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- An investigation was conducted t o  determine  certain  longitudinal 
s tabi l i ty ,   control ,  and performance characterist ics of the XV-1 canverti- 

c plane i n  the  autogiro- and airplane-type  phases of f l i gh t .  The fixed-wing 
and three-bladed r o t o r  so share   the  total  weight t ha t  in autogiro-type 
f l ight ,   the  wing l i f t  is mall, whereas for  airplane-type flight the  rotor  
Uft is s m a l l  and constant , 

I n  the  autogiro-type  flight  configuration  (speeds f r o m  "'j t o  115 
knots)  the  convertiplane ms stable  with speed, but w a s  unstable  with 
angle of attack, In  the  airplane-type  fllght  range from l l 5  knots t o  
maximum speed, stabilfty  both  with  speed and with  angle of a t tack was 
noted. Adequate longi tudbal   control  w a s  indicated  throughout  the  total 
airspeed  range. 

Interference between the  fixed wing and rotor caused the lift-drag 
ratlos of the complete a i r c ra f t  t o  be  appreclably less than  the lift- 
drag ratios calculated from the  individual component data. 

Drag of the complete a i r c ra f t  w a s  reduced i n  a *'clean-upn  program. 
This  reduction  indicated an approximate  10-knot  increase in maximum speed. 

It LE shown that reliable  predictions can be m a d e  of the a t a t i c  eta- 
b-ty contributions of the V-tab horfzontal ta i l .  Calculated dawnwash 
at the t a i l  campared w e l l  with  the measured d w h .  
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IPITRODUCTION 

The XV-1 convertiplane i s  designed t o  combine the features of a 
helicopter and an  airplane. A helicopter-type  rotor, a ems11 fixed wing, 
and a pusher propeller  are  cmbined  in an e f for t   to   ob ta in  the beat  char- 
ac te r i s t fcs  of both  a i rcraf t  through the fllght range from hovering to 
maximum forward speed: 

The projected  flight plan for   the XV-1 cmvertiplane calls for: 
hel icopter   f l lght  from 0 t o  80 knots...forwqd speed, (2) ..trana-Ltion . 
;ogiro  type) flight- from . 8 0  knot 8 .  to 115 .knots f o m d - s p e e d ,  and .- . 

airplane-type flight for  fo-d ~eed.a. .greater than 115 knots.  In 
the  t ransi t ion speed  range,  autorotation of the  rotor  provides  the major 
portlon of the l i f t .  A t  speeds above those for t ransi t ion flight, the 
rotor lift i s  reduced t o  a small fraction of t he   t o t a l ,  although s t i l l  
i n  autorotation, so  t ha t  the convertiplane  characteristics are comparable 
to   those  of an airplane. 

To enable accomplishment of f l i gh t  i n  the  transition  range and air- 
plane  range, the XV-1 incorporates two novel  features. The first of these 
is a floating  horiznntal   stabil izer t o  mhfmize  the  adverse  effect on 
longftudinal  stabil i ty of the  large downwash changes associated with the 
unusually broad  speed  range. The second is a control mechanism t o  allow 
stable  rotor  operation a t  hQh tip-speed rat ios .  Although small-scale 
model t e s t s  had been carried out t o  develop the  various camponents of the 
aircraft and t o  show that their  canbination w d d  enable accomplishment 
of the flight plan, a question existed as to   the   appl icabi l i ty  of small- 
model data t o  the full-scale  comertiplane i n  the t ransi t ion and airplane 
phases of f l i gh t .  Therefore, a full-scale wind-tunnel investigation was 
conducted in   the  Ames 40- by 80-foot wind tunnel i n  order to  subetantiate 
the in tegr i ty  of the XV-1 design. 

The principal purpose of this report is the  determination  of  longi- 
tudinal  stabil i ty,   control,  and  performance charactcrlst ics of the con- 
vertiplane i n  the two autorotative  conditigns. In  addition,  certain 
relevant data affecting  these  characteristics  are compared with  other 
data obtained in the  developnent  tests. These data  are  presented  in ref- 
erences 1 and 2. Furthermore, an analytical method i s  derived  to e s t a t e  
the V - t a b  horizontal-tail  contribution  to these characterist ics and i s  
compared t o  the full-scale and small model test resul ts .  Part of t h F s  
analysis is presented i n  appendix B of reference 1. Some fill scale, 
dynamic,and loads data for this  convertiplane are presented i n  reference 3 .  

SYMBOLS 

a lift-curve  slope, per deg 

C chord, f t  

V 
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lift coefficient, - lift 
S S ,  

pitching-moment coefficient  about  the  rearmost  center-of-grav€ty 

3 

positim,pitcbing moment 
qsRR 

horizontal- ta i l  pitching-moment coefficient about the hinge line, 
pitching moment 

@TCT 

hinge-moment coefficient, hinae moment 
@ t c t  

change in tab hinge-moment coefficient w i t h  respect t o  tab deflec- 
t ion,   per deg 

change i n  tab hinge-moment coefficient with respect t o  the t a i l  
angle of attack, -per deg 

ro to r  thrust coefficient , T 
= s ,  

trim-tab spring  constant,  ft-lb/deg 

distance from moment center to floating-tail   hinge I h e ,  ft 

free-stream dynamic pressure, Ib/sq f t  

rotor  radius, f t  

mea, sq f t  

resultant thrust of  rotor,  l b  



W ver t i ca l  component of velocity at any point in the   rotor  flow 

V free-stream air  velocity,  ft/sec 

v free-stream air velocity, h o t s  

f ie ld ,   f t / sec  

. .  

a angle of  attack, deg 

ccp angle of a t tack  of the  propel ler   tbrust  w3.s with  respect  to  the 
free stream, deg 

P control stick  deflection from center, deg 

7 - r a t i o  of trim-tab deflection at some atrspeed  to  trim-tab 
6T' 
deflection a t  = 0 

&f cPlange i n  angle of attack, de@; 

A6sT change i n  stabilizer  incidence  angle, deg 

nC, pitching-moment coefficient increment 

ACD drag coefficient increment 

6s 

6S0 

6 t  trim-tab angle with respect   to  the e tab i l izer  chord Une, deg 

sr trim-tab angle with  respect t o  the s tab i l izer  chord Line at zero 

servo-tab  angle with respect to the   s tab i l izer  chord line, deg 

servo-tab  setting ( tab deflection at Oo s t a b i l i z e r  angle), deg 

9l-p aeg 

6T0 trim-tab se t t ing  at zero and zero s tab i l izer  -e, deg 

stabi l izer   angle  with respect   to   the thrust a x i s ,  deg 

€ dowiwash angle, deg 

c1 t i p  speed r a t io ,  - V 

CriR 

P density of free-stream sir, slugs/cu fi 

7 l i m e  r a t io ,  change i n  tab deflection  with change i n  s tab i l izer  
angle 
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w angular velocity of rotor ,  radians/sec 
d 

# 
Subscripts 

R ro tor  

5 

S servo tab 

T horizontal tai l  

t trim tab 

W d n g  

- 
Photographs of the XV-1 convertiplase  as mounted in the  test   eection 

of  the wind tunnel .are shown in figure 1. The geometric  characteristics 
I of the  a i rcraf t   me  given in figure 2 and table  I. 

Parer Plant 

The a i r c ra f t  w a s  powered by a 55O-horsepower, nine-cylinder,  radial 
engine. The power f r o m  the  engine was used either  for  driving  the ro to r  
in   he l icopter   f l igh t  or f o r  driving  the  fixed-pitch,  pusher-type propeller 
i n  autogiro-type and airplane-type flight. The function of the e n e e  
f o r  helicdpter flight was t o  drive t w o  centrifugal air compressors that 
supplied air to the  pressure  Jet  engines on the rotor  tips. Since  heli- 
copter flight was  not studied Fn these  tests,   the  burnere were not oper- 
ated. A brake was pro-d& to lock the propeller during hel icopter   f l ight .  

Rotor 

The mechanics  and characterist ics of the  convertiplane rotor hub and 
controls Were essent ia l ly  as described md discussed in references 2 and 4. 
A linkage w&8 incorporated between the mtor blades and the swash plate 
which caused  the  actual  blade  pitch angle t o  depend on the  coning  angle 
(component of the bhde flapping angle  that i s  independent of rotor  blade 
azimuth). One degree of positive  coning angle reduced  the  blade  pitch 

I angle by 2.2O. 
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I n  the  autogiro-type  flight  range,  the  incidence of the swash plate 
was fixed a t  +3O , and the  bhde  pi tch angle a t  0 . n R  was fixed a t  6 O  
(measured a t  zero  coning angle)  with  reference to   the swash plate. Changes * 
i n  l i f t  coefficient of the  rotor were brought  about by variation of angle 
of attack of the  convertiplane. 

x 

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

I n  the  airplane-type  flight configuration, the hub was mechanically 
locked to the swash plate, and the  blade  pitch  angle a t  0.75R with  respect 
to  the swash plate  w s  fixed a t  Oo. A governor was employed to  tilt the 
swash plate i n  such a way a B  t o  keep the   mtor  rpm constant. In t h i s  
configuration,  the  rotor-blade-s~sh-plate  linkage minimized blade  flap- 
ping  motions,  thus delaying blade  flapping  instability a t  the  high advance 
ratios  typical of the  airplane-type  flight  configuration.  Characteristics 
of  the  rotor were then  as follows: (1) small  rotor l i f t  coefficient, 
(2) rotor l i f t  coefficient  constant  with  cowertiplane  angle of attack, 
and (3) rotor lift conatant  with  airspeed. 

Horizontal T a i l  .. 
The XV-1 w a s  equipped with a free-floating  horizontal  tail  (designated 

V-tab horizontal tai l)  in order to   a l lev ia te   the   s tab i l i ty  problems ar is ing - 
from the  large  variation of d m m s h  encountered  throughout the speed 
range. The ta i l  and the  linkage of the  tabs  t o  the  controls are i l l u s -  
t ra ted  in   f igure 3 .  Location of the  hinge  line of the  horizontal t a i l  was 
a t  22-1/2-percent  chord. Two 15-@ercent-chord tabs,  each  half of the ta-51 
s p m ,  served as a trim tab and a servo tab. The trim tab on the XV-1 did 
not  bring  about  zera-stick  force,  but  rather  allowed  positioning of the 
control column. An adjustable  centering  spring on the  control column . 

w a s  used to  obtain z e r o  stick  force. Another spring wa8 placed i n  the 
trim-tab linkage t o  ccnnpensate pa r t i a l ly  for the change i n  dormwash angle 
wi th  forward  speed.  Dmwash effects  on the   hor izonta l   t a i l  at forward 
speeds from 0 t o  4.0 knots w e r e  minimized by a t h i r d  spring which held 
the  s tabi l izer  at 60' deflection. The moment provided by the  s tabi l izer  
spring i s  shown in  figure 4(a). Both tabs w e r e  equipped with a linkage 
which provided an approximate sine cqrve  relationship between the  etabi- 
lizer angle and tab  angles ( f ig .  4(b) ) . In  the  pract ical  range of atabf- 
l izer  angles,   the  l inkage  ratio was very  nearly unity. 

. " 

- 

- 

For the  tests  the  horizontal  t a i l  w a s  equipped with  selsyn  unite t o  
measure angles on the tab8 and stabi l izer .  The t a i l  lift was indicated 
by calibrated strain gages on the  surfaces of the twin  t a i l  booms. 
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TESTS 

7 

The airspeed  range of the tests coducted  in   the Ames 40- by  80-foot 
wind tunnel was from 75 to 150 knots. 

The investigation  consisted of f i ve  phases: 

1. Tests t o  determine the  convertiplane  longitudinal characteris- 
t i c s  and the V-tab horizontal-tail  characteristics w i t h  the   rotor  
blades and propeller removed. 

2. Tests to determine the  effect  of the powered propeller on the 
convertiplane  longitudinal  characteristics and V-tab horizontal-tail  
characteristics  with  the  rotor  blades removed. 

3.  Tes t s   t o  determine the  convertiplane  longitudinal  characteris- 
t i c s  i n  both  flight  configurations wfth the  propeller removed. 

4. Tests to determine the  effect  of the powered propeller on the con- 
vertiplane  longitudinal  characteristics in  both  flight  configurations. 

5 .  Tests t o  determine the d r a g  of the  convertiplane components and 
m e a n s  o f  reducing the  drag.  Figure 5 shows sme of the pylon m o d i -  
f icat ions  tes ted during t h i e  phase of the  investigation. 

During the powered-propeller tests, it w a s  neceesary i n  some cases 
to allow pi tch  freedom  above test airspeeds of 75 knots  because  otherwise 
the convertlpplane  developed undesirable  vtbrations.  Pitch freedom waa 
r e s t r i c t ed   t o  a t o t a l  of 1/2" i n   t h e  autogiro-type  flight  configuration 
and 6' in the  airplane-type fught configuration. 

CORRECTIONS TO DATA 

Strut drag  tares w e r e  applied only to  the  data  obtained i n  the 
studies of drag reduction. ' The drag tare of the  pi tch strut was obtained 
by removing the   p i tch   e t ru t  and i t s  fairings from the wind-tunnel test  
section,  allowing  the  aircraft to f l o a t  free. The change in drag due to 
the  removal of the   p i tch  strut w a s  within  the ieast count  of the drag- 
indicating system. Drag of the main support struts was obtained after 
the  convertiplane was removed from the test  section and fa i r ings were 
added to the  strut b a l l  sockets. A value  of ACD of 0.0006 was obtained 
for   the main e t ru ts  alone throughout the speed  range  investigated. 



The least  counts of the  force  coefffcienta when the  convertiplane 
was restrained  in   pi tch  are  shown below; . - . .  " - 

Quantity Least count 

L i f t  coefficient 50.001 
Tai l  lift coefficient *.OW 
Drag coefficient f .oom 
Pitching-moment coefficient * .ooD3 

The least counts of all angular data,  excepting S t ,  were f O . e O  with 
the aircraft fixed in pitch. The leas t  count i n  S t  data w&8 about 
fO .p . 
to-pitch  portion 

Least  count 

L i F t  coefficient -10.005 
T a i l  l i f t  coefficient & .01 
D r a g  coefficient & .om2 

. 
The least c m t s  
*lo. 

of a l l  the angular data with  pitch freedom were about 4 

Boundary corrections were not  applied for the  convertlplane  because 
they were unknown; however, wind-tunnel w a l l  correction8 to   t he  data with 
rotor  blades removed were calculated and found t o  be  negligible. 

PFC3SEMTATION OF FIGURES 

Full-Scale Data 

These fu l l - sca le - tes te  of the XV-1 convertiplane were directed toward 
an examination of only the  autogiro-type and airplane-type flight configu- 
rations  because  the  helicopter  characteristics  could  be  obtained  relatively 
safely and eas i ly   i n   f l i gh t   t e s t s .  

The three-component force data presented i n  figures 6 and 7 apply 
to   the  a i rcraf t   wi th   rotor  blades and propeller removed. These t es t8  had 
the  following  purposes: (1) t o  determine the  characterist ics of the hori- 
z o n t a l  t a i l ,  (2) to  serve a6 a bas is   for  examining the  effect  on s t ab i l i t y  
and control of adding a ro tor   to  an airplane configuration, and (3)  t o  
serve as a basis f o r  examining the  effect  on s t ab i l i t y  and control of 
adding  the  propeller  slipstream. 
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The three-component force data presented i n  figures 8, 9,  and 10 
show the aircraft characteristics  with  the  propeller removed i n   t h e  
autogiro-type  and  airplane-type  flight  regimes.  These  data axe the   bas i s  
fo r   t he   s t ab i l i t y  and control analysis and performance evaluation  pre- 
sented  herein. 

4 

The force data presented i n  figure ll and tab le  U: are the   resu l t s  
with power applied to   the   p rope l le r  w i t h  the  rotor  blades removed and 
are  also u t i l i zed  i n  the s t a b i l i t y  and control analysis. 

The strain-gage and selsyn  data  presented in  figures 12, 13, and 
14 show the characteristics of the  V-tab horizontal ta i l .  

Figure 15 presents the measwed downwash angles at the t a i l  with and 
without the  rotor.  Calculated downwash angles at the  t a i l  in the autogiro- 
type flight configuration me also included  for comparison. 

The pitching-moment data presented in figure 16 are c r o s ~   p l o t s  of 
the data presented in figure 7. These &ta are presented in  t h i s  form t o  

rotor  blades. 
- show the speed s tab i l i ty   charac te r i s t ics  of the  convertiplane  without 

I Figure 17 presents  farce data showing the   e f fec t  of rotor  operation 
on the pitching-moment variation  with  airspeed. These data w e r e  obtained 
from the data presented in  figures 8 and 10 f o r   t h e  propeller-removed 
configuration. The corresponding  powered-propeller data at B trim-tab 
se t t ing  of -20' w e r e  those  presented i n   t a b l e  III. Only the  data from 
t he   t e s t s  wlth the  convertiplane  fixed i n   p i t c h  are presented i n  figure 17. 
In  addition,  the  calculated  variation of pitching moment with  airspeed  for 
powered-propeller  canditions at a trim-tab  setting  af -6oO i s  sham. 
Figure 1-7 i s  concluded  with  calculated curves, corresponding t o   t h e  
pitching-moment curves, showing the vaziation  of stick posi t ion  for  trim 
with  airspeed. These data were used to  appraise  the  stick-motion  stability 
of the  convertiplane. 

Figure l8 presents  calculated  values showing the  control effectiveness 
of the V-tab horizontal tail.  Theee results w e r e  used in   the  calculat ions 
performed t o  obtain  the curves in figure 17. 

Figures 19 and 20 present  force  data showing the  effect  on lift and 
drag of the combination of a fixed-wing and rotor  for both  convertiplane 
configurations  considered. The data  presented Fn figure 21 show the 
apparent  decrease in the wing angle of attack when the wing is Bubmerged 
i n  the  rotor  flow f ie ld .  These data provide an estimate of the  lift - interference between a fixed wing and a r o t o r   i n  combination. 

Figure 22 presents data showing sea-level maximum speed and the  - increase i n  maxbum speed realized by  certaFn drag reductions.  These  data - 
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were derived f r o m  the  fixed-pitch  force data i n   t ab l e  111 and the data 
shown i n  figures 8 and 10. 

Small-Scale Tests 

The results of certain tests with  the small models used to develop 
the  convertiplane are presented  herein i n  order t o  assess their  value in 
predicting  the  behavior of the  full-scale machine. Although small-model 
tests are not s t r i c t l y  comparable t o  the  f"l-5cd.e tests, the i r  use i n  
respect t o  convertiplane  design and developuent ie general, and an indi- 
cation of t h e i r   r e l i a b i l i t y  i s  therefore  believed  to  be of value. Because 
an evaluation of the small-model data i s  not  relevant to the  prlncipal 
purpose of t h i s  report, the data are  included  without di6CUS6iOn. All of 
the small. model data were obtained from reference 1. 

Test results presented  herein were obtaked as follows: 

1. Rotor-blades, t a i l ,  rotor hub, and propeller-removed  data were 
obtained from an 8/31-scale model of the XV-1 tested  in  the  University 
of Washington 8- by 12-foot wind tunnel. Engine in l e t s ,  landFng skide, 
wing-tip  skids, and t a i l  fans were not  reproduced on the model. These 
data are presented in figure 6 .  J 

2. V-tab horizontal-tail  data were obtained from test resu l t s  of a 
geometrically and dynamically similar 2/5-scale model of the   t a f l .  The 
wing and fuselage  tested i n  conjunction  with  the ta i l  provided a damwash 
dist r ibut ion similar t o  that expected for the fill-scale convertiplane lx 
airplane-type  flight. The tests were conducted-in  the  University of 
Washington 8- by  12-foot wind tunnel. These d a t a  are presented in 
figure 14. . . . . . - .  . " 

. . .. 

3. D m w a s h  angle at t h e   t a i l  m a  measured with a camplete  8/31-scale 
model. The model m a  mounted i n  the  return passage of the Wright Air 
DeveLqment Center  20-foot wind tunnel. The diameter of  the passage was 
45 fee t  and the  m o d e l  rotor was mounted-12 f ee t   abbe   t he  lowest portion 
of the duct. These data  are  presented i n  figure l5(a) .  

.. . " 

DISCUSSION 

Limitations due t o  propeller-induced  vibr.&tions on the.range of 
variables  that  could  be  covered  with the  aircraft   f ixed i n  pitch made it 
impossible t o  obtain a direct  evaluation of the  longitudinal  stabil i ty 
and control  throughout  the.autogiro-type and airplane-type  flight  ranges. 
The data obtained i n  the  investigation w e r e  therefore  extended by ana- 
l y t i c a l  m e a n s  i n  order t o  determine m o r e  completely the  characterietics 
of the  convertiplane. In order t o  evaluate  the worth of the  analyses, 
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comparisons  of analytical  results with  applicable  full-scale. data are 
included. - The de ta i l s  of the analyses are given in Appendix A for  hori-  
z o n t a l t a € l  characterist ics,  Appendix B for  dmwaeh, and Appendix C f o r  
s t ab i l i t y  and control. A representative gross weight  of 5,OOO pounds 
w a s  used  throughaut  since  the  weight  varies in f l i gh t  from about 4800 

5 

to 5300 pounds. 

A l l  pitching-moment results apply t o   t h e  rearmost  possible  center- 
of-gravity  position.  Therefore,  the  convertiplane  stability  character- 
is t ics   reported  herein  per ta in   to  the least s table  extreme. 

Due to  the  differences in rotor  behavior,  the  autogiro-type  flight 
configuration will be considered  separately. 

S t a t i c  Angle-of-Attack S tab i l i t y  

Knowledge of the variation of dmwash angle and center of  pressure 
with  angle of  at tack i s  insufficient, i n  the  case of the XV-1, to   def ine  
the  angle-of-attack  stability  about a given  center of gravity  location. 
This i s  true because the  V-tab horizontal t a i l  and the  rotor  can also be 

c 

- expected t o  influence  angle-of-attack stability characterist ics.  

The effect of  the  V-tab horizontal t a i l  on angle-of-attack  stability 
can be  determined  by exambation of the fol louing equation  (derived i n  
Appendix A ) ,  which d e f b e s   t h e  t a i l  floating  angle. 

It can be deduced f r o m  this equation that the  st ick-fixed stability cm- 
t r ibut ion of the  V-tab horizontal t a i l  should  be the same as i f  the 
incidence were constant only insofar as e- l ic i t  dependence on angle of 
attack i s  concerned. However, the  velocity at the  t a i l  influences (1) the - dynamic pressure, %,'and (2) the  trim-tab  ratio, 7, and it is apparent 
that changes in wake-velocity  magnitude  with  angle of a t tack can combine 
t o  change the  stabil izer  angle,  and thus  the  stabil i ty  index. - 
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The effect  of the rotar  U t  on the  angle-of-attack  stability i s  a 
r'esult of the   ver t ica l  displacement of the  rotor hub from the  center of 
gravity. This means that  the rotor thrust vector need not necessarily 
act  through  the  center of gravity and thus ~ L l l  introduce moment8 which 
can affect  angle-of-attack  stability. 

Autogiro-type  f1lg;ht.- The data of figure 8 show the XV-1 t o  be 
unstable  with angle of attack at the  three test airspeede.  Possible 
causes  are, of c m s e ,  

1. The adverse  Variation of downwash angle and wake velocity at 
the tall w i t h  angle of attack. 

2. The adverse  variation of the magnitude and orientation of the 
rotor thrust vector  with  angle of attack. 

The effect  of ddmwash and wake-velocity  variation on angle-of-attack 
s t a b i l i t y  i s  appraised  by means of the equation for the  variation of tail 
angle of attack with  fuselage  angle of attack as a function of downwash- 
angle and stabilizer-angle  variation  with  angle 0.f attack.  This i B  . -  

Examination of the  data  6h0m i n  figure 15 indicatea that is 
nearly  unity.  Therefore,  the f i r s t  two terms on the  right-hand side of 
the  foregofng  equatioq  cmbfne i n  such a " ~ y  t k t . . t h e .  .angle of attack 9 f  
the t a i l  i s  unaffected by  changes of downwash angle  with  angle of attack 
of the convertiplane.  Furthermore  the  data shown in figure 12 indicate 
that ?Brn/bf is  negligible. Thus &&a,f i s  approximately zero, 
which implies  that  the-wee  velocity i s .  nearly  constant  with  angle of  
attack. One can  therefare  conclude  that  the t a i l  contribution t o  angle- 
of -a t tack   s tab i l i ty  i s  negligible. 

c -. 

- 

An indication of the  rotor   effect  on stability can be deduced from 
comparison of the 0 pitching-moment curve of figure 6 and the 

pitching-moment curves of figure 8. From the data in   f igure 6, it is 
seen that the  contribution of the t a i l  t o  angle-of-attack stability wa8 
zero; in   f igure  8 the t a i l  moment waa constant  (contribution t o   s t a b i l i t y  
w a s  zero).  Therefore,  the  difference In the slope of the pitching-moment 
curve in   f igures  6 and 8 is direct ly   a t t r ibutable   to  a difference i n  the 
magnitude  and line o f  actiog  ylth  respect  to  the  center of gravfty of the 
rotor thrust vector, Thus, adding the  rotor  to  the  convertiplane brought 
about an unstable change i n  angle-of-attack  stability,. hrn/&f, of approxi- .. 
mately 0.OOOg per  degree at 100 knots airspeed. . 

cIT 
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The data in f igure 9 $how the  angle-of-attack  s-bility  with reduced 
ro to r  l i f t  and the r o t o r  lift allowed t o  vary with  angle  of  attack.  This 
brings  about neut ra l  angle-of-attack  stability. Even in  this small rotor 
lift condition,  figure 10 shows tha t   the  ro to r  causes an unstable change of  
a*, of 0.0005 per  degree. 

Approximate calculations indicate that the  neutral  point of the con- 
vertiplane was at about l8-percent M.A.C., or  2-percent M.A.C. ahead of 
the  tes t   center  of gravity.  Therefore,  with a forward s h i f t  i n  center- 
of-gravity  location,  the  convertiplane  could  be made stable  with  angle 
of attack in autogiro-type  flight, 

' The scatter of the  data  presented in figure 8 .is too  large t o  show 
a change Fn angle-of-attack  stabil i ty  with speed. However, examination 
of the damwash data  (f ig.  l5(a) ) indicates  that,  although aq/% is 
about  unity  throughout the autogiro-type  flight  range, a slight  decrease 
i n  with  increasing  airspeed  occurs at the  angles of a t tack  for  
level  f l ight.   This  tends  to  increase  stabil i ty.  In addi t ion ,   the   l i f t -  
curve  slope of the.comertiplane i s  shown 5n figure 8 t o  decrease  with 

i s t i c s ,  and indicates that the variation i x ~  rotor thrust  with  angle of  
attack  decreases wtth increasing  airspeed. These effects  probably combine 
t o  produce a small increase In angle-of-attack  stabil i ty  with speed. 

- increasing  airspeed.  This change i s  at t r ibutable  to the  rotor  character- 

- 
Angle-of-attack s t a b i l i t y  f o r  autogiro-type  flight  could  not  be 

determined with the  propeller  operating  because of excessive  vibration. 
Emever,  a  caparison of data obtained  with  the  rotor  blades removed both 
with and without powered propeller  (fig. 11) shows that the  effect  of pro- 
peller  parer on s t a b i l l t y  was negligible. It i s  believed that the  addition 
of the r o t o r  blades w o u l d  not  significantly alter this  result .   Therefore,  
it i s  believed that the  angle-of-attack  stabil i ty of autogiro-type  flight 
will be unaffected by propeller operation. 

In summary, it can  be s ta ted   tha t  i n  autogiro-type fUght, angle-of- 
a t tack   s tab i l i ty  Clld not  exist for   the most rea.rward center-of-gravity 
position. This result was a consequence of the  variations with angle of ' 

attack of rotor domwash, rotor   thrust ,  and l i n e  of  action of the  thrust  
vector under  circumstances where the ro to r  provided a large portion  of 
the  ent i re  lift of the   a i rc raf t .  Calculations indicate   that  a 2-percent 
M.A.C. forward s h i f t  of the  center of gravity  muld  give  neutral  angle- 
of-attack  stabil i ty.  These resu l t s  assume no lag between convertiplane 
angle-of-attack changes and rotor rpn changes. The ef fec t  of l a g  will 
be discussed in the dynam€c stabil-rty  section. 

- Airplane-type flight.- The convert iphe  angle-of-at tack  s tabi l i ty  
characterist ics i n  the  airplane-type  flight configuration are  shown by 
the data i n  figure 10. These were due pr imar i ly  to the following rotor 
characteristlca: - 
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1. Rotor lift coefficient canatan t  with a g l e  of attack. 

2. Rotor l i f t  small i n  comparison with  the  total   convertiplane lift. 

The implications of these rotor CharccLeristice with respect t o  
angle-of-attack  stability  factors are: 

1. The rotor   contr ibut ion  to  damwash at the tail w a 8  constant  with 
angle of attack. 

2. The change with  angle of attack of the   ro tor   l i f t   cont r ibu t ion  
to   p i tch ing  moment w a s  small-because of t h e . . g a i g t g . e e   o f  small 
rotor  l i f t .  

Item 1 indicates that the  V-tab horizontal- ta i l   contr ibut ion  to   s tabi l i ty  
should  be  the same with  the  rotor blade8 removed as with  the  convertiplane 
in  the  airplane-type  f l ight  configuration. Item 2 indicates that the 
large  destabil izing effect of the rator  which is present i n  the  autogiro- 
type  flight  configuration would be greatly reduced i n  the airplane-type - 

f l i gh t  coaf2guration. Th,erefore, the  angle-of-attack  etabil i ty  with  the 
rotor blades removed should  be  about the  same a6 the   &abi l i ty  of the 
convertiplane  in  the  airplane-type flight configuration. Comparison of 
the  appropriate  curves i n  figure. 10 confirms th is .  The adverse  effect an 
s t a b i l i t y  of allowLng the  rotor Lift  to  vary  with  angle of attack even 
though the   ro tor  lift FB kept small i s  s h m  by the  governor-inoperative- 
data   repldked from figure 9. 

The effect  of  speed on angle-of-attack  stabil i ty is  shown by the 
6s, = IOo, 6T0 = 'Xlo curves of figure 10. Comparison of the  100- and 
125-knot airspeed rmrves indicatee  that  l i t k l e ,  i f  any, change i n  angle- 
of-attack  stability  with  airspeed  occurred for  the  airplane-type  flight 
configuration. Th i s  can be a t t r ibu ted   d i rec t ly   to   the  r o t n r . r p m  governor 
which kept  the  rotor l f f t  constant. . . .. - - . - .. -- . 

The ef fec t  of powered propeller on angle-of-attack  stability  with 
the  rotor  blades removed i s  shown by the data of figure 11. Again, the  
data indicate that very l i t t l e  change i n  angle-of-attack  stability occurred 
with a constant  propeller rpm. These cwves are believed  indicative of 
the  effect  of power aa .the airplane-type flight configuration a8 w e l l  88- 
on the  autogiro-type  flight  configuration. . . .  . "  

? 
-. . 

.. -. . 

It can be  concluded that the  XV-1 should have angle-of-attack sta- 
bil i ty  in  the  airplane-type  f l ight  configuration.  Thie i s  primarily a 
r e su l t  of keeping the  rotor . . l i f t   coeff ic ient  conrrtant with aagle of attack. 
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Sta t i c  Speed S tab i l i t y  
I 

Speed s t a b i l i t y  is  defined by the  slope of the pitching moment versus 
velocity  curve a t  trim for constant  angle of a t tack and control  sett ings.  
A positive  slope is stable.  Speed s t a b i l i t y  i s  normaUy an inherent 
quali ty of powered ro tors  whereas autorotating  rotors and airplanes gen- 
e ra l ly  have neutral  speed s t ab i l i t y .  

The neutral  speed stability  associated  with  the  conventional  auto- 
giro and airplane can be changed by the  introduction of anything which 
causes an aerodynamic coef f ic ien t   to  depend upon airspeed.  Propeller 
operation, a spring in %he control system, and Mach number ef fec ts  are 
6ome of the  possible  causes of deviation from neutral  speed s t a b i l i t y  by 
an autogiro  or  airplane. 

The pitching moment of the  autorotating  rotor in general and the  
XV-1 r o t o r  Fn the  autogiro-type  flight  configuration in part icular  i s  
constant  with  airspeed  because  the rotor rpm i s  f r ee  t o  change with air- 
speed.  This means that for 8 given blade  pitch 8ngle and aircraft angle 

downwash of the   ro tor  tend t o  remain constant  with changing airspeed. 
The longitudinal data (CL , CD ) i n  figure 8 and the  downwash--le data of 

autogiro-type  flight  configuration. In the  airplane-type  flight  configu- 
ration, on the  other  hand, CL, CD, p, and cT vary with  airspeed at a 
constant  angle af attack  because  the  rotor r p m  was kept  constant. How- 
ever,  the rotor was so l i g h t l y  loaded ( C h  20.03) that   these  var iables  
had s m a l l  e f fec t  OIL t he  -speed stability com&ed t o  the   e f fec t  of the 
V-tab horizontal ta i l .  From these  considerations, it i s  apparent that 
rotor-removed data w i l l  suffice t o  determine  the speed s t a b i l i t y  charac- 
t e r i s t i c s  of  the cmvertlplane. 

- of at tack , the  tip-speed. r a t i o  , lift coefficient , drag coef f i c i e n k  , and 

.. figure 15(a) show that this i s  essent ia l ly   the case f o r  t he  XV-1 i n   t h e  

The important  factors  affecting speed stability are: 

1. Variation of the  t a i l  incidence  angle .with airspeed,  including 
propeller effects, which can be  expressed as a m / a V , .  This brought 
about : 

(a) A s tab i l iz ing  t a i l  lift contribution t o  pitching moment  with 
changing fl€ght airspeed. Ekamination of figure 14  shows a 
decrease i n  t a i l  incidence uith  increasing  airspeed, which pro- 
duces a nose-up, or   s tab le  , pitching-moment variation  with 
airspeed. 

(b) A destabil izing effect from the  propeller  slipstream. Con- 
sideratlon of  the  momentum equation  for  propellers shows tha.t, 
a t  a constant engine rpm, the increment of  airspeed at the t a i l  
would decrease  with  increasing flight airspeed. This  would tend 
t o  counteract  the  effect  of item (a). 
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2. Variation of item 1 with  trim-tab  setting, which can be  expressed 
as a(a&,/aV~)a&T,. Comparison of figures 14(a) and 14(b) share t h t  
the  slope of the  curve of stabilizer  incidence angle versus  airspeed 
increased  with  increasingly  negative  trim-tab  setting.  Thie  indicates 
an increasing t a u  contribution  to speed s t ab i l i t y  a5 the  trim-tab 
deflection becomes  more negative. . .. 

F 

. .  

Because the rotor i n  bo th  the  autogiro-type and airplane-type flight 
configurations  contributes  very l i t t l e   t o  speed etabil i ty;   the  rotor- 
removed data can be used t o  determine the speed s t ab i l i t y  of the XV-1 
under  both of these  canditions.  Figure 16 shows the  pitching moment verBu8 
velocity curve8 for t h e  rotor-removed  configuration. The curves of ffg- 
ure 16 are  cross plo ts  of the  data  in  f igure 7. The powered-propeller 
curves in   f igure 16( C )  were calculated by adding a pitching-moment incre- 
ment  due t o   t h e  powered proyeller,  obtained from tables I1 and 111, t o   t he  
rotoc- and propeller-remwed  pitching momente. 

Analysis. of figure 16 indicates  that  the  pitching moment versu8 
velocity  curve  for a given  angle of attack and velocity is a valid  indi- 
cation of speed s t a b i l i t y   a t  each  trim-tab  setting. The servo-tab  setting 
could be changed t o  bring about trim, but  the speed stability a t  a given 
speed did  not change. It can therefore  be concluded that the XV-1 will 
have speed s t ab i l i t y  throughout  the  flight range investigated  with  the 
propeller removed (power of f ) .  The magnitude of the power-off s t a b i l i t y  
increases  with  larger  negative  trim-tab  deflectione and decreases w i t h  
airspeed. The  powered propeller  decreases-speed  stability and ie very 
l i ke ly   t o  produce  speed ins tab i l i ty  at the  higher  engine rpm'e and amaller 
trim-tab  settinge. Large negative  trim-tab  settings can be  expected t o  
improve the powered-propeller ins tab i l i ty  and may cmrpletely  eliminate it. 
The analysis   in  Appendix A dispeses   these  character ie t ica .more  cqleteJy.  " 

Longitudinal  Stick Motion and Control 

A more forward stick  posit ion  for trim with  increasing  alrspeed is 
defined as stable stick motion. Possible  stick motion in s t ab i l i t y  was 
evidenced by the XV-I, both  with power o f f  (propeller removed) and at 
rated power, fo r  a trim-tab  setting of -200:- .- - -- - . .~ 

The important factors  with  respect t o  stick  motion,for  the  given 
configuration are a combination of the  factors  discussed i n  the   s ta t ic  
angle-of-attack and speed-stability  sections. They &e: 

- 
. " 
" 

1. The change Fn speed s tabi l i ty   with af (change i n  angle-of-attack - 
stabil i ty  with  speed),  which can be  expr.essed a0 h(&&W)cm,,/h, 
or Xbcml+)cm,,lav. - 
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. 2. Variation of  downwash ,at the tail with aft which can be 
expressed as a%/&, . 
3.  Control  linkage  characteristics, which cari be ea re s sed  as 

- 
4. Horizontal-tail  characteristics  with  airspeed, which can be 

the  trim-tab  setting was the most easi ly  changed. Therefore, an 
analysis was conducted t o  determine  the  stick motion character is t ics  
at a trim-tab  setting of -6OO. The de ta i l s  of the  analysis are given 
in Appendix C. 

expressed as asm/avT and a(asm/avT)/a%o. of these  variables, 

Figures l7(a) and  (b)  present  data showing the variation of pitching 
ment t o  be trimmed out as a function of airspeed  for  certain test con- 
dit ions,  The pitching moments t o  be trimmed aut were obtained from f ig-  
ure 8 o r  10, depending on the  convertiplme  configuration i n  question. 
These data were  chosen at the lift coeff ic ient   required  for   level   f l ight  
at each airspeed. The powered-propeller data at a trim-tab  setting of 
-XIo were obtained  by  addbg an increment in pitching moment due t o  the 
powered propeller from table  III to   t he  power-off pitching moment obtained 

-60' were calculated by the  method described in Appendix C. The changes 
in servo-tab  deflection  required  to  balance the moments discussed above 
were obtained from the  calculated V-tab horizontal- ta i l   character is t ics  
shown i n  figure 18 and the  corresponding  curves of  the  s t ick  posi t ion 
required  for trim versus  airspeed. These data  are shown in figures  l7(c) 
and (a).  These calculations  are  believed t o  give only the  gross ef fec ts  
of power  and control  sett ing.  

- 

c from figure 8 o r  10. The powered-propeller data a t  a trim-tab  setting of 

Autogiro-type  flight.-  Analysis of figure  l7(c)  fndfcates: 

1. Parer-off  stick motion trith changing airspeed at % = -20' i s  
0 

unstable f o r  the low-speed end and neutrally  stable a t  the high-speed 
end  of the  autogiro-type  flight  range. 

- 

2. The effect  of powered propeller on stick motion with  changlng 
airspeed is t o  produce i n s t a b i l i t y   a t  6T0 = -2OO. The s t i ck   t r ave l  
required  for  trim exceed6 the forward limlt a t  airspeeds less than 
about 80 knots, so that the  convertiplane  then becomes uncontrollable. 

3. The effect  of changing the  trim-tab  deflection t o  -6oO under the  
conditions i n  item 2 would  bring  about  stable  stick motion with 
changing airspeed, Th i s  change in  trim-tab  sett ing  places  the  st ick 
posit ion  for trim well within the  control  l imits.  
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It can be cwxClnded that the XV-1 i n  the autogiro-type  flight con- 
figuration can have stick motian s tabi l i ty   with powered propeller at a 1 

trim-tab  setting of -60~. Moreover, it is believed  that  the XV-1 can 
have s t i ck  motion s t ab i l i t y  and be  cmtrol lsble  a t  a trim-tab set t ing 
as low as -uo. Free-to-float tests qualitatively  support t h i s  conclusion. 

Airplane-type fJ-i#t.- Because  of the difference i n  rotor  character- 
i s t i c s ,   t he re  i s  consfderable change In the stick position  variation with 
airspeed between the  autogiro- and airplane-type  fright  configurations. 
Analysis of figure 17(a) m c a t e s :  

1. Stick motion with power off i s  stable at = -mo i n   t h e  
airplane-type  flight  range  investigated. 

2. The effect  of pawered propeller on stick motion i s  t o  produce 
almost neutral  speed s t a b i l i t y   a t  6~~ = -20'. The s t ick  posi t ion 
fo r  trim i s  well within  the  control limits. 

. " 

3. The effect  of changing the  trim-tab  deflection  to -60° under the 
conditions i n  item 2 would bring  about  stable  stick motion.  This 
trim-tab sett ing  places  the  st ick  posit ion  for trim w e l l  within the 
control limits. 

It can be  concluded that the XV-1 i n  the  airplane-type f l i gh t  con- 
f igmat ion  can have s t ick   pos i t ion   s tab i l i ty  with powered prapeller at 
large  negative trim-tab sett ings.  It i s  believed that the XV-1 In  the 
airplane-type  flight  configuration can have stable at ick motion and be 
controllable a t  the same trim-tab  settinge (6T0= -bo t o  -60~) appropriate 
t o  autogiro-type  flight.  Free-to-float  test6  qualitatively  support  thie 
conc~usim" . - - -  . .. - 

-. 

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

An interesting  property of the V-tab horizontal . ta i1  i s  i ts  eaae of 
modification.  Increased stiffness of the t rb- tab   spr ing  w o u l d  provide 
greater  control  effectiveness,   if  needed, without  large  aircraft modifi- 
cations. An increase i n  the  s t i f fness  of the  spring would, however, 
reduce the speed stabil i ty  contribution of the  horizontal ta i l  ae indi- 
cated by the  analysis In Appendix A. 

. -  

Longitudinal Dynamic S tab i l i ty  

Within limits, indications of the dynamic stabi l i ty   character is t ic8 
of the  convertiplane cou1.d be  obtained from the  free-to-pitch test resulte. 
The resu l t s   a re  only an indication  because of the  constant tunnel air- 
speed, f r i c t ion  damping in  the  support system, and res t ra in t  i n  ver t ica l  
translation. . . . . - . . . " 
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I n  the  autogiro-type flight configuration  the smal l  amount of pitch 

freedom (1/@) did not a l l o w  determination of the   s tabl l i ty   character-  
i s t i c s .  However, it is probable tha t  the convertiplane would not be as 
susceptible to instab-Ufty  during  gusts and pull-up maneuvers as   the   s ta t ic  
angle-of-attack  stability  discussion would indicate.  -This i s  possible 
bemuse o f  the   l ag  between change6 i n  converkfplane  angle of  at tack and 
corresponding changes i n  r o t o r  rp. In conditions such as these, the 
convertiplane muld probably  be as s t ab le   i n  the autogiro-type  configura- 
tion as  in  the  airplane-type  configuration. 

In the  airplane-type  flight  configurat€on-,  the tests inaicated  the 
a i r c ra f t  would be dynamically stable  with  angle of attack. Dynamic insta- 
b i l i t y  did occur i n  the  airplane-type  flight  configuration when the  rotor  
r p m  governor  had too mchlag. Several  sllght  modifications to the governor 
corrected  the  excesslve lag and made the  convertiplane  aynamically  stable. 

Interference Between the Fixed Wing and Rotor 

Because of the  general   interest  i n  the  effect  on an a i r c r a f t  of corn- 
bining a rotary wtng and a fixed wing, the data in  figures 19 and X) were 
replotted from figures 7, 8;and 10 i n  order to compare directly  the l i f t  

and airphne-type flight confiqurations.  Included are ful l -scale  rotor- 
alone  data  obtalned from reference 2. 

.. 

- and drag contributions of  t he   a l r c ra f t  components in both  the  autogiro-type 

Autogiro-type flight.- The data i n  figure 19 inaicate  that the  meas- 
ured l i f t   i n t h e  autogiro-type  fllght  configuration was l e s s  than the sum of 
the rotor-removed and the  rotor-alone lift for  corresponding  values of uFng 
angle of a t tack and rotor  tip-speed ratio. This result i s  not  surprising 
f o r  a b ip lane   l i f t ing  system.  Since the most tangible  factor  causing the 
difference i s  the  reduction  in actual wing angle of a t tack caused by  the 
ro tor  downwash, the calculated  reduction i n  wing angle of attack  (based on 
the  theory of ref. 5)  from t h i s  source i s  shown Fn figure 21. For compari- 
son, the  change i n  wing angle of  attack which would be needed t o  account 
f o r  the entire lFft difference In question i s  also plotted. The comparison 
indicates  that  r o t o r  dmwash can account for moat of the  difference  under 
some conditions and about half of it for the remaining  conditions. 

The effect  on the   l i e -d rag   r a t io s  brought about by  adding t h e   l i f t i n g  
rotor t o   t h i s   a i r c r a f t  ia sham below. The data  presented are at the angle 
of a t tack o l  the complete convertiplane  required  for  level  f l ight at three 
airspeeds. The isolated  rotor   data   in   the two columns below w e r e  chosen 
to match the  corresponding  rotor-tip-speed  ratio and nominal rotor-blade 
pi tch  set t ing of the complete a k c r a f t .  



20 - NACA RM A55K2I-a 
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75 
7.4 9.1 4.9 5.6 6 . 2  5 -8 5.0 .32 .65 100 
6 .3  6.8 4.5 4.8 7.7 5.4 4.8 0.23 3.65 

125 7.4 . 10.9 4.6 5.7 4.6 5.2 4.1 -41 -1.4 
%e addition of the  hub caused air-flow separation 011 the  pylon. n e e e  data 

include  both  the hub profFle drag and the air-flov separation drag. 
The l i f t -drag  ra t ios  of' the complete a i r c ra f t  were appreciably l e se  

than  those derived on the basis of the sum of the components. This may 
be attributed  to  the  interference  inherent in a biplane lifting system. 

Theoretical  rotor lift-drag ratios  calculated from reference 6 are 
included above. Considerable  discrepancy between the experfmental rotor 
data and theoretical  predictions is evident. Two possible  explanatione. 
for   the lower  experimental  values are  (I) rotor  blade  profile  drag higher 
than  estimated in reference 6, and (2) rotor hub and pylon  air-flow- 
separation  drag  neglected  in  the  theoretical  caJculations. It i6 believed 
that the discrepancy a t  '15 h o t s  was due pr inc ipa l ly   to  item 1. This w a s  
caused by t i p  burners,  strain gages, and so on. It can be  noted tha t  the 
theoretically  predlcted trend toward.higher U t -d rag  ra t ios  with increas- 
ing  tip-speed  ratio. was nat shown by the test data. It i s  believed that 
t h i s  w a s  pa r t i a l ly  due t o  the .increasing  importance of the hub- and air- - 

flow-separation d r a g  with forwasd speed of the aircraft. In  an a t t e q t  
t o  account for  this type of rotor drag, the measured hub and air-flar- 
separation drag ( X ,  = 0.0039) was used t o  modify the  theoretical  lift- 
drag  ratios. The resu l t  of this calculation ia compared abwe w l t h  the 
rotor-blades and hub data. This comparison indrLcates that the  theory O f  
reference 6, when concerned with pract ical   rotors ,  may be serlouely  limited 
a t  the higher airspeeds  because of the diff icul ty  in accurately  eetimating 
the drag of r o t o r   c q o n e n t s  such as the hub,  exposed Unkagee, and 
mounting structure. 

. .  

" 

Airplane-type flight.- Figure 20 shows that i n  the airplane-type 
fl ight configuration,  Fnterference between the fixed wing and rotor s t i l l  
exists, the  complete-aircraft lift being less than the  sum of  the com- 
ponent 1 m s .  

A summary of the  effect  of the rotor in f;he airplane-type  configu- 
ratfon on the airplane  l if t-drag  ratio8 I s  l isted below for  the  angle  of 
attack of the convertiplane  required  for  level flight at 1- knots. 
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Conf iwa t ion  L/D 
(a)  Aircraft  with r o t o r  blades removed 

(includes hub- ana air-flow- 
separation d r a g )  7.2 

(b)  Rotor-blades  alone 4.0 
(c) Convertiplane 5 -6 
(d) Sum of the   a i r c ra f t  components 

( ( 4  + (b)) 

It c&z1 be  seen from the  foregoing  data that the  addition of even a 
l i gh t ly  loaded r o t o r  t o  an airplane w i l l  reduce  the  airplane  efficiency 
significantly. In  comparison, it can be  pointed  out that the lift-drag 
ra t ios  of conventional  airplanes  having  the same gross weight and maximum 
speed are  in the neighborhood of 10. 

Aircraft Drag 

A study was made t o  determine the  drag  contributions of the various 
a i r c ra f t  components in order  to  f ind  out i f  the  sea-level performance 
could  be improved. 

The drag tests  consisted of two parts: (1) Attempts t o  reduce  the 
air-flow  Reparation due t o  hub-pylon interference , and (2) a general 
a i r c ra f t  clean-up. 

Hub-pylon interference.- Flow separation on the  pylon due t o   t h e  
influence of the r o t o r  hub had been  noted i n  small-model tests, and tuft 
studies on the  ful l -scale  aircraft confirmed the small-model t e s t s ' i n  
this  respect.  The tuft studies showed that the  separated area extended 
from the  top of the pylon at the  rotor center l i n e  down diagonally  across 
the pylon as shown at the  top of figure 5 q  men with  unseparated flow, 
obtained  with  the  high fairing and sealed joints, the tufts indicated a 
downward flow on the  pylon. It i s  believed that the  flow separation 
originated at about the  masdmum-thihess  point on the  rotor-shaft  housing, 
between the hub and the  pylon.  Modifications made t o  the pylon in an 
a t t a rp t  t o  stop  the  air-flow  separation  are  sham in figure 5 .  A list of 
the  drag Fncrements reallzed by some of the  modifications is presented 
below. In a l l  the high fairing configurations,  the  rotor  blades were 
removed. 

Configuration U D  

High fa i r ing  0.0002 
High fair ing,  all join t6  

sealed - .0022 
High fair ing,  low fence ,0303 
High fairing, high fence .0003 



A significant drag decrease was brought  about by use of a high  fairing 
only  with all the  joints  sealed. That the reductLon in drag  resulted f r o m  
elimination of the  air-flow  separation on the pylon was shown by tuft 
studies;  the  high  fairing would not, however, allow  the rotor to rotate. 
Thus, it is not known if the  rotating  rotor would have  caused separation 
with the  high  fairing.  In all cases,  fences  increased the drag. 

An attempt was made to  control the air-flow  separation on the pylon 
by remoeng  the  separated air through  perforated areas and holes. The 
autorotating  rotor was used  as a pump. No decrease i n  drag was evid.enced 
by the avallable  suction  through the perforated areas. SuctFon through . 
the  holes  desreased the drag coefficient by 0.0303, but  the tufts indicated 
the same separated  region.  Fences  used  with the holes  brought about a net 
increase in drag. Although suction-air  quantity was not measured, it is 
probable that   insuff ic ient  air wa6 drawn through  the  perforated areas and 
suction  holes.  In  addition,  the  perforated areas and suction  holes may 
not have  been i n  advantageous locations. 

Aircraft  clean-up.-  Alrcraft  clean-up was the  other a t tempt  a t  drag 
reduction. I n  the  clean-up programs, external  protuberances were faired 
and gaps were sealed.  Various cOmmnents of the  a i rcraf t  were  removed 
and the i r  drag contribution  determined.  Finally, the drag contribution 
of the  support  system ms evaluated. The resul ts  of the clean-up are 
l isted below for the  angle of attack  corresponding  to  level  f l ight  in 
the  airplane-type  configuration a t  125 knots. Drag coefficient of the 
aircraft  before  the  clean-up was 0.0230 a t  the angle of attack  required 
for l eve l   f l i gh t  at 125 knots. 

Configuration and componegt~ . . ac, 
Rotor  blades and hub sealed and faired 
Normal pylon, gape sealed 
All practicable  .fairings - 
Rotor  blades removed 
Hub removed 

. .  
t 

Tail-fan a66EEIblyy .Pi tot   Stat ic  mast, wing-tip 
skids removed 

Ehgine ducting  unsealed 
Skid l a d i n g  gear removed 
Pitch strut and pitch-strut   fairings removed 
L i f t  s t ru t s  

.. . . . 

" 

P 

"" .0002 
.0006 

- .001g 
.oooo 

- .0006 
O f  the component drags l i s t e d  above, the  rotor blades and hub account 

f o r  0.0102 or  45 percent of the total. If the hub-pylon interference drag 
were eliminated,  the  rotor  blades and hu% arag Wuld account for 0.0080 
out of 0.0208, or 38 percent of the  total.  This i s  in  the  configuration 
where the  rotor is merely an appendage to  the  comertiplane.  Therefore, 
i n  comparisons of the XV-1 type cowertiplane  with  conventional  aircraft, 
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the  inherent  high drag of  the  autorotating rotor system,  even  with low 
ro tor  lift, introduces a severe performance penalty during  high-speed 
operation. 

When the  landing skids,  t a i l - fan  assembly, p i t o t   s t a t i c  msty=and 
wing-tip skids were  removed, and all practicable  fairings were used>.,the 
reduction i n  drag coeffictent was 0.0025. I n  addition, when the pylon air- 
flow separation was completely  eliminated  the total h g  reductLon was 
0.0047 o r  about  one-fifth of the drag existing with the  airplane-type 
configuration at 125 kno-bs. 

Figure 22 shows the Improvement in  performance due to the   a i rc raf t  
clean-up program i n   t he  horsepower versus  airspeed form. The reduction 
i n  drag that muld  be  realized if the air-flow separation on the pylon 
w e r e  completely  eliminated is not included. An increase i n  maxirmrm speed 
of the   a i rc raf t  from E O  t o  about 130 knots at rated power i s  indicated 
if the  drag  coefficient is reduced  by O.OO25. 

CONCLUSIOHS 

Results of the  ful l -scale  wind-tunnel  investigation  indicate  that 
the XV-1 convertiplane  should  successfilly  accomplish  the  autogiro-type 
and airplane-type  portions of  i ts  prescribed  f l ight plan. Unexpectedly 
high drag, however, could  seriously llmit performance. 

In regard to longitudinal  stability,  control, and performance 
characterist ics : 

1. By proper  choice of t r im-tab  set t ing  the  convert ipbe can be 
made statically  stable  with  respect t o  speed  and stick motion  with the 
center of gravity at the most rearward  position throughout the  airspeed 
range  investigated. Longitudinal control should be  adequate,  provlded 
that  large  negative  trim-tab  settings are used. 

2. The convertiplane was statically  unstable  with angle Of attack 
in the  autogiro-type flight configuration. This was with  the  center of 
gravi ty   a t   the  most rearward  position. 

3. The loss i n  lift due t o  interference between the  fixed wing and 
the rotor could not be  calculated  accwateu  using simple  premises. This 
interference caused the lift-drag r a t l o s  of the complete a i r c r a f t  to be 
appreciably less than  those  calculated from the  individual component data. 

- 4. Although the rotor con t r ibu te s   l i t t l e  lift during  airplane-type 
flight, the rotor blades, mtor hub , and hub-pylon interference are respon- 
s ib le  for 45 percent of the t o t a l  drag. If the hub-pylon fnterference 
drag were ellminatea, the mtor and i t s  hub would contribute  about 38 per- 
cent  (based on the  revised total drag) of the total comertiplane drag. 

- 
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5 .  Use af the methods developed i n  the  appendices, along with the 
downwash theory of NACA TN2gl2,permits a reasonably  accurate estimate Y 

of the  ta i l -contr ibut ion  to   longi tudinal   s tabi l i ty  and control  parameters. 

h e 0  Aeronautical  Laboratory .. 

National Advisory Committee for Aeronautics 
Moffett Field,  C a l i f  ., N w .  21, 1935 " 
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APPENDIX A 

ANALYSIS OF A V-TAB HORIZONTAL T m  - . . .  

Consideration of the  longitudinal  stabil i ty and control problems 
of a convertiplane  indicates that a free-floating  horizontal tai l  can be 
made to give  desirable  contributions to the   a i rcraf t ' s   longi tudinal  

. characterist ics.  

A survey of free-floating t a i l  configurations  indicates  that a 
satisfactory  design from the  standpoint  of small control  forces,  rapid 
response, and freedom from dynamic i n s t a b i l i t y   i s  one where the  hinge 
l i n e  i s  located at the aerodynamic center. Although  hinging a surface 
behind  the  aerodynamic  center  contributes m o r e  to   longi tudinal   Stabi l i ty ,  
the  analysis  herein  deals only with  the former arrangement to avoid  the 
complications due t o   t h e  dynamic problems associated  Kith  the latter. 

Modifications  necessary t o  the  horizontal t a i l  hinged at the  aero- 
dynamic center  are (1) a servo tab  for  control and (2) a linkage between 
t h e  s tab i l izer  and the  tabs t o  provide a r t i f i c i a l   s t a b i l i t y  of  the t a i l  
with  respect t o  itself. It would be  convenient,  for  the  sake of control, 
t o  have a trim tab on t h e   t a i l  so that  control  posit ion could  be  varied. 
I f   t he  linlrage were also connected t o  the trim tab, more posi t ive  s tabi-  
l i za t ion  of t h e   t a i l  would result;  consequently, it w i l l  be assumed tha t  
the  Enkage would be  used on both  tabs.  Properties of the  free-floating 
t a i l  mounted at the aerodynamic center  with  the  aforementioned  controls 
a d  linkages are (I) the  stabilizer  incidence  constant  with  angle  of. 
attack, (2) stabil izer  lncidence dependent only on the  relationship between 
the servo and trim tabs.  Since  the  stabilizer-tab  linkage makes the tab 
angles dependent on stabi l izer   angle ,   the   s tabi l izer  must a d j u s t   i t s  inci- 
dence until an equilibrium  position i s  reached.  These t a i l   c h a r a c t e r i s t i c s  
make the t a i l  similar t o  an all-movable  horizontal tail. For this con- 
figuration  the  linkage between the servo tab and s t i ck  can be  ad3usted to 
give  the  proper  stick motion. The t a i l ,  as described  thus far, can  pro- 
vide  stick-motion  stability. 

Speed s tabi l i ty   propert iea  can be  introduced  ' into  the  horizontal-tail  
system  by spring  loading  the trim tab SO that   the  actual  tr im-tab  deflec- 
tion is a Function of airspeed as well as the  stabil izer  angle and tab 
sett ing.  The remilt of the spring-loaded  trlm  tab  in  the system i s  that 
the   s tab i l izer  angle becomes increasingly  negative with increasing air- 
speed, the magnitude  dependlng on the  trim-tab  spring rate. 

In the  usual  configuration,  the  trim-tab  spring may not  be  required 
E i I l C e  neutral  speed s t a b i l i t y  i s  generally  acceptable; howevm, i n  the 
case of the XV-1, the  location of the  horizontal t a i l  in  the  propeller 
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a l i p ~ t r e a  might introduce a large  deetabilizfng  effect on speed sta- 
b i l i t y .  Therefore,  the  trim-tab  spring  acted i n  a dlrection t o  improve 
speed s tab i l i ty .  

On the XV-I, an additional  spring was incorporated t o  hold the sta- 
b i l i ze r  at an incidence  angle of 60° to 40 h o t s  f l i gh t  speed i n  order 
to avoid  large down loads from the  rotor downwash i n  helicopter flight. 
A t  speed8 greater than knots the  tabs became effective and the tail 
had suff ic ient  aerodynamic moment t o  overcome the  e tabi l izer  d m q r f n g .  

In order t o  understand  better  the  flying t a i l  propertiea,  the govern- 
ing factors  are  presented fa equation form, A sFmFlar analysis 18 pre- 
sented i n  reference 1. The stabil izer-tab linkage ratio is defined as 

Then actual tab deflection l a ,  for the  linear range 

The effect  of spring loading the  trim  tab can  be  expressed a8 

st = Ys, 

f o r  a given  configuration i n  inconrpresslble flow . 

y = F i E  
f(V) 
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The hinge moment introduced  by  the  trim-tab spring c&z1 be  expressed as 

Furthermore, at sane equilibrium  position,  the hinge moment of  the   t r im 
tab must equal the moment  of the  trim-tab  spring 

substituting  equations (A3) and (Ah) Fnto equations (A5) yields  - 

I n  comparison with C hg) i s  s m a l l .  This fs ver i f ied  by  comparison 

of the computed curves in figure 1.3 i n  which the  simpler  equation for  7 

is compared with equation ( A 6 ) .  The value of -0.0064 for C used fo r  
t he  computations was obtained from reference 7. h6 

An equation for the  stabilizer angle may be  obtained by writing  the 
equation  for  the m o m e n t s  about t he   s t ab i l i ze r  hinge  line. 
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Calculations showed that the moment  due t o   t a i l  and tab unbalance wa8 
negligible  for  the XV-1, In- the .-linear ran e..the dE.sprlng moment equals 
6.2 + 0. 28tjm foot-pound per  degree  (fig. $b) ) . The substitution of 
equations (A2) , (A3) , and (Ab) into  equation (A8) leads t o   t h e  following 
expression f o r  6m: 

- 

8" = - * 

Equation (Ag) i s  evaluated by the comparison of the  theoretical ,  
experimental  full-scale, m a  interpolated small-model data showing the 
change i n  stabilizer  angle  with  airspeed f o r  several t r i m  and servo-tab 
combinations i n  figure 14 .  The value  of -0.0044 for  (a+/&s) or 
(%/at) was obtained from reference 8. As can  be  seen,  equation (Ag) 
provides a fair   estimate of the  absolute  Glues- of s tabi l izer  angle and 
a good estlmate of the  slope of the curve of stabilizer  angle  versus air- 
speed. The lack of .correlation was traced $9 the difffcu&ty  in  sccurately 
determining the  trim-tab  ratfo, 7. Substitution of experimental  values 
of 7 i n  equation (A9) gave calculated agreement within 1/2O. 

. " 

I n  view of this, it i s  concluded that the  simplified andysie pre- 
sented  herejn  can be expected t o  provide  reliable  estimates of the V-tab 
free-floating  horizontal-tail  contribution t o  longitudinal  stabil i ty and 
control  parameters. 

--, ~ 

The change i n  p i t c h h g  moment of the complete a i r c ra f t  with  servo- 
tab or trim-tab set t ing may then be calculated by the  usual  equation for  
the  horizontal-tail   contribution  to  pitching moment. 

This equation was used t o  calculate  the V-tab floating-tail  effectiveness 
8 h m  in figure 18. 

.. . 
I 
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ESTIMaTION OF ROTOR DOWNWASE 

In-order to estimate  the  stabil i ty  characterist ics of an a i r c ra f t ,  
it is  essent ia l  to how the downwash-field praperties  with some accuracy. 
Therefore, an evaluation of the  existing downimsh theory a8 applied t o  
the XV-1 type of a i r c r a f t  w a s  considered t o  be of interest .  

Figure l5(a) campares the  dmwash  angles  calculated  us.ing  the  theo- 
ries of references 5 and 9 with  the downwash measured from the V-tab 
floating tai l  in  the  investigation  reported  herein.  Reference 9 allows 
calculation of downwash through the   rotor  disk only. Reference 5 extends 
the  theory of reference 9 to allow calculation of the  downwash angle at 
any point in the flaw field’. 

I n  order to calculate  the resultkt velocity at any point i n  the 
ro to r  wake and thus  the  angle between the a x i s  of the wake and the  free- 
stream  direction,  the following must be lmm: %, p, and angle of the 
t ip   path  plane with respect to the  free-stream  direction. When these are 
known, the vertical component of  the  velocity at a desired  point in the * 

flaw f i e l d  can be  calculated o r  read from the charts provided. Then the 
downwash angle can be  calculated from 

For  the XV-I, ful l -scale  rotor data f r o m  previously conducted tests were 
available so tha t  the rotor-alane lift could  be  accurately  obtained  for a 
set of given  conditions. With these  experimental  values , the   ver t ical  
component of the  velocity,  w, at the t a i l  could  be  calculated and the 
damwash mgle  at the tail due to the rotor  determined. 

For the XV-1, both  the rotor and the wing contr ibute   to  downwash at 
the tai l .  Ln order t o  allow fo r  the unloading of the  wing by the  rotor,  
the  average change in angle of attack of the  King due t o   t h e   r o t o r   d m -  
wash w a s  calculated as outlined above for  the  case of the tail. These 
calculations  are shown i n  figure 2l. The corresponding downwash due to 
the  wing for the  revised  angle of a t tack of the wing (uf - %) xaa  found 
from figure l?(b) and added to  the  calculated  rotor-alone downwash to give 
the  curves  presented i n  figure l5(a). 

AB can be  seen i n  figure 15(a), the full-scale and small-model meas- 
ured downwash at the tail w e r e  i n  good agreement, but  the  calculated  abso- 
lute  values show poor  agreement with experimental absolute  values and only 
f a i r  agreement Wlth respect t o  slope. However, stabilitywise,  slope is  

presented i n  references 5 and 9 will provide  estimations of the downwash 
a t  the tail with  sufficient  accuracy t o  permit f i rs t -order  approximations 
of the  longi tudiaal   s tabi l i ty  parameters of an XTT-1 type a i rc raf t .  

c the most important. In view of th i s ,  it can be  concluded that  the  theory 
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ESTIMATION OF STICK-MOTION STABILITY 
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In order to  obtain an indication of the eRfect.of trim-tab s e t t i n g .  
on stick-motion  stability f o r  both  aircraft .  canfigw?aticms- considered . 

herein, it w a s  necessary t o  extend the  limited  datg  obtained  in  the wind 
tunnel. T h i s  was necessary  since  very l i t t l e  data were obtained i n   t h i s  
investigation  with  large  negative  trim-tab  settings and the propeller and 
rotor  operating  simultaneously. 

As- mentioned in  the  discussion of stick-motion  stability,  the  curve 
of pitching moment at the lift coeff ic ient   required  for   level   f l ight   a t  
a given  airspeed  versus  airspeed  for  constant  control  settings can  be 
used t o  calculate the- stick posit ion  for t r i m  variation with flight air- 
speed. The procedure  followed mid assumptions qployed i n  calculating 
8 curve of t h i s  type  are--presented below. 

"" . .  - 

. .  

The analysis Fn Appendfx A provides a .means of determining  the sta- 
bil i ty  contribution  of. . the  horizontal   tai l   for a range of t r i m -  and 0ervo- 
tab  deflections over a range of velocities. The calculated  characteristico - 
are  shown i n  figures 1 4  and 18. The degree of re l iabFl i ty   that  can  be 
expected f'rm the  analysis  in Appendfx A 1s a h m  by the conrparisons made 
in   f igures  13 and 1 4  with  experimental  values.  Sigce  the t a i l  character- 
i s t i c s  a r e  a function of airspeed at the t a i l ,  the  additional increment 
of velocity at the t a i l  due to  the  propeller  .slipstream m8t be.cmsidered 
before  applying  the-results of the  analysis i n  Appendix A t o  estimate 
stick-position  stability  at  another  trim-tab-  setting. 

- 

. . .. 

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

1. The velocity  increment a t   t h e   t a i l  due t o  the propeller slipstream 
waa calculated by the momentum method, asmning 25-percent  propeller diek 
blockage. . .. . . . "  . .  . . . . . . . . .. " . .. . .. - .. - 

. _  
.. . 

2. A X, due t o  the change -in airspeed. at the tail was found frcm 
figures  18(a) and (b) .  

3 .  The AC, of item 2 wa6 corrected t o  free-stream q.  - - 
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4. The mm due to   the   p rope l le r  thrust acting on a point away 
- from the  moment center was calcula6ed. 

5 .  The AC,*s of items 3 and 4 w e r e  added t o   t h e  propeller-removed 
data to give the final estimation. 

A comparison  between the measured data and calculated data is  pre- 
sented below. - 

v, knots 125 100 75 

Propeller rpm 

0.031 0.025 Cm, computed 
0.010 0.024 0.022 0.013 0.029 0.025 0.Orb c,, w e r i m e n t a l  
2400 2350 2200 l5Oa 2250 2100 1500 

0.007 0.022 0.019 0.012 0.037 

The da ta   a t  75 and 100 knots a re   fo r  a constant  angle of a t tack  f o r  each 
airspeed  with a trim-tab  setting of -20° and a servo-tab  settfng of loo. 
The a i r c r a f t  was in the  autogiro-type  flight  configuration. The data a t  
125 knots are for t he  same tab  sett ings,   but with the rotor  blades 

. removed. - 

Although the  agreement between computed and ewerimental  values of 
pitching moment  was acceptable at 100 knots,  the agreement w a s  poor a t  
75 and 1s b o t s .  This lack of agreement is  believed t o  be mainly due 
t o   t h e  inadequacy of the momentum theory  used to  predict   the  average 
change in  veloci ty  at the horizontal tail.  %sed on the  foregoing com- 
parison, correction  -factore  to  the  calculated  velocity a t  the  tail were 
obtained for  each  free-stream  velocity and power se t t i ng  shown above. 
The correction  factora w e r e  exbrapolat& t o  the desired engine r p m .  

E s t h a t i o n  of Pitchlng-Moment Increment 
Due t o  Trim-Tab Deflection 

The ef fec t  of changfng the  trim-tab  deflection from -ao t o  -60° 
with powered propeller was calculated  by  the following method: 

1. Velocity at the  tai l  w a s  calculated by the  momentum theory and 
corrected  by the required  factor. 

2. The nC, mused  by a change in  trim-tab setting from -20° t o  
-6oO at tbe appropriate t a i l  airspeed waa found from figure 18. 

3. The LC, of item 2 w a s  corrected to .free-stream alrspeed. 



4. The ACm of item 3 w a s  added tn the powered- ropeller  pitching 
moment fo r  6so = loo, STo = -ao. (sham. i n  f igs .  17(aY and (b) )  t o  give 
the  6so = loo, €Qo = -6oO pitching moments ... . 

I 

Estimation of Stick  Position for Trim 

The stick  posit ion fo r  trim was calculated  using  the above pitching- 
moment increments. A point by point  construction of the  curves is s h m  
i n  figures l7( c)  and (a) . The  method was as follows : 

1. The pitching moments for  6so = IOo, %o = -60° of item 4 above 
were changed i n  order t o  reference them t.a the actual t a i l  alrepeed. The 
6 t o  be trinnned out by the  servo  tab was then obtaFned from figure 18. 

2. The servo-tab set t ing for trim was then found frm figure 18(b) .  
This w a s  converted t o  equivalent  stick  position by use of the  equation 

Accuracy of Calculated T a i l  Characteristics 

Because  of the  influence  the  calculations e h m  In figure 18 can have 
on the  stick-motion.sta;bility  analysis, an indication of the accuracy tha t  
can be  expected from figure 18 i a  given  below.. The data eh? the experi- 
mental A(&/AV from figure 16(b) and the  corresponQng  calculated values. 

I Trim-tab set t ing I ACJAV, experimental 1 N A V ,  calculated I 

" 

. .  

These  comparisons indicate  that   the accuracy of equations (Ag) and 
(A10) and the  curves in figure 18 were sufficient f o r  use i n  eetimating 
the  stick-motion  stability sham i n  figure 17. 
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TABU3 I .. PHYSICAL  CHARALBERISFICS OF THE XV-1 CONVEKTIPLANE 

.... Rotor .. 

Diameter, f t  . . . . . . . . . . . . . . . . . . . . . .  31 
Disk area, sq f t  . . . . . . . . . . . . . . . . . . . .  758 
Sol id i ty   ra t io  (or  factor) . . . . . . . . . . . . . . .  0.09 
Airfoil . . . . . . . . . . . . . . . . . . . . . .  NACA 63@( 1.5) 15 
Blade twist, center t o   t i p ,  deg . . . . . . . . . . . .  . . .  -8 
Bladechord. f't . . . . . . . . . . . . . . . . . . . .  1.162 
Mass constant,  per radian . . . . . . . . . . . . . . .  4.2 

Area. sq f t  . . . . . . . . . . . . . . . . . . . . . .  99.6 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . .  6.76 

M.A.C., f t  . . . . . . . . . . . . . . . . . . . . . . .  3 -91 
Airfoi l  . . . . . . . . . . . . . . . . . . . . . . .  NACA 6 3 ~ 5  
Incidence of inner panel.  deg . . . . . . . . . . .  : . 8 
Incidence of outer  panel at boom. deg . . . . . . . . .  8 
Incidence of outer  panel at t i p ,  deg . . . . . . . . . .  5 1 Dihedral. deg . . . . . . . . . . . . . . . . . . . . .  0 
Sweepback of the  quarter-chord  line. inner-p-anel. 

deg . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Sweepback of the  quarter-chord  line. outer  panel. . 

deg . . . . . . . . . . . . . . . . . . . . . . . . .  11.5 

Area, sq f't . . . . . . . . . . . . . . . . .  I. . . . .  16 997 Span. f t  . . . . . . . . . . . - . . . . . . . . . . . . .  8.17 
Chord, f ' t  . . . . . . . . . . . . . . . . . . . . . . .  2.08 
Aspect r a t i o  - . . . . . . . . .  . . . . . . . . . . . . . .  3 =92 
Hinge-line  location,  percent chord . . . . . . . . . . .  22.5 
Airfoi l  . . . . . . . . . . . . . . . . . . .  - . .  : . - . NACA 0012 
Distance from rotor   center   l ine  to  ta i l  hinge  line, f t  . 16.71 

Area. sq f t  . . . . . . . . . . . . . . . . . . . . .  - -  . 1.28 

wing 

sp831.ft . . . . . . . . . . . . . . . . . . . . . . . .  26 

Horizontal t a i l  

.. I . . -  

. . .  .. 

I Tabs span.ft . . . . . . . . . . . . . . . . . . . . . . . .  4.08 
Chord, f% . . . . . . . . . . . . . . . . . . . . . . .  0.312 

~ Spring constant (trim tab only) , per deg . . . . . . . .  -0.05 f t - l b  
' Overhang . . . . . . . . . . . . . . . . . . . . . . . .  0.10 C t  
~ Gap . . . . . . . . . . . . . . . . . . . . . . . . . - .  0.01 c t  
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(a) Front view. A - I Q ~  

Figure 1.- Photograph of t he  XV-1 convertiplane mounted in  the Ames 
4.0- by 80-foot w i n d  tunnel. 



- NACA RM A55K21a 

(b) Three-quarter rear view-. A-19327 

Figure 1.- Concluded. " 
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Al l  dimensions in feet  

Figure 2.- General arrangement of the XV-1 conver t ipke .  
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V-tab  floating  tail 

Servo  tab 

\ 
.Trim lever T a i i  hinge line  at 

aerodynamic  center 

Both  links free 

djustable  centarlng 

/ I 

\ 
.Trim lever T a i i  hinge line  at 

aerodynamic  center 

Both  links free 

" . ." I 

Figure 3 .  - Sketch of the V-tab horizontal tall. and linkages. 
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. . .  
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(b) Linkage  characteristics. 

Figure 4.- Variation of downspring hinge moment and tab.angle  with 
s t ab i l i ze r  angle. 
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All dlmensions In inches 

Normal 
fairing 

Perforated areas 
.Ofindiameter holes 
60 to the  square Inch 

.. 
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. " " 

Figure 5.: Pylon fence and suction  configurations. - 
. " " 

Suctlon hole I Perforated  area  number 2 
I 

Figure 5.: Pylon fence and suction  configurations. - 
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(a) v = 75 h o t s  

Figure 7.- Longitudinal characteristics with the  ro tor  blades and propeller removed. 
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(b) V = 100 knots 

Figure 7.- Continued. 
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CD a, , degrees =, 
Figure 8.- Longitudinal characteristics of the autogiro-type flight configuration; propeller 

removed. 
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Plgure 9.- Longitudinal characterlstice of the  airplane-type fllght configuration with the  rotor 
rpm governor inoperative; propeller removed, V = 113 knata. 

. .  I 



Figure 10.- Longitudinal characterfstic~ of the airplane-type flight  configuration; propeller 
removed. 
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Figure 11.- Effect of power an the longitudinal characteristics; rotor blades removed, 
v = 125 knats. &I- = -ao. 
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%ST , degrees 

(a) v = 75 knots 

(b) V = 100 knots 

Figure 12.- Aerodynamic characteristics of the V-tab ho r i zon ta l  tail.  
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(a) V = 1.50 knots 

Figure 12.- Concluded. 
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Figure 13.-  Comparison of the  calculated and experimental trim-tab deflection r a t i o s .  
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Figure 14.- Var i a t ion  o f  stabilizer incidence angle with airspeed for 
various servo-tab and trim-tab setting combinations. 
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(a) Autogiro-type flight configuration. 
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(b) Rotor blades removed. 

Figure 15.- Comparison of full-scale,  small-model, and theoretical down- 
wash angles at-the tail. 
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V, knots 
(a) Effect of angle of attack, propeller removed, 

8,0=100 -20.. 

Figwe l6. 
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Crn 
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(b) Effect of control  setting,  propeller  removed,at=O: 

V, knots 
(c)  Effect of propeller  operation, Q = 2., %IO: 8% = -200. 

. 

, -  Pitching m o m e n t  versus airspeed characteristics; rotor  
removed. 

blade 8 
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(a) Autogiro-type flight. 

0 

V, knots 

(b)  Airplane-type  f l ight.  

Figure 17.- Pitching moments at the  lift coefficient. f o r - l e v e l  f l i gh t  and 
corresponding stick position f o r  trim- 
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(c) Autog*o-type flight. 
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Figure 17. - Concluded. . 



afo , degrees 

(a) Trim-tob  effectiveness, = 0. 

0 4 8 I2 16 20 24 28 
, degrees 

(b) Servo-tab effectiveness, ST, = 0. 

Figure 18.- Calculated. longitudinal-control effectiveness; propeller 
removed. 
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CD - 2  - I  0 I e 3 4 5  a ,  , degrees 
Figure 19.- Lifi and drag o f  the convertiplane and i t e  cmponents in the autogiro-type flight 

oonflguration; propeller removed, 8so = 100, ETo - -ao. 



Symbol Configuration 
0 Rotor  removed 
0 Rotor alone (Ref.2) 
0 Convertiplane 

(Propeller removed) 
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Figure 20.- Lift and drag of the convertiplsne and its  components i n  the airplane-type flight 
configuration; propeller removed, 8% = loo, 6T0 = -ao, V = 125 kncts. 
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Figure 21.- Change i n  angle of attack of the w i n g  aue t o   t h e  rotor doKara6h required t o  fully 
account f o r  the 106s In lift of the ccnubination. 
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Figure 22.- Thrust horsepower mailable and required at sea level;  groee 
weight = 5,000 pounds. 
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