
"4' 
I;; 

NASA TN D-774 

TECHNICAL NOTE 
0-774 

OPERATIONAL TECHNIQUE FOR TRANSITION 

TYPES OF V/STOL AIRCRAFT 

By Fred J. Drinkwater 111 

Ames Research Center  
Moffett Field, Calif. 

OF SEVERAL 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

WASHINGTON March 1961 



1x 
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" N I C A L  NOTE D-774 

OPERATIONAL TECHNIQUE FOR TRANSITION OF SEVERAL 

By Fred J. Drinkwater I11 

Fl ight  t es t  experience has been obtained with f i v e  t es t  bed a i r c r a f t  
which employed widely d i f fe r ing  pr inciples  of V/STOL operation. 
speeds these a i r c r a f t  were supported by wing l i f t  and i n  t h e  hovering 
condition they were  supported by engine-produced thrust. 
used t o  transfer t h e  l i f t  from t h e  wing t o  t h e  engine are examined. 
primary items considered i n  t h e  t r ans i t i on  region are longi tudinal  t r i m  
changes, s t a b i l i t y ,  stalled flow during descending t r ans i t i ons ,  and the  
f l e x i b i l i t y  of t h e  t r a n s i t i o n  procedure of each type of a i r c r a f t .  

A t  high 

The techniques 
The 

INTRomcTION 

Five representative tmes of V/STOL aircraft have been made avai l -  
able t o  the  NASA f o r  f l i g h t  research after they had successfully demon- 
s t r a t e d  t h e i r  t r ans i t i on  capabi l i t i es .  
of these a i r c r a f t  has been l imited,  p i l o t s  have been able t o  evaluate 
several  d i f f e ren t  types i n  order t o  be t t e r  compare and understand the  
various V/STOL concepts. 
one p i l o t ' s  f l i g h t  experience i n  the  t r ans i t i on  region of each of the  
tes t -bed a i r c r a f t  and points  out some airplane cha rac t e r i s t i c s  which 
have a s igni f icant  e f f e c t  on t rans i t ion  performance. 

Even though the  flight t e s t  l i f e  

This report considers primarily t h e  r e s u l t s  of 

DISCUSS I O N  

The s igni f icant  feature of a l l  a i r c r a f t  t e s t e d  was t h e i r  a b i l i t y  t o  
change the  d i rec t ion  of engine-produced thrust from horizontal  i n  order 
t o  provide thrust f o r  forward o r  wing-lift f l ight  t o  v e r t i c a l  i n  order 
t o  augment wing l i f t  a t  low speeds and t o  permit hovering. Once e i t h e r  
a v e r t i c a l  o r  a short  take-off has been made, t he  t r ans i t i on  t o  wing- 
L A *  1 i f f  " t r ans l a t i cnd . - l i f t  fli@t. i stn_rt.ed; In most.  rnses n m.jnr 
change i n  the  a i r c r a f t  configuration must be made i n  order t o  allow 
t r ans i t i on .  These changes are shown i n  figure 1. The wing-rotor system 
r o t a t e s  on the Vertol 'v'Z-2; t he  l a rge  f l a p s  m e  re t rac ted  oii the  Fjan 
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VZ-3; the  ducts ro t a t e  on the  Do& VZ-4; the  ro to r  system i s  t i l t e d  90° 
on the  Bell XV-3; and the  th rus t  d iver te r  angle i s  changed on the  
Bel l  X - 1 4 .  

The t r ans i t i on  from V/STOL operation t o  conventional a i rplane 
f l i g h t  i s  considered t o  be complete when suf f ic ien t  l i f t  due t o  air- 
speed i s  obtained so that gl iding fl ight i s  possible a t  a sinking r a t e  
which can be a r res ted  without adding power. I n  general, therefore,  
STOL operation i s  dependent on engine power t o  augment aerodynamic l i f t  
and t o  change the  e f fec t ive  l i f t -d rag  r a t i o .  
t he  a b i l i t y  t o  hover out of ground e f f ec t  over a given ground posi t ion 
i n  no wind. 
i c a l  configuration changes made t o  the  a i r c r a f t  t o  permit t r ans i t i on  
from V/STOL operation t o  t r ans l a t iona l - l i f t  f l ight.  

VTOL operation implies 

The term 'lconversionll i s  used herein t o  denote the  mechan- 

I n  the t r ans i t i on  speed range, therefore,  i f  complete power f a i l u r e  
occurs, the a i r c r a f t  m u s t  be e i the r  very close t o  the ground or a t  suf- 
f i c i e n t  height t o  allow t r ans l a t iona l  l i f t  t o  be obtained by diving and 
converting t o  the  bes t  gl ide configuration. 
described i n  t h i s  manner roughly define "dead man's curves." 
combinations of height and airspeed or dead man's curves of a typ ica l  
single-engine hel icopter  as compared with t h a t  of an airplane a re  shown 
i n  f igure  2. Although the  helicopter can l i f t  off ver t ica l ly ,  it stays 
close t o  the ground u n t i l  suf f ic ien t  t r ans l a t iona l  l i f t  develops. Since 
t h i s  occurs a t  a very low forward speed, the  climbout and descent can be 
s t a r t ed  very short ly  after l i f t - o f f .  The airplane,  i n  contrast ,  must 
remain on the  ground u n t i l  t r ans l a t iona l  l i f t  o r  f l y ing  speed i s  
a t ta ined .  The t r a n s i t i o n  region f o r  V/STOL a i r c r a f t  i s  between these 
two extremes - that is ,  t r ans l a t iona l  l i f t  must be augmented by engine- 
produced l i f t  i n  order f o r  the  a i r c r a f t  t o  be airborne.  However, unless 
the  dead man's curve i s  ignored, t he  a i r c r a f t  should s t i l l  s t ay  very low 
u n t i l  t rans la t iona l  l i f t  can support it. The a l t e rna t ive  i s  t o  provide 
multiple interconnected engines f o r  those V/STOL a i r c r a f t  which do not 
have autorotat ional  capabi l i ty ,  so that the  dead man's curve based on 
the l o s s  of t h e  most c r i t i c a l  engine s t i l l  allows steep take-offs and 
landings. 

The heights and airspeeds 
The general 

The e f fec ts  of conversion on airspeed f o r  t h e  XV-3 i s  shown i n  f ig-  
ure 3. "he r e s u l t s  indicate  t h a t  the  XV-3 can cover a wide range of 
airspeeds without conversion. The so l id  l i n e  ind ica tes  the  usual 
conversion-airspeed var ia t ion  during t rans i t ion ,  with the  dashed l i n e s  
indicating the  reasonable limits t o  the  procedure. Forward speed i s  
gained f rom hovering by lowering the  nose s l i g h t l y  by means of forward 
cyclic-pitch control.  
l i f t  was complete; t h a t  is ,  i f  the  engine fa i led ,  an autorotat ive 
landing could be made; therefore,  t he  climb could be s ta r ted .  T i l t i n g  
the  rotors  about 15' t o  30° improved the  climb performance, or i f  a 
l e v e l  t rans i t ion  was t o  be made, conversion t o  t h i s  angle permitted more 
rapid acceleration t o  a speed i n  excess of t h e  wing s ta l l  speed, which 
was 80 knots i n  t h i s  case. A t  th i s  t i m e  t he  rotors ,  operated as a 

A t  about 50 knots t he  t r a n s i t i o n  t o  t r ans l a t iona l  
0 
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helicopter,  could be unloaded and rotated goo and the  blade p i t ch  could 
be adjusted f o r  the  bes t  cruise  efficiency. 
however, t h e  conversion procedure was qui te  f l e x i b l e  and was only die- 
t a t ed  by t h e  combinations which gave b e s t  performance. 
the  l imi t ing  cmdi t ions  Ere indicated t~ 5e  d e t e r i o r a t i m  i n  sta5ilitjr 
and control  t o  wing s ta l l  along t h e  low-speed boundary and the  usual 
hel icopter  buffet ing changing t o  a power-available or  s t r u c t u r a l  limita- 
t i o n  along the  high-speed boundary. 

A s  can be seen i n  figure 3, 

The reasons f o r  

Results f o r  the  t i l t-wing, t h e  deflected-slipstream, and the  t i l t i n g -  
ducted-fan a i r c r a f t  are combined i n  figure 4 since these configurations 
are qu i t e  s imilar  i n  the  aspects presented. 
t he  usual conversion airspeed re la t ion  with t h e  dashed l i n e s  indicat ing 
the  reasonable limits. 
l i t t l e  forward speed without s t a r t i ng  the  conversion process. This 
l imi t a t ion  has ce r t a in  advantages. One i s  that i f  t h e  p i l o t  kept t he  
fuselage reasonably l e v e l  t he  airspeed was d ic t a t ed  by the  conversion 
angle during most of t he  t r ans i t i on  and required l i t t l e  p i l o t  a t ten t ion .  
Consequently, fore-and-aft s t i ck  motions w e r e  more or less r e s t r i c t e d  t o  
holding a t t i t ude ,  adjust ing airspeed by t h e  conversion control,  and 
control l ing v e r t i c a l  speed by power changes. O f  course, as more trans- 
l a t i o n a l  l i f t  w a s  produced, angle-of-attack changes began t o  have a 
greater  e f fec t  on f l ight-path angle as conventional a i rplane f l ight was 
approached. 

The so l id  l i n e  indicates  

It i s  seen that  these a i r c r a f t  can gain very 

There i s  a disadvantage i n  having a narrow band of airspeeds ava i l -  
able  a t  the start of conversion while hovering and attempting t o  control  
very low forward speeds with respect t o  the ground. Under these condi- 
t i ons  small changes i n  conversion angle were more e f fec t ive  f o r  speed 
control  than a t t i t u d e  changes, but  the on-off type of switching used 
f o r  conversion-angle adjustments was not smooth and continuous as i s  
required.  Therefore, when speed control near hovering can be best 
obtained by changes i n  conversion angle rather than i n  p i t ch  att i tude,  
as it is  i n  various degrees on the  three types shown i n  figure 4, the  
Conversion angle might be best controlled over a small range by fore- 
and-aft s t i c k  motion. 
speeds i s  needed f o r  these types of WOL a i r c r a f t .  

In  any case, be t t e r  control  of speed a t  very low 

The method of performing the t r ans i t i on  was a l s o  similar f o r  these 
three types.  For example, t he  wing, duct, o r  f l a p  angle was changed i n  
increments a t  the  start of t he  t rans i t ion  where airspeed was most 
dependent on the  conversion angle. 
be increased so that t r ans i t i on  was completed i n  about 10 t o  15 seconds. 
Large deviations from t h i s  program as indicated by the dashed l i n e s  
caused some important changes i n  a i r c r a f t  charac te r i s t ics .  The lowest 
speeds normally used a t  each conversion angle were limited primarily by 
fuselage a t t i tude ;  however, a decrease i n  the  la te ra l -d i rec t iona l  
damping w a s  experienced on the  Vertol VZ-2 and general con t ro l l ab i l i t y  
, f e l l  o f f  rapidly.  
longi tudinal ly  unstable and tended t o  p i t ch  up. 

From about 40 knots t he  r a t e  could 

The deflected-slipstream Ryan VZ-3 airplane became 
This cha rac t e r i s t i c  
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brings up the  point t ha t  although the  a i r c r a f t  handling q u a l i t i e s  
specifications define sa t i s fac tory  s ta l l  charac te r i s t ics  and the  he l i -  
copter specifications require  sa t i s fac tory  handling even i n  rearward 
f l i gh t ,  there a re  as ye t  no specif icat ions which describe adequately 
the  lower speed boundary which occurs a t  p a r t i a l  conversion angles.  The 
lower speed boundary can be compared t o  the  conventional a i rplane s ta l l .  
However, whereas the  airplane s t a l l  speed i s  a r e l a t ive ly  f ixed value 
varying with load factor ,  which the  p i l o t  can readi ly  detect ,  and varying 
only l i t t l e  with power changes, the  lower speed boundary at  p a r t i a l  
conversion angles var ies  d i r e c t l y  with engine power. 
shown i n  f igure  4 a re  a t  power f o r  l e v e l  f l ight.  
se t t ings  e i the r  the angle-of-attack or t he  rate-of-descent indicators  
must be used t o  determine the  onset of a c r i t i c a l  condition. 

The boundaries 
A t  other power 

1 

I The high-speed boundaries indicated are reached by pushing the  nose 
over t o  steep a t t i t udes .  The boundary on the  deflected-slipstream air- 
plane was determined by the  f l a p  strength, on the  t i l t ing-duct  a i rplane 
by the  increasing nose-up pi tching moment requiring fu l l  forward s t ick ,  
and on the t i l t -wing airplane by a l e s s  eas i ly  defined change i n  the  
la teral-direckional  behavior, pa r t i cu la r ly  at the  higher t r ans i t i on  
speeds where the  wing was carrying more of the  load. Under these con- 
d i t i ons  the fuselage i s  diving but the  wing i s  f ly ing  s t r a igh t  and 
leve l ,  and the  motions which r e s u l t  from a rudder kick a re  hard t o  
describe; however, t he  important point i s  t h a t  there  appeared t o  be a 
tendency f o r  a divergence t o  occur. 

l 

* 

f 

The t r ans i t i on  boundaries as they apply t o  the  def lected-jet  X - 1 4  
a i rplane a re  shown i n  f igure  5 .  The take-off t r a n s i t i o n  i s  programed 
almost i n  the  same manner as the  Vertol, Ryan, and Doak a i r c r a f t  pre- 
viously discussed i n  f igure  4. That is, the  th rus t  d iver te r  must be 
ro ta ted  in  small increments u n t i l  about 40 knots a re  a t ta ined  and then it 
can be converted continuously as the  airplane accelerates  very rap id ly  
even at small conversion angles. 
exceeded; t h a t  is, t r a n s i t i o n  i s  completed before more than about 20 per- 
cent of conversion has been made, as i s  shown i n  f igu re  5 .  The reverse 
t rans i t ion  i s  made qui te  d i f fe ren t ly ,  however, since no large drag or 
moment changes were found t o  occur with change i n  thrust-diver ter  angle.  
The t h r o t t l e  was retarded and the  d ive r t e r  ro ta ted  d i r e c t l y  t o  90' ( the  
hovering angle) while s t i l l  a t  high speed. Power was added t o  keep the  
angle of a t tack  below s t a l l  as the  l g  s ta l l  speed was approached, and 
t h e  a i r c r a f t  then decelerated rapidly t o  about 20 knots, below which 
the  speed was controlled by p i t ch  a t t i t ude ,  more o r  less l i k e  a he l i -  
copter. 
s e t t i ng  needed t o  avoid s t a l l i n g  during the  t r a n s i t i o n  a t  airspeeds 
greater  than about 20 knots. Below t h i s  speed the  s ta l l  moments or 
forces  were of l i t t l e  consequence. 

I n  f a c t  t h e  stall speed i s  usual ly  

The angle-of-attack indicator  was used t o  determine the  power 

Continuous f l i g h t  i n  the  t r a n s i t i o n  region ( t h a t  is, f l i g h t  at  
p a r t i a l  conversion) i s  primarily usefu l  i n  order t o  allow steep take- 
o f f s  and landing approaches a t  speeds lower than would be allowed by 
wing l i f t  alone. Even though these a i r c r a f t  had VTOL capabi l i t i es ,  t he  
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p i l o t  would not normally complete t rans i t ion  t o  hovering fl ight a t  
100 f e e t  o r  so above a landing spot and then descend v e r t i c a l l y  as i s  
popularly supposed any more than he would operate a hel icopter  i n  t h i s  
manner, and hel icopters  a re  the  most e f f i c i en t  hovering devices ye t  
conceived. One of the  reasons for this  r e s t r i c t i o n  i s  the  generally 
poor v i s i b i l i t y  straight down, but even if  v i s i b i l i t y  were good, 
p i l o t s  f i n d  it d i f f i c u l t  t o  observe t h e  horizon when looking straight 
down and without t h i s  reference, a t t i tude  control  becomes marginal. 
Also, t he  instruments cannot be readi ly  observed when the  p i l o t  looks 
downward, and when the  p i l o t  t i l t s  h i s  head up and down he d is turbs  h i s  
sense of balance. I n  addi t ion these ver t ica l  ascents and descents 
require nearly fu l l  engine power, so that  f u e l  i s  used a t  a very high 
ra te ,  and i n  most cases an engine f a i lu re  under these conditions would 
mean l o s s  of t he  a i r c r a f t .  

For these reasons take-offs and landings were made at moderate 
angles on the  test-bed a i r c r a f t  with t rans la t iona l  l i f t  being augmented 
by engine power whenever possible.  The t r ans l a t iona l  l i f t ,  of course, 
i s  a function of t he  angle of attack, and i n  the  t r a n s i t i o n  region t h e  
angle of a t t ack  var ies  with engine power at  a constant airspeed. 
power i s  reduced i n  order t o  descend more steeply,  the  wing may s ta l l ,  

increases the  sinking r a t e  and a l so  the  angle of a t tack .  A la rge  power 
increase i s  required t o  uns t a l l  the wing and when t h i s  happens, t he  
added power plus the  re turn  of wing l i f t  causes the  airplane t o  climb. 
For the  t i l t -wing  and deflected-slipstream a i r c r a f t  t he  p i l o t  determined 
h i s  steep approach limits by reference t o  the  rate of descent indicat ion 
commensurate with h i s  conversion angle. If he d id  not know the  l imi t ing  
conditions, t h e  s teep descent could t u r n  out t o  be a s e r i e s  of s ta l l  
recoveries.  Since the  wing w a s  not i n  the sl ipstream on the  t i l t - d u c t  
or deflected- j e t  airplane,  t he  steep descent conditions could be monitored 
on the  angle-of-attack indicator .  When wing s ta l l  was encountered a t  
very high conversion angles and speeds l e s s  than about 25 knots, the  
change i n  lift did  not create  much of a problem on any of t he  t e s t  beds 
except f o r  t he  deflected-slipstream airplane which s t i l l  had a pitch-up 
problem u n t i l  f u l l  conversion was reached. 

If 

c so t h a t  t r ans l a t iona l  l i f t  drops off rapidly. This l o s s  of l i f t  fu r the r  

The allowable v e r t i c a l  veloci ty  variation with airspeed while 
descending i n  the  t r ans i t i on  region for  the  def lected-jet  X-14  i s  shown 
i n  figure 6 .  The dashed l i n e  i s  the combination of rate of descent and 
airspeed which i s  l imited by the  wing angle of a t tack  with the  fuselage 
l e v e l  and results i n  a descent angle of loo i n  t h i s  case. A reduction 
i n  power t o  increase t h e  rate of descent would cause the  wing t o  s ta l l .  
Figure 6 shows t h a t  below about 25 knots, however, t he  s t a l l  angle can 
be exceeded t o  some extent  i n  pract ice  since the  a i r c r a f t  i s  being sup- 
ported mostly by engine th rus t .  
i n  t h e  f igure  could be increased by having t h e  wing s t a l l  a t  a higher 
angle of a t t ack .  I n  addition, i f  the  j e t  could be def lected fur ther  
than 90° r e l a t i v e  t o  the  fuselage, then these sinking speeds could be 
maintained with the  fuselage i n  a s l ight  nose-down a t t i t u d e  which would 
a l s o  allow steeper f l igh t -pa th  angles. 

b 

The maximum flight-paYn angle indicated * 
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The rate-of-descent l imi ta t ions  for the  t i l t i ng - ro to r  XV-3 a r e  
shown as  a function of airspeed i n  f igure  7. The l i n e  f o r  a rotor-mast 
angle of 0' indicates  the  allowable sinking r a t e s  i n  the  hel icopter  mode. 
For the m o s t  par t ,  t h i s  i s  the  autorotation or power-off curve except 
f o r  very low speeds. A t  low speeds, the wing ro tor  interference made 
control d i f f i c u l t  and l imited the sinking r a t e s  t o  low values. A t  
intermediate conversion angles shown on the remaining curves, t he  wing- 
s ta l l  speed i s  l imi t ing  again and it can be seen t h a t  there  i s  nothing 
t o  gain i n  steep descents by using intermediate conversion angles.  The 
bes t  steep approach with the  XV-3 was therefore made i n  the  hel icopter  
configuration. 

Sinking r a t e s  of about 500 f e e t  per minute were used during most of 
the landing approaches but, of course, even sinking r a t e s  of 500 f e e t  
per minute must be reduced t o  near zero before touchdown. 
t h i s  i s  accomplished depends on how far i n to  the  t r a n s i t i o n  the  approach 
i s  being made. The l i f t - d i s t r i b u t i o n  var ia t ion during an approach i n  
the  t rans i t ion  region of a typ ica l  V/STOL a i r c r a f t  i s  shown i n  f igure  8. 
The force-weight r a t i o  F/W i s  p lo t ted  against  airspeed a t  airspeeds 
l e s s  than the  l g  wing-stall  speed. The curved l i n e  ind ica tes  t he  force 
produced by the  wing when it i s  a t  t h e  maximum angle of a t tack .  The max- 
imum wing-produced force-weight r a t i o  i s  of course zero a t  zero airspeed 
and 1 a t  the lg s ta l l  speed. A s  the  t r ans i t i on  proceeds in to  t h e  lower 
airspeed region, more rel iance i s  placed on engine-produced l i f t .  When 
the  wing i s  s t i l l  doing most of the  work as a t  the  higher speeds, a 
conventional f l a r e  may produce enough increase i n  l i f t  t o  a r r e s t  the  
approach sinking r a t e .  A s  t he  wing i s  unloaded, however, and t h e  
engines are supporting more of t he  load, t he  f l a r e  f o r  wing l i f t  must 
be used with caution, since the  angle of a t tack  can increase rapidly 
with very l i t t l e  increase i n  l i f t  and a s t a l l  i s  l i k e l y  t o  occur at  
a n  inappropriate time. Previous f l i g h t  t e s t s  ind ica te  t h a t  when the  
f l a r e  i s  made by using wing l i f t  alone, at  l e a s t  1.2g of f l a r e  accelera- 
t i o n  i s  required, since a minimum r a t i o  of approach speed t o  s ta l l  speed 
under idea l  conditions was found t o  be 1.1. 
f l a r e  acceleration of 1.2g. 
spectrum and even though it may require f u l l  power t o  hover, a v e r t i c a l  
acceleration of about 1.2g i s  avai lable  f o r  a f e w  seconds by increasing 
col lect ive p i t ch  and using t h e  s tored energy i n  the  ro t a t ing  blades.  
Neither of these methods of obtaining a t rans ien t  increase i n  l i f t  i s  
available on most V/STOL designs during t r ans i t i on ,  so t h a t  t h i s  l i f t  
increment must come from an increase i n  power. F l igh t  tes ts  indicate  
t h a t  the excess power plus  wing l i f t  avai lable  should a l s o  permit a 
1.2g f l a r e  f o r  posi t ive control  of t h e  touchdown f o r  t he  V/STOL a i r c r a f t  
i n  any usable approach condition. 

Tne way t h a t  

1 

. 

This r a t i o  w i l l  provide a 
The hel icopter  i s  a t  the  other  end of t h e  

a 

Since the  f inal  f l a r e  i s  a c r i t i c a l  phase of t he  steep approach, 
t he  location of the  f l a r e  controls  i s  very important. 

e 

Approaches were 
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9 made with a l l  of these V/STOL a i r c r a f t  where power had t o  be increased 
i n  order t o  a r r e s t  t he  sinking r a t e  a t  touchdown. Three of them had 
conventional t h r o t t l e s  moving fore  and a f t  and the  other two had col- 
l e c t i v e  pitch-type power control .  The col lect ive pitch-type t h r o t t l e  
actuat ion i s  considered by the  author t o  be the  most na tura l  and con- 
venient when power i s  required t o  a s s i s t  the f l a r e .  

CONCLUSIONS 

1. Since p i tch-a t t i tude  changes alone are not su f f i c i en t  t o  control  
movement over t he  ground when at or near a hovering condition with some 
VTOL types, p rec ise  and continuous control of the  conversion angle 
through a small range may be required. 

2. A V/STOL a i r c r a f t  t e s t  program should consider the  e f f ec t s  of 
la rge  deviat ions from the  fuselage l e v e l  t r i m  speeds a t  p a r t i a l  con- 
version angles.  

3 .  The wing should be capable of supporting the  a i r c r a f t  a t  as low 
a speed as possible i n  order t o  shorten the t r a n s i t i o n  and t o  reduce 
the time spent i n  the  c r i t i c a l  region of high engine power. F 

4. The la rge  var ie ty  of airspeed-power-conversion-angle combina- 
* t i o n s  which will result i n  a s t a l l  requires t h a t  the p i l o t  'be given some 

pos i t ive  indicat ion t h a t  he i s  approaching a c r i t i c a l  condition. 

5 .  If a constant-power f lare cannot be made, t he  power control  
should be actuated i n  a manner similar t o  a hel icopter  col lect ive-pi tch 
control.  

6. If the  V/STOL a i r c r a f t  has no autorotat ional  capabili ty,  then it 
should have multiple interconnected engines so t h a t  the  advantages of 
s teep ascents  and descents can be real ized.  

7. The V/STOL a i r c r a f t  must be capable of developing 1.2g f o r  f l a r e  
with the  most c r i t i c a l  engine out at i t s  minimum acceptable approach 
speed. 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field,  Calif.,  Nov. 17, 1960 
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APPROXIMATE CONVERSION ENVELOPE 
FOR THE BELL, XV-3 CONVERTIPLANE 
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Figure 3 

GENERALIZED CONVERSION ENVELOPE FOR 
THE VERTOL VZ-2, RYAN VZ-3, AND DOAK V Z - 4  
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DESCENT CONDITIONS FOR X V  - 3 
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