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and John P. Reeder 

S U M M A R Y  

Flight  t e s t s  have been made t o  determine the longi tnd iml  s t a b i l i t y  
and control  and s t a l l i n g  charac te r i s t ics  of the  P-47.E-30 airplane.  The 
t e a t  r e s u l t s  show the airplane t o  be unstable s t i ck  f r ee  i n  any power-on 
cond-ltion even a t  the most forward center-of-gravity posit ion tes ted.  
A t  the  rearward cen tewf -g rav i ty  posit ion t e s t ed  the a i rplane a l so  had 
neutral  t o  negative stick-fixed s t a b i l i t y  with power on. The charac- 
t e r i s t i c s  i n  accelerated f l i g h t  were acceptabl~? a t  the  forward center- 
o f - g r a ~ i t y  posit ion a t  low and high a l t i t udes  except a t  high speed where 
the control-force var ia t ions  with acceleration were high. A t  the  rear- 
ward center-of-gravity position, elevator-force reversals  were experi- 

. enced i n  tu rns  a t  low speeds, and the  force per g was low a t  r t l l  the 
* 0 t h ~  speeds. -Ample stall warning wa's afforded i n  a l l  the  conditions 

tes ted  and the s t a l l i n g  charac te r i s t ics  were very sa t i s fac tory  except 
i n  the  approach and w a v ~ f f  conditions. 

I N T R O D U C T I O I ?  

A t  the  request of the Air Materiel Command, Army Air Forces, f l i g h t  
t e s t s  have been made t o  determine the f lying qua l i t i e s  of a P-4-30 air -  
plane (.W No. 43-34-41). The r e s u l t s  of the t e s t a  of longitudinal 
s t a b i l i t y  and control  and s t a l l i n g  charac te r i s t ics  a re  presented heretn. 
Data an the  l a t e r a l  and direct ional  s t a b i l i t y  and control  ham been 
presentad i n  a previous report  (referents 1). 
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D E S C R I P T I O N  O F  A I R P L A N E  A N D  T E S T S  

The P-$~E-30 is a low-wing fighter-type airplane. This model incor- 
porates an R-2800-59 engine, a dorsal fin, dive-recovery flaps, round- 
nose ailerons, and a bubble conopy. A three--view drawing of the airplane 
is shown in figure 1 and additional data describing the airplane are 
presented in table I. Photographs of the test airplane are shown in 
figures 2 to 4. The airplane was flown at two center-of-gravity positions. 
The forward center-of-ravity position of 26.4 percent mean aerodynamic 
chord (landing gear down) with the gross weight varying from 12,810 pounds 
at take-off to 11,870 pounds was obtained by attaching 200 pounds of lead 
to the propeller reduction gear box and flying the airplane with the 
auxiliary tank empty. A photograph of this ballast installation is shown 
in figure 5. This lead ballast was more than sufficient to balance the 
moment rearward of the center of gravity brought about by the installation 
of instruments in the baggage compartment. The instrument installation 
caused a rearward center-of-gravity shift of approximately 0.2 percent 
mean aerodynamic chord and the lead installation caused a forward center- 
of-gravity shift of approximately 1 percent. The airplane manual gives 
the service center-of-gravity range as between 24.75 and 31.0 percent 
mean aerodynamic chord with landing gear down. The forward center-of- 
gravity position of 24.75 percent of the mean aerodynamic chord could not 
be obtained on the test airplane with any normal loadings. A rearward 
center-of%ravity position of 3.1-percent mean aerodynamic chord with 
gross weight ranging from 13,200 pounds to 12,400 pounds was obtained 
by using the same configuration as above and flying the airplane with the 
auxiliary tank filled. Raising the landing gear caused a 0.4-percent 
shift forward in the center-of~avity position. Tests were run at low 
altitude in the conditions as shown in the following table: 

- - 

Condition I Power 

Approach 1 21 in. Hg at 2550 rpm 

Landing i Off 

Glide Off 

Wave-of f 1 42.5 in. Hg at 2550 rpm 
! 

Dive 15 in. Hg at 2550 rpm 

Power-on clean 

Flap s 
- . - - .  . 

Down 

42.5 in. Hg at 2550 rpm 

Down 

Down 

Tests were also run at high altitude in the power-on clean, glide, 
and dive conditions. The data were obtained by both the steady and 
continuous record methods. In the steady method, the pilot either dived 

Landing 
gear 

Down 

UP 

Down 

UP 

Down 

UP 

Canopy 

Open 

Closed 

Open 

I 

i 

Closed I 

i 
Closed Open 1 
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or climbed the airplane to some certain speed and when the airplane 
reached a steady condition, a record was taken of the required values. 
In the continuous method the airplane was flown through the speed range 
with gradually changing' speed and the required values were recorded 
throughout the entire period. The continuous records are indicated by 
flagged symbc~ls. 

Standard NACA photographic recording instruments were used to obtain 
the data. A description of this instrumentation is given in reference 1. 

C O N T R O L  F R I C T I O N  A N D  T R A V E L  

Plots of the friction and travel of the elevator, ailerons, and 
rudder are shown in figures 6 to 9. The amount of fiiction in all of the 
controls except the rudder was amall and well within the requirements of 
reference 2. 

D I S C U S S I O N  A M D  R E S U L T S  

LOIGITUDINAL STABILITY AND CONTROL CHARA(2TERISTICS 

Dynamic Longitudinal Stability 

The short-period dynamic oscillation of normal acceleration and 
elevator angle was investigated in the power-on clean, glide, and landing 
conditions by abruptly deflecting and releasing the elevator at various 
speeds throughout the speed range. There was no oscillation of the 
elevator, but the airplane diverged longitudinally, sometimes violently, 
at low speeds in the power-on clean condition. (See fig. 11.) This 
unstable condition is in all probability due to the static longitudinal 
instability of the airplane. Typical time histories of these attempted 
oscillations are shown in figures 10 and 11. 

Static Longitudinal Stability 

The static longitudinal stability was measured at two center-of- 
gravity positions of approximately 26 and 29 pertent of the mean aero- 
dynamic chord throughout the speed range for the configurations shown in 
the praceding table. The curves of elevator force and elevator angle 
plotted against speed are presented in figures 12 to 20 and show the 
static longitudinal stability characteristics. The elevator tab angle 
w l e  was also measured and is given for each test made. 
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The evaluation of the stick-free and stick-fixed neutral points is 
shown in figures 21 to 26. The variation of the elevator angle 6e and 
elevator force divided by dynamic pressure F,/~ with airplane normal- 
force coefficient CN are plotted and the stick-fixed and stick-free 
neutral points are determined from the slopes of these curves. For a 
given normal-force coefficient the neutral points are at the center-of- 

gravity positions at which the slopes @& and are zero. The 
dCN ~ C N  

neutral points as determined by the above procedure for each flight con- 
dition are shown in figure 27. 

The following discussion of the static longitudinal stability char- 
acteristica is based on the requirements of reference 2. 

Power-on clean condition (figs. 12 and 13).- The curves of elevator 
angle and elevator force against speed show characteristics which do not 
meet the requirements of reference 2. The data show the airplane to be 
unstable stick free at both cente~f-gravity positions and to have neu- 
tral to negative stability stick fixed. The same conditions existed at 
low and high altitude. 

Diving condition (figs. 14 and 151.- The airplane failed to meet the 
requirements in this condition. The data show the airplane to be unstable 
stick free at speeds above approximately 260 miles per hour and neutral - 
to unstable stick fixed above approximatelj 300 miles per hour. The same 
conditions existed at low and high altitude. 

Glide condition (figs. 16 and 17) .- The airplans was stable stick 
fixed and stick free at both center-of-gravity positions except at high 
speeds at the rearward center-of-gravity position where the airplane 
became slightly unstable stick free. At high altitude the airplane was 
nsutrally stable stick free at the rearward center-of-avity position. 
The airplane did not meet the requirements in this condition. 

Approach condition (fi~. 18).- The curve of elevator force against 
speed had a stable slope at the forward center-of-gravity position but 
became unstable above approximately 125 miles per hour at the rearward 
center-of-gravity position. The stick-fixed stability was neutral at ths 
rearward center of gravity at speeds above approximately 130 miles per 
hour. Ths requirement of reference 2 was not satisfied. It should be 
noted that the flaps on the P-47D-30 are of the blow-up type; that is, 
the flap deflection varies with decreasing airspeed until a speed is 
reached where the flaps remain full down. The variation of the flap 
deflection with airspeed is shown in figure 18. 

Landing condition (fig. 19).- The requirement was satisfied as the 
airplane was stable both stick fixed and stick free throughout the per- 
missible speed range at both the center4f~avity positions tested. 
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Wave-off condition ( f i g .  20).- The a i rp lane  was unstable s t i c k  f ixed  
and s t i c k  f r e e  i n  t h i s  condition and the  requirement of reference 2 w a s  
not  s a t i s f i ed .  

Neutral points  ( f i g s .  21 t o  27).- Th3 data shown i n  f igures  21 t o  26 
i l l u s t r a t e  t he  method used i n  obtaining t h e  neu t ra l  points  shown i n  
f igure  27. Since only two center-of-avity posi t ions  were t es ted ,  t h e  
ac tua l  numerical values of t he  neu t ra l  points  may not be en t i r e ly  
accurate, bu t  they do give a general  p ic tu re  of t he  stick-fixed a ~ l d  
stick-free s t a b i l i t y .  In the  power+n clean condition, t he  s t a b i l i t y  

parameter i s  always negative, indicat ing t h a t  t he  c e n t e r o f -  
~ C N  

g rav i ty  pos i t ion  required t o  make t he  a i rplane s tab le  i s  so far forward 
t h a t  it would be impossible t o  make the  a i rplane s t ab l e  with any normal 
loading of the  a i rplane.  These data  a l so  indicate  t h a t  it would be u s e  
l e s s  t o  t e s t  t he  a i rplane a t  any more rearward center-of-avity posi t ion 
since it i s  already known t h a t  t he  a i rplane w i l l  be unstable. The same 
condition exis ted i n  t he  wave-off condition. In the  approach condit ian 
data  were obtained both forward and rearward of the  neu t ra l  points  which 
gave a very good indicat ion of t he  posi t ion of the  neu t ra l  points.  I n  t he  
g l i de  and landing conditions t h e  a i rplane w a s  s t ab le  throughout the  speed 
range except a t  low l i f t  coef f ic ien t s  i n  t he  g l ide  condition where the  
stick-free neu t ra l  points were s l i gh t l y  forward of t he  rearmost center- 
of-gravity posi t ion tes ted.  The determination of the  neu t ra l  points  
would have been b e t t e r  defined had a more rearward c e n t e r - o f w a v i t y  
pos i t ion  been t e s t e d  i n  these  two conditions but  t he  significance of 
these data  did not  warrant t he  t e s t s .  

It can be ssen from the  above discussion t h a t  the  appl icat ion of 
power had a de f in i t e  des tab i l i z ing  e f fec t  i n  both stick-fixed and atick- 
f r e e  conditions. Also t h e  adverse e f fec t  of rearward center-of-avity 
posi t ion i s  markedly shown. It should be noted t h a t  center-f-gravity 
posi t ions  rearward of t he  rearmost t e s t  center-of-gravity posi t ion m y  
be obtained with normal loadings of t he  a i rp lans .  

Longitudinal Control 

Longitudinal control  i n  accelerated f l igh t . -  The longi tudinal  st& 
i l i t y  cha rac t e r i s t i c s  i n  accelerated f l i g h t  were investigated by making 
steady t u rns  a t  constant speed and accelera t ion a t  both high and low 
a l t i t u d e  and a t  t he  two center-of-gravity posit ions.  Th3 changes i n  
e levator  control  force  and elevator angle with change i n  accelera t ion a t  
t h e  d i f f e r en t  speech t e s t ed  cure shown i n  f igures  28 t o  32. In f i gu re s  33 
t o  36 the  var ia t ions  of elevator angle with normal-force coef f ic ien t  i n  
t h e  aforementioned turns  a re  p lo t ted .  

In order t o  evaluate t he  stick-fixed and stick-free maneuver points  
a t  the  d i f fe ren t  speeds ( f i g s .  37 t o  40), curves of change i n  e levator  

s t i c k  force  divided by change i n  accelera t ion 5 and var ia t ion  of 
An 
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eievator angle v i t h  normal-force coeff ic ient ,  A# were plot ted as a 
A m 

funstion of the center-of-gravity posit ion.  The neutral  points a r e  the  

center-of-gravity posit ions a t  which the  elopes and a re  zero. 
~ C N  

A t  the  forward center-of-avity posi t ion of 26 percent and low 
a l t i t u d e  the  elevator-control-force incremnt  per un i t  acceleration i n  
l e f t  turns  was 7.5 pounds per g a t  200 miles per hour and 11.0 pounds 
per g a t  350 miles per hour. This value was approximately 1 or 2 pounds 
per g higher i n  r i g h t  turns.  The e f f ec t  of a l t i t ude  was t o  decrease the 
force per g a t  the  lower speeds. However, a t  a Mach number of approxi- 
mately 0.6 the force per g reached a value of 14.2 pounds per g i n  r i g h t  
turns,  indicat ing t h a t  some form of breakdown of flow was taking place. 
(See f ig .  40. ) A p lo t  of the force per g against  Mach number i s  shown i n  
f igure  42 which indicates  the e f f ec t  of increasing speed and Mach number 
on the force per g character is t ics .  Ae the  Mach number increases, the 
force per g increases u n t i l  a t  a Mach number of 0.6 the curve reaches a 
peak and begins t o  f a l l  off as shown i n  the high-altitude t e s t s .  

A t  the  rearward center-of-avity posit ion tes ted,  29 percent of the  
mean aerodynamic chord, t h s  stick-force gradient varied from 2 t o  7 pounds 
per g ( f ig .  30).  A t  200 miles per hour, e l e v a t o ~ f o r c e  reversal  occurred 
i n  both l e f t  and r igh t  turns.  A t  high a l t i tude ,  push forcee were required 
with increasing acceleration a t  200 miles per hour i n  both l e f t  and r i g h t  
tu rns  and i n  l e f t  turns  a t  250 miles per hour. A t  the higher speeds a t  
high a l t i tude ,  the  curves of force against  acceleration show t h a t  p u l l  
forces  were required but t h a t  these forces were dangerously low. 

In f igure  41 the data a t  200 miles per hour a r e  plot ted a s  a graph 
showi% the centez-of-gravity range and a l t i t u d e  a t  which desirable s t i ck  
forces, according t o  the  requirements of reference 2, can be obtained. 
The cen te r -o fwav i ty  range f o r  desirable s t i ck  forces shown i n  f igure  41 
i s  only approximate because the  etick-force  ariat ti on wlth acceleration 
a t  200 miles per hour w a s  nonlinear. The t e s t s  a t  200 miles per hour 
were used because t h i s  condition was the most c r i t i c a l  one tes ted,  indi- 
cat ing the smallest center-of-gravity range fo r  desirable s t i ck  forces. 
A l l  of the  data mentioned above i n  regard t o  steady turns  i n  accelerated 
f l i g h t  a r e  designated e i ther  l e f t  or r i g h t  becauss of the  difference i n  
a i rplane character is t ic8 i n  l e f t  and r i g h t  turns. 

From the above discussion, it can be seen t h a t  the  a i rplane did not 
completely s a t i s f y  the requiremsnte of reference 2. The values of force  
per g a t  the  forward center-of-gravity poeition were a s  a whole within 
the required l i m i t s  of 3 t o  8 pounds per g. A t  the  rearward center-of- 
gravi ty  posit ion,  the force reversa l s  experienced a t  low speeds, especial ly  
a t  high a l t i tude ,  a r e  unsatisfactory.  

The most forward stick-fixed maneuver point was found t o  be 29.7 per- 
cent mean aerodynamic chord a t  300 miles per hour a t  high a l t i t ude ,  an4 
most forward stick--free maneuver point a t  27.4 percent mean aerodynamic 
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chord a t  200 miles per hour a t  high a l t i t ude .  In a l l  the  data  obtained, 
the  airplane,  i n  general, had higher s t i c k  force  per g cha rac t e r i s t i c s  i n  
r i g h t  turns.  Pa r t  of t h l s  differen,-.,e was probably due t o  t he  gyroscopic 
moment of t he  propeller ,  but  t he  r e s a l t s  a r e  not consistent  an3 t h s  gyro- 
scopic moment does not  account f o r  t he  e n t l r e  difference.  

Lowitudinal  control  i n  landing.- The elevator def lect ion used i n  
landing i s  shown as a function of speed i n  f igure  43. These data show 
the  elevator def lect ion t o  be adequate a t  a l l  the  speeds t es ted  and a t  - 
both center-of-avity posi t ions .  The elevator angles shown were not 
necessar i ly  the  minimum elevator angles required t o  land. Ths elevator 
force  required dur inglan3ing d i d n o t  exceed t h e  35-pound limit o f t h e  , 

requ i remnts  of reference 2. (See time h i s t o r i e s  of stall approaches i n  
t he  approach and landing conditions i n  f i g s .  53 and 55.)  The p i l o t  di8- 
l i ked  t he  cha rac t e r i s t i c s  of t h e  a i rplane i n  landing with power off  
because of t he  very high r a t e  of descent, approximately 50 f e e t  per 
second. (Thie value was obtained f r o m t h e  p i l o t ' s  readings of t he  instru- 
ments i n  t he  cockpitJ The appl icat ion of a small amount of power corrected 
t h i s  undesirable charac te r i s t i c  but  brought about another. As pointed out 
i n  t he  preceding discussion on s t a t i c  longi tudinal  s t a b i l i t y ,  the  a i rplane 
w a s  unstable i n  t he  approach condit ion a t  t h e  lower normal-force coeffi- 
c i en t s  t e s t ed  and the  p i l o t  d i s l iked  t h i e  i n s t a b i l i t y  i n  landing t he  a i r -  
plane. After t he  a i rplane reached the  ground, t he  p i l o t  considered the  
a i rplane t o  be easy t o  handle. 

Tests  were made t o  determine the  change i n  t r i m  caused by t h e  lowering 
of t h e  landing f laps .  The t e s t s  were made with t he  controls  held f ixed 
and repeated with the  controls  used t o  cor rec t  t he  ensu iw motion. Typical 
time h i s t o r i e s  a r e  shown i n  f igures  44 and 45. The r e s u l t s  showed t h a t  
t he  two f l a p s  did  not lower a t  t h e  same r a t e ,  t he  l e f t  leading t he  r i gh t ,  
r e su l t i ng  i n  a s l i g h t  r o l l i n g  tendency which had t o  be corrected by use of 
s m a l l  def lect ions  of the  a i l e rons  and rudder. 

Lowi tud ina l  control  i n  take-gff .-  With the  center-of-gravity i n  the  
most rearward posi t ion tes ted,  it w a s  possible t o  hold t he  t a i l  of t he  
a i rplane off  the  ground a t  any a t t i t u d e  up t o  th rue t  ax i s  l e v e l  by use 
of the  e levator  a t  approximately 80 miles per  hour.  his epeed w a s  
obtained from the  p i l o t q e  readings of the  instruments i n  t he  cockpit.) 
The p i l o t  considered the  a i rplane s a t i s f ac to ry  under a l l  conditions during 
t a k m f  f . 

Longitudinal trimmiw control.- It was possible t o  t r i m  the  a i rplane 
t o  zero elevator force by use of the  elevator t r i m  tab i n  a l l  conditions 
and a t  a l l  t he  speeds between t he  s t a l l  and the  maximum speed tes ted .  
This s a t i s f i e s  t he  requirement of reference 2. This f a c t  w a s  obtained 
from the  p i l o t q s  observations. 

Trim changes due t o  f l aps  and power.- The t r i m  changes due t o  f l a p s  
and power a r e  shown i n  t ab l e s  I1 and 111. The t e s t s  were made accord iw - 
t o  the  spec i f ica t ions  of the  requirements i n  reference 2. The elevator 
force  required t o  t r i m  the  a i rplane due t o  f l a p s  or power change was 
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usual ly  s m a l l ,  0 t o  5 pounds, and wel l  below the  limits s e t  by t h e  
requirements. The change i n  rudder force  required when t he  power w a s  
changed w a s  l a rge  as w a s  discussed i n  reference 1. 

Dive-Recovery-Flap Invest igat ion 

The dive--recovery f l a p s  of t he  P--47%-30 were t e s t ed  a t  both center- 
of-gravity posi t ions  a t  high and low a l t i t ude .  The a i rplane w a s  trimmed 
fo r  zero control  forces  a t  t he  various speeds tes ted,  and with t h e  con- 
t r o l s  f r e e  t he  dive f l a p s  were deflected.  The var ia t ion  of the  change i n  
normal accelera t ion with speed and Mach number is  p lo t ted  i n  f igure  46 t o  
show the  dive-flap effectiveness.  

The data  obtained a r e  i n  f a i r  accordance with those predicted from 
wind-tunnel t e s t s  i n  reference 3. Peaks i n  effectiveness were reached a t  
approximately 3g a t  the  forward c e n t e r - o f ~ a v i t y  posi t ion at  high alti- 
tude and a t  approximately 3.5g at high a l t i t u d e  a t  t he  rearward center- 
o f -pav i ty  posi t ion.  However, a t  low a l t i t u d e  a t  both t h e  rearward and 
forward center-of-gravity posi t ions ,  a peak i n  effect iveness  w a s  not 
reached. Accelerations as high as 4.6g at a Mach number of 0.665 were 
obtained, but  t he r e  was no evidence of a change i n  slope a t  t h i s  point. 

The dive f l a p s  were considered e f f ec t i ve  a t  all speeds and a l t i t u d e s  
t e s t ed  and t he  dive recovery w a s  considered sa t i s fac tory .  

The s t a l l i n g  cha rac t e r i s t i c s  of t he  a i rplane were investigated i n  
a l l  the  various configurations by making stall  approaches, s t a r t i n g  a few 
miles an  hour above t he  s tal l  up t o  and i n t o  the  s t a l l  region. These 
s t a l l s  were performed i n  two ways: f i r s t ,  by using a l l  t he  controls  t o  
overcome the  motions of t he  a i rp lane  brought about by t he  s t a l l  and, 
secondly, by holding a l l  but  t h e  elevator control  f ixed and allowing t he  
a i rplane t o  r o l l  o f f .  Time h i s t o r i e s  of t yp i ca l  s t a l l s  performed by 
both of these  methods a r e  shown i n  f igures  47 t o  59. The s t a l l i n g  char- 
a c t e r i s t i c s  may be summarized a s  follows: 

( a )  In the  powercon clean condition ( f i g s .  47, 48, and 51) s t a l l  
warning w a s  afforded by mild buffeting about 4 miles per hour above the  
s t a l l .  A s  t h e  s tal l  was reached, an i n i t i a l  tendency t o  r o l l  t o  t he  
r i g h t  was experienced followed by a r o l l  t o  the  l e f t .  This r o l l i n g  
tendency could be controlled by normal use of the  controls  but  with a 
l i t t l e  d i f f i cu l t y .  During the  ac tua l  s t a l l  a strong buffe t ing occurred. 
The s tal l  warning and cha rac t e r i s t i c s  durlng the  s tal l  were considered 
sa t i s fac tory .  

( b )  In t he  g l i de  condition ( f i g s .  49 t o  51) ample warning of the  
s ta l l  was provided i n  t h e  form of buffe t ing about 5 miles per hour above 
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the  s t a l l .  A t  t h e  s t a l l  the re  was a mild r o l l  t o  t he  l e f t  which could be 
ea s i l y  controlled by normal use of the  controls.  The s t a l l i n g  character- 
i s t i c s  i n  t h i s  condition were considered very sa t i s fac tory .  

( c )  I n  the  approach condition ( f i g s .  52 and 53) the  s tal l  w a s  preceded 
by mild buffe t ing about 3 miles per hour above the  stall .  The a i l e ron  
and rudder forces  required t o  hold t he  a i rplane l eve l  were s l i g h t l y  high 
and i r regu la r ,  and maximum rudder def lect ion w a s  reached before t he  stall .  
Although there  w a s  a buf fe t  warning, t h e  s t a l l i n g  cha rac t e r i s t i c s  were 
considered unsatisfactory.  I n  runs i n  which the  a i rplane was pulled 
fu r ther  i n t o  the  stall than those shown i n  t h e  time h i s to r i e s ,  there  was 
a rapid  r o l l  which could not be controlled by e i t he r  the  a i l e rons  or  
rudder, or  both. 

( d )  I n  the  landing condition ( f i g s .  54 and 55) no buffe t ing preceded 
t he  s t a l l ,  bu t  t h e  pos i t ive  s t a b i l i t y  i n  t h i s  condition affords  ample 
s t a l l  warning because of s t i c k  force  and posit ion.  A t  t he  s t a l l  the  
a i rplane ro l l ed  generally t o  t he  l e f t  but  occasionally t o  t he  r i gh t .  The 
r o l l  could be ea s i l y  controlled by normal use of t he  controls.  The 
s t a l l i n g  cha rac t e r i s t i c s  i n  t h i s  condition were considered sa t i s fac tory .  

( e )  In the  wave-off condition ( f i g s .  56 and 57) the  a i rplane was 
not ca r r ied  t o  t he  complete s t a l l  because of t he  i n s t a b i l i t y  i n  t h i s  con- 
d i t i on .  Rudder control  w a s  l o s t  before the  s t a l l  and almost complete 
a i l e ron  def lect ion had t o  be used. The nose-high a t t i t u d e  of the  a i r -  
plane was a l so  uncomfortable t o  t he  p i l o t .  Mild buffe t ing preceded the  
s tal l  and there  appeared t o  be a tendency t o  r o l l  r i gh t .  The s t a l l i n g  
cha rac t e r i s t i c s  were considered unsat is factory because t he  a i rplane was 
unstable i n  t h i s  condition. 

( f )  The stall  i n  accelera ted f l i g h t  (power-on clean) ( f i g s .  58 and 59) 
was preceded by buffe t ing.  A t  t he  s t a l l  mild l a t e r a l  i n s t a b i l i t y  exis ted 
which could be ea s i l y  control led with t he  a i lerons .  The s t a l l i n g  charac- 
t e r i s t i c s  f o r  t h i s  condition were considered very sa t i s fac tory .  

CONCLUSIONS 

1. Abruptly def lect ing and re leas ing t he  elevator produced no oscil-  
l a t i o n  of t he  elevator,  bu t  t he  a i rplane i t s e l f  diverged i n  the  low- 
speed, power-on clean condition, sometimes violent ly .  

2. The a i rplane did not s a t i s f y  t he  Army handling-quali t ies require-  
ments f o r  stick-free s t a b i l i t y  a t  e i t he r  center-of-gravity posi t ion f o r  
any power-on condition with f l a p s  and landing gear up or down. With t he  
center  of g rav i ty  a t  26 percent mean aerodynEtmic chord t he  a i rplane had 
s a t i s f ac to ry  stick-fixed s t a b i l i t y  except i n  t he  wav-ff condition. A t  
a center-of-ravity posi t ion of approximately 29 percent, however, the  
a i rplane was unstable s t i c k  f ixed fo r  any power4n condition with f l a p s  
and landing gear up or down. 
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3. A t  the  forward center-of-gravity posi t ion of 26 percent mean aero- 
dynamic chord, t he  increment of elevator control  force  per un i t  accelera- 
t i o n  was within t he  required limits of reference 1 except a t  350 miles 
per hour a t  low a l t i t ude .  A t  t he  r e w a r d  center-of-gravity pos i t ion  of 
approximately 29 percent mean aerodynamic chord and a t  low a l t i t ude ,  t h e  
force  per g w a s  l o w  and force  reversa l  occurred a t  t he  low speeds. A t  
high a l t i t u d e  force  reversa l  occurred at speeds below 250 miles per hour 
and t he  fo rce  per g above these  speeds w a s  dangerously low. Over the  
q e e d  range and a l t i t u d e s  t e s t ed  the  force  per g w a s  higher i n  r i g h t  t u rn s  
than i n  l e f t  turns .  The m e t  forward stick-free maneuver point  w a s  a t  
27.4 percent mean aerodynamic chord. 

4. The elevator control  f o r  landing met t he  requirements of refer-  
ence 1, but,  because of t he  longitudinal '  i n s t a b i l i t y  i n  t h i s  condition, 
with the  s m a l l  amount of power applied t he  p i l o t  d i s l iked  the  landing 
approach. On t h e  ground during take-off and landing t he  a i rplane had 
s a t i s f ac to ry  handling qua l i t i e s .  

5 .  The power of the  elevator trimming t ab  w a s  su f f i c i en t  t o  t r i m  
t h e  control  forces  t o  zero throughout t he  speed range a t  both t h e  center- 
of-gravity posi t ions  t es ted .  

6. The elevator-tri-force changes due t o  power and f l a p s  were small 
and very sa t i s fac tory .  

7. The performance of t he  dive-recovery f l a p s  was s a t i s f ac to ry  
throughout t he  speed range and a l t i t u d e s  t es ted .  

8. The s t a l l i n g  cha rac t e r i s t i c s  of the  Pic-30 airplane were con- 
sidered s a t i s f ac to ry  except i n  t he  approach and w a v m f f  conditions. In 
a l l  cases there  was  su f f i c i en t  stall warning eeveral  miles per hour above 
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the stall in the form of mild buffeting, increased stick forces, or by 
rearward movement of the stick. 
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PERTINENT DlMENSIONS OF THE -7D-30 AlRPLANE 

. . . . . . . . . . . . . . . . . . .  Engine P r a t t  & Whitney R-2800--59 

. . . . . . . . . . . . .  Propeller  (four blades) Curt iss  Dwg. NO. SPA-? 

. . . . . . . . . . . . . . . . . . . . . .  Total  wing area,  sq f t  300 

. . . . . . . . . . . . . . . . . . . . .  Total  a i l e ron  area, sq ft 25.7 

. . . . . . . . . . . .  Aileron t r i m  t ab  a rea  ( l e f t  a i l e ron ) ,  sq ft 0.89 

. . . . . . . . . . . . . . . . . . . . . .  Stab i l i z e r  area,  s q f t  33.0 

. . . . . . . . . . . . . . . . . . . . . . .  Elevator area,  sq f t  22.0 

. . . . . . . . . . . . . . . . . . .  Elevator t r i m  tab  area,  sq f t  0.94 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Fin area,  sq f t  13.3 

. . . . . . . . . . . . . . . . . . . . . . . .  Rudder area, eq f t  11.9 

. . . . . . . . . . . . . . . . . . . .  Rudder t r i m  t ab  area,  sq f t  0.87 
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TRIM CHANGES ~-4'73-30 

of gravity, 0.263 M.A.C.; gear re t racted I 
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FIGURE I3CI;ENDG 

Figure 1. - Three -view layout of the P -4p-30 airplane. 

Figure 2 . - Three -quarter f ront  view of P -47D-30 t e s t  airplane. 

Figure 3. - Side view of P-47D-30 t e s t  airplane. 

Figure 4. - Three -quarter r ea r  view of P-47D-30 t e s t  airplane. 

Figure 5.- Photographs of ba l l a s t  ins ta l led  on P-47D-30 t e s t  airplane. 
( a )  Front view of engine showing lead ba l l a s t  r ing mounted on gear 

box 
( b )  Details of lead r ing mounted on reductio-i gear housing. 

Figure 6.  - Variation of aileron and elevator deflection with s t i ck  
posit ion. P - ~ T D - ~ o  airplane . 

Figure 7.-  Aileron and elevator s t i c k  force due t o  f r i c t i o n  as  measured 
on the ground with no load on the ailerons or  elevator.  P -4p-30 a i r -  
plane. ' 

Figure 8. - Variation of rudder angle with rudder-pedal posit ion as  measured 
on the ground with no rudder load. 

Figure 9.-  Rudder pedal forces due t o  frictio-1 i n  the rudder control 
system as  measured on the ground with no rudder load. Free-air  
temperature 70' F.  

Figure 10.- Time h i s to r i e s  of short-period osci l la t ions induced by a rapid 
deflection and release of the elevator; power -on clean condition; 
c .g. a t  29 .O percent M.A .C .; g r .  w t  . 12,260 pounds. 

Figure 11. - Time h is tor ies  of short-period osci l la t ions induced by a rapid 
deflection and release of the elevator; power-on clean condition; 
c .g. a t  29.0 percent M.A .C .; gr .  w t  . 13,310 pounds. 

Figure 12 . - Longitudinal s t a b i l i t y  character is t ics  of the P -47D-30 airplane 
i n  the power-on clean condition, approximately 5OOO f e e t  a l t i tude .  

Figure 13.-  Longitudinal s t a b i l i t y  character is t ics  of the P-47D-30 airplane 
i n  the power-on clean condition a t  approximately 25,000 f e e t  a l t i tude .  

Figure 14.- Longitudinal s t a b i l i t y  character is t ics  of the P-47D-30 airplane 
i n  the dive condition a t  approximately 5000 f e e t  a l t i t ude .  

F i  @re 15. - Longitudinal s t a b i l i t y  character is t ics  of the P -47D-30 airplane 
i n  the dive condition a t  approximately 25,000 f e e t  a l t i tude .  

Figure 16. - Longitudinal s t a b i l i t y  character is t ics  of the P -47D-30 airplane 
i n  the glide condition a t  approximately 7000 fee t  a l t i t ude .  
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FIGURE LEGENDS - Continued 

F i  gum 17 . - Longitudinal s t a b i l i t y  character is t ics  of the P -47D-30 airplane 
i n  the glide condition a t  approximately 22,000 f e e t  a l t i t ude .  

Figure 18.- Longitudinal s t a b i l i t y  character is t ics  of the P-47D-30 airplane 
i n  the approach condition a t  approximately 5000 f e e t .  

Figure 19. - Longitudinal s t a b i l i t y  character is t ics  of the P-47D-30 sirplane 
i n  the landing condition a t  approximately 5000 f e e t  a l t i t ude .  

Figure 20.- Longitudinal s t a b i l i t y  character is t ics  of the P-47D-30 airplane 
i n  the wave-off condition a t  approximately 5000 fee t  a l t i t ude .  

Figure 21. - Variation of elevator deflection and elevator force divided 
by q, with airplane normal-force coefficient i n  the power-an clean 
and glide condition a t  two center-of-gravity positions and l o w  a l t i tude ,  
P - 4 7 ~  -30 airplane . 

Figure 22.- Variation of elevator deflection and elevator force divided 
by qc with airplane normal-force coefficient i n  the power-an clean 

and glide condition a t  two center-of -gravity positions and high a l t l -  
tude , P -47D -30 airplane . 

Figure 23. - Variation of elevator deflection and elevator force divided 
by q, with airplane normal-force coefficient i n  the approach and wave- 
off condition a t  two center-of -gravity posit ions,  P - 4 ~ - 3 0  airplane . 

Figure 24.- Variation of elevator deflection and elevator force divided 

by q, with airplane normal -f orce coefficient i n  the landing condition 
at two center-of -gravity posit ions,  ~ - 4 7 ~ - 3 0  airplane. 

Figure 25. - Determination of neutral  points f o r  the various conditions 
a t  l o w  a l t i tude ,  P -47D -30 airplane . 

Figure 26.- Determination of neutral  points f o r  the power-on clean and 
glide condition a t  high a l t i t ude ,  P-47D-30 airplane. 

Figure 27. - Variation of neutral  points with airplane normal -force coeff i  - 
cient  and approximate indicated airspeed f o r  a l l  conditions a t  l o w  
a l t i tude  and f o r  the power-on clean and glide conditions a t  high 
a l t i tude ,  P -47D-30 airplane . 

( a )  Stick-free neutral  points.  
( b )  Stick-fixed neutral  points.  

Figure 28. - Turning character is t ics  of the P-47D-30 airplane i n  the 
power-on clean condition a t  low a l t i t ude .  Forward center-of-gravity 
posit ion. 
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FIGURE LEGEN33 - Continued 

Figure 29. - Turning character is t ics  of the P-47D-30 airplane i n  the 
power-on clean condition a t  high a l t i t ude .  Forward center-of -gravity 
posit ion. 

Figure 30. - Turning character is t ics  of the P -47D-30 airplane i n  the 
power-on clean condition a t  low a l t i tude .  Rearward center-of -gravity 
posit ion. 

Figure 31.- Turning character is t ics  f o  the P-479-30 airplane i n  the 
power-on clean condition a t  high a l t i t ude .  Rearward center-of -gravity 
posit ion. 

Figure 32 .- Turning character is t ics  of the P-479-30 airplane i n  the landing 
condition: landing f laps  and gear down, canopy closed, power f o r  
leve l  f l i g h t  a t  170 miles per  hour. 

Figure 33 . - Variation of elevator angle with airplane normal -f orce coeff i - 
c ient  i n  turning f l i g h t ,  power-on clean condition a t  l o w  a l t i t ude  and 
a t  the forward center-of -gravity posit ion, P - 4 7 ~  -30 airplane . 

Figure 34.- Variation of elevator angle with airplane normal-force coef f i -  
c ien t  i n  turning f l i g h t ,  power-on clean condition a t  high a l t i tude  and 
a t  the forward center-of -gravity posit ion, P -47D -30 airplane . 

Figure 35. - Variation of elevator angle with airplane normal -f orce coeff i - 
cient  i n  turning f l i g h t ,  parer-on clean condition a t  low a l t i t ude  and 
a t  the rearward center-of -gravity posit ion, P -47~-30 airplane. 

Figure 36.- Variation of s levator  angle with airplane normal-force coef f i -  
c ient  i n  turning f l i g h t ,  power-on clean condition a t  high a l t i tude  and 
a t  the rearward center-of -gravi t y  posit ion, P-47D-30 airplane. 

Figure 37.- Determination of the stick-fixed maneuver points a t  low a l t i t ude ,  
P -47D -30 airplane . 

Figure 38.- Determination of the stick-fixed maneuver points a t  high a l t i -  
tude, P -47D -30 airplane . 

Figure 39.- Determination of the s t ick-free maneuver points a t  l o w  a l t i -  
tude, P -47D -30 airplane. 

Figure 40. - Determination of the stick-free maneuver points a t  high alti - 
tude , 9 -47D -30 airplane . 

Figure 41. - Variation with a l t i t ude  of the center -of -gravity range f o r  
desirable s t i ck  force per g i n  l e f t  and r ight  turns at 200 miles per 
hour. P -471)-30 airplane . 
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FIGURE L;EGENIX3 - Continued 

Figure 42. - Variation ~f force per  g with Mach number a t  low and high 
a l t i tude  a t  the forward center-of -gravity posit ion. ~ - 4 7 ~ - 3 0  a i r -  
plane. 

Figure 43. - Variation of elevator angle required t o  land with airspeed, 
P -47D-30 airplane . 

Figure 44.- Time his tory showing resu l t s  of deflecting landing f laps and 
holding controls f ixed ; c .g . a t  29.1 percent M .A .C . ; gr . w t  . 
13,280 pounds; 5000 f e e t  a l t i tude .  

Figure 45.- Time his tory showing re su l t  of deflecting landing f laps and 
holding wings leve l  by use of controls; c .g. a t  29 -1 percent M .A .C . ; 
gr. wt . 13,280 pounds; 5000 f e e t  a l t i tude .  

Figure 46.- Variation of the change i n  normal acceleration with Mach 
number and airspeed as the dive-recovery f laps  were deflected. 
P-47~-30 airplane. (Two s e t s  of points f o r  same condition indicate 
data  from two f l igh t s . )  

Figure 47. - Time his tory of a s t a l l  approach i n  the power-on clean condi - 
t i on  using elevator alone. P i l o t  attempted t o  hold other controls 
fixed; c.g. a t  26.4 percent M.A.C.; gr.wt. 12,660 pounds; 5000 f e e t  
a l t i t ude .  

Figure 48. - Time his tory of a s tal l  approwh i n  the power-on clean condl - 
t ion .  A l l  controls used t o  hold wings leve l  a f t e r  i n i t i a l  s t a l l ;  
c .g. a t  26.4 percent M.A .C . ; g r .  w t  . 12,570 pounds, 5000 fee t  a l t i t ude .  

Figure 49.- Time his tory of a s t a l l  approach i n  the glide condition using 
elevator alone. P i lo t  attempted t o  hold other controls fixed; 
c .g. a t  26.3 percent M .A .C . ; gr .  w t  . 12,400 pounds, 5000 fee t  a l t i tude .  

Figure 50.- Time his tory of a s tal l  approaqh i n  the glide condition. A l l  
controls used t o  hold wings leve l  a f t e r  i n i t i a l  s t a l l ;  c .g . a t  26.3 per- 
cent M .A .C . ; g r  . w t  . 12,400 pounds; 5000 fee t  a l t i t ude .  

Figure 51. - Time h i s to r i e s  of s t a l l  approaches, using a l l  controls ' t o  hold 
wings leve l  a f t e r  i n i t i a l  s t a l l .  

( a )  Glide condition a t  24,000 fee t  average a l t i t ude .  Center of 
gravity 0.264 M.A.C . a t  12,770 pounds gross weight. 

( b )  power-on clean condition a t  26,500 fee t  average a l t i t ude .  Center 
of gravity 0.264 M .A .C . a t  12,570 pounds gross weight. 

w e  52 . - Time his tory of a stal l  approach i n  the approach condition using 
elevator alone. P i lo t  attempted t o  hold other controls fixed a f t e r  
i n i t i a l  s t a l l ;  c.g. a t  28.9 percent M.A.C.; gr. wt .  12,m pounds; 
1900 f e ~ t  a l t i tude .  
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FIGURF: IX- - Concluded 

Figwe 53. - Time history of a s t a l l  approach i n  the approach condition. 
All  controls used t o  hold wings leve l  a f t e r  i n i t i a l  s t a l l ;  c .g. a t  
28.9 percent M.A .C .; gr .  w t  . 12,860 pounds; 5000 f e e t  a l t i t ude .  

Figure 54.- Time history of a s t a l l  approach i n  the landing condition 
using elevator alone. P i lo t  attempted t o  hold other controls fixed 
a f t e r  i n i t i a l  s t a l l ;  c .g . a t  29 -0 percent M.A.C . ; gr . w t  . 13,170 pounds, 
5000 fee t  a l t i tude .  

Figure 55.- Time his tory of a s t a l l  approach i n  the landing condition. 
All  controls used t o  hold wings leve l  a f t e r  i n i t i a l  s t a l l  j c .g . a t  
29.0 percent M.A .C .; gr .  w t  . 13,170 pounds; 5000 f e e t  a l t i t ude .  

Figure 56.- Time his tory of a s tal l  approach i n  the wave-off condition 
using elevator alone. P i lo t  attempted t o  hold other controls fixed. 
Complete s t a l l  was not reached because oP insuff icient  rudder control; 
c .g. a t  28.8 percent M.A.C .; gr. w t  . 13,210 pounds, 5000 f e e t  a l t i t ude .  

Figure 57. - Time his tory of a s t a l l  approach i n  the wave-off condition. 
A l l  controls used t o  hold wings leve l  a f t e r  i n i t i a l  s t a l l .  Complete 
s t a l l  was not reached because of insuff ic ient  rudder control, c .g. a t  
28.8 percent M .A .C .; gr. w t  . 13,219 pounds, 5000 fee t  a l t i tude .  

Figure 58.- Time his tory of a s tal l  approach i n  a low-speed l e f t  turn 
using elevator alone. P i l o t  attempts t o  hold other controls fixed; 
c.g. a t  26.3 percent M.A.C .; g r .  w t .  12,690 pounds; 3000 f e e t  a l t i t ude .  

Figure 59.- Time his tory of a s t a l l  approach i n  a wind-up l e f t  turn i n  
the landing condition using elevator alone t o  produce s t a l l .  P i lo t  
attempted t o  hold other controls fixed; c .g. a t  26.4 percent M .A .C .; 
g r  . w t  . 12,680 pounds, 5000 fee t  a l t i tude  . . 
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Figure 1. - Three-view layout of the P -4 7D-30 airplane. 
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(a) Front view of engine showing lead ballast ring mounted on gear box. 

Figure 5. - Photographs of ballast installed on P -4 7D-30 test airplane. -- '-- - 
- NAC,A 
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Figure 6.- Variation of aileron and elevator deflection with stick position. 
P -4 7D -30 airplane. 



Figure  7.- A i l e ron  and e l e v a t o r  s t i c k  f o r c e  due  t o  f r i c t i o n  a s  measured 
on t h e  ground wi th  no load  on t h e  a i l e r o n s  o r  e l eva to r .  p-kP-30 a i  rp l ane .  
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Figure 10.- Time histories of short-period'oscillations induced by a 
rapid deflection and release of the elevator; power-on clean con- 
dition; c.g. at 29.0 percent M.A.C.; gr. wt. 12,260 pounds. 
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Figure 11. - Time histories of short-period oscillations induced by a 
rapid deflection and release of the elevator; power -on clean con- 
dition; c,g. a t  29.0 percent M.A.C.; gr. wt. 13,310 pounds. 
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Figure 12. - Longitudinal stability characteristics of the P -4 7D-30 
airplane in the power-on clean condition, approximately 5000 feet 
altitude. 
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Figure 13. - Longitudinal stability characteristics of the P -4 7D-30 
airplane in the power-on clean condition a t  approximately 25,000 feet 
altitude. 
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Figure 14. - Longitudinal stability characteristics of the P -4 7D -3 0 a i r  - 
plane in the dive condition at approximately 5000 feet altitude. 
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Figure 15.- Longitudinal stability characteristics of the P-47D-30 air-  
plane in the dive condition at approximately 25,000 feet altitude. 



NACA RM No. L8A06 

Figure 16. - Longitudinal stability characteristics of the P -4 7D -30 air - 
plane in the glide condition a t  approximately 7000 feet altitude. 
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Figure 17. - Longitudinal stability characteristics of the P -4 7D-30 airplane 
in the glide condition a t  approximately 22,000 feet altitude. 



Figure 18. - Longitudinal stability characteristics of the P-4 7D-30 air-  - 

plane in the approach condition at approximately 5000 feet. 
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Figure 19. - Longitudinal stability characteristics of the P -4 7D-30 air-  
plane in the landing condition at approximately 5000 feet altitude. 
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Figure 20. - Longitudinal stability characteristics of the P -4 7D-30 air  - 
plane in the wave-off condition at  approximately 5000 feet altitude. 
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Figure 24, - Variation of elevator deflection and elevator force divided 
by qc with airplane normal-force coefficient in the landing con- 

dition at two center -of -gravity positions, P -4 7D-30 airplane. 
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Figure 26.- Determination of neutral points for the power-on clean and 
glide condition at high altitude, P -4 7D -3 0 airplane. 
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Figure 28. - Turning characteristics of the P-47D-30 airplane in the 
power-on clean condition a t  low altitude. Forward center-of-gravity 
position. 
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Figure 29. - Turning characteristics of the P -47D-30 airplane in the 
power-on clean condition at high altitude. Forward center -of -gravity 
position. 
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Figure 30. - Turning characteristics of the P-47D-30 airplane in the 
power -on clean condition a t  low altitude. Rearward center -of -gravity 
position. 
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Figure 31. - Turning characteristics of the P -4 7D-30 airplane in the 
power -on clean condition at high altitude. Rearward center -of - 
gravity position. 
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Figure 33. - Variation of elevator angle with airplane normal-force 
coefficient in turning flight, power-on clean condition a t  low - 
altitude and at the forward center -of -gravity position, 
P-47D-30 airplane. 
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Figure 34. - Variation of elevator angle with airplane normal-force 
coefficient in turning flight, power-on clean condition at  high 
altitude and at the forward center-of -gravity position, P-47D-30 
airplane. 
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Figure 35. - Variation of elevator angle with airplane normal-force 
coefficient in turning flight, power-on clean condition a t  low 
altitude and at  the rearward center -of -gravity position, 
P -4 7D-30 airplane. 
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Figure 36. - Variation of elevator angle with airplane normal-force 
coefficient in turning flight, power-on clean condition at  high 
altitude and at  the rearward center-of-gravity position, 
P -4 7 D  - 3 0 airplane. 
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Figure 37. - Determination of the stick-fixed maneuver points at low 
altitude, P -4 7D -30 airplane. 
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Figure 38.- Determination of the stick-fixed maneuver points a t  high 
altitude, P -4 7D -3 0 airplane. 
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Figure 39. - Determination of the stick-free maneuver points at  low 
altitude, P -4 7D-30 airplane. 
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Figure 40.- Determination of the stick-free maneuver points; at high 
altitude, P-4 7D-30 airplane. 
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Figure 4 1. - Variation with altitude of the center -of -gravity range for 
desirable stick force per g in left and right turns at  200 miles per 
hour. P-47D-30 airplane. 



NACA RM No. L8A06 

Figure 42.- Variation of force per g with Mach number a t  low and high 
altitude at the forward center -of -gravity position. P -4 7D-30 air - 
plane. 



N
A

C
A

 R
M
 N

o. 



e 
I... . 
I. 

e 
I... . 
B. . . 
b . 
B . . . 
* 

B... 

D . . . 
0 .  . . . . . . . . * 

NACA RM No. L8A06. 

Figure 44. - Time history showing results of deflecting landing flaps and 
holding controls fixed; c.g. at  29.1 percent M.A.C.; gr. wt. 13,280 pounds; 
5000 feet altitude. 
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Figure 45.- Time history showing result of deflecting landing flaps and 
holding wings level by use of controls; c.g. at  29.1 percent M.A.C.; 
gr. wt. 13,280 pounds; 5000 feet altitude. 
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Figure 46. - Variation of the change in normal acceleration with Mach 
number and airspeed a s  the dive-recovery flaps were deflected. 
P-47D-30 airplane. (Two sets of points for same condition indicate 
data from two flights. ) 
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Figure 4 7. - Time history of a s ta l l  approach in the power -on clean 
condition using elevator alone. Pilot attempted to hold other 
controls fixed; c.g. a t  26.4 percent M.A.C.; gr.  wt. 12,660 pounds; 
5000 feet altitude. 
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Figure 48.- Time history of a stall  approach in the power-on clean 
condition. All controls used to hold wings level after  initial stall;  
c.g. a t  26.4 percent M.A.C.; gr .  wt. 12,570 pounds, 5000 feet 
altitude. 
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Figure 49.- Time history of a stall approach in the glide condition 

using elevator alone. Pilot attempted to hold other controls fixe 
c.g. at  26.3 percent M.A.C.; gr. wt. 12,400 pounds, 5000 feet 
altitude. 
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Figure 50.- Time history of a stall approach in the glide condition. All 
controls used to hold wings level after initial sta,ll; c.g. at  26.3 percent 
M.A.C.; gr. wt 12,400 pounds; 5000 feet altitude. 
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(a) Glide condition at  24,000 feet (b) Power -on clean condition 
average altitude. Center of a t  26,500 feet average 
gravity 0.264 M.A.C. at altitude. Center of 
12,770 pounds gross weight. gravity 0.264 M.A.C. at 

12,570 pounds gross 
weight. 

Figure 51. - Time histories of stall approaches, using all controls to hold 
wings level after initial stall. 
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Figure 52.- Time history of a stall approach in the approach condiuon 
using elevator alone. Pilot attempted to hold other controls fixed 
after initial stall; c.g. a t  28.9 percent M.A.C.; gr. wt. 12,860 pounds; 
5000 feet altitude. 
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Figure 53.- Time history of a stall approach in the approach condition. 
All controls used to hold wings level after initial stall; c.g. at 28.9 
percent M.A.C.; gr. wt. 12,860 pounds; 5000 feet altitude. 
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Figure 54. - Time history of a stall approach in the landing condition using 
elevator alone. Pilot attempted to hold other controls fixed after 
initial stall; c.g. at 29.0 percent M.A.C,; gr. wt. 13,170 pounds,' 
5000 feet altitude. 



Figure 55.- Time history of a stal l  approach in the landing condition. All 
controls used to hold wings level after initial stall; c.g. at 29.0 percent 
M.A.C.; gr. wt. 13,170 pounds; 5000 feet altitude. 
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Figure 56.- Time history of a stall approach in the wave-off condition 
using elevator alone. Pilot attempted to hold other controls fixed. 
Complete stall was not reached because of insufficient rudder 
control; c.g. at 28.8 percent M.A.C., gr. wt. 13,210 pounds, 
5000 feet altitude. 
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Figure 57.- Time history of a stall approach in the wave-off condition. 
All controls used to hold wings level after initial stall. Complete 
stall was not reached because of insufficient rudder control, c.g. at 
28.8 percent M.A.C. gr .  wt. 13,219 pounds, 5000 feet altitude. 
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Figure 58.- Time history of a stall approach in a low-speed left turn 
using elevator alone. Pilot attempts to hold other controls fixed; 
c.g. a t  26.3 percent M.A.C.; gr. wt 12,690 pounds; 5000 feet 
altitude. 
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Figure 59.- Time history of a stall approach in a wind-up left turn 
, in the landing condition using elevator alone to produce stall. 

Pilot attempted to hold other controls fixed; c.g. at  26.4 percent 
M.A.C.; gr. wt. 12,680 pounds, 5000 feet altitude. 




