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RESEARCH MEMORANDUM 

for  the 
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FLIGHT  INVESTIGATION OF THE STABILITY AND CONTROL 

CHARACTERISTICS  OF A 0.13-scm MODEL OF THE 

CONVAIR XFY-1 VERTICALLY  RISING AIRPLANE 

DURING  CONSTANT-ALTITUDE TRANSITIONS 

TED NO . NACA DE 368 
By Powell M. Lovell, Jr.,  Robert H. Kirby, 

and  Charles  C.  Smith,  Jr. 

SUMMARY 

An investigation  is  being  conducted  to  determine  the  dynamic  sta- 
bility  and  control  characteristics of a  0.13-scale  flying  model  of  the 
Convair XFY-1 vertically  rising  airplane.  This  paper  presents  the 
results  of  flight  tests  to  determine  the  stability  and  control  charac- 
teristics  of  the  model  during  constant-altitude  slow  transitions  from 
hovering  to normal unstalled  forward  flight. 

The  tests  indicated  that  the  airplane  can  be  flown  through  the 
transition  range  fairly  easily  although  some  difficulty  will  probably  be 
encountered  in  controlling  the  yawing  motions  at  angles  of  attack  between 
about 60° and 40°. An increase  in  the  size  of  the  vertical  tail  will  not 
materially  improve  the  controllability  of  the  yawing  motions  in  this 
range  of  angle  of  attack  but  the  use  of  a  yaw  damper  will make the  yawing 
motions  easy  to  control  throughout  the  entire  transitional  flight  range. 
The tests  also  indicated  that  the  airplane  can  probably  be  flown  sideways 
satisfactorily  at  speeds  up  to  approximately 33 knots  (full  scale)  with 
the  normal  control  system  and  up  to  approximately 37 knots  (full  scale) 
with  both  elevons  and  rudders  rigged  to  move  differentially  for r o l l  con- 
trol.  At  sideways  speeds  above  these  values,  the  airplane  will  have  a 
strong  tendency  to  diverge  uncontrollably  in  roll. 
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INTRODUCTION 

A t  the  request  of  the Bureau of  Aeronautics, Department of the N a v y ,  
an investigation is  being  conducted t o  determine  the dynamic s t a b i l i t y  and 
control   character is t ics  of a 0.13-scale  flying model of the Convair XFY-1 
ver t ica l ly   r i s ing   a i rp lane .  This  airplane  has a modified triangular wing 
and modified  triangular  vertical t a i l  surfaces mounted symmetrically 
above and below the  fuselage, and has no horizontal  t a i l .  It has a large 
dual-rotating  propeller and suff ic ient  power to   take  off  and land  verti-  
cally.  Control i s  provided by flap-type  elevons  and  rudders  operating 
in  the  propeller  sl ipstream. 

The f i rs t  phase  of the  investigation, which was  reported  in   refer-  
ence 1, deal t  w i t h  hovering f l i g h t  at a l t i t ude  and near  the ground, var- 
ious  landing  techniques  using  tethering  lines  to  pull  the model down t o  
the ground, unrestrained  take-offs and landings, and low-speed forward 
f l i g h t  i n  gusty w i n d .  The present  investigation  consisted  mainly of 
f l i g h t   t e s t s  through  the  transition from hovering t o  normal unstalled 
forward f l i g h t .  These f l i g h t s  were constant-altitude  transitions  covering 
a speed  range from 0 t o  115 knots ( f u l l   s c a l e )  . Tests were also made i n  
sideways t r a n s l a t i o n a l   f l i g h t   a t  speeds from 0 t o  37 knots ( fu l l  scale) 
f o r  two control arrangements: the  basic arrangement i n  which only the 
elevons were used f o r  roll control, and an arrangement i n  which both  the 
rudders and elevons were operated  different ia l ly   for  roll control. The 
t e s t s  included a study of the  effects  of both yaw and roll dampers and 
of the  effects  of some enlarged  vertical  tai ls .  

The r e su l t s  of the  investigation were obtained  mainly from the 
pi lots '   observat ions  of   the   s tabi l i ty  and cont ro l lab i l i ty  and general 
f l ight  behavior of the model. In addition, some time  histories of the 
motions  of the model were prepared from motion-picture  records of the 
f l ights   to   a id   in   the  s tudy  of  some par t icular  phase  of  the  behavior  of 
the model. 

NOMENCLATURE AND SYMBOLS 

In order  to  avoid  confusion  in  terminology which might a r i s e  because 
of the  large  range of operating  att i tudes of the model, it should  be 
explained  that  the  controls and motions  of the model a re   r e f e r r ed   t o   i n  
conventional  terms  relative  to  the body system  of  axes; t ha t  is, the 
rudders on the   ver t ica l  ta i ls  produce yaw about  the normal ( Z )  axis, 
d i f fe ren t ia l   def lec t ion  of the  elevons on the wings produces roll about 
the  longitudinal ( X )  axis, simultaneous up or down deflection of  the 
elevons  produces pi tch about  the  spanwise ( Y )  axis.  Figure 1 shows the 
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axes and the  posit ive  directions of the  forces, moments, and l inear  and 
angular displacements. 

The definit ions of the symbols used in  the  present paper are   as  
follows : 

9 angle of pi tch of thrust axis  relative  to  horizontal ,  deg 

$ angle of yaw, deg 

It yawing velocity,  deg/sec 

@ angle of bank, deg 

d, roll ing  velocity,  deg/sec 

6, rudder  deflection, deg 

'a to t a l   d i f f e ren t i a l   de f l ec t ion  of the  elevons, deg 

I 

'e simultaneous up or down deflection of  the  elevons, deg 

l a angle of attack, deg 

I@ angle of sideslip,  deg 

I v airspeed,  ft/sec 

M pitching moment, f t - l b  

L ro l l ing  moment , f t - lb  

N yawing moment , f t  -1b 

% d M b ,  ft-lb/deg 

APPARATUS AND MODEL 

The investigation was conducted by personnel of the Langley free- 
fl ight-tunnel  section i n  the 30- by 60-foot tes t   sec t ion  of the Langley 
ful l -scale   tunnel   using  the  tes t   se tup  i l lustrated  in   f igure 2.  The 
arrangement  of  the power and control  cable and the  safety  cable was s i m -  
ilar t o  that  described  in  reference 1 for  the  hovering  tests  except  for 
the  attachment of the  cables t o  the  model. For the   t rans i t ion   t es t s  a 

I curved s t e e l  rod was attached  to  the nose of  the model and to  the  fuselage 

I "  
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at a point  near  the  center of gravity as shown in   f igure  3. The  two 
cables were  combined into a single  cable a few fee t  from the model and 
this  single  cable was attached  to a pulley which could run on the   s t ee l  
rod from the nose t o  a point  near  the  center  of  gravity as the model 
went from hovering t o  forward f l i g h t .  With this   setup  the  drag of the 
fl ight  cable  did  not cause  very  large  pitching moments  when the model 
was i n  forward f l i g h t .  

A photograph  of the model i s  shown as f igure 4 and a sketch showing 
some of  the more important  dimensions i s  shown in   f igure  5. The model 
had a modified-triangular wing and modified-triangular  vertical-tail sur- 
faces mounted symmetrically above and below the  fuselage and  an eight- 
blade,  dual-rotating,  fixed-pitch  propeller (two  four-blade  elements i n  
tandem) powered by a ?-horsepower variable-frequency  electric motor. 
Geometric character is t ics   are   presented  in   detai l   in   table  I. The model 
does not  represent  the  f inal   configuration of the  airplane because it 
was constructed  before  the  final  design  revisions were made. Moreover, 
the model was not  exactly a 0.13-scale model of the  original  design  in 
a l l  respects  because it was  designed from some rather  small drawings and 
some slight  inaccuracies  occurred in obtaining  the  dimensions. It i s  
believed, however, that   the  differences between the model and t h e   f i n a l  
airplane  configuration  are  not  great enough to   a l ter   appreciably  the 
results  presented  in  this  paper.  Figure  5(b) shows the  enlarged  verti- 
c a l  ta i ls  and rudders employed i n  one ser ies  of f l i g h t   t e s t s .  

The center  of  gravity was at   the  design  location, 0.15 mean aero- 
dynamic chord and 5 .O inches ( fu l l  scale) above the   th rus t   l ine .  The 
weight  and moments of i n e r t i a  of the model scaled up t o   f u l l   s c a l e  were 
within 10 percent of the  calculated  values  for  the  airplane  as shown i n  
the  following  table : 

Model Model 
(scaled up) Airplane 

Weight, l b  . . . . . . 16,250  15,920 35 -00 
Ix, slug-ft2 . . . . . 

30,647 29,000 1.08 Iz, slug-ft2 . . . . . 
23,361 25,100 0 *93 Iy, slug-ft2 . . . . . 
E, 016 10,900 0.41 
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TEST TECHNIQUE 

Maneuvering was accomplished  by means of flap-type  elevons and  rud- 
ders  operating  in  the  propeller  sl ipstream. For most of t he   f l i gh t s   t he  
following  control  travels were used: 

Total   differential   deflection  of  elevons,  deg . . . . 34 right, 54 l e f t  
Simultaneous  deflection  of  elevons, deg . . . . . . . 30 up, 20 down 
Rudder deflection, deg . . . . . . . . . . . . . . . 25 r igh t ,  25 l e f t  

For the one ser ies   of  tests i n  which other  deflections were used, 
the   t rave ls  are given  along  with  the  discussion  of  the tes t  r e su l t s .  The 
control  surfaces were deflected by f l icker- type  ( ful l -on,   ful l -off)  pneu- 
matic servomechanisms which were remotely  operated  by  the  pilots. Sepa- 
r a t e   p i l o t s  were used to   cont ro l   the  model i n   p i t ch ,  roll, and yaw i n  
order  that   they might give  careful   a t tent ion  to   s tudying  the motions  of 
the  model about  each  of  the  axes.  For  convenience i n  most of   the   f l igh ts  
the   ro l l ing  motions  of the model were slowed by a rate-gyro damping 
device so tha t   t he  model could  be  flown more smoothly i n   r o l l .  This 
damping device  consisted  of a r a t e  gyroscope which provides  the  signal 
t o  a proportional  type of control   actuator .  A manual override was used 
with  the damping device so tha t   the  model could  be  controlled and reor i -  
ented  with  respect   to   the  pi lot ' s   posi t ion.  The manual override was a 
fl icker-type  control and  produced fu l l   con t ro l   de f l ec t ion  a t  the  command 
of t h e   p i l o t .   I n  some o f   t he   f l i gh t s   t he   ro l l  damper was not  used  and 
the   ro l l ing  motions were control led  ent i re ly   by  the  pi lot .  A rate-gyro 
yaw damper with a manual override was also  used  in  some of t he   t e s t s .  

The investigation covered in   the  present   paper   consis ted  ent i re ly  
of f l i g h t   t e s t s  of  the  model. The s t ab i l i t y ,   con t ro l l ab i l i t y ,  and  gen- 
eral   f l ight  behavior  of  the model were determined  qualitatively  from  the 
pilots'   observations.  General  flight  behavior i s  a term  used to   descr ibe 
the  over-al l   f l ight   character is t ics   of  a model and indicates  the  ease 
with which it can  be  flown. In   e f fec t ,   the   genera l   f l igh t   behavior  i s  
much the same as the  pi lots '   opinion  of   the  f lying  qual i t ies   of  an air-  
plane and indicates whether s t a b i l i t y  and control labi l i ty   are   adequate  
and properly  proportioned. A quant i ta t ive  indicat ion of the  controlla- 
b i l i t y  was also  obtained from time h is tor ies   o f   the  motions  of the model 
recorded  by  motion-picture  cameras. 

Trans it ional   Fl ight  

The t r ans i t i on  tests were s ta r ted   wi th . the  model i n  hovering  f l ight 
and, as the  airspeed was increased,  the  controls were operated so t h a t  
the model performed the   t rans i t ion  from hovering to   uns t a l l ed  forward 
f l i g h t .  These f l i g h t s  corresponded to   very slow, constant-altitude 

I -  
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t rans i t ions .   F l igh ts  were also made i n  which the  airspeed was held con- 
s tan t  a t  intermediate  speeds so tha t   t he   s t ab i l i t y  and control  character- 
i s t i c s  at constant  speeds  could be studied. It was not   feas ib le   to  make 
many flights at constant  airspeeds  less  than 65 knots ( fu l l  scale) ,  how- 
ever,  since  that w a s  the  minimum speed  provided  by the  tunnel  speed con- 
t r o l .  Lower speeds were obtained  by  intermittently  turning  the  tunnel 
drive motors on and of f ,   bu t   th i s   p rac t ice  had t o  be stopped  because  of 
limitations  of  the  tunnel  control equipment. 

Trans i t iona l   f l igh ts  were made with  the  basic  configuration  without 
the  addition of any  automatic damping devices  in  order  to determine the 
bas i c   s t ab i l i t y  and control  chasacterist ics  of  the model. The t e s t s  
covered a range  of  pitch  angle from about 870 t o  20' which corresponds 
to  airspeeds of from 0 t o  113 knots ( f u l l   s c a l e )  . Transi t ional   f l ights  
were also made using  larger   ver t ical  tails than  the ones in   the   o r ig ina l  
configuration  in an  attempt t o  improve t h e   s t a b i l i t y  and cont ro l lab i l i ty  
of the yawing motions  of the model. 

For  both  the  basic and the  enlarged  ver t ical- ta i l  arrangements, 
t e s t s  were made with  the yaw  damper t o  determine  whether t h i s  device 
would materially improve t h e   s t a b i l i t y  of the yawing motions  of the 
model. 

Sideways Flight 

Flights were made t o  determine  whether the model could be flown at 
fa i r ly   h igh   t rans la t iona l  speeds  sideways. The airplane might have t o  
approach for a landing i n   t h i s  manner because  of the   l imi ted   v i s ib i l i ty  
along  the Z - a x i s .  These f l i g h t s  were made wi th   the   ro l l  damper operating 
fo r  two control  arrangements:  the  basic  arrangement i n  which only  the 
elevons were used f o r  roll control,  and  an  arrangement i n  which both  the 
rudders  and  elevons were operated  different ia l ly   for  roll control. The 
technique  used fo r   t hese   t e s t s  was the same as tha t  used for   the  t ransi-  
t i ona l   f l i gh t s .  The t e s t s  were started  with  the model i n  hovering f l i gh t  
and as the  airspeed was increased  the  controls were operated so that   the  
model flew sideways . 

RESULTS AND DISCUSSION 

The r e su l t s  of the  present  investigation  are  i l lustrated more graph- 
i c a l l y  by  motion pictures  of the   f l igh ts  of the model than is possible 
in  a written  presentation. For this  reason a motion-picture  film  supple- 
ment t o   t h i s  paper  has  been  prepmed and i s  available on loan from the 
NACA Headquarters, Washington, D. C . 
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Transitional  Flight With Basic  Configuration 

The model could  be flown reasonably smoothly through the complete 
t rans i t ion  between hovering and  normal forward flight  although  there 

motions were somewhat d i f f icu l t   to   cont ro l .  This range  of  angle  of  pitch 
corresponds t o  speeds  of from about 30 t o  60 knots ( f u l l   s c a l e )  . 

I, was a range of angle  of  pitch from about 60° t o  40' i n  which the yawing 

, 
Yaw chasacterist ics.-  The curves of figure 6, which are time histo- 

r i e s  of the yawing and pitching motions  during t rans i t iona l  flights, 
indicate,   in  general ,   the  difficulty  experienced i n  controll ing-the- 
yawing motions. These data do not show clearly  the lower limit of the 
angle-of-pitch  range where d i f f i cu l ty  was encountered. It was the  opinion 
of the yaw p i lo t ,  however, that the lower limit was  fa i r ly   c lear ly   def ined  
because of the  greatly  reduced  effort   required  to  f ly  the model at angles 
of pi tch below 40°. The p i lo t   a l so  had some d i f f icu l ty  in  controlling 
the yawing motions at low angles of pi tch because  of  the  excessive amount 
of rulder  control  available (k25O). The large  rudder  deflections were 
necessary so t h a t   f l i g h t s  could  be made through  the 60° t o  40° angle-of- 
pi tch range where the yawing in s t ab i l i t y  was encountered. These large 
rudder  deflections made it d i f f i c u l t   t o   f l y   t h e  model smoothly, particu- 
l a r l y   a t  low angles  of  pitch  because of the  tendency  to  over-control. 
For this reason  the  flight  records  indicate an undue  amount of yawing i n  
f l igh t ,   par t icu lar ly   a t   the  low angles of pitch, which would not be 
expected t o  occur for  the  full-scale  airplane.  

An indication of the   s ta t ic   d i rec t iona l   s tab i l i ty   charac te r i s t ics  
of the model in  the  transit ion  range is given in   f igure  7 which shows 
t h e   m i a t i o n  of yawing moment w i t h  angle of sideslip  taken from the 
Convair force-test  data of reference 2. Ebth the yawing moment and  angle 
of s idesl ip   are   given  re la t ive  to   the body axes. The yawing moment i s  
presented  in foot-pounds rather  than  in  coefficient form because coeffi-  
c ients  such as those  used  in  reference 2 give  an  exaggerated  impression 
of the moments a t  high  angles  of  attack  relative  to  those at low angles 
of attack.  Coefficients such as these  are  based on free-stream dynamic 
pressure  while  for trimmed f l i g h t  at high angles  of  attack  the  propeller 
slipstream i s  actual ly  producing most  of the yawing  moment. The data 
of f igure 7 indicate that the model was directionally  unstable  (negative 
slope of N against p) at  angles of attack from about 52O t o  6 2 O  and 
probably to  higher  angles. 

Whether this  s t a t i c   d i r ec t iona l   i n s t ab i l i t y  is d i r ec t ly   r e l a t ed   t o  
the yawing troubles  in  this  angle-of-attack  range i s  not   def ini te ly  known 
since  very l i t t l e   t e s t i n g  was done at angles  of  attack above about bo 
(speeds less than 65 knots, f u l l  scale)  because of the  lack  of  tunnel 
speed  control  in  this  range. The yaw p i l o t  thought tha t   the  motion of 
the  airplane which was bothering him at angles  of  attack from 40° t o  600 
was a very  unstable  oscillation. He reported  that  it was so unstable 
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that, i n  the space available  for  flying,  only  about  one-half of a cycle 
could be observed  before  he had to   s top  the motion t o  keep the model from 
flying out  of  the  open-throat test section. Even when he allowed  the 
model to   osci l la te   without  any  rudder  control,  only  about  three-fourths 
of a cycle  could be observed  before  the model had t o  be retrieved  with 
the  safety  cable.  If the model was  directionally  divergent at angles  of 
attack much above 60°, as the data of figure 7 would indicate,  the motions 
were sufficiently  mild so that they  did  not  bother  the  pilot .  

R o l l  characterist ics.-  A t  low forward  speeds, even a t  speeds of the 
order of 4 or 5 knots ( fu l l   s ca l e ) ,   t he  model was  ea s i e r   t o   con t ro l   i n  
roll than it was  i n  hovering f l i g h t  because it had a def in i te  tendency 
t o   f l y  with i t s  be l ly   in to   the  wind. This s t a b i l i t y   i n  bank about  the 
body axis, which was also observed  during  the  investigation  reported  in 
reference 1, resu l t s  from the   fac t  that the model has s t a t i c   s t a b i l i t y  
i n  bank over a large  range of angle  of roll as i l l u s t r a t ed   i n   f i gu re  8. 
These plots  of ro l l ing  moment versus  angle  of roll for  three  angles of 
pi tch were obtained from unpublished  Convair  force t e s t  data. Although 
these  data were obtained  for  conditions somewhat different  from trim con- 
di t ions (as indicated  in  the key to  the  f igure)  they  probably  give a t rue  
quali tative  indication of t h e   s t a t i c   s t a b i l i t y  i n  bank. The data fo r  
conditions  near Oo angle  of roll show that   there  i s  an  increasing  rolling 
moment to   t he   r i gh t  as t h e   l e f t  wing drops.  This  rolling moment actual ly  
results from the component of sideslip  introduced by the  angle  of  roll .  
Since a r o l l   t o   t h e   l e f t  causes a s i d e s l i p   t o   t h e   l e f t  which r e s u l t s   i n  
a ro l l ing  moment to   t he  right, the model has posit ive  effective  dihedral  
with  respect  to  the body axes at these  high  angles  of  pitch. 

I n  f l i gh t s  at the  high  forward  speeds (70 t o  120 knots, f u l l  scale) ,  
the model appeased t o  have l i t t l e  or no s t a b i l i t y  i n  bank about the body 
axis and behaved l i k e  a normal airplane.  Both NACA and Convair force- 
t e s t   da t a   ( r e f s .  3 and 4) indicate that the model should have had a high 
degree of negative  dihedral  effect. I n  the   f l i gh t   t e s t s ,  however, there 
was no evidence of such a negative  dihedral  effect which might  be  expected 
t o  cause a strong  spiral  divergence which should be very  obvious to   t he  
p i lo t .  The reason  for this apparent  discrepancy between the  force and 
f l i g h t   t e s t s  has  not  been  completely  determined. 

The large  different ia l   def lect ions of the  elevons  used  for roll con- 
t r o l  (T270) caused the model t o  be d i f f i c u l t   t o   f l y  smoothly at the  high- 
e s t  speeds  because  of the tendency to  over-control with the  flicker-type 
control. The increase  in   the magnitude of the rolling motions a t  low 
angles of attack is evident  in  the film supplement t o  th i s  paper. The 
model could  probably have been flown smoothly i n  roll at low angles  of 
attack if smaller  control  deflections had been used i n  this range. 

Pitch  characterist ics.-  The model was easy t o   f l y   i n   p i t c h  and seemed 
t o  have s t a b i l i t y  of  angle  of  attack  over most of the  speed  range.  In 
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fac t ,   the  model  would f l y  "hands-off" i n   p i t ch  f o r  reasonably  long  periods 
o f  time when it w a s  trimmed correct ly  and the  airspeed was not  being 
changed. The s t a b i l i t y  of  angle  of  attack i s  also  brought  out by the 
force-test  data presented  in  f igure 9 (taken from r e f .  4) which .show t h a t  

i s  stable  (negative)  over most of the  speed  range. The s t a t i c   i n s t a -  
b i l i t y  a t  speeds less   than 37 knots ( f u l l  scale)  shown in   f igure  9 was 
not  noticeable  in  the  f l ight  tests,   perhaps  because  the  forces  involved 
were small, o r  perhaps  because, as pointed  out   previously,   l i t t le   f lying 
was done at these  very low speeds. The data  of  f igure 9 also  indicate 
tha t   the  model had an unstable  variation of elevator t r i m  angle  with 
speed a t  speeds  between 10 and 80 knots   ( fu l l   sca le )  . This  stick-position 
ins tab i l i ty ,  however, did  not  cause  any  difficulty i n  flying the model. 

The rapid  variations  in  angle  of  pitch  about  the mean value, which 
are   evident   in   f igure 6, did  not seem t o  be  caused  by  poor s t ab i l i t y   bu t  
seemed t o   r e s u l t   p a r t l y  from the   d i f f icu l ty   in   coord ina t ing   th rus t  and 
pitch  control as the  airspeed  increased and pa r t ly  from over-controlling 
because  the  elevator  travel  (+25°) was excessive  for much of t h e   f l i g h t  
range. 

In   t he   t e s t s   t he re  w a s  a re la t ive ly   l a rge  time l ag   i n   t he   t h rus t  
control which caused  the model t o   r i s e  and f a l l  almost continually  during 
a f l i g h t .  This  lag was caused  by  the  slow  response  of  the 230-horsepower 
vasiable-frequency  motor-generator  set  in  changing i ts  speed when the 
power operator  required a change i n  speed  of t he  model motor.  This  large 
1ag.caused  appreciable  over-controlling as the  operator  attempted  to 
adjust   the power t o  maintain  level   f l ight  as the  tunnel airspeed  increased 
or decreased  during a t r a n s i t i o n   f l i g h t .  

A plot   of  the  variation  of t r i m  angle  of  pitch  with  airspeed  (scaled 
up t o  correspond t o   t h a t  of   the  ful l -scale   a i rplane)   for   s teady  f l ight  
during  transit ion is  presented  in  figure 10. These angles of p i tch  are 
averages  taken from the  motion-picture  records  of  several  flights at 
different  forward  speeds when the  model appeared t o  be i n  a s teady   f l igh t  
condition. The dashed  curve  of figure 10 was scaled up from data fur- 
nished by Convair to   represent   the same airplane weight as that  repre- 
sented by the  f lying model i n   t h i s   i nves t iga t ion .  This figure indicates 
that the  variation  of  angle  of  pitch  with  airspeed i s  similar for   the  
two models, except  that it was  necessary t o   f l y  at a s l i g h t l y  lower  angle 
of pitch  with  the  f lying model t o   a t t a i n   t h e  same speed  because  of  the 
added drag  of  the  propeller  guard  and  the power and control  cable.  It 
i s  believed, however, that   these  differences  in  operating  conditions as 
well as the  previously  mentioned small differences  in  configuration w i l l  
not  materially  affect   the main results of the  present  investigation. 
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Transit ion  Flights With Modified  Configurations 

Effect of enlarged tail.- I n  an  attempt t o  improve the yawing behav- 
i o r  of the model i n   t he  range  of  angle of pi tch between 60° and 40° the  
model w a s  tested  with  the  enlarged  vertical  t a i l .  L i t t l e  change in   t he  
s t a b i l i t y  and cont ro l lab i l i ty  was noticed and the model was s t i l l  diff i -  
cu l t   to   cont ro l  i n  yaw i n   t h i s  angle-of-pitch  range. This f a c t  is i l l u s -  
t r a t e d   i n  figure 11. Comparison of figure 11( a) ,  which i s  a replot  of 
part  of  the  record shown in   f igure  6, and f igure l l ( b )  shows the  simi- 
l a r i t y   i n   t h e  yawing motions  of the model with  the two ve r t i ca l  ta i ls  i n  
the  range of angle  of  pitch where the yawing motions were d i f f i c u l t   t o  
control. These curves  indicate  that  the yawing motions were jus t  as bad 
or perhaps  even s l igh t ly  worse with  the  enlarged t a i l  than  with  the  orig- 
i n a l  t a i l .  The  yaw p i lo t ,  however, thought that   the  model was s l i gh t ly  
eas i e r   t o   f l y   w i th  the large tai l ;  mainly  because  of  the  greater  control 
moments avai lable .   Evident ly   the  pi lot   fe l t  somewhat  more confident  of 
h i s   ab i l i t y   t o   con t ro l   t he  model with  the  large t a i l  and, consequently, 
allowed it t o  yaw farther  before  stopping it with  his  control.  

Effect  of yaw damper.- Since  the yawing motions were d i f f i c u l t   t o  
control  both  with  the  basic and the  enlarged-vertical-tail  configura- 
t ions,   the yaw damper was t r i e d  as another means of improving the  behavior 
of the model in  yaw. As indicated by figure 11( c)  appreciable improve- 
ment i n  the y a w i n g  behavior of the model resul ted from the use of the yaw 
damper. It i s  not known whether the yaw  damper  made the yawing motions 
s table  o r  merely slowed the motions so that  the  pilot   could  control them 
more eas i ly .  The y a w - m e r   c o n t r o l  system did  not have provision  for 
trimming the model i n  flight so the motions tha t  appeared t o  be  mild 
divergences i n  yaw could have been the   resu l t  of out-of-trim  rudder  deflec- 
t ions .  Even though the model may s t i l l  have been unstable   in  yaw with 
the yaw damper operating,  the motions were very  easy to   cont ro l  at a l l  
speeds and the   f l i gh t s  were much smoother than  for  the  basic  condition. 
The gearing of the yaw  damper during a l l  of these   f l igh ts  was such tha t  
the  deflection of the  rudder  in  response  to  the  rate of yaw "/$ was 
approximately 2.6O per  degree  per  second. 

Effect  of roll damper.- Although fo r  most of the  f l ights   the  rol l ing 
motions  of the model were controlled by the roll damper, a few f l igh t s  
were made without  the roll damper in  order  to  determine i t s  e f fec t  on 
the   s t ab i l i t y  and control   character is t ics  of the model. It was found 
that   the  roll damper had a s l ight ly   favorable   effect   in   the  per iod of 
hovering f l ight   before   the  t ransi t ion  actual ly   s tar ted.  As soon as  the 
t rans i t ion  was s ta r ted   the  model  became eas i e r   t o   con t ro l   i n  roll because 
of i t s  s t a b i l i t y   i n  bank about  the body axis, and the  s tabi l iz ing  effect  
of  the roll damper was not  noticeable. A t  low angles of pi tch where the 
manual control was  excessive because  of the  large  aileron  travel,   the 
roll damper  made the   f l i gh t s  much smoother.  This r e su l t  does not  indi- 
cate  the need for  a roll damper a t  low angles  of  attack  since  the  pilot 
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of the  airplane w i l l  be able   to  use  smaller  aileron  deflections  in  this 
condition and w i l l  probably be able  to  f ly  the  airplane smoothly i n  roll. 
The gearing of  t h e   r o l l  damper for  a l l  of t he   t e s t s  was such that   the  
t o t a l  d i f fe ren t ia l   def lec t ion  of the  elevons  in  response to   t he   r a t e  of 
roll 6.$ was approximately 4.8' per  degree  per  second. 

Sideways Flight 

Basic  configuration.- The basic model with  the roll damper operating 
could  be flown  sideways a t  speeds up t o  about 33 knots ( f u l l   s c a l e ) .  The 
model was easy  to   control   in  roll i n  hovering f l ight   but  as the  airspeed 
was increased  the model had an increasingly  strong  tendency  to  diverge 
i n  roll. It therefore became increasingly more d i f f i c u l t   t o  keep the 
model oriented  with one  wing pointing  into  the wind. Finally at a speed 
of about 33 knots ( fu l l   sca le )   the  model  would roll off and f l y  on i t s  
be l ly   o r  back despi te   effor ts  of  the roll pi lo t   to   cont ro l  it. This 
roll-off i s  i l l u s t r a t ed   i n   f i gu re  I 2  which presents time h is tor ies  of  the 
angle of bank as  the  airspeed was increased up t o  about 33 knots ( fu l l  
sca le ) .  When it was found i n   t h e   f l i g h t   t e s t s   t h a t   t h e  model diverged 
i n  roll, force  tes ts  were made by  Convair which showed tha t   the  tendency 
t o  diverge was caused by s t a t i c   i n s t a b i l i t y   i n  bank. The curves  of  fig- 
ure 8 are  typical of the  curves  obtained from these  force  tests and indi- 
cate   that   for  sideways f l i g h t  ($ = -goo) there i s  an unstable  variation 
of  rolling-moment coefficient  with  angle of bank which increases  with 
increasing  speed. The roll divergence  encountered in   f lying  the model 
occurred when the  pilot   inadvertently allowed  the model t o  roll t o  such 
a large  angle  that   the  roll ing moment produced  because of the   ins tab i l i ty  
was greater  than  the moment tha t  could  be  produced by the roll contml .  
The model therefore  rolled  off   against   full   ai leron  control.  

The speed of 33 knots ( f u l l   s c a l e )  should  not  be  regarded  neces- 
s a r i l y   a s  a c r i t i c a l  speed since  the speed a t  which the  divergence 
occurred would appear t o  depend upon the   p i lo t ' s   sk i l l   in   p revent ing   the  
model from ro l l ing   to  a large  angle from which a recovery  could  not be 
made. The p i l o t  of the  airplane,  being  in  the  airplane, w i l l  be able   to  
sense  rolling  accelerations and  apply  corrective  controls  sooner  than 
the  pi lot  of the model was capable  of  doing. The airplane w i l l  also roll 
considerably  slower  than  the model because of the small scale of the 
model. From these  considerations it would  seem tha t   the   p i lo t  of the 
full-scale  airplane  should be able t o  f l y  at higher  speeds  than  those 
obtained in   t hese   t e s t s .  

No attempt was  made t o   f l y   t h e  model sideways without  the roll 
damper operating  because it was rather   diff icul t   to   control   the  model 
a t  low speeds i n  sideways f l i g h t  even with  the roll damper operating. 
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Figure 13 shows the  variation of angle  of yaw with sideways speed 
for  steady trimmed f l igh t   fo r   t he   f r ee - f l i gh t  model as compared with 
that  obtained from data furnished  by  Convair. These data show tha t  at 
a given  speed  the  flying model f l e w  at an  appreciably lower  angle  of yaw 
than  that   indicated by the  force- tes t   resul ts .  This resul t   indicates  
that the  drag of the  propeller  guard and the power and control  cable was 
relatively  large  with  respect  to  the  drag  of  the model. This  difference 
in  operating  conditions  tends  to make the results optimistic  with  respect 
to   the  maximum sideways  speeds tha t  can  be obtained  because  the  sideslip 
angle was reduced,  thereby  reducing  the ro l l i ng  moment.  The fac t   tha t  
this   di f ference would appear t o  make the  results  optimistic  tends  to  off-  
set   the   fact   that   the  model t e s t s  tended t o  be pessimistic  because  they 
were made with a small-scale model flown with  remote  controls. 

Effect of modified  roll-control system.- Tests were made with  the 
modified  roll-control system at  the  suggestion  of Convair as an  attempt 
to  increase  roll ing  effectiveness and thereby  increase  the m a x i m u m  side- 
ways speed. In   these   f l igh ts   the  roll control was almost  doubled  by 
providing  differential   deflections of the  rudders as well as the  elevons. 
The use  of t h i s  system, with  the  following  control  deflections, 

elevons), deg . . . . . . . . . . . 34 r ight ,  54 l e f t  
For {!rudders), deg . . . . . . . . . . . 50 r igh t ,  50 l e f t  
For yaw control  (elevons), deg . . . . . . . . . . . . 19 up, 19 down 
For pitch  control  (rudders),  deg . . . . . . . . . . . 25 r igh t ,  25 l e f t  

resu l ted   in  a sl ightly  higher sideways f l i g h t  speed  before  the  roll-off 
occurred. The speed a t  which the  roll-off  occurred in  t h i s  case was 
about 37 knots ( fu l l  scale) . 

CONCLUSIONS 

The following  conclusions were  drawn from the   r e su l t s  of f l i gh t  
t e s t s  of a 0.13-scale  flying model of the Convair XFY-1 ver t ica l ly   r i s ing  
airplane  during  constat-alt i tude,  slow t rans i t ions  from hovering t o  
normal unstalled  forward  flight: 

1. Flights  through  the  transition  range can be performed f a i r l y  
easi ly .  

2 .  The pitching and rolling motions w i l l  be easy  to  control and 
there w i l l  probably  be s t a b i l i t y  of angle of a t tack and angle  of roll 
over most of the  transition  range. 
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3. Some d i f f i cu l ty  w i l l  probably  be  encountered in   control l ing  the 
yawing motions a t  angles  of  pitch between about 60° and 40°. An increase 
in   t he   s i ze  of the   ver t ica l  t a i l  w i l l  not  materially improve the  control-  
l a b i l i t y  of  the yawing motions. The use  of a yaw damper w i l l  consider- 
ably improve the yawing motions and make it easy  to  control  throughout 
the  ent i re   t ransi t ion  range.  

4. It w i l l  be poss ib l e   t o   f l y  sideways at speeds up t o  about 33 knots 
with  the normal control system or  up t o  about 37 knots  with  both  elevons 
and rudders  rigged t o  move d i f f e ren t i a l ly   fo r  roll control.  Above these 
speeds  there w i l l  be a tendency  toward r o l l  divergence. 
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TABLE I .. GEOMETRIC CHARACTERISTICS  OF THE MODEL 

Weight. l b  . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 . 00 

Wing (modified  tr iangular  plan  form): 
Sweepback. deg . . . . . . . . . . . . . . . . . . . .  
Air fo i l   s ec t ion  . . . . . . . . . . . . . . . .  NACA 
A s p e c t r a t i o  . . . . . . . . . . . . . . . . . . . . .  
Taper r a t i o   ( r o o t  t o  t h e o r e t i c a l   t i p )  . . . . . . . .  
Area ( t o t a l   t o   c e n t e r   l i n e ) .  sq i n  . . . . . . . . . .  
Span ( t h e o r e t i c a l ) .   i n  . . . . . . . . . . . . . . . .  
Mean aerodynamic  chord. i n  . . . . . . . . . . . . . .  
Span of elevon  (each). i n  . . . . . . . . . . . . . . .  
Chord of elevon. i n  . . . . . . . . . . . . . . . . . .  
Dihedral  angle.  deg . . . . . . . . . . . . . . . . .  

. . . .  55 
63-009 modified . . . .  1.90 . . . .  5023 . . . .  818.95 . . . .  39.49 . . . .  23.94 . . . .  15.37 . . . .  2.92 . . . .  0 

Over-all  length  of model. i n  . . . . . . . . . . . . . . . . . .  49.40 

Fuselage  length. i n  . . . . . . . . . . . . . . . . . . . . . . .  45.40 

Ver t ica l  t a i l s  (modified  tr iangular  plan 
Sweepback. deg . . . . . . . . . . . .  
A i r f o i l   s e c t i o n  . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . .  
Taper r a t i o   ( r o o t   t o   t h e o r e t i c a l   t i p )  
Area ( t o t a l   t o   c e n t e r   l i n e ) .  sq i n  . . 
span. in . . . . . . . . . . . . . . .  
Mean aerodynamic  chord. i n  . . . . . .  
Span  of top  rudder.   in . . . . . . . .  
Span of bottom  rudder. i n  . . . . . . .  
Chord of rudders. i n  . . . . . . . . .  

form) : . . . . . . . . . . . .  40 . . . . .  NACA 63-009 modified . . . . . . . . . . . .  3.18 . . . . . . . . . . . .  3.15 . . . . . . . . . . . .  379.88 . . . . . . . . . . . .  34.73 . . . . . . . . . . . .  13.07 . . . . . . . . . . . .  14.13 . . . . . . . . . . . .  11.13 . . . . . . . . . . . .  2.05 

Propellers  (eight-blade  dual-rotating) : 
Diameter. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  23.85 
Hamilton  Standard  design.  drawing number . . . . . . . . .  3155-6-1.3 
Sol idi ty .  one blade . . . . . . . . . . . . . . . . . . . . .  0.0475 
Gap. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.00 

KgZiJ7 



Y 

i 1 

Figure 1.- The body system 
of  forces,  moments, 

of axes. Arrows indicate  positive  directions 
and  linear  and  angular  displacements. 
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Figure 2.- Sketch of test setup used in test section of Langley 
full-scale tunnel. 
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Figure 3.- Method of attaching  corribined  safety  and  power  and  control 
cables  to XFY-1 model  during  transitional  flight  tests. 
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Figure 4, The Convair XFY-1 model with propeller guard.
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Figure 5.- The  Convair XFY-1 vertically  rising  airplane  model. A l l  
dimensions  are  in  inches. 
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Figure 6.- Variation of angle of yaw and angle of pitch  with  time  during 
t r a n s i t i o n  for the  basic  design. Small t a i l ;  no roll damper, no yaw 
damper. 
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N ,  ft-lb 

Knots a, deg 
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72 36 
56 44 
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Figure 7.- Variation of yawing  moment  with  the  angle of sideslip for 
various angles of attack  in  transition  range. (From ref .  2) 
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Figure 8.- Variation of rolling  moment  with  angle of r o l l  f o r  various 
pitch  angles  and  speeds. 6, = 0'. (From  unpublished  Convair  data) 
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Figure 9.- Variation of trim elevator deflection with speed and variation 
of the  angle-of-attack  stability  parameter M, with speed in  the  transi- 
tion range.  (From  ref. 4) - 
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Figure 10.- Vaziation of angle of pi tch  with forward t r ans i t i ona l  speed. 
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Figure 11.- Effect of the yaw  damper and the  enlarged t a i l  on the yawing 
motion of the model in   the  port ion of the  transition  range where the 
yawing motions a re   d i f f icu l t   to   cont ro l .  
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Figure 12.- Time  histories of the  angle of roll and  the  accompanying 
angle of yaw  and  velocity  in  sideways  flight. 
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Figure 13.- Variation of angle of yaw  with  airspeed  in  sideways 
translational  flight. 
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