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A F'RELIMINA3Y FLIGHT -TIGATION OF THE ETFECT OF 

SNAKCNG OSC-IONS ON THE PILOTS' OPINIONS OF 
I 
I 

TBE FLYING QUALITIES OF A FIGHTER AIRPLANE 

By Arnold R. Beckhardt, John A. Harper, 
and William L. Alford 

A preliminary  flight  investigation of the effec t  of small-constant- 
amplitude  snaking osci l la t ions on the  pilots '   opinions of the general 
flying qualit ies of a fighter  airplane was made. The test   airplane; 
which was equipped with a devtce fo r  varying  the, damping i n  yaw, was .a 
typical  high-speed low-wing fSghter . 

The results  showedthat, in general,  the  pilots'  perception of the 
snaking osc i l la t ion  waa mainly  dependent on the  transverse.acceleration 
which the  osci l la t ion produced. As soon as the  tranaverse  acceleration 
during the snaking osc i l la t ion  reached a value that the pi lo t s  could 
perceive, '   the  oscillation became objectionable from the standpoint of . 
p i lo t  comfort. In  this airplane an amplitude of k0.02g was not always 
perceptible to the  pilot ,   but on occasion was- noticed. A n  amplitude  of 
+-O.O25g was always perceptible and wa8 considered  unsatisfactory for a 
long navigational  flight. An amplitude of w.08g waa considered.very 
unsatisfactory f o r  any mission that this a i r c ra f t  might  perform. 

The ef fec t  of the  snaking  oacillation on the  efficiency of the  air- 
plane a8 a gun platform and the results of a check on the  present  serv- 
ice  requirements f o r  dynainic lateral di rec t iona l   s tab i l i ty   a re   a l so  
discussed. A brief discwsion of the desiga  characteristics of  the . 
t e B t  apparatus  used t o  vary the aaSrpFZng i n  yaw i s  also presented. 

INTRODUCTION 

Current  trends in   a i rp lane  design which have increased  the speed 9 

and a l t i tude  range usually have had an adverse e f fec t  on t h e   l a t e r a l  L 

oscil latory  characterist ics of the airplane. In connection with this I 

. 
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problem, the NACA has continued with renewed in te res t  a flight-research 
investigation of the effect  'of  poorly damped lateral osci l la t ions and 
of  small-constant-amplitude  snaking or   res idual   osci l la t ions on the 
pilots'  opinions of the  general  flying  qualities  of  the  airplane. 

This paper  presents some preliminary  results  obtained  with a 
typical   f ighter   a i rplane  in  which by the  instal la t ion  of  a small nose 
f i n  on the   tes t   a i rplane,   the  damping i n  yaw w a s  varied. The nose f i n  
was f i t ted with a f lap  which w a s  directly  l inked  to a spring-restrained 
gyro and hence supplied a force i n  phase o r  180' out  of phase with  the 
yawing velocity. By suitable arrangement of the test  apparatus  this 
force  could be used e i ther   to   increase   o r   to  reduce the damping i n  yaw 
of the  tes t   a i rplane.  

The ma;jority  of the flight t e s t s  were made to   invest igate   the 
effect  of a small-constant-amplitude osci l la t ion on the  pi lots '  
opinions o p t h e  handling qualities of  the test airplane. The apparatus 
was alao used to  investigate the e f f e c t   o f . t h i s  constant-amplitude 
osci l la t ion on the  efficiency  of  the  airplane as a gun platform. 
I n a m c h  as the  majority of t he   f l i gh t s   i n  the test  airplane have been 
made by only two pilots ,   the   resul ts  are considered  preliminary. 

APPARATUS 

- .  

Test Airplane- 

The airplane used i n  the tests was a single-place, low-wing, high- 
speed fighter.  A three-view drawing of  the  airplane i s  presented  in 
figure 1 and a photograph  of the  airplane i-s .presented in   f igure 2. 
The basic dimensions of  the  test  airplane  are  given in table I. 

Variable Dmping-in-Yaw Control 

A preliminary  investigation showed tha t  a re la t ive ly  small 
ver t i ca l   f i n  placed  forward  of the  center of gravity  near  the nose of 

would supply sufficient energy, i n   e i t h e r  a stabi l iz ing o r  destabilizing 
direction,  to  enable  the damping-in-yaw characterist ics  of  the  test  
a i rplane  to  be varfed  over a range of practical   interest .   Oscil lation 
of  such a f i n  would require  considerable  force,  but an analysis showed 
that a small, aerodynamically  balanced f lap on a fixed fin could be 
actuated  by  direct  connection  to a ra te  ~ 3 r r o  of the  size sometimes 
used i n  automatic p i lo t s .   In  this way the  necessity  for a servo- 
mechanism t o  actuate  the nose f i n  could be avoided,  with a result ing 
great simplification of the  apparatus needed t o  conduct the testa. 

- the   tes t   a i rplane and osc i l l a t ed   i n  phase  with  the yawing velocity 
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. 

The test airplane was therefore equipped with an auxiliary f in  
located below the nose of the  airplane  approximately the same distance 
from the  center  of gravfty as the airplane 's   ver t ical   ta i l .  The nose 
f i n  had an area  equal t o  approximately 7.3 percent of the  area of  the 
ve r t i ca l  tail of the  tes t   a i rplane and was equipped with a f l ap  whfch 
wm directly  linked to a spring-restrained gyro. photographs  of the  
nose-fin  installation  are  presented i n  figure 3 and the physical 
characterist ics of  the nose f i n  and gyro are  given i n  table 11. 

Discussion of Design Characteristics  of  the  Control 

The effect  of a  gyro-operated f i n  of the type employed i s  t o  
supply  a moment proportional  to t&-yewbg velocity, so long  as  the 
yawing velocity i s  l e s s  than the value  required to cause the gyro t o  
reach i t s  stops. When the gyro reaches i t s - s tops ,   t he  moment supplied. 
by the gyro i s  a maximum. The natural  frequency of  the gyro was well 
above the  operating range of frequencies of the system. - 

i s  unstable  and,of  sufficiently large magnitude, then the  yawing moment 
due t o  yawing velocity of the  airplane wlll be unstible throughout the 
range  of deflection of  the f lap.  Beyond the range of  yawing veloci t ies  
which cause the gyro to reach i t s  stops, the yawing moment  due t o  y-awing 
velocity of the  airplane will be stable. Under these  conditions, i f  an 
osci l la t ion i s  in i t ia ted   . a t  mall amplitudes, the  osci l la t ion builds up 
to the point where the flap osc i l la tes  between i t s  stops. F r o m  thzs 
point,   the  oscil lation will reach a constant  amplitude. If the  airplane 
is ini t ia l ly   displaced to a mch larger amplitude than that. of the 
continuous oscl l la t ion,   the  amplitude of the oscillation  decreases to 
t ha t  of the  continuous  oscillation. At very  large  amplitudes,  the 
damping of the system  approaches that of the  original  airplane.  These 
oscil lation  characterist ics  are  similar to those of several  recent 
high-speed airplanes which experience  so-called snaking or  residual 
oscil lations.  

If the yawing moment due t o  yawing velocity produced by the   f i n  

The spring r e s t r a in t  on the gyro could be supplied  .efther by the 
aerodynamic hinge moments on the   f lap  or   by a pair of restoring  springs 
such as shown i n  figure 3(b) .  The aerodynamic moment provides a 
reatoring  tendency which increases as the dynamic pressure  increases. 
The magnitude of the damping-in-yaw derivative,  Cn2 supplled  by the 
device with this type of restraint  decreases  wlth  increasing speed. 
With a  mechanical spring  restraint ,  however, the magnitude of Cn; 
supplied  by  the  device  increases with. increasing speed. By combination 
of  these two effects,  the value  of Cnr provided  by  the  device  could 
be  maintained fairly  constant over a reasonable  speed  range. 

I 



By reducing  the  restoring  tendency of the f l a p   t o  zero, the  f lap 
could  be  arranged t o  supply a constant moment opposing $he yawing 
velocity. The effect  of t h i s  moment i n  damping the- la te ra l   osc i l la t ions  
would be similar t o  that of s t a t i c   f r i c t ion   i n  the system. Other 
unusual effects  m i g h t  be  obtained  by'use of an  overbalanced f l ap   o r  
one with nonlinear hinge-moment characteristic,s. Some b r i e f   t e s t s  of 
arrangements of t h i s  kind were mde   i n   t he  process  of i n i t i a l l y  
adjusting.the device, but  detailed  investigations of these  effects were 
not conducted  because o f  lack  of  time. 

It should be noted that   the  gyro i s  senaitive  to  angular  velocity 
about an a x i s  normal t o   t h e  gyro spin axis and the gimbal axis. T h i s  
a x i b  i s  fixed with  respect t o  the airplane and, for  the  present t e a t s ,  
was a ver t ica l  axis normal to  the  fuselage  reference line. Stabi l i ty  
derivatives, however, .are  ordinarily  defined with respect t o  s t a b i l i t y  
axes, which have the .vertical  axis normal t o  the  re la t ive wind. The 
gyro therefore measures components of  roll ing as well as yawing velocity 
when the  angle 'of attack i s  not  zero.  For the  present tests, which  were 
conducted i n  high-speed f l i gh t  on an airplane  with small effective 
dihedral, the effect  of this  roll ing-velocity component may be neglected. 
On an airplane with high  dihedral  effect in flight a t  high  angle of 
attack, however, the  roll ing  velocity measured by a gyro of t h i s  type 
may be as large  as  the yawing velocity, and the effect  of the  rol l ing 
velocity should be taken  into account in  calculating  the  effect   of the 
gyro on the damping' of the   la teral   osci l la t ions.  

I 

Instrumentation 

Standard NACA recording  instruments were- used to measure the 
following quantities:  indicated  airspeed,  pressure  altitude,  control 
positions,  flap  position,  flap  hinge moment, and the  airplane's  sideslip I 

angle, yaw angle,  rolling  velocity, yawing velocity, and normal, 
transverse, and longitudinal.  accelerations.. The airspeed and al t i tude 
measurements  were made with a Kollman high-speed pitot-static  tube 

. mounted approximately one-maximum fuselage  diameter ahead of the nose. 
Calibration of a similar airspeed  installation on the same type of 
airplane as the  test   airplane  indicated that this   type of ins ta l la t ion  

_I 

gives  airspeed measurements  which are d percent low. Airspeed 8s 
used i n   t h i s  paper i s  indicated  airspeed and i s  not  corrected  for  this 
position error. A recording  sideslip vane was mounted on a boom 
located on the  r ight  wing t i p .  Changes i n  s idesl ip  angle are  believed 
t o  be correct  but  the  exact magnitude i s  i n  slight error  due to 
angularity of f l o w  at the  s idesl ip  vane. The error  (approx. y) i s  
independent of s idesl ip  angle. 

2 
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The results of this  preliminary  investigation  are  based  on'a  series 
of  19 fl ights,   the  majority of which were made by two p i lo t s .  During 
the first f l i gh t s  of the  tes t   a i rplane,  hinge-moment measurements showed 
that  the  f lap'was  sl ightIy overbalanced. ' This  overbalance resulted in 
the   f lap  moving between its stops  approximately i n  pha6e.with the angle 
of yaw. If the direction of rotat ion of the  gyro rotor was that which 
should increase  the damping i n  yaw, this condition  resulted  unexpectedly 
in  an osc i l la t ion  which had l e s s  damping and a ahorter  period  than  the 
original  airplane. If the  direction of rotation of the gyro rotor was . 

unstable, an osci l la t ion wwch had increased damping and a  longer  period 
compared to that of the  original  airplane  resulted. Two f l i gh t s  were 
then made with the flap neutrally  balasced and with this arrangement a 
cons$ant-amplitude oscf l la t ion was produced. 

Trailing-edge  strips  consisting of  two 0.035-inch-diamster s t e e l  
rods  'covered with scotch  tape were then ins ta l led  and the remaining 
flights were made with  the  f lap  sl ightly underbalanced. With the 
trail ing-edge.  str ips  installed the f iap  had a tendency to f l o a t  with 
the re lat ive wind. The nose f lap  moves approximately i n  phase  with the 
yawing velocity  for this condition. It should  be  pointed aut that in 
the frequency  range  covered in   these   t es t s  any moments due to i ne r t i a  
o r  f r i c t ion  which tended t o  produce  phase lag  'between the  f lap  deflection 

.and  the yawin$ velocity in an osc i l la t ion  were largely  cascelled out by 
the hinge moment  due t o  angle of yaw and the resul t ing motion of the 
f lap  had a-pproxlmately the  desired phase relationship with the yawing 
velocity. 

Changes in   t he  frequency  of the constant-amplitude osc i l la t ion  
from about 0.25 cycle  per second t o  1.0 cycle  per second were obtained 
'by varylng  the  airspeed from about 140 miles per hour t o  5% miles per 
hour. Changes i n   t h e  amplitude of the constant-amplitude  oscillations 
from about f1.25O of s idesl ip  t o  f2.50° were obtained by varying the 
a l t i tude  of t h e   t e s t s  from 3,000 f ee t  to 30,000 feet. 

The maneuvers performed with the test airplane were as  follows: 

(1) Abrupt rudder kick: The .pilot  abruptly  deflected and returned 
the  rudder to neutral  while  holding  the  stick  fixe.& A typical  time 
history of the motion of the  airplane and control  surfaces  following 
an abrupt  rudder  kick  for  the  airplane with the  nose-fin gyro on and 
o f f ' i s  presented in   f igure  4. 

(2) Abrupt rudder  kick  followed  by  correctfve rudder: In these 
maneuvers, the  airplane was allowed to reach  a  constant-amplitude 
condition  after  the rudder kick  ~d  then the pilot  applied  corrective - 

I 

! 

I 

i 

I 
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rudder t o  damp the  oscil lation. The osci l la t ion was then  allowed t o  
build up to a constant-amplitude  condition  again. A typical  time 
history of this maneuver is presented in figure . . .  5. 

. .  

(3)  Strafing runs: These runs were made i n  a shallow  dive f'rom 
approximately .10,000 f ee t   t o  sea level with the  indicated  airspeed 
varying f'rom approximately 250 miles  per hour- t o  500 miles per hour. 
A series  of three runs were mde during  each flight; one with the nose- 
f i n  gyro off  using  the  fixed gun sight, and then with the  nose-fin gyro 
turned on, runs were repeated  using  the fix& sight and a K-14B gpo- 
comguting s ight7  A time history  of a s t raf ing run i s  presented i n  
figure 6. 

Several flights were made with  the  nose-fin gyro used t o  increase 
the damping i n  yaw of the  tes t   a i rplane.  A typical time h5story of 
the motion of  the tes t  airplane- following an abrupt  rudder  kick f o r  
this condition i s  presented i n  figure 7. 

BASIS OF PILOTS' OPIEJIONS 

" I  

After  each flight the pilot  reported a description of the flight 
with  particular emphasis on his   over-al l   react ion  to   the  effect  of the 
snaking osci l la t ion on his  opinion  of  the  general flylng qualit ies  of 
the  a i rcraf t .  These opinions were based on the p i lo t ' s  sense  of comfort 
and on his react ion  to  the effect   of  such-an  oscil lation on his effi- 
ciency i n  performing a typical  maneuver such as a strafing run. By use 
of the  larger amplitude osci l la t ions which occurred after  the  abrupt 
rudder  kick  (fig. 4) a check was made on the  present period-damping 
requirements for  the dynamic direct ional- la teral   osci l la t ion of refer- 
ences 1 and 2. 

The  p i l o t  WELE asked t o   r a t e  each maneuver with one of the following: 

(1.) Unsatisfactory: ' Conditions which might be dangerous  under 
certain  f l ight  conditions o r  which are tiring and definitely  unpleasant 
i n  normal flight operations. 

(2) Tolerable:  Conditions which are  not  neceesarily dangerous or  
t i r i ng ,bu t  which are  unpleasant. 

(3)  Satisfactory:  Conditions which are both safe and pleasant. 
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- .  
RESULTS AWD DISCUSSION 

Tolerable L i m i t  of Snaking Oscillations 
- .  

7 

A survey  of the  f l ight  records made in smooth a i r  in simulated 
cruis ing  f l ight  where visual  reference was rather obscure,  has indicated 
that  the  pilots'   perception of the small-constant-amplitude snaking 
osci l la t ion is  mainly dependent on the  transverse  acceleration which 
the osci l la t ion produces. The small-amplitude oscil lations developed 
in these  tes ts  were not  noticed a t  low s@eeds where they produced. l& 
values of the  transverse  acceleration,  but  these  sane  amplitude  oscil- 
la t ions became very  unsatisfactory a t  high  speeds where larger  values 
of transverse  acceleration w e r e  produced. 

During these runs t he   p i lo t ' s   f i e ld  of vision was not restricted 
in any manner but he was not  referring  to my direct  visual  reference; 
tha t  is, he was not  looking a t  the   re t ic le  of a gunsight  or  observing 
fluctuations in the  directional gyro, o r  observing a fixed  spot on the  
horizon. 

As soon as the  transverse  accelernti.cn  during  the snaking oscil la- 
t ion  reached a value  that  the  pilots  could  perceive,  the  oscillation 
became objectionable frm the  standpoint of p i lo t  ccanfort. A n  amplitude 
of acceleration of 10.02g w a s  not always perceptible  to  the  pilot ,   but 
on occasion was noticed. A n  amplitude of f0.025g was always perceptible 
and was considered  unsatisfactory f o r  a long  navfgational  flight. An 
amplitude  of +0.08g was considered  very  unsatisfactory for any mission 
that t h i s   a i r c r a f t  might perform. 

It should be noted  that  the  values of transverse  acceleration used 
in   these  l imits  are the  canputed  values of l inear  acceleration a t  the 
p i lo t .  These values w e r e  comp.uted by cambinlng vector ia l ly   the  l inear  
acceleration a t  the p i lo t  due t o  angular  acceleration and the measured 
value of transverse  acceleration. The values of angular acceleration 
were obtained from the slope of the  angular  velocity  curves  plotted 
against time. In this airplane  the  pilot  is located  approximately 
3 inches  ahead of the center of gravity  but  calculations  based on the 

'experimentally  determined  linear and  angular  accelerations indicate 
that l i t t l e  change in   t he  amplitude of the  linear  acceleratfon at  the 
p i lo t  OCCUTS as the  pi lot ' s   posi t ion changes from the  center of gravity 
t o   t h e  nose. 

I 

' I  

I 

I 

! 

: 

I 

I 
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Effect of  Snaking Oscillation on Gun-Platform Characteristics 

The effect  of t h i s  small-amplitude oscil latfon on the  'Cfficiency 
of the test  airplane as a gun platform w a s  determined by taking 



I 

gun-camera pictures of a fixed ground target  during high-speed s t raf ing 
runs. A time history of  a s t raf ing run i s  pesented  i n  figure 6 and the 
resul ts  of a series of these  strafing runs made i n  smooth and moderately 
rough air are presented in   f igure 8. The maximum variation i n  normal 
acceleration  during  the smooth-air runs was approximately i0.12g. 
During the  rough-air  runs  the m e x i m u m  .=riation was approximately +O. 40g. 
Figure 8 i s  presented as  the  perceneof  the  total  run time the  pi lot  
kept  the  airplane's  line af sight  within  horizontal  angaar  increments 
of 0.10' from the  target . .  This angular deiria%iori -is- the  horizontal 
angle between the  thrust- ax-is of the  airplane and the   l ine of sight 
frm the gun camera to the  target.  

The.results  presented in   f igure  8 do not  represent any ordnance- 
distribution  pattern but they do give an indication of  the  relative 
effectiveness of the  airplane as a gun platform. It would be  expected 
that 'an  increase i n  the  scat ter  of the  l ine of  sight would also increase 
the  scatter of any gun f i r e  from the  airplane. Because of  the s t a t i s -  
t ical   nature  o f  this type  of  data,  conclusions made from data  obtained 
i n  these  tes ts  should be viewed with caution. Due to   l ack  of  time, only 
a l imited number o f  these  strafing runs were made and a more complete 
survey"  a greater number of p i lo t s  i s  necessary  before  definite con- 
clusions concerning the  effect  of small-constant-amplitude oscil latione 
on the  accuracy  of.-  fire frm an airplane can  be made. It would be 
desirable t o  conduct these  teats  with  actual gun f i r ing  from the 
airplane. - 

. .  

, m e   r e s u l t s  of these  limited  test-s  indicate that in smooth a i r   t h e  
sinall-mplitude  oscillation  reduces  the  effectivenesa of the  airplane 
as  a gun platform  with  either a fixed gun sight  or a computing gun 
sight. In moderately rough air ,   there  i s  no apparent  effect of the 
snaking osci l la t ion on the  effectiveness  of  the  airplane as a gun 
plat  f o m .  

An analysis of the  tracking  errors of a fighter  airplane  attacking 
a fixed  target on the ground i s  preaented i n  reference 3. This refer- 
ence includes a comparison of the tracking  errors of a typical Q~T-~o- 
computing sight and a fixed-reticle  type of sight. 

- " 

The analysis shows that the tracking  errors between gunsight; and 
.. 

" " 

target  tend  to be  smaller On the case of the gyro sight  since  the 
smoothing function of the sight tends to stabi l ize   the  re t ic le  i n  
spi te  of airplane and p i lo t   i r regular i t ies .  D u r i n g  the  strafing run, 
the p i lo t  ' 8  chief  reference f o r  corrective'coritrois i s  the position of 
the   re t ic le   in   the  gun sight with respect t o  the  target.  If the  effect  
of  the  airplanela motion would not be as  apparent when sighting  through 
a gyro type of sight because  of the smoothing procese  inherent In  t h i s  
type of sight,   the  pilot  would not  attempt t o  apply as much corrective 
rudder t o  keep the  airplane on the  target. It may be  reasoned that 
this smoothing process In the gyro sight will increase the scat ter  of 

.. 

I 

I 
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the   bul le ts  due t o  the  snaking  osclllation i f  the  a i rplane  is  performing 
8 small-constant-amplitude oscillation  with a frequency that the   p i lo t  
could control  with  concentration.  Figure 8 indicates  that  this 
reasoning' i s  cor rec t ,   a t   l eas t  f o r  smooth-air s t raf ing ruts, because 
it shows a reduction  in accuYacy when the   p i lo t  used the computing 
sight. 

Lateral-Directional-Stability Requirements 

The l a t e ra l - s t ab i l i t y  requirements of references I and 2 f o r  
sat isfactory dainping of the  c lass ical  Dutch r o l l  oscil lation  are  pre- 
sented in   f igure  9. Superposed on t h e   c r i t e r i o n   i s  a shaded region . 
of damping period  covered in   these   f l igh t  tests. The damping w s  varied 
from a well-damped type  of  oscillation  (such  as shown i n   f i g .  7) t o  a 
neutrally  stable  type of osci l la t ion.  The period of the  osci l la t ion 
was varied from approximately 1.00 second t o  4.10 seconds. 

These requirements  apply  only t o  osci l la t ions which have expo- 
nent ia l  damping such as shown in   f igure  &(a). Oscillations such as  
shown in figure 4(b), which have exponential clamping for lmge ampli- 
tudes only and no damping for  small amplitudes are  not-covered  by 
these  requirements. 'The resu l t s  shown in figure 9, however, include 
data f r m  both types of osci l la t ions.  This was d&e  because a sufficien- 
number of cycles  with  exponeatial damping was present  to  enable  the 
damping t o  be  evaluated i n  both cases.  Data. fmm rudder  kicks made 
wlth  the nose f in   o sc i l l a t ing  t o  reduce the damping i n  yaw were used t o  
obtain  points  throughout  the  unsatisfactory  region shown in   f igure  9. 
The p i l o t ' s  opinions  of  these  oscillations  are  possibly  influenced  by 
the  fact   that   the  rudder  kick  resulted  in a constant-amplitude  oscilla- 
tion,  but it i s  believed  that, for the low r a t e s  of  damping involved i n  
the beginning cyc1e.s of the  osci l la t ion,   the   pi lot ' s   opinions of the 
maneuver would be  the same even i f  there was no residual   osci l la t ion.  
The region of  very heavy damping was 'covered also  wtth  the  use of the 
nose fin, but  the  pilot 's  oplnions  of this region are not influenced  by 
any residual   osci l la t ion.  

In the frequency  range  covered in   these   t es t s ,   the   p i lo t s   fe l t   tha t ,  
i n  general,  the  present period-damping relationship is  ,adequate for 
defining  the  classical  Dutch r o l l  oscillatory  requirements f o r  fight.er 
airplanes  with Moderate effeckive  dihedral. The tolerable  region shown 
in   f igure  9 indicates  that   the  present requlrernent i s  s l i gh t ly  on the 
conservative  side  with  respect to the p i lo t s '  opinions. 

These results  indicate that, i f  the'requirements of references 1 
and 2 f o r  sat isfactory damping of the   c lass ical  Dutch r o l l  oscillatim 
are  met w i t h  an airplane  similar t o  the   t es t   a i rp lane ,   the   resu l thg  
l a t e ra l   s t ab i l i t y   cha rac t e r i s t i c s  w i l l  be sat isfactory t o  p i l o t s .  The - 
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tes t   a i rplane has 'an effective dihedral angle of appraxhately 4.5O 
and a r a t i o  of amplitudes of angle of bank t o  angle of  yaw of approxi- 
mately 1.2. 

The results of sane  limited  stability  calculations made t o   i l l u s -  
trate the method  of estimating  the  reduction  in  the damping-in-yaw 
derivative Cn, necessary  t.o change the  pilots '  opinions of the  general 
f lying  qual i t ies  of this airplane w i t h  the nose f in   i n s t a l l ed  fram 
satisfactory  to  unsatisfactory are sham in ffgure 10. These calcula- 
t ions were made for one airspeed and a l t i tude  by use of the  equations 
of motion of reference 4. The stabil i ty  derivatives and mass charac- 
t e r i s t i c s  used in the  calculations are given in  table  111. The 
damping-fn-yaw derivative Cnr was varied from 0 t o  -0.153.. 

The -ping and perlod of the  oscil latory motion following an 
abrupt  rudder  kick made a t  a Mach  number  of 0.63 and an a l t i tude  of 
3580 fee t  are shown as  the  f l ight-test   point  in  f igure 10. Using the 
stabil i ty  derivatives and mass characterist ics given in  table 111, a 
value of Cnr of -0.153 resulted in a calculated period and damping 
approximately  equal .to  the  period and *ping of the f l ight- tes t   data .  
The calculations 6hOW that it is  necessary t o  reduce-tf;e-damping-in- 
yaw derivative from -0.153 t o  -0.051 f o r  t h i s  speed and a l t i t d e   t o  
change the  pilots '  op.inions of the  f lylng  quali t ies of the   t es t  air- 
plane f rm the  satisfactory  region shown in figure 9 to  the  unsatis- . factory  region. 

- ." " . . - .  . . - -  . 

Ability  of  Pilots t o  Damp Oscillations 

A survey of  the flight records  has  indicated that, i n  general, the. 
p i lo t s  can damp out  s~ll-constant-amplitude  oscil lations of  approxi- 
mately i1.2O of  sideelip up to frequencies  of  about 0.75 cycle per 
second. The a b f l i t y   t o  damp the  oscil lation  varies with p i lo t s  and 
with practice-,  but, on the  average, the  osci l la t ions can be stopped i n  
about I to 4. 6econds. The  same oecil lation  is   uncontrollable,  however, 
i f  the  pi lot  i s  required  to perform other   dut ies   a t   the  same time such 
as those  involved i n  a s t raf ing run. During the  strafing runs made in 
the   tes t   afrplane  the  pi lots  were never able t o  control completely the 
oscil lation. Even though the pilots could control  the  oscil lation with 
concentration, during normal-flight maneuvers with  the  teat  airplane, 
the   p i lo t s  d i d  not  usually  attempt t o  damp the  oscillation  continuously. 
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A preliminary flight investigation of the  effect  O f  a l ? m ~ - C O € I E t a J l t -  

q l i t u d e  snaking osci l la t ions on the p i lo t s '  O p i n i O n S  Of the flfln@; 
qual i t ies  of a ffghter  airplane w f t h  m o d e r a t e  effective  dihedrsl  has l ed  
t o  the f olloqing cmclUSiOnS : . 

1. The pilot 's   perception of the emking oscfl la t ion i s  mainly 
dependent on the  tramverse  acceleration W c h  the osc i l la t ion  produces. 

. .  . . .  
' 2; In this airplane, an amplitude of  accelerat&on of f0.02g W&E 

.. . .  smetbaee  perceptible to the  pi lot ,  ,but +n.mlib@e of H . D = g  'was '.' 

. ai~ay~ perceptible and was considered unsatisfactory for a long mght .. 

while an amplitude of  +0.08g was considered very unsa€dsfactorg f o r  
any mission this aircraft might perform. 

3. .  I n  smooth air,  mall-anlplftude  oscillations of spproxi- 
m t e l y  fl.2O of sidesl ip  reduce the effectiveness of the airplane as 
a gun platform with  either a flxed gun sight o r  a computing gun sight. 
I n  moderately r o w  air, there i s  no apparent  effect of the mkhg 
osci l la t ion on the  effectiveness of the a m l a n e  aa a gun platform. 

- 4. In general, the present period-damging requirements  of the 
, A i r  Force and navy are  adequate for  defining  the  classical  Dutch roll 

osci l la tory requirements for fighter airplanes with moderate effective 
dihedral. 

Langley Aeronautical  Laboratory 
National Advisory Committee fo r  Aeronautic6 

Langley Air Force Base, Ya. 
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TABLE I i 

BASIC D I N B S I O N S  OF TEST -LAM3 . 

Item Vertical  tai l  wing 

Area, sq ft 22.40 237 

Aspect r a t i o  6.39 
0.364 Taper r a t i o  

2.48 

15- 3 """- Tail,  length, f't 
65 -010 65+13 . Section 

"""_ 80.60 Mean aerodynamic chord, in. 
0.40 

. 6.40 .38. go span, f t .  

" 
TABLE rI 

PHYSICAL CHARACTERISTICS  OF NOSE-Fm INSTALLATION 

Area, sq ft . . . . . . . . . . . . . . . . . . . .  
Aspect r a t io  . . . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . .  
Section . . . . . . . . . . . . . . . . . . . . . .  
Distance from airplane's.  center of gravity t o  f l ap  

hinge l ine,  ft : . . . . . . . . . . . . . . . . .  
Gyro : 

2' 

I span, ft . . . . . . . . . . . . . . . . . . . . . . .  

Moment o f  i ne r t i a  about rotor  axis,  in.-lb-sec 
Moment of i ne r t i a  about @;mal axis, in.-lb-sec . 
Rotational speed of gyro rotor,  rpm . . . . . . .  
Flap  travel, deg . . . . . . . . . . . . . . . . .  

2 

. . . . . . .  1.64 . . . . . . .  1.67 . . . . . . .  2.64 . . . . . . .  0.53 . . . . . .  65-010 

. . . . . . .  14.2 

. . . . . . .  0.09 . . . . . . .  0.10 . . . . . . .  7800 
loo right, 90 l e f t  

I 

. i  

I 

t 

t 

! 
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STABILITY DERIVATIVES AWD MASS CHARACTERISTICS 

USED ' I N  CALCULATIONS 

Weight, lb . . . . . . . . . . . . . ' . . . . . . . . . . . . . . . 11500 
Area, sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . 237 
Span, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . -38.9 
I,, moment o f - i n e r t i a  about  longitudlnal  prlzcipal  axia, 

Iz, moment of  iner t ia  about' vertical   principal ax la ,  slug-ft2 . 24250 
Ixz, product---of inertia with  respect to  the  longitudinal and 

vertical  principal  axes,  slug-Ft2 . . . . . . . . . . .- . . . -229 
Velocity,  Ft/sec . . . . . . . . . . . . . . . . . . . . . . . . . 667 
Density,  slug/cu ft . . . . . . . . . . . . . . . . . . . . 0.002138 
F, airplane  relative-density  factor . . . . . . . . . . . . . . 18.12 
CL, lift coe f f i c i en t .  . . . . . . . . . . :. . . . . . . . . 0.0945 
Czp,  per  radian . . . . . . . . . . . . . . . . . . . . . . . -0.538 
CZ,, per   radian.  . . . . . . . . . . . . . . . . . . . . . . . 0.0535 
cZB, per radian . . . . . . . . . . . . . . . . . . . . . . . -0.0612 
C , per  radian . . . . . . . . . . . . . . . . . . '. . . . . -0.0071 
C-, per  radian . . . . . . . . . . . . . . . . . . . . . . . 0.114 
Cyp, per  radian . . . . . . . . . '. . . . . . . . . . . . . . . . . 0 

Cy,, per  radian . . . . . . . . .. . . . . . . . . . . . . . . . . . 0 
Cyp, per  radian . . . . . . . . . . . . . . . . . . . . . . . -0.456 
7 ,  angle of attack of principal  longitudinal  axis of  airplane; 

positive when principal  axis i s  above flight path a t  noBe, 
deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -1.0 

7 ,  angle of flight path  to  horizontal, deg ... . . . . . . , . . . . 0 

elug- .Pt2.  . . . . . . . . . . . . . . . . . . . . . . . . .11150 

?e 

Note : 

a% 
%7 

" c2, = 3, and so forth, where C 2  = Rolling-moment coefficien 

Cn = Yawing-moment coefficient, Cy = Side-force  coefficient, and 
p = Rolling  velocity, r = Yawing yelocity, p = Angle of s idesl ip  

=" 
I 
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Figure 1.- Three-view drawing of test airplane. 
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Figure 3.- .Bose-fin installation. 
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(b) Gyro installation. 

Figure 3.- Concluded. 
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(a) Nose-fin gyro  off. 

Figure 4.- Time history of a typical  lateral osci l la t ion following an 
abrupt  rudder kick in .the test airplane. 
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(b) Nose-fin gyro on. 

Figure 4. - Concluded. 
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Figure 5.- Time history of a typ ica l  lateral osci l la t ion following an 
abrupt rudder kick and corrective  action by the pflot.  Gyro on. 
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Figure 6.- Time his tory of a typical s t ra f ing  run on a fixed ground 
target  with the  test airplane. 
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Figure 7 .  - Time his tory of a typ ica l  lateral osc i l la thn  following an 
abrupt rudder kick with the nose-fin g y ~ o  increasing  the damping 
Fn y a w .  
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Figure 8.- Typical distribution of gun sighting errors  during a 
strafing run on a f ixed ground t a r g e t  in the test airplane. - 
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(b) Normal-acceleration variation k0. b g .  

Figure 8.- Concluded. 
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Figure 9.- €omparison of pilots'  opinions of the  aver-all  lateral 
characteristics of the  test  airplane  with the period-damping 
requirement8  of  references 1 and 2. 
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Figure 10.- The effect  ofvary ing  the damplng-in-yaw derivative c% 
of the.   tes t   a i rplane on the calculated  period and anslping of the 
la teral   d i rect ional   osci l la t ion.  
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