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I. SUMMARY 

A conceptual  des ign  s t u d y  was conducted t o  d e f i n e  a  r e p r e s e n t a -  
t i v e  m i l i t a r y  and/or commercial t i l t - p r o p r o t o r  a i r c r a f t  under 
Task I of t h e  NASA V/STOL T i l t - R o t o r  A i r c r a f t  Study,  Contrac t  
NAS2-6599. The r e s u l t i n g  a i r c r a f t  des ign  i s  des ignated  t h e  B e l l  
D302. 

The purpose of t h i s  t a s k  was t o  d e f i n e  an a p e r a t i o n a l  a i r c r a f t  
which would se rve  a s  a  r e f e r e n c e  toward which f l i g h t  r e sea rch  
t a s k s ,  and a NASA r e s e a r c h  a i r c r a f t  a s  de f ined  under Task 11, 
could be o r i e n t e d .  The t i m e  frame cons idered  was f o r  a i r c r a f t  
t h a t  would become o p e r a t i o n a l  i n  1980-1985 ( a i r c r a f t  development 
t o  s t a r t  i n  t h e  1975-1980 time frame).  The l e v e l  o f  s t r u c t u r a l  
technology s e l e c t e d  f o r  t h e  o p e r a t i o n a l  a i r c r a f t  was based 
p r imar i l  y  on aluminum, s t e e l ,  t i t a n i u m ,  and adhesive-bonded 
s t r u c t u r e s .  Engine s e l e c t i o n  was from t h o s e  eng ines  p red ic ted  
t o  achieve  PFRT s t a t u s  by 1975. 

The approach embodied i n  t h e  conceptual  des ign  s t u d y  drew on Be l l  
H e l i c o p t e r  Company's exper ience  w i t h  t h e  t i l t - p r o p r o t o r  configu-  
r a t i o n .  This i n c l u d e s  a n a l y t i c a l ,  exper imenta l ,  f u l l - s c a l e  wind 
tunne l  and f l i g h t - t e s t  exper ience .  S p e c i f i c  programs have  been 
t h e  XV-3 a i r c r a f t ,  t h e  Army Composite A i r c r a f t  program, and 
f b l l - s c a l e  tests  of a  25-foot  p ropro to r  (designed f o r  use  on 
t h e  r e s e a r c h  a i r c r a f t )  i n  t h e  NASA-Ames Large-Scale Wind Tunnel. 

The B e l l  D302 i s  a twin-engine a i r c r a f t  u s i n g  advanced turbo- 
s h a f t  engines of 6000 shp each. The maximum g r o s s  weight f o r  
commercial miss ions  is  44,100 pounds and 58,511 pounds f o r  
m i l i t a r y  missions.  The p r o p r o t o r s  a r e  48-foot  d iamete r ,  each 
w i t h  t h r e e  b lades  of 30-inch chord.  

The D302 can c a r r v  40 passengers  i n  a  commercial o ~ e r a t i o ?  over  
s t a g e  l e n g t h s  of 400 n a u t i c a r  m i l e s  a t  
a t  a c r u i s e  a l t i t u d e  of 30,000 f e e t  on 
mission i t  can c a r r y  48 t r o o p s  o r  f i v e  
up t o  500 n a u t i c a l  m i l e s  on a  s t andard  
358 knots  a t  25,000 f e e t  on a  s t andard  
(MIL-STD-210A) ho t  day. 

c r u i s e  speehs of 348 knots  
a  h o t  day. I n  a m i l i t a r y  
tons  of ca rgo  f o r  r a d i i  
day. Maximum speed i s  
day and 370 k n o t s  on a 

The d a t a  presented  i n  the. fo l lowing  s e c t i o n s  f u r t h e r  d e s c r i b e  
t h e  a i r c r a f t ,  i t s  weight ,  performance, n o i s e ,  s t a b i l i t y  and con- 
t r o l ,  dynamic c h a r a c t e r i s t i c s ,  i t s  m a i n t a i n a b i l i t y ,  r e l i a b i l i t y ,  
and o p e r a t i n g  economics. This i s  concluded w i t h  an assessment  
of t h e  needed r e s e a r c h  t o  des ign  w i t h  conf idence  o p e r a t i o n a l  
a i r c r a f t  s w h  a s  t h e  D302. 
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I I . AIRCRAFT DESCRI PTl ON 

The D302 i s  a  low d i s c - l o a d i n g ,  44,100-pound g ross  we igh t ,  t i l t -  
proprotor  VTOL. A g e n e r a l  arrangement l a v o u t  of  t h e  D302 i s  
shown i n  Drawing D302-960-001. B e l l  H e l i c o p t e r  Company's expe- 
r i e n c e  w i t h  s t i f f  in -p lane  r o t o r s  on 15,000 h e l i c o p t e r s  l e d  t o  
t h e  s e l e c t i o n  of t h e  gimbal-mounted hub. A n o n r o t a t i n g  hub 
s p r i n g  i n c r e a s e s  c o n t r o l  power i n  he1 icop ter mode. A p r o p r o t o r  
wi th  a  d i s c  load ing  of approximately 12 p s f ,  wi th  t h r e e  b lades  
and a s o l i d i t y  of 0.10 was s e l e c t e d .  The p r o p r o t o r s  have been 
aerodynamical ly optimized t o  have good hover ing  c a p a b i l i t y  and 
t o  o p e r a t e  e f f i c i e n t l y  when they  a r e  t i l t e d  forward f o r  high-  
speed a i r p l a n e  mode of £1 i g h t  . The nover t i p  speed of 800 f e e t  
pe r  second was s e l e c t e d  a s  a  compromise between low n o i s e  and 
t h e  weight of t h e  p ropro to r s  and tri i . ismissions. This compares 
w i t h  over  900 f e e t  p e r  second f o r  many p r o p e l l e r s  and 814 and 
746 f e e t  pe r  second on t h e  U H - 1 D  and U H - 1 B  Huey h e l i c o p t e r s  
r e s p e c t i v e l y .  The D302 c r u i s e  a i r s p e e d  of 520 f e e t  p e r  second 
was s e l e c t e d  a s  a  compromise between p ropu l s ive  e f f i c i e n c y  and 
t ransmiss ion  weight  which i s  dependent on des ign  torque .  I t  was 
found t h a t  c r u i s e  a i r s p e e d  need n o t  be reduced below 600 f e e t  
per  second t o  ach ieve  a good p ropu l s ive  e f f i c i e n c y  on a MIL-210A 
ho t  day because of the  h i g h e r  speed of sound and reduced com- 
p r e s s i b i l i t y  10s s e s .  

A wing l o a d i n g  of 80 psf was s e l e c t e d  t o  o b t a i n  a  maximum l i f t /  
d r a g  r a t i o  i n  t h e  350-380-knot range  a t  25,000 t o  30,000 f e e t  
a l t i t u d e .  This wing l o a d i n g  a l s o  minimizes s e n s i t i v i t y  t o  
g u s t s .  The wing span was s e l e c t e d  t o  provicle c l e a r a n c e  of t h e  
p ropro to r s  wi th  t h e  f u s e l a g e .  This  r e s u l t e d  i n  a  wing aspec t  
r a t i o  of 6.9. 

A twin i n s t a l l a t i o n  was s e l e c t e d  us ing  t h e  Lycoming 6000 shp 
vers ion  of t h e  LTC4V-1 engine .  The 5000 snp v e r s i o n  of t h i s  
engine has  been run .  S p e c i f i c  f u e l  consumptions are somewhat 
lower than  t h e  advanced UTTAS engine.  The LTC4V-1 w i t h  a  take-  
o f f  r a t i n g  of 6000 shp can be a v a i l a b l e  wi th in  t h e  t i m e  frame 
(1980-1985) proposed f o r  t h e  D302. This  engine  meets t h e  FAA 
s i n g l e  engine  t akeof f  requi rements  a t  44,100 pounds g r o s s  weight 
a s  d i scussed  i n  Sec t ion  111. Twin engine power a v a i l a b l e  i s  
s u f f i c i e n t  f o r  maximum speeds up t o  370 kno t s .  

A s i n g l e  engine i n  each pylon pod o f f e r s  a  s imple  and aerodynam- 
i c a l l y  c l e a n  i n s t a l l a t i o n  a f f o r d i n g  easy  a c c e s s  t o  b o t h  s i d e s  of 
t h e  engine.  Smaller  twin e n g i n e s ,  i n  each pylon pod, would COm- 

promise both of t h e s e  d e s i r a b l e  f e a t u r e s  and i n  a d d i t i o n  would 
compl ica te  t h e  t r ansmiss ion  conf i g u r a t i s n  wi th  t h e  a d d i t i o n a l  
? ' twinningf '  g e a r s  and f  ree-wheeling u n i t  r e q u i r e d  f o r  s i n g l e -  
engine o p e r a t i o n .  The p r e s s u r i z e d  f u s e l a g e  of t h e  0302, as a 
commercial shor t -hau l  t r a n s p o r t ,  w i l l  accommodate 40 passengers .  
With an a l t e r n a t e  m i l i t a r y - t y p e  ca rgo  f u s e l a g e ,  up t o  68 t r o o p s  
could be c a r r i e d  wi th  a  maximum-density s e a t i n g  arrangement.  
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The b a s i c  c o n f i g u r a t i o n  of t h e  D302 uses  growth v e r s i o n s  of a l l  
concepts  t h a t  w i l l  be proven dur ing  t h e  Model 300 f l i g h t  r e s e a r c h  
development program. These inc lude :  

- The s t i f f  wing and s t i f f  i n p l a n e  gimballed r o t o r  f o r  
s a t i s f a c t o r y  placement of proprotor/pvlon/wing f r e -  
quenc i e s  . 

- The conversion system us ing a c t u a t o r s  with s e p a r a t e  
hydrau l i c  motor and sy s tems and i ~ ~ e c h a n i c a l l ~  i n t e r -  
connected . 

- The advanced technology used i n  des igning t h e  t r a n s -  
miss ions .  

- The power management svs tern which, i n  h e l i c o p t e r  mode, 
uses t h e  engine  power-turbine governor t o  mainta in  prop- 
r o t o r  rpm by i n c r e a s i n g  o r  dec reas ing  power a s  changes 
a r e  made in  c o l l e c t i v e  p i t c h .  I n  a i r p l a n e  mode, t h i s  
system uses  a p ropro to r  governor t h a t  changes p r o p r o t o r  
p i t c h  t o  mainta in  s e l e c t e d  p r o p r o t o r  rpm. 

- The wing f l a p ,  f l a p e r o n s ,  c o n t r o l  systems and phasing 
boxes, and t h e  H - t a i l  c o n f i g u r a t l o n s  which a r e  a l l  b a s i c  
con£ i g u r a t i o n s  t h a t  w i l l  be developed on t h e  Model 300. 
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LYCOMING LTC4V- I 
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111. C I V I L  TRANSPORT APPLICATION 

The D302 was analyzed f o r  comn~ercial  VTOL shor t -hau l  3 p e r a t i o n s .  
The r e l e v a n t  s p e c i f i c a t i o n  used was t h e  FAA Ten ta t ive  Airwor th i -  
n e s s  Standards f o r  Powered L i f t  TraT,spor t  Category A i r c r a f t ,  
August 1970. For t h e  c r i t i c a l  t ~ k c  3ff r?_rformance, t h e s e  s t a n -  
da rds  c a l l  f o r  a 150-foot-per-minute r a t e  of c l imb a t  V i ,  w i th  
one engine i n o p e r a t i v e .  For t h e  D302 o p e r a t i n g  on a  95 F summer 
day a t  a  g ross  weight of 44,100 pounds, t h e  requi red  r a t e  of 
climb i s  es t imated  t o  be met a t  45 kno t s  EAS a t  an a l t i t u d e  of 
LOO0 f e e t  us ing  t h e  one-minute r a t i n g  on t h e  o p e r a ~ i v e  s i n g l e  
engine.  The D302 w i l l  r each  60 knots  EAS i n  approximately t h e  
f i r s t  t e n  seconds of t h i s  one-minute r a t i n g .  A t  t h i s  a i r s p e e d ,  
V2, a cl imb r a t e  of 200 f e e t  p e r  minute can be achieved with t h e  
ten-minute r a t i n g  of t h e  s i n g l e  engine.  This would a l low a go- 
around f o r  a  c y c l i c - f l a r e ,  r o l l - o n  l and ing  a t  a  moderate-size 
ve1, t ipor t .  Such an opera t ion  would be considered ac  a "s tandard  
takeoff ' '  ope ra t ion  and def ined t h e  FAA maximum g r o s s  weight f o r  
t h e  D302 a t  +44,100 pounds. For t akeof f  from small  pads ,  t h e  
a i r c r a f t  c l imbs rearward t o  a  c r i t i c a l  h e i g h t  ( c r i t i c a l  d e c i s i o n  
p o i n t )  v e r i f i e d  by f l i g h t  t e s t s .  A t  t h i s  p o i n t ,  should an engine 
f a i l u r e  occur ,  t h e  a i r c r a f t  can r e t u r n  t o  t h e  pad f o r  a  c y c l i c  
f l a r e  landing us ing  t h e  one-minute engine  r a t i n g ,  o r  can acce l -  
e r a t e  t o  V2 f o r  climb-out and go-around w i t h  t h e  ten-minute 
engine r a t i n g .  This type  of t akeof f  can be cons idered  a s  a  
v v e r t i c a l f '  takeoff  opera t ion  a t  t h e  same maximum gross  weigF1 
C a l c u l a t i o n s  of c r i t i c a l  d e c i s i o n  p o i n t  h e i g h t  f o r  t h e  D3r 
v e r t i c a l  takeoff  mode o r  minimum v e r t i p o r t  s i z e  f o r  t h e  ' 
dard" takeoff  mode a r e  beyond t h e  scope of t h e  Task I eff au t 
should be comparable t o  h e l i c o p t e r  requi rements  i n  simila ,per- 
a t i u n s  . 
With t h e  t i l t - p r o p r o t o r  concep t ,  a  f u r t h e r  op t ion  is  a v a i l a b l e  
t o  t h e  p i l o t  a f t e r  V2 i s  reached wi th  one engine  i n o p e r a t i v e .  
A conversion t o  proprotor  mode can be made, and a t  200 knots  EAS 
a  cl imb r a t e  of 500 f e e t  per  minute can be achieved a t  maximum 
continuous r a t i n g  on t h e  s i n g l e  engine .  

This  performance enab les  t h e  D302 t o  o p e r a t e  w i t h  s a f e t y  on 
summer days i n  t h e  Nor theas t  c o r r i d o r  and t h e  West Coast s h o r t -  
haul  markets.  A t y p i c a l  shor t -hau l  mission p r o f i l e  i s  summarized 
i n  Table 111-1 and is t h e  b a s i s  f o r  payload and p r o d u c t i v i t y  
ana lyses  d iscussed below, The passenger c a p a c i t y  i s  f o r t y  and 
t y p i c a l  range c a p a b i l i t y  i s  400 n a u t i c a l  miles a t  348 k n o t s ,  
30,000 f e e t  , with  r e s e r v e s .  While a  f ully-ma t u r e ,  high-patronage 
second- genera t ion  sys  t e m  should r e q u i r e  v e h i c l e s  of much g r e a t e r  
passenger c a p a c i t y  and mul t i -engine  i n s t a l l a t i o r r s ,  t h e  economic 
success  of t h e  i n i t i a l  o p e r a t i o n a l  system w i l l  depend on main- 
t a i n i n g  reasonable  passenger load  f a c t o r s  -.nd u t i l i z a t i o n  dur ing  
t h e  period when patronage i s  being d e v e l o p ~ d .  For t h e  1980-1985 
time p e r i o d ,  t h e  c a p a c i t y  of t h e  D302 is be l i eved  t o  be i d e a l .  
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TABLE 111-1. COMMERCIAL VTOL AIRCRAFT MTSSZON PROFILE 

Hot Dav Operation 

P r e f l i g h t  s e r v i c e  a i r c r a f t ,  load  f o r  outbound le.g, 1 0  min- 
u t e s .  

Warm-up, two minutes a t  power f o r  70 percent  g ross  weight 
l i f t  a t  L O O  percent  m c r  rpm (HRPM), 1000 f e e t ,  35°F 

Takeoff a t  normal g ross  weight ,  one minute a t  hover OGE 
power a t  100 percen t  HRPM, LOO0 f e e t ,  95OF 

Acce le ra te  and c l i r b  t o  2000 f e e t  above t e r r a i n  ( t o  3000 
f e e t ,  95°F) us ing 100 percen t  HRPM and power f c r  n o i s e  
abatement cl imb of e i t h e r :  

a )  s t r a i g h t  cl imb a t  1800 f e e t  pe r  minute ,  60-knot 
a i r speed ;  o r ,  

b)  30 degree-bank t u rn ing  c l imb a t  1800 f e e t  per 
minute, 60-knot a i r speed  

Acce le ra te  from 60 knots  t o  200 KEAS whi le  conver t ing  t o  
p ropro to r  mode with NRP a v a i l a b l e  a t  90 percent  HRPM and 
3000 f e e t ,  95OF. (Fuel equ iva l en t ,  3 minutes a t  NRP) 

Climb on course  t o  s p e c i f i e d  c r u i s e  a l t i t u d e  a t  200 KEAS 
us ing maximum a v a i l a b l e  to rque ,  90 pe rcen t  HRPM and 
MIL-STD-2LOA atmosphere above 5630 f e e t  

C r u i s e  wi th  95 pe rcen t  continuous to rque  a v a i l a b l e  (engine 
o r  t raqnmiss ion)  f o r  spec i f i ed  t i m e  a t  75 percent  HRPM 
and MIL- STL-210A ho t  atmosphere 

Descend on cou r se  a t  2000 f e e t  per minute t o  2000 f e e t  
above t s r r a i n  (to 3000 f e e t ,  95 F) at  200 KEAS, 75 per-  
c e n t  HRYM (assuming MIL-STD-210A ho t  atmosphere above 
5000 f e e t .  ) Clear  l o c a l  n o i s e - s e n s i t i v e  h igh  t e r r a i n  by 
1000 f e e t .  

Decelera tz  from 200 KEAS t o  100 knots  whi le  conver t ing  t o  
h e l i c o p t e r  mode wi th  20 pe rcen t  NRP a v a i l a b l e  a t  90 per-  
c e n t  HRPM and 3000 feet, 9S°F. (Fuel equ iva l en t ,  3  min- 
u t e s  a t  f l i g h t  i d l e )  

Descend and d e c e l e r a t e  from 3000 f e e t ,  9S°F t o  1090 f e e t ,  
9S°F us ing n o i s e  abatement deucent  p r o f i l e ,  100 percen t  
HRPM, airfipeed 60 knots .  (Fuel  equ iva l en t ,  1 . 5  minutes 
a t  f l i g h t  i d l e )  
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TABLE I I I - I .  Concluded 

11. Land, unload,  load passengers  t o  s e a t i n g  c a p a c i t y  o r  
normal g r o s s  weight w i t h  r o t o r s  t u r n i n g ;  no r e f u e l ,  
s i x  minutes.  (Fue l  e q u i v a l e n t  two minutes a t  f l i g h t  
i d l e )  

12-19. Repeat 3 through LO 

20. Arr ive  a t  t h i s  p o i n t  w i t h  a t  least  45 a i n u t e s  f u e l  
remaining based on p ropro to r  c r u i s e  a t  200 KEAS, 
75 percent  HEPM 

21. Land, s t o p  r o t o r s ,  unload,  p o s t - f l i g h t  s e r v i c e  a i r c r a f t ,  
1 5  minutes 

B. Standard Day Operat ion 

A s  (A) above except  s u b s t i t u t e  s t andard  tempera ture  f o r  
95OF and MIL-STD-210A h o t  atmosphere. 
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?he inboard p r o f i l e  l a y o u t ,  F igure  111-1, is based on a conven- 
t i o n a l  s i n g l e  21-inch a i s l e  arrangement wi th  fou r  a b r e a s t  s e a t -  
i n g  based on 21-inch seat widths  and 36-inch p i t c h .  In  keeping 
wi th  r e l a t i v e l y  s imple  passenger accommodatiens, one l a v a t o r v  
and spacc f o r  an automa t i c  snack-beverage d i spense r  a r e  provided 
n e a r  t h e  forward en t rance .  Carry-on luggage r acks  and c o a t  r a cks  
a r e  provided immediately t o  t h e  r i g h t  of both  forward and a f t  
en t r ance  doors  on oppos i t e  s i d e s  of t h e  a i s l e .  Addi t ional  space 
f o r  luggage i s  provided i n  p ressur ized  compartments i n  t h e  wheel- 
w e l l  f a i r i n g s  and under t h e  seats. The l a y o u t  is arranged t o  
accomrr.odate t h e  r equ i r ed  Type I1 and Type I11 emergency e x i t s  
f o r  crew and passengers.  A t  maximum passenger c a p a c i t y ,  a jump 
s e a t  i s  a v a i l a b l e  f o r  t h e  cabin  a t t endan t  a t  t h e  r e a r  of t h e  
p ressur ized  cab in .  C r e w  compartment v i s i b i l i t y  i s  provided t o  
be compatible wi th  s t e e p  descent  ope ra t i ons  d e s i r a b l e  f o r  mini-  
mizing ground exposure t o  a i r c r a f t  no i s e .  

Performance dnd r k ~ i ~ e  characterj s t i c s  r e l e v a n t  t o  t h e  commercial 
short-haul.  mission a r c  desc r ibed  i n  t h e  remainder of t h i s  sec- 
t i o n .  

A .  PAYLOAD RANGE 

A t y p i c a l  shor t -hau l  f l i g h t  or, a ho t  day (9S°F a t  t a k e o f f ,  
MIL-STD-210 (ho t )  a t  a l t i t u d e )  c a r r i e s  f o r t y  passengers from 
New York t o  Washington and from Washington t o  New York wi thout  
r e f u e l i n g .  Airspeed a t  95 pe r cen t  power i s  348 knots  a t  an 
a l t i t u d e  of 30,000 f e e t .  The s i n g l e  l e g  range extends  t o  670 
n a u t i c a l  m i l e s  and enab les  t h i r t y - t h r e e  passengers  t o  be c a r r i e d  
from N e w  York t o  At lan ta  o r  New York t o  Chicago. Represen ta t ive  
c i t y - p a i r s  i n  t h e  payload-range envelope ere shown i n  F izure  
111-2. 

B. PRODUCTIVITY 

The p roduc t i v i t y  was analyzed f o r  t r i p s  from 50 t o  325 n a u t i c a l  
m i l e s  radLus. The c r u i s e  speed used was s l i g h t l y  f a s t e r  than 
bes t - range speed. C ru i s e  a l t i t u d e  w a s  s e l e c t e d  f o r  mi~imum f u e l  
consumption. New York t o  Washington passenger t r i p  t i m e  
(between V-port t e rmina l s )  i s  es t imated  a t  1.05 hours .  A i r c r a f t  
round t r i p  time wi-thout r e f u e l i n g  is 2 .4  hours  and a i r c r a f t  pro- 
d u c t i v i t y  is  570 ton-knots.  Resu l t s  are shown i n  F igu re  111-3. 

TAKEOFF AN D APFROACH PROFILES 

Takeoff and approach p r o f i l e s  w e r e  s e l e c t e d  t o  minimize no i s e  
around t h e  terminal  a r ea .  Steep g r a d i e n t s  of 1 6  t o  18 degrees ,  
as shown i n  Figure 111-4, f a r  s t e e p e r  than p o s s i b l e  w i th  CZOL 
z i r c r a f  t , prov<de ample he igh t  ciearatice over n o i s c - s e n s i t i v e  
a r e a s ,  ye t  t h e  f i n a l  approach t o  t h e  t o ~ c h d o ~ t r  a r e a  can be as 
shal low as 3 t o  4 degrees .  P i l o t i n g  t a s k s  a s soc i a t ed  w i th  s3:eep 
g r a d i e n t s  are eased by rotary-wing c o n t r o l  c a p a b i l i t i e s ,  b u t  
conf i rmat ion and acceptance  by p i l o t s  r e q u i r e s  more o k c r s t i o n a l  
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exper ience .  This i s  considered t o  be a  h i g h - p r i o r i t v  s u b j e c t  
f o r  t h e  r e s ea r ch  a i r c r a f t  f l i g h t  i n v e s t i g a t i o n s .  The t akeof f  
pa th  has an average gradi-ent  of 16 degrees ,  based on a  cl imb of 
1800 f e e t  pe r  minute a t  60 kno t s .  The a i r c r a f t  r eaches  an a l t i -  
tude  of 1750 f e e t  one n a u t i c a l  m i l e  from t h e  t e rmina l  ane t h e  
n o i s e  l e v e l  d i r e c t l y  beneath t h i s  po in t  i s  es t imated a t  85 PNdb. 

D. NOISE FOOTPRINT 

Steep  g r ad i en t  p r o f i l e s ,  p l u s  t h e  combination of  low d i s c  load- 
i ng  (-12 p s f )  and moderate t i p  speed (800 f p s )  r e s u l t  i n  a  
smal l  n o i s e  f o o t p r i n t .  The l e v e l  f o r  a 50-foot hover i s  esti-  
mated- to  be  95 PNdb a t  500 f e e t .  Due t o  a  downward d i r e c t i v i t y  
p a t t e r n  f o r  ro to r -genera ted  n o i s e ,  t h e  95 PNdb con tour  f o r  take,-  
o f f  i s  es t imated t o  extend 2900 f e e t  from t h e  c e n t e r  of t h e  
landing pad along a  s t r a i g h t  climb-out pa th  and is reduced t o  
2500 f e e t  i n  a  cl imbing t u rn .  Maximum s i d e l i n e  n o i s e  l e v e l s ,  a s  
t h e  a i r c r a f t  f l i e s  by, a r e  shown i n  F igu re  111-5. 

E, GENERAL NOISE COMPARISON . - -.- -- -- - - 
The c a l c u l a t e d  n o i s e  of t h e  D302 i s  compared i n  F igu re  111-6 
wi th  c a l c u l a t e d  l e v e l s  of h igher  d i s c - l oad ing ,  s i x t y  passenger ,  
VTOL a i r c r a f  L proposed f o r  short-hall1 s e r v i c e  and with measured 
l e v e l s  of present-day ' h e l i c o p t e r s  and common s u r f  ace  t r an spo r t a -  
t i o n  vehi-cles .  These curvcs  confirm t h a t  low d i s c  load ing  VTOL 
a i r c r a f t  w i l l  be least n o i s y ,  wh i l e  jet types  w i l l  be t h e  
n o i s i e s t .  Addi t iona l ly ,  t h e  n o i s e  of  t h e  D302 i n  t akeof f  mode 
w i l l  be about t h e  same a s  t h a t  of medium he1 i c o p t e r s  ope ra t i ng  
today a t  a i r speeds  below about  80 kno t s  and ill be  no g r e a t e r ,  
a t  t y p i c a l  d i s t a n c e s  t o  e ~ c h ,  than t h a t  gcnel a ted  by heavy com- 
merc ia l  s u r f a c e  veh i c l e s .  I n  c r u i s e  mode, t h e  f l y o v e r  n o i s e  of 
t he  D302 w i l l  be lower than those  produced by t h e  sma l l e s t  h e l i -  
c o p t e r s ,  and a t  t y p i c a l  f l y o v e r  a l t i t u d e s ,  w i l l  be comparable t o  
background l e v e l s  measured i n  a r e a s  wi th  passenger  c a r  t r a f f i c .  
The D302 w i l l  be s o c i a l l y  accep tab le  when ope ra t i ng  i n  and over  
populated a r e a s .  The i n t e r n a l  n o i s e  l e v e l  w i l l  be ve ry  low. 
The l o c a t i o n  o f  the engines  and t ransmiss ion f a r  removed from the  
czbin  a r e a  w i l l  make t he  D302 much q u i e t e r  than h e l i c o p t e r s  i n  
t h a t  mode of f l i g h t .  The v e q  low c r u i s e  t i p  speed and t h e  
remoteness of engines  and t ransmiss ions  w i l l  make t h e  i n t e r n a l  
n o i s e  i n  c r u i s e  mode much lower than a turboprop a i r p l a n e .  

F  . ECONOMICS OF SHORT-HAUL COMMERCIAL AIR TRANS PORT -- -- 
1. Econonic Premise f o r  VTOL 

,Wesent commercisl a i r  t r a n s p o r t  reacked s a t u r a t i o a  l e v e l s  a t  
m a j o r  a i r p o r t s  i n  1968-1969. The r e t u r n  of normal bus iness  
growth r a t e s  w i l l  cause  a r e t u r n  of even g r e a t e r  congested con- 
d i t i o n s .  Without d r a s t i c  improvements t o  t h e  ground c o n t r o l  and 



r e l a t e d  f a c i l i t i e s ,  t h i s  w i l l  mean increased c o s t l y  delays  f o r  
CTOL operat ions .  The in t roduc t ion  of a VTOL shor t -haul  commer- 
c i a l  a i r c r a f t  system, wi th  V-ports c l o s e  t o  t r a f f i c  o r ig ina t ion  
c e n t e r s  and away from CTOL p o r t s ,  can reduce delays  and thereby 
save time and money f o r  a i r l i n e s  and passengers. The t o t a l  l i f e  
cyc l e  system c o s t s  of a VTOL system should,  t he re fo re ,  be com- 
pared t o  o t h e r  a l t e r n a t i v e s  f o r  reducing de lays  due t u  f u t u r e  
congestion. While the  compari.son of t o t a l  l i f e - c y c l e  system 
c o s t s  a r e  beyond the  scope of Task I ,  it i s  believed t h a t  the  
c o s t  of adding a t i l t - p r o p r o t o r  i7TOL shor t -haul  under-saturated 
system t o  t h e  CTOL system w i l l  be more economical than adding 
CTOL runways and v a s t l y  improved a i r  t r a f f i c  con t ro l  f a c l l i t i e s  
t o  fend off  s a t u r a t i o n  and enable CTGL t o  handle t he  t o t a l  s h ~ r t -  
haul  and long-haul t r a f f i c  of t h e  1980 's .  

2. Economic Analysis of Short-Haul C i v i l  A i r c r a f t  

The operat ing c o s t s  of t h e  40-passenger D302 VTOL were est imated 
and are compared i n  Table 111-11, with a t y p i c a l  s h o r t - h a 1  a i r -  
l i n e r  (80-passenger DC-9) operat ing on a shor t -haul  jcurney 
between New York C i t y  and Washington, D.C. The opera t ing  c o s t  
es t imate  f o r  both t h e  D302 and t h e  DC-9-type a i r c r a f t  w a s  based 
on a i r l i n e  o p e r a t h g  experie.r~ce f o r  t he  fixed-wing items and on 
B e l l  experience f o r  the  rotary-wing items. The d i r e c t  operat ing 
c o s t  f o r  t h e  40-passenger D302 was est imated t o  be 93 percent  of 
t h a t  f o r  t h e  80-passenger DC-9. The c o s t  of a t y p i c a l  shor t -  
haul journey (New York C i ty  t o  Washington, D.C. ), based on a 
20-percent r e tu rn  on a i r c r a f t  investment and a 50-percent load 
f a c t o r ,  was ca lcu la ted  t o  be $37.45 f o r  VTOL and $25.25 f o r  CTOL 
( a t  zero de lay) .  The es t imate  f o r  t he  CTOL de lay  c o s t  included 
t h e  cos t  of reduced block-speed and of  in t roducing e x t r a  a i r -  
c r a f t  t o  r e t a i n  t he  same frequency of s e rv i ce .  For a ten-minute 
de lay  per one-way journey, such a s  i s  believed t o  be  scheduled 
f o r  t h e  present  (1972) New York City-Washington, D.C. a i r  s h u t t l e ,  
the  CTOL f a r e  increased t o  $28.36. These CTOL es t imates  w e r e  
found t o  be c lo se  t o  ac tua l  1972 f a r e s ,  based on 100-passenger 
DC-9 a i r c r a f t .  Thus, t he  ana lys i s  i s  believed v a l i d .  Ground 
t r anspor t a t i on  w a s  then included t o  ob ta in  t o t a l  one-way journey 
cos t  and t i m e .  Resu l t s  i n d i c a t e  t h a t  f o r  the  presen t  ten-minute 
CTOL de lay  l e v e l ,  t he  -<TOL passenger w i l l  save 0.69 hours (41 
minutes) a t  an addi t iona l  c o s t  of $2.04. The passengers '  t i m e  
value f u r  equal journey c o s t  i s  thus $2.96 per  hour. A s  CTOL 
delays i nc re s se ,  the  CTOL f a r e  must increase ;  and i t  i s  estimated 
t h a t  f o r  d e h y s  above 17  minutes, not  only t he  VTOL-journey t h e ,  
but t h e  c o s t  w i l l  be lower. Thus, i f  the present  delay of t en  
minutes increases  by more than seven ~ i m t e s ,  t h e  VTOL system, 
wi th  t h e  assumptions herein  and a t  ze ro  de lay ,  w i l l  o f f e r  more 
economical s e rv i ce  t o  a l l  passengers r ega rd l  e s u  of t h e i r  time 
value.  

I f  v a s t l y  improved air  t r a f f i c  con t ro l  and r e l a t e d  f a c i i i t h a  a r e  
i n s t a l l e d  t o  prevent CTOL delays  from increas ing  above cu r r en t  
l e v e l s ,  then a passenger would s t i l l  p r e f e r ,  on an e c o n m s i s ,  
to  f l y  VTOL i f  h i s  t i m e  i s  valued a t  o r  above $2.96 per hour. 



TABLE 111-11. COST ANALYSIS FOR TYPICI 

1 GENERAL 

Aircraf t  
Description 

Maintenance 
Manhours 

Maintenance 
Part  Cost 

Operating 
Costs 

Daily Flight 
Schedule 

New York City I t 0  Washington, D .C . 

A i r  Trip 
Cost , 
One Way 

Journey 

Total 

, Comparison 
Time and Cost 

LINE DETAIL ITEM 

Design gross weight 
Weight empty 
Passenger capacity 
Cruise speed a t  a l t i t u d e ,  design 
Purchase p r i ce ,  including spares 

Airframe and avionics 
Engines 
Transmission and s haf t ing 
Proprot ors , ro ta t ing  controls  
Servicing 
Tot a1  Labor Maintenance Required 
Total Labor Cost a t  $15 per man hour including overhead 

Airframe and avionics 
Engines 
Transmiss ion and shaft ing 
Proprotors,  ro t a t ing  controls 
Proprotor blade retirement,  a t  10,000 hours 
Total Maintenance Par t s  Costs 

Total maintenance, par t s  and labor 
Crew 
Fuel a t  $0.015 per pound 
Depreciation, 30,000 hours, 30-percent residual  
Insurance, 25C3 hours per year ,  2-percent per year 
Total Operating Cost 

Scheduled allowance fo r  delavs,  per one-way t r i p  
Aircraf t  round t r i p  time 
Number round t r i p s  per  12-hour day 
Number one-way t r i p s  per 12-hour day 
Passengers per a i r c r a f t  a t  SO-percent load f ac to r  
Passenger one-way t r i p s  per day per  oircraf  t 
Number a i r c r a f t  required per 1000 passengers per day 
Aircraf t  ground t a x i  time , one-way journey 
Aircraf t  f l i g h t  time, one-way journey 
Aircraf t  block -ime , doors clos ed-doors open 

Direct operating cost  , one-way journey 
Capital  re turn on a i r c r a f t  and spares ,  20-percent per year 
Indirect  a i r l i n e  cos t  
Terminal usage fees  
Total A i r  Fare (Less Federal Tax) 

Taxi-cab average distance, t o t a l  per f l i g h t  
Taxi-cab average time, t o t a l  per f 1 ight 
Taxi-cab c o s t ,  t o t a l  per f l i g h t  

1 
I 

*VTOL is f a s t e r  

Total One-way Cost (Ground and A i r )  

Passenger a i r  t r i p  t i m e ,  a i r p o r t  terminal t o  a i rpo r t  terminal 
Passenger one-way t r i p  time, gimund & a i r  
Time saved by VTOL, per one-way t r i p  
Extra cos t  for VTOL, per are-way t r i p  
Paa senger Time-Value f o r  Equal Cor t 
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4LYSIS FOR TYPICAL SHORT-HAUL TRIP 

D302 
VTOL 

44 LOO 
29355 

40 
348 

4.05 

3.38 
1.59 
0.92 
1 .oo 
0.45 
7.34 

110.1 

14.2 
33.6 
17.3 
24.6 

9.2 
98.9 

208.9 
112 

34 
9 5 

32.4 
482.3 

DC-9 TYPE CTOL 
-. .- _-P 

Air Fare Cost. k$ 
UNITS 

poundb 
pounds 
number s e a t s  
knot s 
mi l l ions  $ 

Circled numbers ind ica te  l i n e  number. 
CTOL DELAY. manhrs/bl ock h r  

manhrdblock h r  
$/block hour 

$/block hour 

Sib1 oc k hour 

$/block hour 

50 40 30 5 10 
TOTAL TRIP PASSENGER TIME 
COST, $ $/block hour VALUE, $/HR 

3 0 
2.54 
3.39 
6.78 

4 0 
27 1 

3.69 
0.16 
1.23 
1.45 

18.82 
L O .  19 

5.00 
0.60 

34.61 

minutes - 
hours 
number 

\ 

Y 

ler year 

nuniber 
hours 

I 
hours 

m i  l e s  
minutes 
$/passenger 

.t terminal houre 
I 

*VTOL is 

1 I 

f a e t e r  AND MORE ECONOMICAL f o r  scheduled delays above 1 7  rninuteT per  journey. 
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HOW 
40 PASSENGERS ONE-WAY T R I P  

I RANGE CAPABILITY 

- HOT DAY - 4 2 7 b 1  LB GW 
- FUEL 58 CONSERVATIVE - 45  MIN RESERVE FUEL ROUND TRIP 

TYPICAL ONE-WAY CITY-PAIRS:  

WASHINGTON/BOSTON 

WASH 114 G ~N, /ATLANTA 

HY/CHICAGO -.. 
NYIATLANTA 

TYPICAL ROUND T R I P  CITY-PAIRS:  

200 300 400 5 0 0  6 0 0  700 

TOTAL TRTP DISTANCE - NAUTICAL MILES 

- - 

APABILITY I 

IMBS/DESCENTS) I 

Figure 111-2. Payload-Range, C iv i l  Transport. 

-I 

CRUISE ALTITUDE 

HOT DAY 
42781 LB GU 
FUEL 5% CONS 
45 MIN RESERVE 

PROWCTIVI  TY 
(PAYLOAD X BLOCK SPEED) 

AIRCRAFT ROUND- TRI P TI  ME 
(EXCLUDING REFUELING) 

I 
I 
I 
I 
i 

tq I 
I 
I 

I 

LOO 

I 

2 0 0  3 0 0  4 0 0  5 0 0  
M T A L  T a I P  DISTANCE - NAUTICAL MILES 

Figure 111-3. Productivity-Range, C iv i l  Transport. 
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1 95. DAY APPROACH SPEED - KT I . - 
HELICOPTER X C F  0 5 0 LOO 
4 L 5 0 0  LB GW 0 

APEROXCH 
RATE OF 
DESCENT 

2 0 0 0  F T  FPM) - 

-- 
I 
I 
I 2 0 0 0  

/- I 
DESCENT 

-BASED ON R/D P R O F I L E  

I SHOWN ON I N S E T  GRAPH I 
I 

I 
I 

I I 
TERRAIN L E E L  I 

I 1 I 1 J 
DISTANCE UNDER F L I G H T  PATH FROM CEN'I 'mLINE OF F T I G H T  PAD - 1000 F T  

F igure  111-4. Takeoff and Approach P r o f i l e s ,  C i v i l  Transpor t .  

1 1 I 1 1 .  I 

BASED ON CLIMB AND DESCENT 
1 P R O F I L E S  SHOWN ABOVE 

I 1 1 1 I I 1 
I 

8 7 6 5 4 3 2 L E L 2 3 4 5 6 7 8  

DISTANCE UNDER FLIGHT PATH FRON CC'ENTERLINE OF FLIGHT PAD - LOO0 FEET 

Figure  111-5. Noise Footpr int ,  C i v i l  Transport.  



Q BELL 
HELICOPTER cowwrur 

VTOL AIRCRAFT 
(TAKEOFF POWER1 

**REFERENCE : 
BOLT, BERANEK 
AND NEWMAN, 
I N C .  , REPORT 
1 2 5 4 ,  APRIL,  
1 9 6 5 .  

100 200 500 1000 2000 

DISTANCE TO VEHICLE - FEET 

Figure 111-6. General Noise Comparison, 
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I V .  MILITARY MISSION APPLICATIONS 

A. A1 RCRAFT CONF I GUK/.",TI ON S 

The D302 can perform a v a r i e t y  of m i l i t a r y  miss ions  such a s :  
t roop  t r a n s p o r t ,  r e s c u e ,  t a c t i c a l  t r a n s p o r t ,  and f l y i n g  c rane .  
Some of t h e  p o s s i b l e  i n t e r n a l  arrangements f o r  performing t h e s e  
miss ions  a r e  shown i n  F i g u r e  I V - 1 .  

Troop- t r a n s p o r t  could be performed wi th  a  h i g h  d e n s i t y  s e a t i n g  
arrangement a s  shown i n  Figure I V - l ( a ) .  Four doors  a r e  provided,  
two on each s i d e  of t h e  cab in .  A c e n t e r - l i n e  bench t y p e  s e a t i n g  
arrangement w i l l  accommodate 48 t r o o p s .  S e a t  width i s  22 inches  
wi th  f o l d a b l e  end s e a t s  t o  permit  c r o s s - a i s l e  load ing  from on(? 
s i d e  when necessary .  The p r e s s u r i z e d  cab in  permi ts  c r u i s i n g  a t  
h i g h  a l t i t u d e s  on long-range miss ions .  

The i n t e r n a l  arrangement shown i n  F i g u r e  I V - 1  (b) shows a wide 
door on one s i d e  of t h e  a i r c r a f t  f o r  r e s c u e  miss ions  and f o r  
s i d e  l o a d i n g  cargo p a l l e t s .  

I n  t h e  r o l e  of a t a c t i c a l  t r a n s p o r t  a i r c r a f t ,  t h e  D302 could have 
a r e a r  ramp a s  shown i n  F igure  I V - 1  ( c ) .  The f u s e l a g e  would be 
r e c t a n g u l a r  w i t h  a  ca rgo  c l e a r a n c e  i n t e r n a l  width of 93 inches  
and a wa l l - to -wa l l  wid th  of 113 inches .  The cargo compartment 
would be 42  f e e t  6 inches  long and 78 inches  high.  High d e n s i t y  
s e a t i n g  w i l l  accommodate up t o  68 t r o o p s .  This c o n f i g u r a t i o n  
would n o t  be p r e s s u r i z e d .  Table V I - I 1  shows a f u s e l a g e  weight  
i n c r e a s e  of 800 pounds over  th ,  round-bodied p r e s s u r i z e d  t r a n s -  
p o r t  c o n f i g u r a t i o n  . 
Both f u s e l a g e  c o n f i g u r a t i o n s  of t h e  D302 a i r c r a f t  could  havc 
p r o v i s i o n s  f o r  s l i n g  load:; t o  perform f l y i n g  c rane- type  miss ions .  

B. MISSION PROFILES - 
C a p a b i l i t y  of t h e  D302 f o r  long-range t r a n s p o r t  miss ions  i s  
i l l u s t r a t e d  i n  F igures  IV-2 and IV-3. F l i g h t  p r o f i l e s  are 
shown f o r  t h e  p r e s s u r i z e d  f u s e l a g e  c o n f i g u r a t i o n  c r u i s i n g  a t  
30,000 f e e t .  F igure  IV-2 shows t h a t  48 t r o o p s  can be d e l i v e r e d  
on a 500-naut ica l  m i l e  r a d i u s  mission w i t h  a  c r u i s e  v e l o c i t y  of 
325 knots .  A t  t h e  t akeof f  g r o s s  weight  of 51,691 pounds, t h e  
a i r c r a f t  can hover aut-of-ground e f f e c t  a t  s e a  l e v e l  on a  95°F 
day.  A t  mid-mission, it can hover a t  4000 f e e t  on a  95OF day. 

F i g u r e  IV-3 shows t h a t  f i v e  t o n s  of  ca rgo  can be d e l i v e r e d  over  
a  range  of 2200 n a u t i c a l  miles. A STOL t a k e o f f  i s  made a t  a  
g r o s s  weight of 58,511 pounds and t h e  a i r c r a f t  c rn ised  a t  325 
knots  a.t 30,000 f e e t .  

Figure. IV-4 shows t h e  D302 c a p a b i l i t y  &or r e s c u e  miss ions .  A 
500-naut ica l  m i l e  r a d i u s  mission i s  shown w i t h  a  30-minute 
s e a r c h  and a 3Q-minute hover  t o  p i c k  up s i x  men a t  a  6000 f e e t  
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95OF day c o n d i t i o n .  Outbound c r u i s e  i s  a t  350 knots  a t  25,000 
f e e t .  

A t a c t i c a l  t r a n s p o r t  mission i s  shown i n  F igure  IV-5. This  
mission is  flown wi th  t h e  unpressur ized  r e c t a n g u l a r  f u s e l a g e  wi th  
t h e  r e a r  ca rgo  ramp. Three rows of s e a t s  running t h e  f u l l  1e.ngth 
of t h e  cargo compartment a r e  used t o  accommodate 68 t r o o p s  a s  
shown i n  F i g u r e  I V - 1 .  A t  a 51,000-pound g ross  weight ,  t h e  a i r -  
c r a f t  can hover ou t  of ground e f f e c t  a t  a  takeoff  c o n d i t i o n  of 
1000 f e e t  95OF, and c r u i s e  o u t  a t  250 knots  a t  10,000 f e e t  t o  
d e l i v e r  t h e  t roops  over  a  100-nau t i ca l  mi le  r a d i u s  of a c t i o n .  A t  
the d e l i v e r y  p o i n t ,  t h e  hover  c e i l i n g  i s  2000 f e e t  on a 95OF day. 

Payload ve r sus  r a d i u s  i s  shown f o r  t h e  D30" o p e r a t i n g  a s  a  f l y i n g  
c rane  i n  F igure  IV-6. 

A f e r r y  range  of 3550 n a u t i c a l  miles i s  shown i n  F igure  IV-7. A t  
t h e  t akeof f  g ross  weight of 56,500 pounds, t h e  a i r c r a f t  can make 
a STOL takeoff  o r  hover i n  ground e f f e c t  a t  s e a  l e v e l  on a  s t a n -  
dard  day. 

C . COMPARISON OF THE D302 -..-- T1L.I'-PROPKOTOR AIRCRAFT WITH CHINOOK 
(CH-47C) HELICOPTER 

The s i z e  of t h e  D302 conceptual  a i r c r a f t  i s  compared w i t h  t h e  
Chinook h e l i c o p t e r  i n  F igure  IV-8. The D302 i s  compared with t h e  
CH-47C f o r  a ca rgo  r a d i u s  mission i n  F igure  IV-9. Takeoff weights  
f o r  each a i r c r a f t  a r e  shown a t  t h e  same out-of-ground e f f e c t  hover 
c o n d i t i o n s  of 3000 f e e t  95OF. Speeds f o r  each a i r c r a f t  were b e s t  
range  c r u i s e  speed a t  s e a  l e v e l .  The D302 i s  a l s o  shown a t  15,000 
f e e t .  Payload inbound was h a l f  t h e  outbound payload,  and r e s e r v e  
f u e l  w a s  t e n  p e r c e n t  of t h e  i n i t i a l  f u e l  l o a d .  This  f i g u r e  shows 
t h a t  t h e  D302 can o p e r a t e  over  a  r a d i u s  of 400 t o  500 n a u t i c a l  
miles depending on c r u i s e  speed and a l t i t u d e .  A t  t h e  maximum 
r a d i u s  of 168 n a u t i c a l  miles (with normal f u e l )  of t h e  Chinook, 
both  a i r c r a f t  can c a r r y  approximately i 5 , 0 0 0  pounds of payload. 
However, t h e  D302 i s  c r u i s i n g  a t  250 knots  and t h e  Chinook a t  only  
132 knots .  

The advantage of speed f o r  t h e  t i l t - p r o p r o t o r  a i r c r a f t  i s  shown 
i n  F igure  IV-10 which compares t h e  s p e c i f i c  p r o d u c t i v i t y  of t h e  
two a i r c r a f t .  S p e c i f i c  p r o d u c t i v i t y  i s  a measure of t h e  rate of 
moving cargo.  I t  is  t h e  payload m u l t i p l i e d  by t h e  b lock speed 
d iv ided  b y  t h e  o?e ra t ing  weight .  

The s p e c i f i c  p r o d u c t i v i t y  of t h e  Chinook peaks a t  64 ton-knot pe r  
ton  a t  a radium of 100 n a u t i c a l  miles. The h i g h e r  c r u i s e  speed 
of t h e  D302 enab les  i t  t o  achieve  a h i g h e r  s p e c i f i c  p r o d u c t i v i t v  
of  70 ton-knot p e r  ton a t  a  r a d i u s  of 200 n a u t i c a l  miles f o r  a 
s e a  l e v e l  c r u i s e .  S p e c i f i c  p r o d u c t i v i t y  of t h e  t i l t  p r o p r o t o r  is 
greater than o r  equal  t o  the  h e l i c o p t e r  f o r  mission r a d i i  from 
approximately 75 up t o  500 n a u t i c a l  miles. 
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(a > TROOP 
PRESSURIZED, 10-FOOT CD TRAN SPORT 

48 SEAT 
@PACITY 

1 1 1 1 1 1 1  

4 45.0  FT LONG --4 

(b) 
PRESSURIZED, 1.0 FOOT OD 

LARGE DOOR 
FOR CARGO OR L 

&i??&a ~ Q P  
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(c > TACT1 GAL 
UNPRESSURI ZED RECTANGULAR FUS TLAGE WI TH RAMP, TRANS PORT 

113 I N .  WIDE x 78 I N .  HIGH. INTERNAL 68 TROOP 

b- 4 2 . 5  F T  LONG br \ 

I 
F i g u r e  IV-1. D302 C o n c e p t u a l  Aircraft 1ntert:al A r r a n g e m e n t s  

for M i l i t a r y  M i s s i o n s .  
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TOGW = 51691 Lb 

HOVER CEILING 
SEA LEVEL 95'~ 

325 - -  KT t?- 30,000 FT ----- 

UNLOAD, WAD 

HOVER CEILING 
4000 FT, 9 5 ' ~  

Figure IV-2. DL02 Conceptual Aircraft  Long-Range Troop 
Transport Mission. 

TOGW = 58511 XJ 

STOL TAKEOFF 
SEA L v E L  STD 

Figure IV-3. D302 Conceptual Aircraft  Long-Range Cargo 
Miss ion.  



Figure IV-4. D302 Conceptual Aircraft Rescue Mission. 

350 KTAT-25,000 FT 

r - --- 

SEARCH 30 MIN 

HOVER C E i T J N G  

PICK UP 1200 LB 
275 KT AT 
3000 FT 

TOGW = 49741 LB FOR 100 NM 

HOVER CEILING 

TOGW = 51000 LEI 

2000 FT 9 5 ' ~  

HOVER CEI LING 
LOO0 FT 9 5 ' ~  

4 
RADIUS 

UNIDAD 

HOVER CEILING '\ I / 2000 FT 95 OF 

Figure IV-5. D302 Conceptual Aircraft Tactical 
Transport Mission, 
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, - 

I -- 
/-- ONE ROUNI) T R I P  

7" 
FOUR ROUND 

I 
TAKEOFF GW = 53400 LB 

\ SEA LEVEL, STANDARD DAY 
2 OUT AT 60 KT SLS - 

SACK AT 250 IC1' SLS 

0 I I I 
0 

& 

100 200 

RADIUS - NAUTICAL MILES 

Figure I V - 6 .  D302 Conceptual Aircraft Flying Crane Mission. 

Figure I V - 7 .  D302 Conceptual Aircraft Ferry Mission. 

300 KT AT _30000 FT 

TOGW = 56500 LB 
I113VER CEILING 

HWER IGE EXCEEAS 

I V -  6 

S E A I E V E L S T D  I 
4 3550 WM 10000 Fl', 9 5 ' ~  

I 
> 

RANGE 



Takeoff GW, Hover OGE a t  3000 f t  
95 OF 

Operating Weight 
Empty Weight 
Insta l led  Power, Takeoff, SLS 
Maximum Speed 
Rot or  Diameter 
Overall Length 

Width 
Hei g ht 

- 

Chinook 
CH-47C 

44000 
21100 
20362 

7 5  00 
13 2 

60 . O  
78.9 
60 .!I 
19 .O 

Figure IV-8. Comparison of the D302 Conceptual Aircraft 
with the Chinook CH-47C Helicopter. 

300-099-005 I V -  7 
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- 
CHINOOK CH-47C 
TAKEOFF GW = 44000 IB 
V = 132 KT 
SEA LEVEL 

I 1 
BELL D302 
TAKEOFF GW = 49000 LB 

I 325 KT, 15000 FT 
250 KT, SEA LEVEL - 
285 KT, SEA LEVEL 

u 100 200 300 400 500 600 

RADIUS 9 NAUTICNB MILES 

'. 
Figure IV-9. Comparison 0 9  the D302 Conceptual Aircraft 

with Chinook Helicopter, Payload-Radius. 
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RADIUS - NAUTICAL MILES 

Figure I V - 1 0 .  Comparison of the 3302 Conceptual Aircraft 
and the Chinook Helicopter, Specific 
Productivity. 
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V . PERFORMANCZ CHARACTER1 S T I C S  

A. RATE OF 

On a 95'F day,  the  D302 has  a twin-engine r a t e  of cl imb exceeding 
2000 f e e t  per  minute a t  i t s  FAA maximum gross  weight (44,100 
pounds). This c l imb is  maintained t o  an a l t i t u d e  of 3000 f e e t  a s  
Figure  V - 1  shows. With one engine i n o p e r a t i v e ,  a r a t e  of cl imb 
of  200 f e e t  per  minute can be a c h i e v d  a t  60 knots  (V2) and an 
a l t i t u d e  of 1000 f e e t ,  us ing  t h e  eng ine ' s  ten-mfnute ra t i r ,g .  The 
l a t t e r  cond i t ions  e s t a b l i s h  t h e  max?.mum FAA g ros s  weight. A t  3000 
f e e t  a l t i t u d e ,  i n  p ropro to r  mode, t h e  ach ievab le  c l imb g r ad i en t  
exceeds 1 .25 percent  a t  2CG knots  PAS us ing  maximum continuous 
power. 

On a s t andard  day,  t h e  rwin-engine r a t e  of c l imb exceeds 2500 f e e t  
per minute up t o  a l t i t u d e s  over 5000 f e e t ,  F igure  V-2. With one 
engine  opera t ing  a t  i t s  ten-minute r a t i n g ,  a  200-foot per  minute 
c l j h b  can be exceeded a t  weights  up t o  54,000 pounds. I n  prop- 
r o t o r  mode, s i n g l e  engine rate  of cl imb exceeds 250 f e e t  per  
minute a t  weights up t o  55,000 pounds. 

B. HOVER CELLING 

Hover c e i l i n g s  were p r ed i c t ed  wLth l o s s  al lowances f o r  engine 
i n s t a l l a t i o n ,  a c c e s s o r i e s ,  and t ransmiss ion  gear ing .  On a h o t  day,  
t o t a l  t ransmiss ion r a t i n g  of 8500 shp matches t h e  twin engine ten-  
minute r a t i n g  a t  3800 f e e t .  Hover i n  ground e f f e c t  w a s  assumed t o  
r e q u i r e  t en  pe rcen t  less power than hover ou t  of  ground e f f e c t .  

On a ho t  day,  t h e  a i r c r a f t  h a s  ample out -of-ground-effec t  hover 
performance (Figure V-3); a~ 44,100 pounds, it hovers a t  6100 f e e t .  
Single-engine hover i n  ground e f f e c t  i s  pos s ib l e  a t  weights  up t o  
42,600 pounds. 

On a s tandard  day,  t h e  twin-engine, ou t  -of -ground-ef f  e c t  hovei- 
c e i l i n g  a t  FAA g ross  weight  increase.^ t o  12,300 f e e t  (Figure V-41, 
and s ingle-engine ,  in-ground-effec t  hover i s  poss i .3o  a t  an a l t i -  
tude  of 600 f e e t  us ing  t h e  eng ine ' s  ten-minute r a t i n g .  The 
emergency one-minute r a t i n g  would provide  a d d i t i o n a l  margins. 
Maximum hover c a p a b i l i t y  ou t  of ground e f f e c t  i s  53,400 pounds a t  
s ea  l e v e l .  

C. SPECIFIC RANGE 

Spec i f i c  range i s  shown i n  Figure  V-5 f o r  a t y p i c a l  mid-range 
g ross  weight and a MIL Standard 210 h o t  day. P ropro to r  c r u i s e  t i p  
speed i s  600 f e e t  pe r  second, long-range c r u i s e  speed i s  315 knots  
a t  30,000 f e e t .  This  r e p r e s e n t s  approximately seven percen t  less 
f u e l  f low,  but  t e n  2e rcen t  longer  t i m e  a t  c r u i s e  a l t i t u d e  than can 
be obtained wi th  a  348-knot c r u i s e  speed. F igure  V-6  shows spe- 
c i f i c  range on a s tandard  day and f o r  a p ropro to r  c r ~ i s e  t i p  Speed 
of 520 f e e t  per  second. ( B e t t e r  p ropu ls ive  e f f i c i e n c y  i; achieved 
on a s tandard  day by reducing t h e  c r u i s e  t i p  speed t o  520 f e e t  p e r  
second a s  descr ibed i n  Sect ion  1 1 . )  Best long-range c r u i s e  speed 
i s  283 knots  a t  30,000 f e e t .  
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D. SPEED EWELOPE 

The twin-engine speed enveLope extends from hover to 370 knots,  
The speed envelope i n  t h e  a i r p l a n e  mode is  shown i n  Figures  V-7 
and V-8. Typical  c r u i s e  $peed a t  30,000 f e t t ,  with 95 percent  
of continuous power, is 348 knots on a hot  day, A Vc of 300 
knots a t  dea L e v e l  provides s t r u c t u r a l  s t r e n g t h  f o r  speeds  beyond 
Vma, c a p a b i l i t y  a t  a l t i t u d e .  

On a s tandard  day,  t h e  D302 s tandard  p rop ro to r ,  which i s  designed 
us ing c u r r e n t  technology, i n c u r s  compres s ib i l i t y  l o s s e s  above 
325 knots a t  30,000 f e e t .  For those  cond i t i ons ,  a ti? speed of 
520 f e e t  pe r  second w a s  found t o  provide improved speed capab i l -  
i t y  compared t o  a t i p  speed of 600 f e e t  per  second. 

The speed p o t e n t i a l  of advanced proprotors  is shown i n  Figures 
V - 8  and V-9, By th inning the  a i r f o i l s  by a s e c t i o n  change of 
three-percent  (e.g,, a twelve-percent t h i ck  a i r f o i l  reduced to 
a n ine  pe rc tn t  th ick  a i r f o i l ) ,  a speed inc rease  to  375 k;lots was 
achieved, However, t h i s  change incurred a Loss of hover L i f t i n g  
c a p a b i l i t y  and an i nc r ea se  i n  blade s t r u c t u r a l  weight,  The pro- 
d u c t i v i t y  f o r  t h e  shor t -hau l  commercial m i s s  ion a c t u a l l y  reduced, 
Thus, i t  is f e l t  t h a t  the  s tandard  propro t o r  i s  an optimum de- 
s i gn ,  The proprotor  b lade  a i r f o i l  th ickness  and twist d i s t r i b u -  
t i o n s  f o r  t h e  Task I1 research  a i r c r a f t  a r e  i d e n t i c a l  to  those 
of the  D302, By the  use of advanced a i r f o i l s  t o  e l i m i n a t e  a l l  
compres s ib i l i t y  Losses, t h e  D302 could achieve  390 knots,  a s  
shown, It  is pos s ib l e  t h a t  advanced composite ma te r i a l s  could 
make t h i s  a product ive  sol.ution f o r  Longer-range VTOL missions. 
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VT.  WEIGHT AND BALANCE 

The component weights  of t h e  D302 conceptual  des ign  were es t i -  
mated us ing  parametri-c weight  e q u s t i o n s  based on key des iyn  
parameters  f o r  each of t h e  major group weight i tems and a r e  
shown i n  Table V T - I .  The weight e s t i m a t i n g  formulas were i n  
use  p r i o r  t o  t h e  Army Composite A i r c r a f t  Program. De ta i l ed  
component des ign  and s t r u c t u r a l  a n a l y s e s  d u r i n g  t h a t  e f f o r t  
a f fo rded  an oppor tun i ty  t o  v e r i f y  and improve e s t i w t i n g  r e l a -  
t i o n s h i p s ,  c o r r e l a t i o n  c o n s t a n t s ,  e t c .  Sir,:e t h a t  t i m e ,  compo- 
n e n t  des ign  s t u d i e s  a s soc ia tc  wi th  t h e  p re l iminary  des ign  of 
t h e  Model 300 r e s e a r c h  a i r c r a f t ,  and :hose f q r  v a r i o u s  h e l l -  
c o p t e r  models, have provided f u r t h e r  conf idence  i n  t h e  t echn iques .  
These methods have been r e p o r t e d  t o  t h e  Government d u r i n g  t h e  
perf  mnance  of work m d e r  A i r  Force Cont rac t  F33615-69-C-1578, 
Phase I and dur ing  Contrac t  NAS2-5386. The technology repre -  
sen ted  assumes an improvement o - ~ e r  c u r r e n t  p r a c t i c e  b u t  i s  
based on primarily aluminum, s t e e l ,  and t i t a n i u m  a d h e s i v ~ -  
bonded s t r u c t u r e s .  U s e  of advanced composite m a t e r i a l s  in  
s e l e c t e d  components ( e . g . ,  empennage s t r u c t u r e s  o r  wing box) 
should provide  f u r t h e r  g a i n s .  Engine weights  a r e  provided by 
t h e  manufacturer .  For t h e  m i l i t a r y  t r a n s p o r t  v e r s i o n ,  the  zLLuw- 
ance f o r  t h e  e x t r a  weig?lt of t h e  c a r g o  f u s e l a g e  and r c a r  ramp was 
800 pounds. The allowance f o r  modi f i ca t ion  of t h e  c a r g o  f u s e -  
l a g e  f a r  t h e  c r a n e  mission was 500 pounds. The empty weight t o r  
each mission cons idered  i s  shown i n  Table V I - 1 1 .  A l o r ~ i c a l  n e x t  
s t e p  i n  t h e  des ign  s tudy  of t h e  D302 i s  t h e  d e t a i l e d  des ign  of 
s e l e c t e d  components t o  r e f i n e  t h e  empty weigbt  e s t i m a t e .  

A. USEFUL LOAD SUMMARY 

Weight breakdowns f o r  cornmerci a 1  and m i l i t a r y  ~Ls: , ion t akeof f  
weights  a r e  summarized i n  Table V I - I 1  . The commercial s h o r t - h a u l  
missfon i s  shown a t  a  t akeof f  g r o s s  weight of 42,781 pounds which 
inc ludes  40 passengers  and 4375 pounds of f u e l .  This i s  s u f f i -  
c i e n t  f u e l  f o r  one round t r i p ,  New York C i t y  t o  Washington, D.C. 
t o  New York C i t y ,  based on 9S°F t akeof f  c o n d i t i o n e .  The f u e l  
c a p a c i t y  is 9500 pounds s o  t h a t  on a s t andard  day takeoff  t h e r e  
i s  t h e  p o t e n t i a l  f o r  making two round t r i p s ,  New York-Washington- 
New York, wi thout  r e f u e l i n g .  

The c e n t e r - o f - g r a v i t y  s t a t i o n s  of t h e  a i r c r a f t  f o r  t h e  t y p i c a l  
commercial mission a r e  shown i n  F i g u r e  V I - 1 .  The c e n t e r - o f -  
g r a v i t y  s i , i f t  due t o  pylon conversion from h e l i c o p t e r  t o  a i r p l a n e  
mode is shown. Zhe center -of  - g r a v i t y  p o s i t i o n  i n  a i r p l a n e  mode 
i s  a t  17.6 pe rcen t  MAC a t  minimum f l y i n g  weight and a t  20.5 per- 
c e n t  MAC a t  FAA maximum weight .  Handling q u a l i t i e s  f o r  t h e s e  
load ing  c o n d i t i o n s  a r e  analyzed i n  t h e  S t a b i l i t y  and Cont ro l  
Sect  ion .  
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TABIdE VC-I. WEIGHT EMPTY SUMMARY 
---. 

Group W e i ~ t l r  - l b  

Rotor  Group 

Wing Group 

T a i l  Group 

Body Group ( P r e s s u r i z e d  

A 1  i g h t  i n g  Gear 

F l i g h t  C o n t r o l s  

Engine S e c t i o n  

P r o p u l s i o n  Group 

Fuse1 a g e )  

Power P l a n t  I n s t a l l a t i m  

Fuel  System 

Dr ive  System 

Ins t rumen t  Group 

Tiyd. u l i c  Group 

E l e c t r i c a l  Group 

Avionics  Group 

Am 

A i r  C o n d i t i o n i n g  and 

F u r n i s h i n g  and Equipment 1840 

WEIGHT PlPTY 29971 
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Figure VI-I.. Loading Condit ions,  Commercial Mission. 
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I .  STABILITY AND CONTROL 

A.  TAKEOFF MODE (HELICOPTER) 

A i r c r a f t  c en t e r -o f -g r av i t y  l i m i t s  f o r  a p ropro to r  a i r c r a f t  a r e  
e s t a b l i s h e d  by t h e  c o n t r o l  margin veqr~irements  i n  t he  takeoff  o r  
h e l i c o p t e r  mode. A p re l iminary  a n a l y s i s  of l o n g i t u d i n a l  c o n t r o l  
i n  t h e  low-speed r ange ,  r e p r e s e n t a t i v e  of takeoff  o p e r a t i o n s ,  
has  been completed. The a l lowable  c e n t e r - o f - g r a v i t y  envelope 
i s  shown i n  F igure  V I I - 1 .  This cen te r -o f  - g r a v i t y  envelope i s  
based on a  r o t o r  f l app ing  range of 6 degrees  a f t  t o  2  degrees  
forward. I n  add i t i on  t o  t h e  r o t o r  t h r u s t  v e c t o r  displacement 
wi th  f l a p p i n g ,  t h e r e  i s  an a d d i t i o n a l  hub moment app l ied  through 
t h e  hub sp r i ng  which i s  equ iva len t  t o  an added one inch cen t e r -  
o f -g r av i t y  t r a v e l  pe r  degrze  of f l app ing .  The a f t  l i m i t  of t h e  
c en t e r -o f -g r av i t y  errvelope i s  based on mainta in ing an adequate 
forward c o n t r o l  margin a t  100 knots  w i th  a  mast ang le  of 75 
degrees .  The forward l i m i t  of t h e  c en t e r -o f -g r av i t y  envelope 
i s  based on mainta in ing an adequate  a f t  c o n t r o l  margin i n  r e a r -  
ward f l i g h t  a t  35 kno t s  wi th  a  mast ang le  of 90 degrees .  

F igure  VII-2 shows s t i c k  p o s i t i o n  v e r s ~ s  a i r speed  f o r  a  range of 
conversion ang les  w i th  t h e  a i r c r a f t  c e n t e r  of g r a v i t y  a t  f u se l age  
s t a t i o n  of t h e  conversion a x i s ,  S t a t i o n  400. The probable range 
of f u sk l age  a t t i t u d e s  t h a t  w i l l  be used v a r i e s  from l e v e l  t o  p lus  
10  degrees ,  and i s  i nd i ca t ed  i n  t h e  f i g u r e .  

B. CRUISE MODE (AIF-PLANE) 

Dynamic s t ab i l .  i t y  i n  a i r p l a n e  fi i g h t  was analyzed t o  determine 
t h e  l ong i t ud ina l  s h o r t  per iod and Dutch r o l l  c h a r a c t e r i s t i c s  f o r  
a l t i t u d e s  of s ea  l e v e l  t o  40,000 f e e t  and a i r speeds  of 150 t o  
350 krlots. 

F igure  VII-3 compares t h e  s h o r t  per iod frequency c h a r a c t e r i s t i c s  
w i th  c r i t e r i a  i n  MIL-F-8785. I t  i s  seen t h a t  t h e  D302 i s  w e l l  
w i th in  t h e  requirements  f o r  Level 1. F igure  VII-4 compares t h e  
Dutch r o l l  f requency and damping c h a r a c t e r i s t i c s  w i t h  c r i t e r i a  i n  
MIL-F-8785. The D302 meets t h e  Level 1 requirements  f o r  a l l  
p r a c t i c a l  a i r speeds  up t o  t h e  c r u i s e  a l t i t u d e  of 30,000 f e e t .  
A t  low a i r speeds  and h igher  a l t i t u d e s ,  t h e  Dutch r o l l  cha r ac t e r -  
i s t ics  d e t e r i o r a t e  t o  Level 2. While t h e  s t a b i l i t y  and c o n t r o l  
augmentation system w i l l  a l l e v i a t e  t h i s ,  it i s  n o t  a  c r i t i c a l  
s i t u a t i o n  s i n c e  f l i g h t  i s  no t  normally conducted a t  those  com- 
b ina t i ons  of a i r speed  and a t t i t u d e .  
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Figure VII-1. D302 Conceptual Aircraft Allowable 
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Figure VII-3. D302 Conceptual Aircraft longitudinal 
Short -Period Characteristics .. 
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V I  I1 . DYNAMIC CHARACTER1 ST1 CS 
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A. PROPROTOR 

Basic b lade  s t r u c t u r a l  p r o p e r t i e s  were determined t o  meet pre-  
l im ina ry  loads  c r i t e r i a .  Mass and s t i f f n e s s  d i s t r i b u t i o n  were 
then es t imated and p ropro to r  n a t u r a l  f r equenc ies  c a l c u l a t e d .  
The p ropro to r  c o l l e c t i v e  and cyc l i c  mode n a t u r a l  frequenc ies 
a r e  shown i n  Figures  VI I I -1  and VII I -2 ,  r e s p e c t i v e l y .  

The D302 b lade  des ign w i l l  be s a t i s f a c t o r y  from an o s c i l l a t o r y  
loading s tandpoin t  s i n c e  t h e  major e x c i t i n g  f requenc ies  (one- 
per- rev  f o r  c y c l i c  modes and th ree -per - rev  f o r  c o l l e c t i v e  modes) 
a r e  w e l l  removed from the  b lade  n a t u r a l  f r equenc ies .  

B. AIRCRAFT 

The dynamic s t a b i l i t y  of t h e  a i r c r a f t  was analyzec~ i n  the  a i r -  
p lane  mode of f l i g h t .  The a n a l y s i s  included t h e  forward and 
backward blade  f l a p p i n g ,  forward and backward b lade  inp lane  be-nd- 
i n g ,  wing beam bending, wing chord bending, wing t o r s i o n ,  and 
pylon yaw modes. Damping and frequency were then  c a l c u l a t e d  f o r  
t h e  symmetric and asymmetric modes. The D302's a e r o e l a s t i c  
s t a b i l i t y  boundaries are shown on Figures  VIII -3  and VIII-4 a s  a  
func t ion  of  rpm and a l t i t u d e .  The boundaries  a r e  f o r  t he  sym- 
met r i c  wing chcrd mode, which i s  t h e  f i r s t  mode t o  go uns t ab l e  
a s  a i r speed  i s  inc reased .  

F igure  VIII -3  shows t h a t  a t  t h e  c r u i s e  rpm of 207, t h e  s t a b i l i t y  
boundary i s  over 400 kno ts  a t  sea  l e v e l .  F igure  VIII-4 shows 
t h a t  t h e  s t a b i l i t y  i n c r e a s e s  wi th  a l t i t u d e .  The a i r c r a f t  ' s  
f l i g h t  envelope and t h e  FAA's f l u t t e r - f r e e  speed of 1.20 x  1.15 
x  Vmgx i s  a l s o  shown on Figure  VIII-4. I t  i s  seen t h a t  t h e  
stability boundary i s  g r e a t e r  than t h e  requ i red  f l u t t e r - f r e e  
speed f o r  a l l  a l t i t u d e s .  
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Figure VIII-1. Natural Frequencies,  C o l l e c t i v e  Mode. 
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Figure VIII-3. D302 Conceptual A i r c r a f t  Dynamic S t a b i l i t y  
Boundary Versus RPM, Airplane Mode. 
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Figure VIII-4. D302 Conceptual A i r c r a f t  Dynamic s t a b i l i t y  
Boundary versus A l t i t u d e ,  k i r ~ l a n e  Mode. 
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XX. RELTABILITY AND MAINTAINABILITY 

A. REI, IABTL I TY 

The t i l t - p l l o p r o t o r  a i r c r a f t  combines rot-arv-wing and fi-xed-win: 
a i r c r a f t  components and 0pc.r-ates i n  b o t h  t h e  ro tary-wing and 
f ixed-wing f l i g h t  regimes. The s t r u c t u r a l  load  spectrum f o r  t h e  
p ropro to r s  i n  c r u i s e  mode ( a x i a l  in f low)  i s  p r e d i c t e d  t o  be con- 
s i d e r a b l y  b e t t e r  than f o r  t y p i c a l  h e l i c o p t e r s  i n  t h e i r  c r u i s e  
mode (edgewise in f low,  wi th  h igh  o s c i l l a t o r y  b lade  l o a d s ) .  The 
p ropro to r s  w i l l  be exposed t o  h e l i c o p t e r - t y p e  moderate o s c i l l a -  
t o r y  l o a d s  dur ing  pylon cocvers ion  f o r  approximately t e n  seconds 
p e r  conversion a t  60-80 knots .  However, p ropro to r  a i r c r a f t  need 
n o t  f l y  f o r  prolonged pe r iods  a t  t h e  hi.gher o s c i l l a t o r y  l o a d s  
such a s  would be experienced wi th  pylons n e a r  v e r t i c a l  a t  120-140 
knots. These f e a t u r e s  should a l low an i n c r e a s e  i n  t h e  main r o t o r  
Time-Between-Overhaul (TBO) from t h e  t y p i c a l  1000-1200 hours  f o r  
t h e  UI1-1 h e l i c o p t e r .  I n  m i l i t a r y  o p e r a t i o n ,  f o r  t y p i c a l  VTOL 
t r a n s p o r t  miss ions ,  a reasonable  propro t o r  TBO t a r g e t  would be 
5000 hours .  I n  commercial a i r l i n e  s e r v i c e ,  o p e r a t i n g  from con- 
c r e t e  pads and i n  cl eaner  a i r ,  an ach ievab le  proprotor  TBO t a r g e t  
should be L O ,  OOC hours .  

WINTAI NABILI TY 

The maintenance requi rements  of f ixed-wing and ro tarv-wing a i r -  
c r a f t ,  based on o p e r a t i n g  exper ience  a r e  shown i n  F i g u r e  I X - 1 .  
The d a t a  source  f o r  t h e  m i l i t a r y  a i r c r a f t  was USAAMRDL Technics: 
Report 71-18A and f o r  t h e  commercial a i r c r a f t  Naval A i r  Systems 
Command Report 3032-71-02. The maintenance requi rements  <sf 
t i l t - p r o p r o t o r  a i r c r a f t  i n  m i l i t a r y  o p e r a t i o n s  a r e  p r e d i c t e d  t o  
f i t  i n  t h e  hand between m i l .  i t a r y  h e l i c o p t a r s  and m i l i t a r y  f i x e d -  
wing t r a n s p o r t s .  

Also shown is  t h e  maintenance estimate f o r  t h e  B e l l  D302 i n  
commercial shor t -hau l  VTOL o p e r a t i o n s .  This was baced on B e l l  
exper ience  w i t h  commercial he l i cop te r s s  f o r  t h e  rotary-wing 
components and on a i r l i n e  o p e r a t i n g  exper ience  f o r  t h e  f i x e d -  
wing items. The maintenance and overhaul  requirement  f o r  t h e  
D302 (empty weight 2 9 , 3 7 1  pounds) is es t ima ted  t o  be 7.34 main- 
tenance manhours p e r  f l i g h t  hour.  I t  i s  e s ~ i m a t e d  t h a t  a f i x e d -  
wing j e t - t r a n s p o r t  of twice  t h e  g r o s s  weight  would have approx- 
imate ly  t h e  same maintenance requi rements  p e r  f l i g h t  hour. These 
d a t a  were used i n  t h e  o p e r a t i o n a l  economic a n a l y s i s  presented  i n  
t h e  c i v i l  t r a n s p o r t  s e c t i o n  of t h i s  r e p o r t .  
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X. ASSESSMENT OF NEEDED RESEARCH 

The e x i s t i n g  technology base f o r  t h e  t i l t - p r o p r o t o r  a i r c r a f t  
conf i gu ra t i on  has  provided Low-risk, si-mple s o l u t i o n s  f o r  t h e  
a e r o e l a s t i c  s t a b i l i t y  problems i d e n t i f i e d  by tests of t h e  XV-3. 
The remaining a r e a s  of  r e s ea r ch  are i n  t h e  ca tegory  of providing 
ar! extended t e chn i ca l  d a t a  base from which can be drawn t h e  means 
t o  optimize new des igns  f o r  s p e c i f i c  missions.  Genera l ly ,  t h e s e  
d a t a  w i l l  f a l l  i n  t h e  ca tegory  of performance, s t a b i l i t y  and 
c o n t r o l ,  dynamics, and n o i s e  q u a l i t i e s  a s  a  func t ion  of s p e c i f i c  
design parameters.  How f a r  t h e  des igner  can go i n  t h e  d i r e c t i o n  
of s e l e c t i n g  b e t t e r  parameters w i l l  depend on weight  t r ade -o f f s  
which can be a l l e v i a t e d  by con t inu ing  des ign  e f f o r t s  based on 
advanced s t r u c t u r a l  methods f o r  s p e c i f i c  components. Some of 
t h e  a r ea s  i n  ques t ion  depcnd on ope ra t i ona l  exper ience  which can 
be provided only  by f l i g h t  r esea rch .  

S p e c i f i c a l l y ,  some r e sea r ch  areas i d e n t i f i e d  i n  t h e  conceptual  
des ign e f f o r t  and f o r  which t he  resea rch  a i r c r a f t  can provide 
va luab le  d a t a  are: 

- Low speed,  takeoff  mode, and descent  aerodynamics involv-  
ing  b e t t e r  d e f i n i t i o n  of t h e  performance and s t a b i l i t y  
and con t ro l  c h a r a c t e r i s t i c s  of t h e  t i l t - r o t o r  a i r c r a f t  
r e q u i r e  test and v e r i f i c a t i o n .  

- Aeroe las t i c  s t a b i l i t y  and component load  prec i c t i o n  and 
design techniques f o r  t h e  t i l t - p r o p r o t o r  appear t o  be i n  
hand, bu t  f l i g h t  v e r i f i c a t i o n  i s  needed. 

- Ride q u a l i t y  assessment,  which w a s  beyond t h e  scope of 
the Task I e f f o r t  f o r  t h e  D3O2, is  t h e  next  a r e a  o' 
a t t e n t i o n  f o r  WOL dynamics resea rch .  Ride q u a l i t y  
assessment i n  terms of human s u b i e c t i v e  response which 
cannot be s ca l ed  i s  an important  a r e a  f o r  r e s ea r ch  t o  
ensure  accep tab le  ope ra t i ona l  a i r c r a f t .  

- Noise a l l e v i a t i o n  techniques  based on a n a l y t i c a l  inves-  
t i g a t i o n s  and p o t e n t i a l  ope ra t i ona l  procedures can only 
be v e r i f i e d  by f l i g h t  r esea rch .  

F l i g h t  tests of t h e  .W-3 pointed  ou t  t h a t  t h e r e  w a s  more t o  be 
l e a n e d  through t h e  lower speed vodes of  f l i g h t  ( v e r t i c a l ,  
t akeof f ,  low speed,  conversion) e s p e c i a l l y  i n  t h e  a r e a s  of 
pa rp ro to r  downwash impingement on t h e  a i r f rame  and i t s  subse- 
quent e f f e c t  on pzrformance, s t a b i l i t y ,  hand l ing ,  t r i m ,  and 
vibxa t i o n .  A t ~ a l y t i c a l  , model, and f u l l - s c a l e  tests are poss i -  
b l e  approaches t o  ob ta in ing  t h e  de s i r ed  d a t a .  Ana ly t i ca l  
methods r e l y  h e s v i l y  on previously-determined empi r i ca l  d a t a ,  
and model i n v e s t i g a t i o n s  can con t inue  t o  have va luab l e  i npu t s  
t o  t h e  a n a l y t i c a l  work--and s imu la to r  s t u d i e s .  They can a l s o  
have valuable  i npu t s  t o  t h e  f u l l - s c a l e  des ign  e f f o r t .  Powered 
aerodynamic and a e r o e l a s t i c  model tests f o r  example can provide 
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d a t a  and t e c h n i c a  1 i n s i g h t  t h a t  a r e  n o t  r e a d i l y  o b t a i n a b l e ,  o r  
i n  c e r t a i n  c a s e s ,  no t  o b t a i n a b l e  a t  a l l ,  from f  l i g h r  t e s t s  of 
a  complete a i r c r a f t .  A model program can i s o l a t e  t h e  dynamic 
eoupl ing  and aerodynamic i n t e r f  erence e f f e c t s  of t h e  v a r i o u s  
components of  t h e  a i r c r a f t  by t e s t i n g  i n d i v i d u a l  c ~ m p ~ n e n t s  as  
we l l  as t h e  complete a i r c r a f t .  Semi-freef l i g h t  a e r o e l a s t i c  
model t e s t i n g  can provide  a  more r e a l i s t i c  and c l o s e r  s imc~la-  
t i o n  of t h e  f u l l - s c a l e  a i r c r a f t ' s  f l i g h t  behavior  than  t e s t k y  
of t h e  a c t u a l  a i r c r a f t  i n  f u l l - s c a l e  wind t u n n e l s  ( t h a t  e r e  
a v a i l a b l e  today) .  However, each  has i t s  p l a c e  and can provide  
v a l u a b l e  i n £  ormat ion .  

The u s e f u l n e s s  of t h e  D302 i s  h igh ly  dependent on i t s  ach iev inz  
t h e  p r e d i c t e d  payloads,  speeds ,  VTOL c a p a b i l i t i e s ,  and c o s t  when 
p laced  i n  s e r v i c e .  I t s  des ign  and manufacture should b e n e f i t  
g r e a t l y  from p r i o r  exper iences  wi th  a  s m a l l e r ,  less c o s t l y  
£1 i g h t - r e s e a r c h  a i r c r a f t  provided t h e  r e s e a r c h  a i r c r a f t  i s  
designed a s  a p m d u c t i v e  a i r c r a f t  i n  i t s  own weight and s i z e  
c l a s s .  The f l ight :  i n v e s t i g a t i o n s  which t h e  r e s e a r c h  a i r c r a f t  
can perform a r e  d i scussed  i n  d e t a i l  i n  Sec t ion  11, Volume I 
(Task 1 1 )  of t h i s  s tudy .  I n  g e n e r a l ,  t h e  o b j e c t i v e s  are t o  
( 1 )  e s t a b l i s h  t h e  v i a b i l i t y  of t h e  concept t o  perform m i l i t a r y  
and commercial miss ions ,  ( 2 )  e s t a b l i s h  a technology base f o r  
t h e  conf iden t  des ign  of such a i r c r a f t ,  and ( 3 )  provide  t h e  
p o t e n t i a l  u s e r ,  r e g u l a t i n g  agency,  and t h e  conmunity and 
m i l i t a r y  p l a n n e r  w i t h  t h e  f a c t u a l  inCormation r e q u i r e d  f o r  t h e  
i n t r o d u c t i o n  of such a i r c r a f t  i n t o  t r s n s p o r t a t i o n  systems.  

NASA can accomplish t h e s e  o b j e c t i v e s  i n  a r e s e a r c h  a i r c r a f t  
progran . F l i g h t  r e s e a r c h  would e v a l u a t e  proprotor/pylon 
dynamic s t a b i l i t y ,  shor t -pe r iod  a i r c r a f t  s t a b i l i t y ,  low-speed 
handling c h a r a c t e r i s t i c s  i n  and out  of ground e f f e c t  , p r o p r o t o r  
p ropu l s ive  e f f i c i e n c y ,  p ropro to r  f l a p p i n g  i n  g u s t s  and mneu  - 
v e r s ,  s t e e p  descent  and approach c a p a b i l i t y ,  g u s t  s e z s i t i ~ i t y  
and r i d i n g  q u a l i t i e s ,  downwash and i n g e s t i o n ,  n o i s e ,  and 
p o l l u t i o n .  

P o t e n t i a l  of the  concept should be extendable  t o  even l a r g e r  
a i r c r a f t  than  t h e  D302 through an  o r d e r l y  p rogress ion  of 
r e s e a r c h ,  dwclopment , and o p e r a t i o n a l  exper ience .  B a s i c a l l y ,  
t h e  c o n f i g u r a t i o n  can remain unchanged but advantage can be 
taken of  s i z e  e f f e c t s  on weight ,  d rag ,  and propuls ion  system 
e f f i c i e n c i e s .  These a r e  i n  a d d i t i o n  t o  advantages which may 
be expected as a r e s u l t  of advanced m a t e r i a l s .  Continued 
r e s e a r c h  I n  t h e  des ign  and t e s t i n g  of l a r g e - s c a l e  r o t o r s  would 
appear  d e s i r a b l e .  


