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NATIONAL ADVISORY COMMITTEX FOR P;ERONAUTICS 

STABILITY CHARACTERISTICS OF THE DOUGLAS 

By Charles V. Bennett 

Calculations have been made of  the dynamic l a t e r a l  stability charac- 
t e r i s t i c s  of the mock-ug configuration of the Douglas X-3 research  air- 
plane,  designated  by  the D o u g l a s  Aircraft  Co., Inc.  as  study 41-B. 
Because of a  doubt as t o  the correct  value of Cnp f o r  the airplane, 
duplicate  results are presented  for  calculations d e  with the estFmated 
values of Cnp and with values  based on experhent. The calculations 
indicate   that  f o r  the mass and aerodynamic parameters used, the osci l -  
l a t ion  of the  airplane would be stable f o r  all conditions  investigated 
but would not meet the Air Force damping requirement for   the  major i ty  of 
the  conditions.  Less  stability was calculated f o r  a31 cases when the 
values of C n p  based on experiment were used than when the  estimated 
(more positive) d u e s  of Cnp were used. The calculat ions  hdicate  
tha t  the damphg of the lateral oscil lation  could be improved by 
decreasing  the wing incidence,  by adding vertical-fin  area forward of 
the  center of  gravity o r  by decreasing  the  dihedral,  but no geometric 
arrangement w&s found tha t  would make the  afrplane  completely satis- 
factory from the  standpoint of osci l la t ion damping, r a t i o  of r o l l  t o  side- 
s l ip ,  and aileron  required t o  hold a sideslip.  The cdculat ions  indicate  
that a great Fmprovement in osci l la t ion damping could  be  obtained f o r  a l l  
conations  by use of an autopilot which a r t i f i c i a l l y  produced Cnp 
o r  Cnr and fo r   t he  M = 0.75 condition with an autopilot which pro- 
duced -C zp. 

INTRODUCTION 

A study of the theoretical  dynamic 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  
of the Douglas X-3 research  airplane  (study 3 9 4 )  Was reported  in refer- 
ence 1. The f h a l  mock-up configuration  (study 41-B), shown in   f igure  1, 
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differs  appreciably  from  that  used i n  reference 1. Some  of  the mass and 
geometric  differences of the  two  studies are shown on table I. Because 
of  these  revisions,  additional  calculations  have  been  made  of  the  dynamic 
lateral  stability  characteristics  of  the  more  recent  mock-up  configura- 
tion.  These cdculations were  made  for  Mach  nmibers  of 0.75, 1.2, and 
2.0. .I 

All calculations  were  based on the  mass and aerodynamic  parameters 
supplied by the  Douglas  Aircraft Co., kc. with  the  exception of Cnp, 
the  ywing-moment coefficient  due  to  rolling. A recent  study  has  shown 
that  there  is usual ly  a marked  disagreement  between  the  measured and 
estimated  values of C contributed by the  vertical  tail of the  air- 
plane.  The  disagreement is apparently  present  at all angles of attack 
and  is  such  that  the  measured  values  are a l w a y s  either  less  positive or 
more  negative  than  the  estimated  values.  The  disagreement is apparently 
caused by the  fact  that  present  estimation  procedures do not  take  into 
account  the  sidewash.over  the  vertical  tail  that  is  produced by the 
rolling wing. In order  to  check  this  point  for  the Douglas X-3,  experi- 
mental  values of Cnp for tail  off  and  tall on were  obtained at lou 
angles of attack  for  the  free-flight-tunnel  model of the  airplane on the 
rotary  balance  in  the  Langley  20-foot  free-spinning  tunnel and were 
compared  with esthated values.  The  results  showed  that  the  measured 
tail contribution  to  Cnp  was  appreciably  more  negative  than  the  esti- 
mated  value. As a result, all calculations  of  the  present  study  have 
been  made for both  the  estimated  values  of C and  values  of C 
based on experiment. 

nP 

nP nP 

An undamped  residual  (snaking)  oscillation of s m a l l  amplitude  has 
existed on several  airplanes. In some  cases  this  oscillation was 
caused by rudder  motion or fuel sloshfng. It is  believed  that  other 
cases  were  caused by nonlinearity  in  the  aerodynamic  characteristics. 
These  factors  have  not  been  considered  in  this  analysis. 

SYMBOLS AMTI COEFFTCIEmTG 

wing  area,  square  feet 

airspeed,  feet  per  second 

wing span, feet 

air  density, slugs per  cubic foo t  

dynamic  pressure,  pounds  per  square foot 
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1x0 

weigh t ,  pounds 

acceleration of  gravity, feet per second per second 

=ss, slugs (W/d 

re lat ive  densi ty   factor  based on wing span (m/pSb) 

angle between reference  axis and p r i n c i p d  axis; posit ive 
when reference a x i s  is above principal axis a t  nose, 
degrees 

angle of attack of principal longitudinal axis of airplane; 
posit ive when principal. axis is  above flight path at nose, 
degree 6 

angle of flight to horizontal axis; pos i t ive   in  a clinib, 
degrees 

angle of sideslip,  degrees;  except i n  equations of motion, 
per radian 

rudder  deflection,  degrees 

angle of  bank, degrees; except in equations of motion, per  
radian 

angle of  azimuth, degrees;  except i n  equatfons of motion, 
per  radian 

asgle of  geometric dihedral,  degrees 

incidence,  degrees 

moment of i ne r t i a  about principal  longitudinal axis, pound- 
inches2 

moment of i n e r t i a  about pr incipal   ver t ical  axis, pound-inches 

moment of i ne r t i a  about principal  pitching axis, pound-inches 

2 

2 

radius of  gyration about principal longitudinal axis, feet 

radius of  gyration about principal  vertical. axis, feet 

nondimensional radius of gyration about principal  longitudinal 
( b P )  
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Kzo 

KX 

CL 

Cn 

CY 

cys 

C nP 

nondimensional  radius of gyration  about  principal  vertical 
axis (kzo/b) 

stability  axis (&xo 2 2  cos 7 + 

nondimensional  radius of gyration  about  longitudinal 

nondimensional  radius o f  gyration about vertical  stability 

axis (IKzO2cos2q + KXzsin2q ) 
nondimensional.  product-of-inertia  parameter 

lift  coefficient  (LiFt/qs) 

yaxLng-moment  coefficient 

rolling-moment  coefficient (Rollinrment 

lateral-force  coefficient (Later: force ) 
rate of change of coefficient with angle of 

sideslip,  per radian 

rate of change of coefficient  with  angle of 

sideslip,  per  radian 

rate  of  change of coefficient  wfth  angle of 

sideslip,  per  radian 

rate  of  change of lateral-force  coefficie t with rolling- 
angular-velocity  factor,  per  radian (3) 

(%) 02v 

rate of change  of  rolling-moment  coefficient with rolling- 
angular-velocity  factor,  per  radian 
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.. 

‘nr 

2 

P 

r 

P 

T1/2 

c1/2 

M 

h 

rate of  change of yaw5ng-moment coefficient d t h  rolling- 

angular-velocity  factor,  per radian 

r a t e  of change of rolling-moment coeff  icfent . .  with yawtng- 

angular-velocity  factor,  per radian (3 
r a t e  of change of yawing-moment coefficient with yawing- 

angular-velocity  factor,  per radian (2) 
ta i l   length  (dis tance from center of gravfty t o  rudder  hinge 

l i ne ) ,   f ee t  

height of center of pressure of ver t i ca l  tail above f b e l a g e  
axis, feet 

rolling-angular  velocity,  radians  per second 

yawing-angular velocity,  radians  per second 

period of oscil lation, seconds 

tlme f o r  osci l la t ion to damp to one-half  amplitude 

cycles for   osc i l la t ion  t o  danq! to one-half amplitude 

Mach nuniber 

altitude, feet 

Subscripts: 

t t a i l  

W ulng 



6 NACA RM L50B28 

The  equations of reference 2 were  utilized  to  determine  the  period 
and  damping of the  oscillation for the six basic  level-flight  conditions 
as follows: 

Condition 

I 

I1 

I11 

N 

v 
VI 

Mach  nuniber 

0.75 

9 75 

1.2 

1.2 

2.0 

2.0 

The  mass  and  aerodynamic  parameters  used  in  the  calculations  are 
shown in  table 11. Some independent  calculations  pf the aerodyndc 
parameters  were  made  for  comparison  with  the  values  furnished by 
D o ~ @ ; ~ R s  Aircraft Co., Inc.  Where  direct  comparisons  were  possible, 
fairly  good  agreement was found  between  the two sets of values  with  the 
exception of the yming due to rolling  parameter Cnp. A complete 
check  could  not  be  made,  however,  because of the  uncertainty  as to the 
effects  of  changes  in  the  tail-boom  design on the  static-stability 
derivatives of the  airplane.  Another  questionable  point w-as the  large 
variation  with  altitude  shown  for  some of the  stebility  derivatives 
estimated by Douglas  Aircraft Co., Inc.  Some  additional  calculations ' 
were  therefore  made  to  determine  the  effect of possible  errore  made in 
estimating  the  tail-effectiveness  factor Cypt and the d-ing-in-roll 
parameter Cb. The tail-effectiveness.  fact.0.r Cyp, was increased and 
decreased 50 percent  and  the  damping-in-roll  factor C z p  was increased 
and decreased 25 percent.  The  derivative CyBt was  chosen as one of 
the  variables  since,  for  this  airplane,  it  contributes  over 70 percent 
of  the t o t a l  value of the  derivatives CnS, C+,  C%, and Cz,, and 
a lso  contributes  fairly  large  amounts to C z g  and Cy The  derivative 
C z p  is an important  derivative  that was vwied because  it is produced I 

mainly by the wlng and  is  not  affected  much by changes in Cypk. 

8' 
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Calculations  were also made  to determine the  effect  on  the  period 
and time to damp of some  geometric  changes to the  airplane  which 
included a decrease in the wing incidence, a decrease  in  the  geometric 
dihedral, and a vertical-tail  modification.  The  effect of an autopilot 
(with zero lag) which  changed  Cnr,  Cnp, and Cb was also studied. 

1 

All calculations  were  made with the  values  of  Cnp  obtained  from 
the  Douglas  AircraSt  Co.,  Inc.  and  also  with  the  values of C which 
were  estimated at the  Langley  fYee-flight  tunnel.  The  values of Cnp 
which  were  estfmated  at  the  Langley  free-flight  tunnel were based on 
unpublished experimental values  of kP which  were  obtained f o r  the 
free-flfght-tunnel model of the X-3 (reference 1). These  experimental 
data  indicated  that  the  values of Cnp estimated by the  method of 
reference 3 for  this  model  were t oo  high by an increment of about 0.125 
over  the  angle-of-attack range under  consideration.  The  value of C y B t  
for  the  free-flight  model (-0.30) wa6 appreciably  different  from  the 
estimated  values af Cyst for  the  airplane  for  the six flight condi- 
t i o n s  because of the  differences in Mach  number,  because of the low 
scde of  the  free-flight-tunnel tests,  and because  of  the  affferences 
in tail  size  and  tail  location.  Since  Cnp  is  airectly  related to 
Cypt,  the  incremental  value  of  CIlp (0.125) was  multiplied by the  ratio 

nP 

values  of Cn for  the  airplane,  as  illustrated by the following 

f onrmla: 
P 

c (free-night estimate) = ~np(  est-ted from ref. 3) - ?e 

-0.30 

Although  the values of  based on experiment  were  used,  it  should 
be pointed  out  that  they are probably  not  quantitatively  correct  because 
they  are  based on low-scale  data.  The  uncertainty  as to the  correct 
values  of  C+  for  the Mgh-speed conditions,  which  are  included  herein, 
make  it necessaryto consider  the results as being  only  of a qualitative 
nature. 

c"P 
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The t a i l  contribution  to damping i n  roll C should also be 
Ipt 

expected t o  be  different because of the  effect  of the rol l ing wing on 
the tail effectiveness,  but this effect  should be s m a l l  and has  therefore 
been neglected. 

L 

RESULTS ANTI DISCUSSION 

Spiral  Mode 

The sp i r a l  mode i s  stable for all conditions  investigated, as shown 
i n  t & l e  11, and, therefore,   easily  satisfies  the dir Force  requirement 
for sp i ra l   s tab i l i ty .  

Osci l la tory  Stabi l i ty  of the Basic  Airplane 

The results of the  calculated  oscil latory  stabil i ty  characterist ics 
are shown in figures 2 t o  4 and are a l s o  summarized in table  11. The 
results show tha t  with either  value of  Cn the ming for  the majority 
of the  conditions would not be great eno& t o  meet the Air Force damping 
requirement but indicate  that  the  airplane would be stable f o r  a l l  condi- 
tions. I n  all cases,  the  calculations  indicated  leas  stability when the 
values of C based on experiment were used  than when the values esti- 
mated by  the Douglas Aircraft Co., Inc. were used. The data also indi- 
cate  that  an increase in ta i l   effect iveness  decreased  both  the  period 
and the time in seconds t o  d q  t o  one-half  amplitude so that the 
damping in terms of cycles (or  the  distance from the  cri terion boundary) 
did  not change nearly 80 much as the damping i n  terms of seconds. 

nP 

The effect   on.the  period and dmping of the   l a te ra l   osc i l la t ion  of 
increasing  or deCRFa8i~g C z p  by 25 percent  for Mach numbers of 0.75, 
1.2, and 2.0 at 35,000 feet is shown in  figure 5. These da ta   inaca te  
that f o r  either value of Cap, an increase i n  C z p  f o r  the M = 0.75 
condition  resulted In an increase in s tab i l i ty ;  whereas m increase  in 
C z p  for   the M = 2.0 condition  sl ightly decreased the damping. There 
was virtually no change i n  the damping for  the M = 1.2 condition when 

was increased  or  decreased 25 percent. The data also ind5cate  that 
the damping was appreciably  decreased for aJ1 conditions when the  values 
of Cnp based on experiment were used instead of those  estimated  by  the 
Douglas Aircraft Co., Inc. 

2P 

It appears f r o m  these results tha t  &1 errors  in  the  estimation 
of C z p  o r  of the  tai l-effectiveness  factor Cypt will not  greatly 
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affect  the  accuracy of  predicting  the dynamic l a t e r a l   s t a b i l i t y  of this 
airplane i n  the terms of  cycles t o  dmp to one-half  amplitude and hence 
in  terms of the  distance from the   cr i ter ion boundary. It does appear, 
however, t ha t  821 accurate  estimation of C is  necessary t o  predict  

t he   l a t e ra l   s t ab i l i t y   w i th  reasonable  accuracy. It is a l s o  necessary 
t o  have very  accurate knowledge of the  inclination of the  princfpal 
longitudinal  axis of i ne r t i a  of  the  airplane  as shown i n  reference 1 
and in  calculations made by the Douglas Aircraft  Co. , Inc. 

nP 

Osci l la tory  Stabi l i ty  of Modified  Airplane 

The resul ts  of  ca;lculations made to determine  the  effect of several 
possible geometric  modifications to the  airplane are sham in figures 6 
and 7 and are summaxized in   t ab le  IIl. Conputations  of the  period and 
time t o  damp t o  one-half  amplitude for   only  the M = 2.0 condition a t  
35,000 f e e t  were made to determine the   e f fec t  of these changes. The 
value of C calculated  by  the Douglas Afrcraft  Co., Inc. was used 
f o r  the  points of ffgure 6( a) and the  value of  Cnp based on experhent  
was used f o r  the  points of figure 6( b) . The @ points of this figure 
show that  the  period and t h e  t o  damp f o r  the or iginal  M = 2.0 condi- 
t i o n   a t  35,000-foot a l t i tude  would not meet the Air Force damping 
requirement f o r  e i the r  value of Cnp 

nP 

The ef fec t  of a 5' reduction in dihedral is shown by  the @) points 
of figure 6 .  The 5' reductlon in  dihedral  was investigated  both  as a 
possible means of increasing  the dampi6g and as a means of reducing  the 
r a t lo  of osci l la tory amplitude of ro l l  to   s ides l ip  which, fo r  this condi- 
t ion was re la t ive ly  high (about 5 )  because of the high  ra t io  of yawing 
ine r t i a  t o  rolling iner t ia .  Figure 6(a) shows tha t  when the  value of 
Cnp estimated  by the D o u g l a s  Aircraft Co., Inc. was used, the damping 
was decreased when the dfhedral was decreased  but when the  value of 
based on experiment was used the demping w a s  increased when the  dihedral  
was decreased. The opposite  effect of decreasing  the  dihedral f o r  the 
two values of Cnp is pa r t ly  caused  by  the f ac t  that the  term 
( C q  - 2C$z2) was posit ive f o r  the  value of C,+ estimated  by  the 
Douglas Aircraft Co., rnc. and negative f o r  the value of Cnp which W ~ S  

based on experiment. A more complete discussion of this effect  is given 
in  reference 4. Figure 7 shows that  the r a t i o  of r o l l   t o   s i d e s l i p  was 
reduced from approxbately 5 t o  2.5 when the  dihedral was reduced. The 
reduction in the   ra t io  of roll t o  s idesl ip  w a s  approximately  the same 
regardless of the  value of  Cnp used. Although it is  not known if the 
large r a t i o  of r o l l  t o  s idesl ip  f o r  the o r i g i n a l  dihedral  condition 
be considered  undesirable, mme investigators have thought tha t   the  ratio 
should not be more than 2.5. The r a t i o  of r o l l  t o  s idesl ip  which w a s  
obtained from figure 7 by measurement of the  amplitudes of the bank &nd 

cnP 
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sideslip  angles f o r  the two dihedral configurations can a l s o  be  approxi- 
mated by the following formula: 

where 

2P - - c2P 
4Kx2 

The data of  figure 7 indicate a l s o  that with either  value of the 
airplane would i n i t i a3 ly  bank i n  the mng direction after a rudder kick c 

for   both dihedral conditions.  This i n i t i a l  adverse rolling due t o  a 
rudder kick i s  not  unusual and is caused by the  high  location of the 
rudder with respect to the  center of  gravity. With the  original  dihe- 
dral, the  airplane  reversed  this  direction of bank because of  the  dihe- 
d r a l  effect;  whereas in the reduced dihedral  condition  the  airplane 
remained  banked in   t he  wrong direction m e r  8 rudder kick because of  
insufficient dihedral effect.  Further analysis indicates  that, for the 
reduced dihedral  condition,  aileron  control  opposite  to  that normally 
required would be necessary t o  hold a steady  sideslip and the  airplase 
would not meet the Air Force  flying-qualities  requirements i n  t h i s  
respect. It i s  shown in   the appendix that   for   the M = 2.0 condition, 

c% 

C2p must be greater than -$!na t o  meet t h i s  requirement. The r a t i o  

of C zp to -Cnp for the reduced dihedral  condition  (table 111) i s  
less than 1/4. 

The @ points of figure 6 indTcate tha t  a reduction of lo i n  wing 
incidence  increased  the damping of the  oscil lation and that for   the  
calculation made with  the Douglas estimated  value of Clip the  .increase 
i n  damping was great enough t o  meet the Air Force damping requirement. 
When the Cnp based on experiment was used, however, the  increase i n  
damping caused by 1' incidence  decrease was not nearly great enough t o  
meet t h i s  damping requirement. When C was reduced by  50 percent  in nP 
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combination with the  decreased wing incidence  (points @ ) , the damping 
was further improved for  the  calculation made with  the Douglas estimated 
value of  Cnp but X&S not changed when the  value of C, based on 
experiment was used. The @ points also show that   the  period was 
increased  about 1/2 second by  decreasing Cnp by 50 percent f o r  either 
C%. “he r a t i o  of  r o l l  t o  s idesl ip  w&8 not improved by  decreasing 
e i the r  CnP o r  the wing incidence. In fac t ,  the condition shown by  the 
@ points,   resulted  in a l a rger   ra t io  of r o l l  t o  s idesl ip  because of 
the  reduced CnB. 

P 
- 

The @ points of  f igure 6 represent the airplane  with lo negative 
wing incidence,  with Cn reduced 30 percent, and with -5O dihedral. 
The o n l y  difference  in  the  airplane  configuration between points @) 
and @) is the 5O decrease In dihedral and therefore a similar effect on 
the damping is shown as was shown and discussed f o r  points @ and @) . 
The r a t i o  of r o l l  t o  s idesl ip  was not  decreased  apprecfably from the 
original  value of 5 because the  decrease in dihedral -CQ was about 
balanced by the decrease in C q .  Even wfth th i s  reduced dihedral the 
aileron t o  hold  sideslip was  in the  desired  direction  because CzB w a s  
still greater  than -&p. 

P 

The @ points of f igure 6 represent  the  airplane  with lo negative 
incidence, with the dihedzal approldmately -70, and with a v e r t i c a l   f i n  
added on the nose ,of the  airplane tn such a manner that was reduced 

50 percent and Cn was increased 75 percent. For this configuration 

the   ra t io  of r o l l  t o  sfdesl ip  was decreased t o  2.5 and the damping was 
made satisfactory  for  both  values of Cnp. AS in   the  case of the 
@ points, however, the  aileron  control  required in a steady  sideslip 
would be reversed. 

r 

Although these  calculations for the airplane with the geometric 
revisions were m a d e  only f o r  the M = 2.0 condition which w&s considered 
c r i t i ca l ,  it ia  believed that similar trends would be obtained f o r  the 
M = 0.75 asd M = 1.2 conditions  with  the  exception  that the opposite 
effect  of Cz on the dmrping  would be expected  as has been  discussed 
previously. 

P 

Autopilot  additions .- The ef fec t  of  varydng the  rotary-s tabi l i ty  
derivatives Cnp, Cnr, and Cz t o  s b u l a t e  the addition of a r a t e  
gyro autopilot  with  zero time lag  and instal led  in   the  a i rplane s o  as t o  
vary  only one derivative a t  a time was investigated  for Mach numbers o r  
0.75, 1.2, and 2.0 a t  35,OOO-foot a l t i tude  and the  resul ts  are shown i n  
figures 8 t o  10. The derivative was varied from -0.10 t o  1.0; 

P 

c”p 
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C z p  from 0 t o  -3.0; and Cn, f r o m  0 to  -10.0. The m s s  and aerodynamic 
parameters  used f o r  these calculations  are  those shown in   t ab le  11 except 
tha t  Cnp values of  -0.105, 0.084, and 0.047 w e r e  used for  the Mach 
numbers of 0.75, 1.2, and 2.0, respectively. The different  values of 
Cnp were used for  the  autopilot  calculations because a t  the time these 
cdculat ions were made a different method was being  used to  correct  the 
experimental Cnp data of the model t o  high-speed  -Pull-scale  values. 
Since it is  not known what the  correct  values of Cnp for  the  airplane 
a re  and since  the  effects of autopilot   lag  hme been neglected,  these 
results should be considered as of a qualitative  nature only. In some 
cases  the  curves  representing  the damping of the  spiral  and rol l ing 
modes (aperiodic modes) are not shown for   the complete  range of vari- 
ables  because i n  these cases the ageriodic modes .combined t o  form a  very 
long-period  oscillation and then  reappeared as a very  slightly  unstable 
aperiodic mode.  

I 

The calculated data of figures 8 and 9 indicate  that  increasing Cnp 
i n  the  posit ive  direction  or Cnr in the negative  direction  increased 
the w i n g  of the  oscil lation, had v i r tua l ly  no effect  on the  period, 
increased  the damping of the   spiral  mode, and on ly  s l igh t ly  decreased 
the damping of the rolling mode for a l l  Mach numbers investigated. The 
data of figure 10 show that  increasing  the damping-in-roll  parameter 
-Czp increased  the d q i n g   f o r   t h e  M = 0.75 condition up t o  a  value 

the damping. No ef fec t  on the damping i s  shown for   the E4 = 1.2 condi- 
t ion.  A - s l i g h t  destabil izing  effect  of  increasing the damping i n  roll 
i s  shown for   the M = 2 .O condition up t o  values  of C 2 = -0.6 and. a 
further  increase i n  the damping in  roll f o r  this con&.tion w a s  s l igh t ly  
stabilizing.  Increasing -Czp slightly  increased  the  period for only  
the M = 0.75 condition. The  damping of the   sp i ra l  mode was decreased 
by  increasing -Czp and the danqing of the rolling mode m s  increased 
by increasing -C zp. 

of c2p = -1.2 and tha t  a further increase in -Czp slightly reduced 

P 

T5e osci l la t ion damping data of figures 8 t o  10 have been summarized 
fn figure 11 t o  show the  relative merits of  the three zero-lag  autopilots 
considered. In this  figure  the  incremental  values of each derivative 
(produced by the autopilot) is plotted as the  abscissa. It appears from 
these results tha t  on the basis of the required change i n  the magnitude 
of the derivative  to meet the A i r  Force w i n g  requirement, an auto- 
p i l o t  which a r t i f i c i a l l y  produced Cnp would be most effective in 

improving the damping of the  la teral   osci l la t ion  for   the  three  condi t ions 
investigated. This comparison fnvolving only the magnitude of the 
changes i n  the  derivatives is not  believed t o  be  completely  valid, how- 
ever,  because of the  l imitat ions  to  the control moment available  for  the 
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autopilot;   that  is, f o r  the higher  values  of  the derivatives the maximum 
possible  control-surface  deflection would be reached  before  the maximum 
rol l ing  or   pwing  veloci t ies  would be reached and a nonlinear  condition 
would therefore  result.  Since  the  ratio of ro l l i ng   ve loc i ty to  yawing 
velocity is  rather  large  for  this  airplane,  it should be expected that 
this  nonlineaz  condition would occur f o r  a smaller value of C than 
Cnr. Since  this cdmparison is  for   autopi lots  with zero time lag it is 
l i k e l y  that it m y  not be completely  valid  for.  autopilots  with  appreci- 
able time lag.  Further  study is  required t o  es tabl ish more definitely 
the relat ive merits of the different type  autopilots. 

- 

nP 

CONCLUSIONS 

The followfng  conclusions are drawn from the results of the theo- 
re t ica l   s tudy  of the dynamic lateral s tabi l i ty  ChmCteriStiCE of the 
X-3 research airplane, study 41-B. 

1. With the mass and aerodynamic parameters used i n  this investi-  
gation the osc i l la t ion  of the  airplane would be stable f o r  all conditions 
but would not meet the A i r  Force damping requirement for   the  major i ty  of 
the  conditions  investigated. Less s tab i l i tywas   ca lcu la ted   for  all cases 
when the  values of Cnp based on experiment were used than when the 
estimated (more positive) d u e s  of c were used. nP 

2. The damging of the lateral osci l la t ion  of  the airplane can  be 
improved by  decreasing  the Kfng incidence,  by  adding  vertical-fin area 
forward  of the center of p a v i t y ,   o r  by decreasing the dihedral, but no . 
geometric arrangement was found t h a t  would m a k e  the airplane completely 
sat isfactory from the standpoint  of  oscillation damping, r a t i o  of r o l l  
to sideslip,  and aileron  required  to  hold a sideslip.  
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3. Great improvement can be obtained in oscillation damping for all 
conditions by use of an autopilot which artificially produced or 
Cn, and for the M = 0.75 condition with m autopilot which produced 

cnP 

-c ZP 

Langley Aeronautical Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley A i r  Force Base, Va. 
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AILERON lEFTECTION I N  A STEADY SIDESLIP 

The A i r  Force flying-qualit ies requirements state tha t  in a steady 
sideslip,   upaileron  deflection on the forward wfng shall be required. 
This means that   r ight-aileron  deflection o r  right ro l l ing  moment is 
required t o  hold a right  sideslip.  It i s  necessary,  therefore,  that  in 
a r ight   s idesl ip  the sum of the  rol l ing moments produced by s idesl ip  and 
by  the  rudder  should  be  negative, o r  

For a right sideslip,  the term Czj3j3 is usurtlly  negative and the term 
C 8, is usually positive, so the requirement  &ght be restated as 
’6, 

If the  aileron Jgwing moments are neglected, i n  a steady  sidesl ip  

Substituting  equation (3)  in equation (2) and dividing by j3 gives 

Assuming that the rudder moments are proportional t o  the rudder-moment 
811118 
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For the X-3 a i rplane  a t  M = 2 this r a t io  is approximately- $. Substi- 

tuting t h i s  value in equation (4)  gives 

or, C m u t  be greater than -4  Cnp t o  meet the A i r  Force  requirement 

fo r  aileron  deflection i n  a steady sideslip. 

1 
28 

e 
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TABLE I 

FLTNDAMENTAL DIFFEKENCES BETWEEN STUDY 39-C and 41-B 

Lother geometric changes include  the  fuselage 
shape, t h e   t a i l  boom cross  section, and 
the  vertical  t a i l  s ize  and location] 

~ ~~ 

Factor Study 39-c 
(reference 1) 

Wing incidence, deg . . .  
by f t  . . . . . . . . . .  
W, lb . . . . . . . . . .  . . . . . . . . . . .  1x0 
Izo . . . . . . . . . . .  
Iyo . . . . . . . . . . .  
E, deg . . . . . . . . . .  

%ese inertia  values were approximately two 
large  for  the weight of 14,153 pounds. 

Study 41-B 
Mock-up 
airplane 

0 
22.69 

20 , 800 
17,694,000 

298 , 424,000 
285,187,000 

3 

;imes too 
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. 
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Zondition 

A 

B 

C 

D 
- 

E 

F 

TABIX I11 

KESULTS OF GEOMETRIC MODIFICATIONS TO AIRPLANE 

@ = 2.0; h = 35,000 feet] 

%e damping i s  considered  satisfactory (S) when the A i r  Force 
damping requirement is sa t i s f ied  and unsatisfactory (U) when 
the  requirement is not sat isf ied.  

bThe values of were 2.5 o r  lees  f o r  the  cases marked satis- 1 $ 1  
factory (S) and 5 or more for the  cases marked unsatis- 
factory (u) . 

CThe aileron to hold a s idesl ip  is considered  satisfactory (S) 
if up aileron on the forward wing is  required and unsatis- 
factory (U)  i f  down aileron on the forward wing is required. 
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Figure 1.- Three-view sketch of Douglas X-3 research airplane, study 41-B. 
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Figure 2.- Effect on the period and damping of increasing or  decreasing 
C by 50 percent f o r  values of C% that  were estimated aud f o r  
those that were based on experiment. M = 0.75. YPt  

i 

... . . . . . . . . . .. . 
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Figure 3.- Effect on the period and damping of increaelng o r  decreaeing 
by 50 percent fo r  values of C t h a t  were estimated an8 f o r  np 

those  that  were based on experiment. M = 1.2. 
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Figure 4.-  Effect on the period and damping of increasing or decreasing 
Cya by 50 percent for value0 of C that were estimated and f o r  
those that were based on experiment. M = 2.0. 

np 

r I 

. .  . .  

I 
. a 



(b) C n p  estimaZRd by Douglas Aircraft CO., Inc. 
i 

Figure 5.- Effect on the  period and t h e  t o  damp of increasing or 
decrea3in;' Ca,,. h = 35,000 fee t .  

.. . .. . . .  



Figure 6.- Effect on the  period and time t o  damp to  one-half smplitude 
of several geometric  chenges to the Douglas X-3 airplane. I4 = 2.0. 
h = 35,000 feet. 

I 
I 
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Figure 7.- Effect on khe calculabd motion o f  a 0.15 second rudder kick 
of Cn = 0.004 ana C2 = 0.001 (approx. 2.5O rudder deflection) f o r  
geometric dihedral angles of 0' and -5'. 
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FJ :&re 8.- Effect  on t h e   p e r i o d  and damping of varying C t o  simulate 
nP 

t h e   a d d i t i o n  of a rate gyro au top i lo t   w i th  zero time lag. 
h = 35,000 feet .  
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Figure 9.- Effect  on the period and dmtping of varying Cnr to simulate 
t he  addition of a rate gyru autopilot with zero  time lag. 
h = 35,000 feet. 
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Figure 10.- Effect on the perioa and damping of varying CzP to simulate 
the addition of a rate gyro autopilot with z e p  time lag. 
h = 33,003 feet .  " - 




