a r e  g iven  i n  f i g u r e  4. The g r o s s  
weight  of t h e  a i r p l a n e  a s  t e s t e d  w a s  approx imate ly  6680 
pounds . 

The f l i g h t - t e s t  p r o c e d u r e  was t h a t  normal ly  employed 
a t  t h e  NACA: Fron l a t e r a l l y  l e v e l  f l i g h t  w i t h  rudder  h e l d  
f i x e d  at t h e  trimmed p o s i t i o n  f o r  t h e  speed d e s i r e d ,  a b r u p t  
a i l e r o n  was a p p l i e d  and h e l d  u n t i l  m a x i n u  r o l l i n g  v e l o c i t y  d 

was reached .  Measurements of a i l e r o n  p o s i t  i o n  and r o l l i n g  
v e l o c i t y  were r e c o r d e d  by NACA synchron ized  i n s t r u m e n t s ;  
s t i c k  f o r c e s  were obse rved  from a  f o r c e  i n d i c a t o r  on t h e  
c o n t r o l  s t i c k ;  and a i r s p e e d  was r e a d  from t h e  se rv ice -a i r -  
speed i n d i c a t o r .  The a i l e r o n - p o s i t i o n  r e c o r d e r  w a s  in- 
s t a l l e d  i n  t h e  c o n t r o l  system a t  t h e  c o c k p i t ;  hence ,  t h e  
measurec2 v a l u e s  of a i l e r o n  a c g l e s  were t h o s e  f o r  t h e  a i l e r -  
ons i n  an  unloaded c o n d i t i o n .  With t h e  a i l e r o n s  l o a d e d ,  
s t r e t c h  o r  g i v e  i n  t h e  system would t e n d  t o  make t h e  t r u e  
a i l e r o n  d e f l e c t i o n s  l e s s  t h a n  t h o s e  measured,  The s t r e t c h  
i n  t h e  system w a s  n o t  b e l i e v e d  t o  b ~  a p p r e c i a b l e  or  t o  give 
a s . e r ious  l o s s  i n  a i l e r o n  e f f e c t i v e n e s s .  

Xeasurements .were t a k e n  a t  9.2, 138,  185,  and 230 m i l e s  
p e r  hour i n d i c a t e d  a f r s p e e d  i n  l e v e l  f f i g h t  ( f l a p s  u p ,  g e a r  
up ,  l e v e l - f l i g h t  power) and a t  92,and 1x5 m i l e s  p e r  hour i n  
t h e  ca r r i e r -approach  condi-Lion ( f l a p s  dowa, g e a r  dovn, l e v e l -  
f l i g h t  power) .  A d d i t i o n a l  t e s t s  were made w i t h  f l a p  and 
gea r  up a t  288 m i l e s  p e r  hour.  

RESULTS AXED D IS CUSS kOW @ + I 

The r e s u l t s  o b t a i n e d  a r e  p r e s e n t e d  i n  f i g u r e s  5 th rough  
10. F i g u r e  5 sbows f o r  t h e  ca r r i e r -approach  c o n d i t i o n  t h e  
v a r i a t i o n  of pb/2'ir, t h e  h e l i x  a n g l e  i n  r a d i a n s  d e s c r i b e d  
by a wing t i p  i n  a  r o l l ,  and t h e  v a r i a t i o n  of s t i c k  f o r c e  



w i t h  t h e  t o t a l  change i n  a i l e r o n  a n g l e ,  The t o t a l  change 
i n  a i Z e r o n  a n g l e  is  t h e  sun of t h e ' u p -  and down-aileron 
d e f l e c t i o n s  used  i n  t h e  r o l l  as measured f r o n  t h e  t r b  
p o s i t i o n s  of t h e  a r l e r o n s .  F i g u r e s  6 through 9 p r e s e n t  
similar c w v e k  f o r  each of t h e  s p e e d s  a t  which r o l l s  were 
made w i t h  t h e  f l a p s  and g e a r  up ,  F i g u r e  1 0  i s  a summary 
of t h e  curves  of f  igv-res ' 6  th rough  9 .  

The c r i t e r i o n  f o r  a i l e r o n  e f f e c t i v e n e s s  i s  g iven i n  
r e f e r e n c e  1: R o l l i n g  v e l o c i t y  o b t a i n e d  by t h e  abrup t  u s e  
of f u l l  a i l e r o n  s h o u l d  b e  s u f f i c i e n t  t o  g i v e  a  minimum 
h e l i x  a n g l e  pb/2V of 0.07 r a d i a n  at  a l l  s p e e d s  up t o  80  
p e r c e n t  of t h e  maximum l e v e l - f l i g h t  speed w i t h o u t  exceed- 
i n g  a  s t i c k  f o r c e  of 30 pounds. On t h i s  b a s i s  t h e  r e s u l t s  . 
may 5e  d i s c u s s e d  and summarized a s  f o l l o w s ;  

1. With f l a p s  down, a, t o t a l  a i l e r o n  d e f l e c t i o n  
( m a x i m a )  of 33,3O produced v a l u e s  of p b f 2 ~ I  of 0,068 
r a d i a n  a t  9 2  m i l e s  p e r  hour  i n d i c a t e d  a i r s p e e d  and 0.08 
r a d i a a  a t  115 m i l e s  p e r  hour i n d i c a t e d  a i r s p e e d ,  

2. A t  9 2  m i l e s  p e r  hour i n d i c a t e d  a i r s p e e d ,  f l a p s  up ,  
t h e  v a l u e s  of p b / 2 ~  o b t a i n e d  were 0,054 rac l ian  and 
0 .05Gqrad ian ,  v a l u e s  s u b s t a n t i a l l y  below 0.0'7. 

3 ,  B v a l u e  of ? b / 2 ~  of 0.0'7 r a d i a n  was o b t a i n e d  a t  
138 and 185 mi'les p e r  hour  ' i n d i c a t e d  a i r s p e e d ;  however,  a  
s t i c k  f o r c e  g r e a t e r  t h a r  30 pounds was r e q u i r e d  a t  t h e  
second speed.  

4. A t  230 m i l e s  p e r  hour i n d i c a t e d  a i r s p e e d ,  t h e  v a l u e  
of p b / 2 ~  dropped t o  0.066 r a d i a n  and r o l l s  made wi th  f u l l  
a i l e r o n  d e f l e c t i o n  r e q u i r e d  e x c e s s i v e l y  h i g h  s e i c k  f o r c e s .  

5. The v a r i a t i o n  of p b / 2 ~  w i t h  change i n  t o t a l  
a i l e r o n  a n g l e  becomes n o n l i n e a r  at  l a r g e  a i l e r o n  de f l ec -  
t i o n s .  The f a c t  t h a t  t h i s  t endency  i n c r e a s e s  o n l y  s l i g h t l y  
w i t h  speed  i n d i c a t e s  v e r y  l i t t l e  l o s s  i n  e f f e c t i v e n e s s  due  
t o  c a b l e  s t r e t c h .  

I n  o r d e r  t o  show t h e  a i l e r o n  c o n t r o l  a v a i l a b l e  w i t h  a  
s t i c k  f o r c e  of 30 pounds ,  f i g u r e  11 was c o n s t r u c t e d  u s i n g  
t h e  d a t a  of f i g u r e  10 .  It w i l l  be no ted  t h a t  a pb/2V 
v a l u e  of 0.0'7 was o b t a i n a b l e  o n l y  f o r  a speed  r a n g e  from 
a p p r o x i n a t e l y  120 t o  160  i a i l e s  p e r  hour.  The maximum r o l l -  
i n g  v e l o c i % y  o b t a i n a b l e  a t  10 ,000 f e e t  a l t i t u d e  w a s  58' 
p e r  second a t  a  speed  of 190 m i l e s  p e r  hour.  



Zi-re 1 2  compares t h e  a i l e r o n  e f f e c t i v e n e s s  of t h e  
Gsumman F4F-3 with t h a t  of t h e  G u r t i s s  P--40 on a  b a s i s  of 
r o l l i n g  v e l o c i t y  o b t a i n a b l e  at 30,000 f e e t  wi th  a 30--pound 
s t i c k  f o r c e .  The a i l e r o n s  on the P--40 a i r p l a n e  a r e  con- 
s i d e r e d  t o  be s a t i s f a c t o r i l y  l5ghB and e f f e c t i v e .  It w i l l  
be seen t h a t  t h e  a iLerons  on t h e  3'48-3 do no t  approach t h e  
performance obtained from those  on t h e  P--40, 

In  conclusion i t  may be s a f d  %hat  t h e  F4Bt-3 a i l e r o n s  
met XdCA minimum c o n t r o l  reqpi rements  f o r  a l i m i t e d  speed 
range but  l o s t  e f f e c t i v e n e s s  wi th  f l a p s  up a t  low speeds 
and were t o o  heavy f o r  s a t f  s f a c t  ory  maneuverab i l i ty  a t  
h igh speeds ,  

Langley l~emor5a l  Berouaut i c a l  Labora tory ,  
BaCional Advi so ry  C ~ n m i t t e e  f o r  Aeronaut ics ,  

Langley F i e l d ,  Va. 

1. G i l s u t h ,  B. R.: Requirements f o r  S a t i s f a c t o r y  P ly ing  
Q u a l i t i e s  of Ai rp lanes .  NACA A.C.R. ,  A p r i l  1541.  
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Figure a,' - Three-view drawing of the @ 
P4P-3 airplane, 
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Figure 4.- Variation of aileron angle with contr~l~stiok movement. Grum- 
man 3'43'-3 airplane. 



30 20 10 0 I 0  20 30 40 

l lef  f Change in t o f a l  ai leron mgle  , deg Aighf 

Figure 5.- Variation of aileran s t ick  foroe and pb/m with total  aileron deflection 
i n  the oar~er-.appmach oondition (flaps down, gear down level-flight power) a t  
92 and 115 mileas per hour indioated airarpeed. Qnrmpnan & ~ . 3  ai~?plane. 
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L e f t  Change in t o t  a1 a i le ron  ong/e , deg  Right 

Figure 6. - Variation of aileron #tie Soreo and P ~ / B Y  with total aileron deflection 
in laral f l ight  ( f l a p s  up, gear up, level-flight power) a t  92 miles per 
hour indicated abFapeed* Orurnman FU-3  airplane. 
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L e f f  Change in f o t  ol aileron angle , deg Right 

Fi- 7 .  - Veriation of aileron atlok foroe and ~ b / 2 ~  with total aileron def loot la  
in level f l ight (flap$ up, g e u  up, level-flight p m r )  at 138-dle$- 
gof .*hoa %ndiorted alrepeed. QruwiW% PQP-3 ai~plUl0.  



Fig. 8 
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L e f t  Change in to ta l  aileron angle , deg Right 

HPZvs, O, - Variation of ai lsmn otiok foroe &d p b h ~  with total aileron Qeileot;%on 
in level f l ight (flap8 up, gear upo level-fl&ht power) a t  185-miles-pee- 
hour h u e a t e 8  aiaspeed. BaF-8 airplane. 
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L e f t  Change in f o t u l  aileron oogle , deg Righf 

Be P Varirtian of aileron st ick force and ~ b / 2 ~  with total  aileron dsflsction 
(flaps up, g a r  upt p e ~ e ~  on) a t  230 and 288 mllea per hour indicated 
airepee& Orumnman F4F-3 airplane. 
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Lef  f Change in tota l  aileron angle , dey Righ t 

Flgwa 10. - Variation of @$Je~od. rticlr f o p ~ e  rndk P ~ / E V  wi$h tot.1 ail@ron deflection 
at  92, 158, 185, 2m9 and 288 l~liled per hour indiaated airspeed (f laps 
up, g e r ~  upo power on). P4F-3 airp5s~ner 
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100 1-10 180 220 26 0 300 
Zii5icate3 airspeed, mph 

Tig-~re  11,- Aileron character is t ics  vith stick f o rces  lirnited t o  30 
pounds. 2laps up, gear up, goner on. Gmmnan 2-2-3 a i ~ p l a n e . ~  
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