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su"ARY 
I 

The  dynamic  lateral  stability o f  the  Douglas D-59-11 airplane  was 
measured  (controls  fixed) at calibrated  airspeeds f r o m  167 miles per 
hour  to 474 miles  per  hour. In the  clean  condition  the  damping wa8 
light  and  decreased  with  the  amplitude of the  oscillation;  and  at Low 
amplitudes  the  damping was essentially  zero and hence  resulted in an 
oscillation of small and constant  amplitude. In the  landing  conditiou, 
at  speeds  below 205 miles  per hour, the  damping  was  also  light,  but 
positive.  Above 205 miles  per  hour in the landing condition,  however, 
there  was no measurable  damping of the  lateral  oscillation. 

The  landing  condition  lateral  oscillation is particular-  objection- 
able  to  the  pilot  because  of  the  inherent  lack of dyaamic  stability and 
the  difficulty  the  pilot  experienced fn stopping  the  oscillation. The 
airplane  does  not  meet  the  Bureau  of  Aeronautics'  criterion for  satis- 
factory  damping of the  lateral  oscillation in the flight conditions of 
this  investigation. 

INTRODUCTION 

The  NACA  is  conducting a flight research  program  utilizing the 

Speed  Flight  Research  Station,  Edwar-  Air  Force  Base,  Muroc,  California. 
The D-558-11 airplanes  were  designed f o r  flight  reaearch in the  transonic 
speed  range and were  procured for  the  NACA  by  the  Bureau of Aeronautics 
of the  Navy  Department. The  flight  research  program  conducted  with  the 
BuAero No. 37974 airplme consisted of determfning  the  stability &d I 

control  characteristics and the  aerodynamic  loads  acting on the wing 

. Douglas D-558-11 (Bullem No. 37974) research  airplane at the  NACA  High 
I - 
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and horizontal t a i l  from the   s ta l l ing  speed up t o  a Mach  number of about 
0.90. Presented in this paper are the  resul ts  of an investigation made 
t o  determine the dynamic lateral s t a b i l i t y  characteristics of the air- 
plane.  References 1 t o  5 present results which have been obtained 
during the present  flight  research program on other aerodynamic charac- 
t e r i s t i c s  of the D-558-11 airplane. 

* 

SYMBOLS Am coEFF1cms 

b 

9 

P 

W 

g 

m 

Pb 

iw 
U 

'e 

'* 
'r 

pressure  alt i tude,   feet  

wing area,  square  feet 

mean aerodynamic chord, f ee t  

sideslip  velocity along Y - e x i s ,  feet   per second 

callbratea indicated airspeed, miles  per  hour 

airspeed,  feet  per second 

wing span, f e e t  

dynamic presaure, pounds per square  foot 

air density, slugs per cubic  foot 

weight, p m d s  

acceleration of' gravity,   feet   per second per second 

m S B ,  SlUgS (W/d 

relative-densi-ty  factor baaed on wing span (m/pSb) 

w i n g  incidence,  degrees 

angle of attack,  degrees 

elevator  position,  degrees 

to t a l   a i l e ron  position, degrees 

rudder  position,  degrees - 

+ ,  
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KZ 

51 angle of a t tack of principal  longitudinal axis of airplane, 
positive when principal axis i s  above f l lgh t   pa th   a t   the  
nose ( f ig .  1) , degrees 

E angle between reference m s  and principal axis, positive 
when reference axis i s  above principal axis at the  no8e 
(f ig ,  I) , degrees 

8 angle between reference axis and horizontal axis, positive 
when reference  axis is above horizontal  &e at  the nose 
(f ig .  1) , degrees 

7 angle between flight path and horizontal,  positive in a 
cllmb (f ig .  1) , degrees 

* angle of azimuth, radfans 

B .  angle of s idesl ip  , degrees or  radians ' 

B angle of bank, radian8  (fig. 2) 

"% 

kz, 

KXO 

radius of gyration about principal  longitudinal W e ,  f e e t  
* 

radius of gyration  about  principal  vertical axis, f ee t  
c 

nondimensional radius of gyration  about  principal 

nondimensional'radius of gyration  about  principal 

/ \ 

ver t i ca l  axis 
(%O/b) 

nondimensional radius of gyration about longitudhial 

s t a b i l i t y  axis (\ lKq2Cos % + KzO2sk2q) 

nondbensional  radius of gyration about v e r t i c a l   s t a b i l i t y  

exis, ( J /Kz~coa2q + Kx 0 2sin2q) 

I 

I 
I 

I 
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i nondhensional  product-of-inertia parameter 

airplane  normal-force  coeffictent 

CL 

yawing-moment coefficient (Yawing  moment/qSb) Cn 

rolling-moment coefficient (Rolldng moment/qSb) 

lateral-force  coefficient (Lateral force/qS) 

C ra te  of change of lateral-force  coefficient  with  angle of 

sideslip,  per degree or   per  radian, as specified (&!y/ap) 

ra te  of change  of yawing-moment coefficient  with  angle of 
sideslip,  per  degree  or per radian, as specified (&,/ap) 

r a t e  of change of rolling-moment coefficient  with  angle of 

sideslip,  per  degree  or  per  radian, as specified (&,/as) 
ra te  of change  of lateral-farce  coefficient  with rolling- 

angular-velocity  factor,  per  radian (3) 
ra te  of change of  rolling-moment with rolling- 

angular-velocity  factor, per radian 

ra te  of change of yawing-moment coefficient  with  rolling- 

angular-velocity  factor, per radian 

C '1, ra te  of change of rolling-moment coefficient with yawing- 

angular-velocity  factor,  per  radian - - :  

I 
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% 

a0 
x 

t 

P 

T1/2 

c1/2 

ra te  of change of yawing-moment coefficient  with yawing- 
I %\ 

angular-velocity  factor,  per  radian E,, 
ra te  of  change  of lateral-force  coefficient  with yawing- 

/%, \ 
angular-velocity  factor,  per  radian (3). 

t a i l  length  (distance fmm airplane  center of gravity t o  the 
center of pressure of t h e   v e r t i c a l   t a i l ) ,   f e e t  

height of center of pressure of ve r t i ca l  t a i l  above fuselage 
axis, f e e t  

rolling  angular  velocity, radi.8ns per second 

yawing angular  velocity,  radiam  per second 

t differential   operator (& 
r 

nondlmensional  time  parameter  based on span 

complex root of stabil i ty  equation (c c id) 

time, seconda 

period of oacil lations,  seconds 
I 

time fo r  amplitude of osc i l la t ion  o r  s p i r a l  mode t o  cliange 
by factor  of 2 (poeitive  value  indicates a decrease t o  
half amplitude,' negative  value  indicates an increase t o  
double amplitude) 

cyclee f o r  amplitude of  osci l la t ion or s p i r a l  mode t o  change 
by a factor  of 2, (T1/2/P) 

AIRPLANE 

The Douglae D-558-11 airplanes have meptbackwfng and t a i l  surfacea 
and were designed fo r  combination turbojet  and rocket  parer. The air- 
plane used in the  present  investigation (BuAem No. 37974) does not have 

+ - 



the  rocket  engine  installed.  This  airplane w a s  powered only by a 
J-34-WE-40 turbojet  engine which exhausts  out of the bottom of the  fuse- 
lage between the w i n g  and the   t a i l .  Photographs of the  airplane  are 
shown in  f igures  3 and 4 and a three-view drawing is shown in figure 5. 
Pertinent  airplane dimensions and character is t ics   are   l is ted in table  I. 

Both s l a t s  and fences are incorporated on the wing of the  airplane. 
The  wing slats can  be  locked i n  the  closed  position  or  they can be 
unlocked. When the slats are  unlocked, the slat position is a function 
of the  angle of attack of the  airplane. Also, the slats on the le f t  and 
r ight  wings are  interconnected and therefore, a t  any time, assume the 
seme position. A section view  of the slat and the forward portion of 
the wing  showing the motion of the.slat   with  respect t o  the wing is  
shown in  f igure 6. 

The airplane is equipped with an adjustable   s tabi l izer   but  no m e a n s  
are provided f o r  trimming out  aileron  or  rudder  control  forces. No 
aerodynamic balance  or  control-force  booster system is used on any  of 
the  controls.  Hydraulic dampers are instal led on a l l  control  surfaces 
t o   a i d  in preventing  control-surface  flutter. Dive brakes  are  located 
on the  rear  portion of the  fuselage. 

The var ia t iom of rudder,  elevator, 8nd aileron  position w i t h  con- 
t ro l   pos i t ion   a re   sham  in  figures 7, 8, md  9 and the   f r ic t ion  i n  the 
control systems as measured on the ground under no load is shown i n  
figures 10, 11, and 12. The f r i c t ion  measurements were obtained by 
measuring the  control  position and the  control  force as the  controls 
were deflected slowly. The r a t e  of control  deflection was suff ic ient ly  
low so that  the  control  force  resulting from the  hydraulic dampers i n  
the  control system was negligible. 

INSTRUMEWTATION 

Standard NACA recording  instrwnenta were installed  in  the  airplane 
t o  measure the  following  quantities: 

Airspeed 
Altitude 
Elevator and aileron wheel forces 
Rudder pedal  force 
Normal, longitudinal, and transverse  accelerations 
Rolling,  pitching, and  yawing velocit ies 
Sideslip  angle 
Stabilizer,  elevator,  rudder,  left and right  aileron, and slat  

positions 

.L 

! 
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A free-swiveling  airspeed head was used t o  measure 'both s t a t i c  and 
t o t a l  pressure.  This  airspeed head was mounted on a boom 7 f e e t  forward 
of the nose of the  airplane. L vane which was used t o  measure angle of 
s idesl ip  was mounted  below the 8arae  boom f e e t  forward of the nose of 

2 
the  airplane. (See f ig .  3.) The airspeed system was calibrated by the 
fly-by method a t  indicated  airspeeds  dom t o  225 miles  per hour. The 
s ta t ic -pressure   e r ror   a t   th i s  speed WBE 3.5 percent of  the impact pres- 
sure above the  free-stream  static  pressure. Most of the data presented 
in t h i s  paper are  for  indicated  airspeeds  less  than 225 miles per hour. 
For  these  airspeeds  the  static-pressure  error  vhich waa present a t  
225 miles  per hour has been applied t o  the data. 

I 

The l e f t  and right  aileron  positions were measured on the  control 
linkage  about 1 foot forward of the  ailerons. The s tab i l izer ,  rudder, 
and elevator  positions were measured at   the  control  surfaces.  A l l  con- 
t r o l  positions Cere measured perpendicular t o  the  control  hinge  line. 

The sens i t iv i ty  of the  rudder-control-position  recorder (0.043 inch 
of film  deflection  per  degree of rudder  deflection)  ie such that   the  
minimum  movement tha t  may be detected i s  a  control-position  oscillation 
of about 0.250 total amplitude. f I 

TESTS, RESUE!2S, AND DISCUSSION 

The  dynamic l a t e r a l   s t a b i l i t y  of the Douglas D-558-11 airplane was 
measured in  control-fixed lateral osci l la t ions in both  the  clean and 
the  landing  configuration. The l a t e ra l   o sc i l l a t ions  were fntentionally 
excited by abrupt  rudder  deflections; however, in some caaes,  particu- 
larly.in  the  landing  configuration,  the  oscillations were excited by 
rough a i r .  The l a t e ra l   o sc i l l a t ions  were recorded in the normal-force- 
coefficient range from 0.1 t o  0.66 in the  clean  condition and from 
0.31 t o  0.83 in the landing condition. The alt i tude  varied from 
5,000 f e e t  t o  21,300 fee t .  

I 

I 

A typical  time history of a lateral osc i l la t ion  in the  clean con- 
d i t i o n   a t  H = 20,400 f e e t  and Vc = 248 miles  per hour  induced by the 
pilot   deflecting  the rudder and then  abruptly  returning  the  control t o  
the  Original  position I S  presented i n  figure 13. The period of the 
osci l la t ion is  2.5 seconds and the time t o  damp t o  half amplitude is  
5.2 seconds. The records  indicate  that  the damping of the   l a te ra l  
oscil lation  in  the  clean  condition is low and the  dmping becomes less  
as the amplitude of the   osc i l la t ion   i s  decreased, result ing in a constant 
amplitude osci l la t ion of  about &lo sideslip.  This small osci l la t ion is  

I 

I 
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, 
di f f icu l t   fo r   the   p i lo t   to   s top .  The records  were,turned  off a t  
17 seconds so  i: is  not known if the  osci l la t ion would have damped  com- I 

p le te ly .   Pi lot  s comments and other  data  indicate that in the  clean con- 
dition,  especially a t  high  speeds, a constant,  small-amplitude  oscil- 
lation  (snaking) sometimes occurred. I 

A time history  oFan  oscil lation  in  the  landing  condition a t  
E = 16,400 feet and Vc = 229 miles per hour ( f ig .  14) shows tha t  there 
is no measureable damping i n  this  configuration a t  this  airspeed. The 
oscil lation, once s tar ted,   pers is ts  a t  constant  amplitude  but catl be 
reduced t o  small amplitude by the use of rudder  control. The amplitude 
of th i s   osc i l la t ion  is considerably  greater  than  that of the  residual 
oscillation  obtained in the  clean  condition. The osci l la t ion can be 
s tar ted by  rough air or  any small control  deflection. Dynamic l a t e r a l  
characterist ics such as these would probably be intolerable in a servic+ 
type  aircraft .  In the  velocity range below 205 miles  per hour i n  the 
landing  condition, however, the  airplane becomes la te ra l ly   s tab le  
although the damping is light. 

Figures 15 and 16 show the  diff icul ty  of control l ing  the  la teral  
oscillation  in  the  landing  condition  with  the  rudder. The rudder con- 
t r o l  is effective,  but th,e pi lot   has   diff icul ty   in  applying  the  rudder 
deflection a t  the  exact moment necessary to  stop  the  oscil lation.  This 
i s  shown in figure 15 where the  pilot 's   control movements are  out of 

' phase with  the  oscillation and the  oscillation  continues undamped while 
i n  figure 16 both  rudder and aileron  control  are  applied i n  the proper 
phase relationship and the  oscil lation is damped. Because of this   lack 
of  inherent s t ab i l i t y  and the  diff icul ty  of controll ing  the  oscil lation, 
the  oscil lation in this  airplane  configuration is objectionable  to  the 
p i lo t .  It should  be  pointed  out  that  the  airspeed dur ing  the  oscil la- 
t ion  aham in figure 15 i s  in the  velocity range of no amping 
(237 mph), while the  airspeed  durhg  the  oscil lation in figure 16 is in 
the range of light damping (205 rnph). This may partially account f o r  
the  ease in controlling  the  oscillation shown i n  figure 16. 

The p i lo t ' s   ab i l i ty   to   cont ro l . the   l a te ra l   osc i l la t ion  i n  the 
landFng condition Improves greatly  with  practice and i f  he makes an 
effor t   to   lead the.yawing motion with  rudder  control,  he is  able  to 
damp the  oscillation-quickly,  although continuous control i s  required. 
The p i lo t s  have developed a technique t o  use in landing this   a i rplane 
i n  which the  landing approach i s  made with  the LandFng gear down and the 
s l a t s  unlocked until  the  airplane  has  decelerated  to  the speed  range 
where the  la teral   osci l la t ions  are  damped, a t  which time the  f laps   are  
lowered. This method allows  the  pilot t o  make h i s  approach  without 
having to  concentrate on controlling  the lateral oscil lation. 
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The measured values of period and time t o  damp t o  one-half  amplitude 
tabulated  in  table I1 are  presented  as a function of normal-force  coef- 
f i c i en t  i n  figure 17. Also  shown i n  figure 17 a re  the predicted  values 
calculated by the method presented in the appendix. The predicted  values 
show good agreement with  the measured values of period-mping  character- 
i s t i c s  for the  clean  configuration. In the landing condition, however, 
the  predicted  values do not  agree  with  the measured values  probably 
because of the  diff icul ty  of estimating  the  stabil i ty parameters f o r  the 
h d h g  configuration and the   d i f f icu l ty  of measuring very low values of 
b p i %  in f l igh t .  Also, in both  configurations,  discrepancfes  in  the 
time t o  dR.mp t o  one-half  amplitude may be due to the  point that a con- 
Stant  value of pb was used in the   calcuht ions  for  each configuration, 
whereas the  experimental  values of r ~ ; ~  varied w i t h  a l t i tude  and f u e l  
consumption (reference 6). 

Figure 18 presents  the  f l ight  data  for  the  clean  configuration Corn- 
pared  with  the Bureau of Aeronautics * cr i te r ion  fo r  satisfactow  period- 
damping characterist ics  as given in  reference 7. The airplane does not 
meet the  cri terion f o r  sat isfactory a p i n g  of the lateral osc i l la t ion  
in the flight conditions of this  Fnvestigation. 

c omc LUSIOMS 

The  dynamic l a t e r a l   s t a b i l i t y  of the D-59-11 airplane was measured 
(controls f ixed) at calibrated  airspeeds f r o m  167 t o  474 miles  per hour. 
In the  clean  condition  the damping was l i gh t  and decreased  with  the 
amplitude of  the  oscil lation; and at low amplitudes the damplng w&s 
essent ia l ly  zero and hence resulted in an osc i l la t ion  of  small and con- 
stant amplitude. In  the  landing  condition, at speeds below 205.miles 
per  hour,  the damping was also light, but  positive. Above 205 miles per 
hour i n . t h e  l8+lng condition, however, there was no measurable damping 
of the  la teral   osci l la t ion.  

The landing-condition l a t e ra l   o sc i l l a t ion  is  particularly  objection- - 
able t o  the pilot  became of the  inherent  lack of dynamic s t a b i l i t y  
and the  diff icul ty   the  pi lot  experienced Fn stopping  the  oscillation. 
The airplane does not meet the Bureau bf Aeronautics'  criterion f o r  
satisfactory damping of t he   l a t e ra l   o sc i l l a t ion  in  the  flight  conditione 
of this  investigation. 

Langley Aeronautical Labratom 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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ESTTMATION OF LclTERAL PERIOD ADD DAMPING CHARACTERISTICS 

The nondbensional lateral equations of motion (reference 8), 
referred  to a s t ab i l i t y  axes eystem (f ig .  2) and used f o r  predicting  the 
l a t e r a l  period-damping characterist ics of the D o u g l a s   D - 5 8 8 - 1 1  research 
airplane  with  the  controls  fixed, are: 

For r o l l  

f o r  yaw 

and f o r  s idesl ip  

When $,,e i s  substi tuted  for a, qoe for '  Jr, and poe 
f o r  f3 in  the  equations  written in  determinant farm, X must be a root 
of the s t ab i l i t y  equation: 

' 'b 

Ah. 4 + B X 3 + C k 2 + D h + E = 0  

where 
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d are   the   rea l  and imaginary prt~ of the complex root of t he   a t ab i l i t y  
equations. I 

The s t a b i l i t y  equation w a ~  solved t o  determfne the  period and t h e  L 

t o  damp t o  one-half  amplitude f o r  each  condition. The conditions f o r  
which calculations were made are  presented in table  111. The aerodynamic 
characterist ics of table  I11 ued in computing the roots of t h e   s t a b i l i t y  
equations were obtafned from wind-tunnel t e s t s  where available and those 
not  available were estimated by the  method presented in reference 9. 
The mass character is t ics  were obtained from the Douglas Company. 
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TABLE I 

DIM3JTSIOmS AND CHARACTEZISTICS OF THE 

. 

. 

wing: 
Root a i r fo i l  aection (normal t o  0.30 chord) . . 
T i p  airfoil  aection (normal to 0.30 chord) . . 
Total  area. sq ft . . . . . . . . . . . . . .  
Span. f t  . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. in . . . . . . . . . .  
Root chord (parallel t o  plane of symmetry), in . 
T i p  chord (parallel t o  plane of symmetry). in . 
Taper ratio . . . . . . . . . . . . . . . . .  
Aspect ratio . . . . . . . . . . . . . . . . .  
Sweep a t  0.30  chord.  deg . . . . . . . . . . .  
Incidence a t  fuselage  center  line. deg . . . .  
Dihedral. deg . . . . . . . . . . . . . . . .  
Geometric t w i s t .  deg . . . . . . . . . . . . . .  
Total  aileron  area  (aft of hinge). aq f t  . . .  
Aileron travel (each) . deg . . . . . . . . . .  
Total flap area. aq ft  . . . . . . . . . . . .  
Flap travel. deg . .  ' . . . . . . . . . . . . .  

. . . .  . . . .  . . . .  . . . .  . . . .  . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . * .  

maCA 63-010 
NACA 631412 
. . .  175.0 . . .  25.0 . . .  87.301 . . .  m8.508 . . .  61.180 . . .  0.565 .- . . 3.570 . e . . 35.0 ..... 3.0 
: . rn . -3.0 . . . . .  0' . . . .  9.8 . . . . .  *x5 . . . .  12.58 . . . . .  50 

Horizontal t a i l :  
Root airfoil  section (normal to 0.30 chord) . . . . . .  EACA 63-010 
T i p  airfoil  section (normal t o  0.30 chord) . . . . . .  NACA 63-010 
Area (including  fuselage). sq f t  . . . . . . . . . . . . . . .  39.9 
span. in . . . . . . . . . . . . . . . . . . . . . . . . . . .  143.6 
Mean aerodynamic  chord. in . . . . . . . . . . . . . . . . . . .  41.75 
Root chord (parallel t o  plane of  eymmetry). in . . . . . . . .  53.6 
Tip chord (parallel t o  plane of symmetry). in . . . . . . . . .  26.8 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.50 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . .  3.59 
Sweep a t  0.30-cho1-d line. deg . . . . . . . . . . . . . . . .  40.0 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Elevator  area. aq f t  . . . . . . . . . . . . . . . . . . . . . .  9.4 

UP . . . . . . . . . . . . . . . . . . . . : e . . * . . .  . .  25 
Down . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
k a d b g  edge UP . . . . . . . . . . . . . . . . . . . . . . .  4 
hading cage hl+n . . . . . . . . . . . . . . . . . . . . . .  5 

Elevator  travel. deg . 

Stabilizer  travel. deg - 

t 
t 

! 
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TABIE I 

DlMENSIONS AMD CHARACTERISTICS OF T'HE 

DOUGLAS D-59-11 AIRPLANE - Concluded 

Ver t ica l   t a i l :  
Airfoil   section (normal to 0.30 chord) . . . . . . . . . 
Area, sq f t .  . . . . . . . . . . . . . . . . . . . . . . 
Height from fuselage  center  line, in. . . . . . . . . . 
Root chord (parallel   to  fuselage  center  l ine),  in. . .  
Tip chord (para l le l  t o  fuselage  center  line), in .  . . . 
Sweep angle a t  0.30 chord, deg . . . . . . . . . . . . 
Rudder area ( af't of hinge l ine)  , sq f t  . . . . . . . . 
Rudder travel,  deg . . . . . . . . . . . . . . . . . . 

% 

Fuselage:. 
L e W t h J f t  . . . . . . . . . . . . . . . . . . .  e . .  

Maxbum diameter, In.- . . . . . . . , . . . . . . . . . 
' Fineness  ratio . , . . . . . . . . . . . . . . . . . . 

Speed-retarder  area, sq f t  . . . . . . . . . . . . . . 

NACA 63-010 . . . 36.6 . . . 98.0 . . . 146.0 . . . 44.0 . . . 49.0 . . . 6-15 . . . f 2 5  

. . . 42.0 . . . 60.0 . . . 0.40 . . . 5.25 

Power plant . . . . . . . . . . . . . . . . . . . . . . . . J-34-WE-40 
2 jatos  for  take-off 

Airplane weight ( f u l l  fue l ) ,  lb . . . . . . . . . . . . . . * . 10,645 
Airplane weight (no fuel) ,  lb . . . . .. . . . . . . . . . . . . 9,087 
Airplane  weight ( f u l l   f u e l  and 2 ja tos) ,  lb . . . . . . . . . . 11,060 
Center-of-gravity  locations: 

F u l l   f u e l   ( g e a r   d m ) ,  percent mean aerodynamic chord . , . . 25.3 
Full  fuel  (gear  up),  percent mean aerodynamic chord . . . . . 25.8 
No fuel  (gear d m ) ,  percent mean aerodynamic chord . . , . . 26.8 
No fuel  (gear up), percent mean aerodynamic chord . . . , . 27.5 
Ful l   fue l  and  2 jatos  (gear down), percent 

mean aerodynamic chord . . . . . . . . . . . . . . . . . . 29.2 

I 

I 
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Figure 1.- System of a s  and anguk relationship in f l igh t .  A r m e  
indicate positive a i rec t ion  of angles. 51 0 B - 7 - E. 
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Figure 2.- System of axes and control-surface  deflections.  Poeitive 
values of forces, momenta, and angles are Indicated by arrowa. 



Figure 3.- Front vIev of Douglas D-558-II (BuAero Bo. 37974) reeearch 
airplane. 
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Figure 5.- Three-view drawing of the Douglas D-558-11 (BuAero No. 37974) 
re search airplane. 
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Figure 6.- Section o f  wing slat of Douglas D-558-11 (BuAero No. 37974) 
research  airplane  perpendicular to leading edge of wfng. 
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NACA m ~ 5 1 ~ 2 3  

Figure 7.- Variation of left  and right aileron  posit ions w i t h  control- 
wheel position. No  load on system. 
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Figure 8.- Variation of e levator   posi t ion with control-wheel  position. 
No load crn system. 
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Figure 10.- Aileron-control force  required t o  deflect ailerons on the 
ground under no load. 
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Figure 11.- Elevator-control force required t o  deflect  elevator on the 
ground under no load. 
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Figure 13.- T W -  hietory of a control-fixed  lateral  oscillation of the 
D-558-r1 (BuAero KO. 37974) research  airplane. Flaps up; l and ing  
gear up; alate locked; Vc = 248 miles per hour; H = 20,400 feet ;  
CN* = 0.37. 
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. "" 

Figure 14.- Time history of a control-fixed lateral osci l la t ion of the 
D-558-11 (BuAero No. 37974) research  airplane. Flaps down; landing 
gear down; slats unlocked; Vc = 229 miles per hour'; H = 16,400 feet;  
CN* = 0.40. 
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FFgure 15.- Time history of a lateral  oscillation of the D-338-11 
(BuAero No. 37974) research  airplane, with the p‘ilot using control 
t o  attempt to stop the oscillation. Flaps down; landing gear down; 
slats mlucked; V, = 237 miles per hour; H = 7,200 fee%; CN* = 0.37. 
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Figure 16.- Time history of  a la te ra l   osc i l la t ion  of the D-558-11 
(BuAero No. 37974) research  airplane, with the p i lo t  using control 
t o  stop  the  oscillation.  Flaps down; landing  gear down; slats 
unlocked; Vc = 205 miles per hour; H = 8,600 feet; C N ~  = 0.50. 
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Figure 17.- Variation of period and ‘ w i n g  characterist ics with normal- 
force  coefficient of the lateral osc i l la t ion  of the D-558-11 (BuAero 
KO. 37974) research airplane. 
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Figure 18.- Period  damping  characteristics of the lateral  oscillation 
of the D-558-11 (BuAero No. 37974) research  airplane  in the clean 
condition. 
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