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FOREWARD 

This document w a s  prepared by Sikorsky A i r c r a f t ,  a Division of United 
A i r c r a f t  Corporation, S t r a t fo rd ,  Connecticut, under Contract NAS1-11228 t o  t h e  
National Aeronautics and Space Administration and t h e  U.S. Army.  It i s  sub- 
divided i n t o  f ive volumes as follows: 

Volume I 
Volume I1 
Volume I11 
Volume I V  
Volume V 

Summary and Conclusions 
Conceptual Study Report 
Predesign Report 
Preliminary Draft Detail Spec i f ica t ion  
Development Plan Report 

The r epor t  covers work conducted during t h e  period December 1971 - 
July 1972. 
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ROTOR SYSTEMS RESEARCH AIRCRAFT 

PREDESIGN STUDY * 

Introduction 

This r e p o r t ,  submitted i n  five separate  volumes, presents  t h e  r e s u l t s  of 
t h e  Rotor Systems Research Ai rc ra f t  (RSRA) Predesign Study, which has been 
performed by Sikorsky Ai rc ra f t  f o r  the National Aeronautics and Space Adminis- 
t r a t i o n  and t h e  U.S. Army under Contract NAS~-11228. This f irst  volume 
summarizes t h e  study r e s u l t s .  

The Rotor Systems Research Ai rc ra f t  w a s  conceived of by NASA and the  U.S. 
Army as a v e r s a t i l e  research a i r c r a f t  f o r  f l i g h t  t e s t i n g  a w i d e  v a r i e t y  of 
advanced he l icopter  and compound ro to r  systems. The a i r c r a f t  should accept 
these r o t o r s  with minimal changes i n  t he  b a s i c  vehic le .  Rotors envisioned f o r  
t e s t i n g  include conventional ro to r s  p l u s  var iab le  geometry , variable t w i s t  , 
var i ab le  diameter, coaxia l ,  j e t  f l a p ,  c i r cu la t ion  cont ro l ,  and slowed r o t o r s .  
Various d i s c  loadings m u s t  be accommodated. The a i r c r a f t  must be configured 
t o  measure performance more accurately than p a s t  t es t  vehic les .  I n  addi t ion ,  
the a i r c r a f t  should have a wing t o  off load  the  ro to r  while measuring perfor- 
mance during l i g h t l y  loaded conditions.  It should have var iab le  drag and 
propuls ive force  so t h a t  t h e  r o t o r  can be t e s t e d  while producing d i f f e r e n t  
values of ho r i zon ta l  force .  

The usefulness  of such a vehicle  has  been recognized by government and 
indus t ry .  
were contracted.  These s tud ie s  involved th ree  bas i c  tasks  : 

To assist i n  f u r t h e r  RSRA program planning, t h e  Predesign Studies 

(1) Working c lose ly  with t h e  NASA/Aw RSRA Pro jec t  Off ice ,  
def ine t h e  design of t h e  a i r c r a f t  t o  provide maximum 
t e s t i n g  capab i l i t y  a t  minimum cos t .  

( 2 )  Iden t i fy  and assess r i s k  areas, p a r t i c u l a r l y  any 
subsystems t h a t  requi re  fur ther  development p r i o r  t o  
the  development of t h e  a i r c r a f t .  

(3) Define an a i r c r a f t  development plan and associated cos t s .  

* The cont rac t  research e f f o r t  which has l e d  t o  t h e  r e s u l t s  i n  t h i s  r epor t  
w a s  f i n a n c i a l l y  supparted by USAAMRDL (Langley Direc tora te )  . 
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Why RSRA? 

The RSRA promises a number of  benef i t s  t o  government and industry.  These 
include : 

More accurate t e s t i n g  of advanced r o t o r  systems 

Lower cost  than c o n s t r u c t i n g t e s t  vehicles  f o r  each 

Continuation of  U.S. technical  leadersh ip  i n  t h e  

Higher speed t e s t i n g  with acceptable instrumentation 
payload and tes t  endurance 

new r o t o r  configurat ion 

ro t a ry  wing f i e l d  

RSRA w i l l  perform as a "f lying wind tunnel ,"  measuring r o t o r  performance 
over t h e  f u l l  range of l i f t i n g  capabi l i ty  and speed during ac tua l  f l i g h t  condi- 
t i o n s .  The r o t o r ,  wing, aux i l i a ry  t h r u s t  engines, and anti-torque systems are 
mounted through load  c e l l s  t o  provide i n f l i g h t  measurement of forces  and moments 
with exce l len t  accuracy. 

The RSRA i s  being designed f o r  300-knot speeds with 1 5  minutes of endur- 
ance a t  t h e  300-knot test poin t .  
payload i s  included. This grea t ly  expands t h e  t es t  capab i l i t y  of  RSRA over 
pas t  high speed compound a i r c r a f t ,  all of which had minimal endurance and pay- 
load c a p a b i l i t i e s .  A t  300 knots, the RSRA w i l l  be able t o  t es t  r o t o r  and wing 
lift sharing,  r o t o r  loads and s t a b i l i t y ,  and t h e  various cont ro l  system concepts 
proposed f o r  high speed compounds. 

An allowance f o r  2000 pounds of  instrumentation 

Because RSRA i s  a s ingle  design c o n f i g u r e d t o  t e s t  many advanced r o t o r  
systems, it w i l l  be less cos t ly  than t h e  a l t e r n a t i v e  approach of developing a 
separa te  vehicle  t o  tes t  each new ro tor  concept. It should a l s o  reduce t h e  
development t i m e s  f o r  t hese  new concepts, s ince  t h e  test a i r c r a f t  need only be 
developed once. 

RSRA w i l l  continue t o  advance the  t echn ica l  leadership of  t h e  United 
S ta t e s  i n  t h e  ro t a ry  wing f i e l d .  
t i es  beyond those of present vehicles.  
development of  t h e  advanced r o t o r  systems, reducing t h e i r  development t i m e .  

The b a s i c  a i r c r a f t  i t s e l f  w i l l  have capabi l i -  
In addi t ion,  RSRA w i l l  ease t h e  

RSRA can be used t o  t es t  advanced a i r c r a f t  subsystems o the r  than ro to r s .  
For example, it w i l l  include a p rac t i ca l  he l i cop te r  e j ec t ion  system. 
a l so  be used t o  tes t  in t eg ra t ed  propulsion systems t h a t  use t h e  same engines 
t o  power t h e  r o t o r  system and t h e  auxi l ia ry  propulsion system. 

It could 

RSRA promises many bene f i t s  for  advanced VTOL t ranspor ta t ion  systems. It 
w i l l  demonstrate s a fe ,  e f f i c i e n t ,  Sigh speed ro t a ry  wing f l ight ,  with a vehicle  
sized f o r  good payload and endurance. 
low noise  and environmental cha rac t e r i s t i c s  of  advanced he l icopters  and 
compounds. 

It can a l so  be used t o  demonstrate t h e  
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The Ai rc ra f t  Design 

The RSRA a i r c r a f t  i s  a 300-knot s i n g l e  r o t o r  compound he l i cop te r  t h a t  uses 
e x i s t i n g  dynamic components combined with a new airframe.  The airframe i S  

designed t o  o f f e r  t h e  s p e c i a l  f ea tu re s  requi red  f o r  RSRA. 
Sikorsky's S-67 BlackhawkTM. The transmission is  a 3'700-horsepower r o l l e r  
gearbox now under a U.S. A r m y  Development Program. 
engines provide r o t o r  propulsion. Two General E l e c t r i c  TF-34-100 turbofan 
engines provide aux i l i a ry  propulsion. 
chosen f o r  human f a c t o r s  considerat ions.  

The r o t o r  i s  from 

Two General E l e c t r i c  T-58-16 

A side-by-side sea t ing  arrangement w a s  

Unique features  of t h i s  a i r c r a f t  include : 

. A wing capable of supporting f u l l  a i r c r a f t  design gross weight 

A var iab le  wing incidence mechanism t o  vary wing angle  of 
a t  speeds as low as 120 knots 

. 
a t tack  i n  f l i g h t  . Load c e l l  instrumentation systems t o  measure a l l  r o t o r  and 
w i n g  forces  as w e l l  as aux i l i a ry  propulsion and ant i - torque t h r u s t  

. An electr ical /mechanical  con t ro l  system t o  provide t e s t i n g  
v e r s a t i l i t y  with low cos t  and r i s k  . A crew escape system, including a mechanism t o  sever  r o t o r  blades 
before  ex t r ac t ion  of t he  crew 

. A b a l l a s t  system t o  vary a i r c r a f t  cen ter  of g rav i ty  and i n e r t i a  

. Drag brakes t o  vary a i r c r a f t  p a r a s i t e  drag 

. A fixed-wing type landing gear  and braking system t o  permit 

A f a n - i n - f i n  anti-torque/yaw con t ro l  system 
fixed-wing landings a t  speeds up t o  120 knots 

. 
Basic parameters of the  a i r c r a f t  a r e  as follows: 

D e s i g n  Gross Weight 
Compound Mission Gross Weight 
Compound Mission Empty Weight 
"Helicopter Simulation" Gross Weight 
"Helicopter Simulation" Empty Weight 
Hover Mission Gross Weight 
Hover Mission Empty Weight 
Des ign  L i m i t  Load Factor  
Ultimate Load Factor  
Main Rotor,  Diameter 

Number of Blades 
T i p  Speed, Hover 

Rotor Engines 
Cruise Engines 

26,392 l b s  
26,392 lbs  
20,559 1bs 
26,392 lbs  
21,925 lbs 
20,276 l b s  

4 .O 
15,599 1bs 

6 .o 
62 f t .  
5 
686 f t l s e c  
Two GE-T58-16 
Two GE-TF-34-100 
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The Aircraf t  Design (Cont 'd) 

Rotor engines mount forward of t h e  t ransmission,  above t h e  fuselage.  The 
anti-torque system uses t h e  fan-in-fin concept present ly  being inves t iga t ed  by 
Sikorsky under a U.S. Army funded program. 
mount high on each s i d e  o f t h e  fuselage center  sec t ion .  

The a u x i l i a r y  propulsion engines 

The wing s t r u c t u r e  i s  c a r r i e d  uninterrupted through t h e  lower por t ion  of 
t h e  fuselage.  The wing mounts on two hinges near t h e  forward s p a r .  Three 
hydraul ic  ac tua tors  near  t h e  aft wing spar  provide f o r  i n f l i g h t  va r i a t ion  of 
t h e  wing incidence angle.  The hinges include two-axis l oad  c e l l s  t o  measure 
v e r t i c a l  and hor iqonta l  forces .  Each ac tua tor  has a load  c e l l  i n  s e r i e s  with 
it. 
fuselage i s  c a r r i e d  through load  c e l l s .  

With t h i s  arrangement, t h e  complete load path between t h e  wing and t h e  

Two wings have been designed f o r  t h i s  a i r c r a f t .  The l a r g e  wing i s  s i zed  
t o  unload t h e  r o t o r  a t  speeds between 100 and 200 knots.  The s m a l l e r  wing i s  
designed f o r  t h e  300 knot compound mission. These wings are interchangeable ,  
and they can be l e f t  o f f  f o r  lower  speed t e s t i n g  as a conventional he l i cop te r .  

The load c e l l  mounting system f o r  t h e  main gearbox measures r o t o r  forces  
and moments. It cons i s t s  of  f o u r  v e r t i c a l  and t h r e e  ho r i zon ta l  load c e l l s .  
Like t h e  wing system, these  cover the complete load  pa th  between t h e  force  
producing element and t h e  fuselage.  
t h r u s t  of t h e  aux i l i a ry  propulsion engines and ant i - torque system. 

Load cells a r e  a l s o  provided t o  measure 

A genei-sm cabin a f t  of t h e  cockpit accommodates an op t iona i  t h i r d  crew- 
man and test  instrumentation. 

The drag brakes,  at t h e  forward end of t h e  t a i l c o n e ,  can be deployed i n  
f l i g h t  t o  increase a i r c r a f t  pa ra s i t e  drag when s imulat ing o the r  fuselages.  

Ballast compartments a re  located under t h e  cockpit  and within t h e  t a i l c o n e .  
High densi ty  b a l l a s t  can be i n s t a l l e d  i n  these  compartments t o  e f f e c t i v e l y  
con t ro l  a i r c r a f t  c.g.  pos i t i on  f o r  a va r i e ty  of r o t o r  configurat ions.  

A f u l l  set of f ixed  wing control surfaces  i s  provided. These include wing 
a i l e rons  and high lift devices ,  ful l  f l o a t i n g  hor izonta l  s t a b i l a t o r ,  and a 
v e r t i c a l  f i n  with a rudder. These surfaces  and t h e  r o t o r  i t se l f  a r e  cont ro l led  
by a combined electr ical /mechanical  con t ro l  system chosen f o r  v e r s a t i l i t y  and 
low r i s k .  

The RSRA a i r c r a f t  a l so  has a crew escape system. This system has a r o t o r  
blade severance system and canopy e jec t ion ,  combined with a "YANKEE" crew 
escape package. 

i 
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RSRA Performance 

High Speed 

The equivalent p a r a s i t e  a rea  for  t he  a i r c r a f t  i n  t h e  high speed configur- 
a t ion  (which includes zero l i f t  wing drag f o r  the  s m a l l  wing) w a s  calculated 
using government approved methods. T h i s  w a s  found t o  be 23.6 square feet .  
With t h i s  equivalent area,  high speed t h r u s t  requirements were determined. 
Thrust required includes bas ic  a i r c r a f t  fuselage drag, wing induced and para- 
s i t e  drag, and r o t o r  induced draga,ndH forces .  The high speed end of t h e  
t h r u s t  required curve i s  shown below with the  TF3b-GE-100 i n s t a l l e d  ava i lab le  
t h r u s t .  A t  design gross weight, t h e  a i r c r a f t  can exceed the  300-knot RSRA 
speed requirement a t  both sea l e v e l  standard and 9500-feet s tandard atmospheric 
conditions.  

TURUST- 
LBS. 

10,Ooo 

SEA LEVEL 
STANDARD CONDITIONS 

8.000 

7,000 

200 250 

AIRSPEED - KR3. 

NASA/ARMY I I SIKORSKY AlRCRAfT 
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Hover 

A i r c r a f t  hovering performance was ca l cu la t ed  f o r  compliance with the  RSRA 
requirements. 

I n  t h e  f igu re  below, use fu l  load i s  t h e  sum of the  crew, trapped f l u i d s ,  

An inst rumentat ion 
mission fuel, and payload weights. 
system have been removed t o  reduce a i r c r a f t  empty weight. 
payload of 1000 pounds i s  assumed. Fuel, ca l cu la t ed  on the  basis of t he  
design hovering mission, includes fue l  f o r  32 minutes of hover, 1 0  n a u t i c a l  
miles of c ru i s ing ,  and t h e  required fuel reserves .  

The wing and t h e  aux i l i a ry  propulsion 

A s  shown, 3200 pounds of t o t a l  usefu l  load i s  required t o  perform t h i s  
mission. 
usefu l  load. A t  sea  l e v e l  s tandard condi t ions,  the  a i r c r a f t  can l i f t  almost 
8000 pounds of usefu l  load. 

A t  sea l e v e l ,  9 P F  conditions,  t h e  a i r c r a f t  can l i f t  4850 pounds of 

The margins between what t he  a i r c r a f t  can do and the  bas i c  RSRA require-  
ments i l l u s t r a t e  t h e  f a c t  t h a t  t h i s  a i r c r a f t  has s u f f i c i e n t  i n s t a l l e d  power 
t o  hover o ther  ro to r s  t h a t  may have higher d i sc  loadings or  not  be as e f f i c i e n t  
as t h e  base l ine  (s-67) r o t o r .  These r o t o r s  can be i n s t a l l e d  on t h e  a i r c r a f t  
and s t i l l  have exce l len t  hover endurance t i m e s .  

RSRA - HOVER PERFORMANCE 

WlUG AND AVXIUARY PROPULSION SVSTEM REMOVED 
1000 LB INSTRUMENTATION PAYLOAD 
FUEL FOR 8OMIN. HOVER + 10 N.M. CRU\% 
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RSRA Helicopter Simulation 

One primary function of t h e  RSRA i s  t o  t es t  he l icopter  r o t o r  systems i n  
t h e  speed range of 100 t o  200 knots.  
capable of react ing l a r g e  ranges of v e r t i c a l  and hor izonta l  r o t o r  forces  so  
t h a t  compleke rotor  performance maps can be generated f o r  t h e  ro to r s  under t e s t .  
The l a rge  wing hhs been s ized  t o  support full a i r c r a f t  gross weight at speeds 
as low as 120 knots, so t h a t  ro to r  operation can be inves t iga ted  a t  zero lift 
condi t ions.  
hor izonta l  propulsion forces  can be inves t iga ted .  
engines , r o t o r  performance can be inves t iga ted  during au toro ta t ion .  

It i s  desired t h a t  t h e  a i r c r a f t  be 

The drag devices have been added so t h a t  operation at high 
With a u x i l i a r y  propulsion 

The f igures  on t h e  opposite page i l l u s t r a t e  t h e  c a p a b i l i t y  of t h e  a i r c r a f t  
The maximum v e r t i c a l  t o  r eac t  ro to r  forces i n  t h e  100 t o  200 knot speed range. 

load t h e  airframe can put on t h e  r o t o r  i s  t h e  sum of a i r c r a f t  weight p lus  
maximum negative lift t h a t  can be generated by t h e  wing. A t  100 knots,  t h i s  
amounts t o  37,000 pounds. Maximum negative lift increases  as wing download 
increases  with speed. This i s  more than s u f f i c i e n t  f o r  any ro to r  considered 
f o r  t e s t i n g  on the RSRA. 

A t  t h e  other  end of t h e  v e r t i c a l  force  spectrum, t h e  minimum v e r t i c a l  load  
(or maximum negative load)  t h a t  t h e  airframe can put on t h e  r o t o r  i s  determined 
by a i r c r a f t  weight minus m a x i m u m  lift of t h e  wing. 
t h e  ro to r  down t o  almost 100 knots.  With a reasonable s ta l l  margin, f u l l  
unloading down t o  120 knots i s  s t i l l  prac t icable .  Above 100 knots,  t h e  wing 
t h e o r e t i c a l l y  can put t h e  r o t o r  i n t o  a negative lif't condi t ion,  although steady 
s t a t e  operat ion and t e s t i n g  i n  t h i s  regime would be of questionable value.  

The wing can f u l l y  unload 

Maximum horizontal  r o t o r  propulsive force i s  reacted by t h e  airframe i n  
i t s  high drag configuration (with drag brakes f u l l y  deployed). 
provide over 1300 pounds of reac t ive  force at 100 knots.  Higher values are 
achievable a t  higher speeds as p a r a s i t e  drag increases .  

This w i l l  

Minimum ro tor  propulsive force  f o r  t e s t i n g  r o t o r s  i n  au toro ta t ion  i s  
determined by the  minimum a i r c r a f t  drag minus t h e  propulsive force c a p a b i l i t y  
of t h e  a u x i l i a r y  propulsion engines. Minimum a i r c r a f t  drag i s  achieved by not 
deploying t h e  drag brakes.  This capabi l i ty  t o  r eac t  minimum r o t o r  propulsive 
force va r i e s  with speed as the  a i r c r a f t  p a r a s i t e  drag increases  and t h e  t h r u s t  
of t h e  engines decrease with increasing speed. 

This analysis i l l u s t r a t e s  how t h e  RSRA airframe can generate a complete 
range of reac t ive  forces  f o r  t e s t i n g  r o t o r s  over a l a r g e  operating spectrum. 
Rotors can be t e s t e d  from close t o  zero r o t o r  l i f t  t o  t h e i r  stall l i m i t ,  and 
from maximum propulsive force t o  f u l l  au toro ta t ion .  

10 
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Modifications t o  Accommodate Other Rotors 

The a i r c r a f t  modifications required t o  accommodate c e r t a i n  types o f  t e s t  
r o t o r s  are l i s t e d  opposite.  
engine modifications , con t ro l  system modifications , and whether an WM varia- 
t i o n  of g r e a t e r t h a n  30 percent i s  required.  

The ana lys i s  considers dr ive system modifications,  

All s i n g l e  r o t o r ,  shaft-driven concepts can use t h e  same main gearbox and 
engine i n s t a l l a t i o n .  The r i g i d  counterrotat ing coaxial  r o t o r  would r equ i r e  a 
new gearbox, but can use t h e  same engine i n s t a l l a t i o n  i f  t h e  gearbox were 
designed t o  be compatible with i t .  The non-shaft driven je t  f l a p  r o t o r  would 
r equ i r e  a new engine i n s t a l l a t i o n ,  with t h e  s h a f t  engines being replaced by gas 
generators.  The mechanical dr ive system would not be needed, but a s t r u c t u r e  
would have t o  be designed t o  support t h e  r o t o r  and provide f o r  t h e  required gas 
flow. 

All t h e  concepts w i l l  r equ i r e  some modification of t h e  r o t o r  con t ro l  
system. 
swashplate t o  provide va r i ab le  blade azimuth p o s i t i o n ,  and var ious l eng th  push- 
rods t o  provide var iable  v e r t i c a l  pos i t i on ing  o f  t h e  upper r o t o r  hub. The 
r i g i d  coaxial  requires major modifications o f  t h e  control  system t o  provide 
control  f o r  two rotors. The va r i ab le  diameter r o t o r ,  variable t w i s t  r o t o r ,  and 
slowed r o t o r  all can use t h e  base l ine  system with minor modifications.  With 
t h e  va r i ab le  diameter r o t o r ,  a separate  con t ro l  must be provided f o r  t h e  r o t o r  
diameter. For the va r i ab le  t w i s t  r o t o r ,  separate  con t ro l  o f  t w i s t  i s  required;  
t h i s  may include a second swashplate assembly or o t h e r  similar device. The j e t  
f l a p  r o t o r  w i l l  require  a completely new control  system, t h e  d e t a i l s  of which 
w i l l  depend upon t h e  s p e c i f i c  control  concepts being considered. 

The variable geometry r o t o r  requires modifications t o  t h e  r o t a t i n g  

The f i n a l  i t e m  on t h e  char t  considers whether an RPM v a r i a t i o n  of over 
30 percent i s  required i n  t h e  operat ion o f  t h e  r o t o r s  being considered. If 
such an RPM variat ion i s  required,  some type of a c t i v e  v ib ra t ion  suppression 
system w i l l  be  needed t o  avoid airframe resonant frequencies.  
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Program Risk Assessment 

A primary goal during t h e  predesign study w a s  t o  assess the  RSRA program 
r i s k .  This i s  important because the  RSRA does include var ious new and unique 
f e a t u r e s  no t  normally included i n  conventional r o t a r y  wing a i r c r a f t .  
t h i s ,  t h e  unusual f ea tu re s  of t h e  f i n a l  RSRA configuration were i d e n t i f i e d  and 
a r i s k  assessment performed on each one. Five s p e c i f i c  areas w e r e  invest igated:  

To do 

. The load c e l l  mounting of t h e  main gearbox 

. Rotor/Airframe Dynamic compatibi l i ty  when many 
d i f f e ren t  r o t o r s  are i n s t a l l e d  on one airframe 

. The basic f l i g h t  con t ro l  system 

. The need f o r ,  and f e a s i b i l i t y  of , a r o t o r  
feedback control  system 

. The crew escape system 

Although a l l  of these a reas  involve development, it i s  concluded t h a t  
none has s u f f i c i e n t l y  high r i s k  t o  warrant postponement of t h e  RSRA a i r c r a f t  
development program. Based upon p a s t  experience and present  knowledge , each 
can be incorporated i n t o  t h e  RSRA without unduly adding t o  the  program r i s k .  

Load Cell  Mounting of t h e  Main Gearbox 

The ro to r  l oad  c e l l  fo rce  measuring system uses four v e r t i c a l  and 
t h r e e  horizontal  load c e l l s  t o  measure all r o t o r  fo rces  and moments. These 
cover all load paths between t h e  gearbox and t h e  airframe, so t h a t  all loads 
can be measured. The load c e l l s  are mounted through sphe r i ca l  bearings so  t h a t  
only a x i a l  loads w i l l  be t r a n s f e r r e d  through each load c e l l .  The u n i t s  s e l e c t -  
ed a r e  commercially ava i l ab le ,  and are p s i g n e d  t o  operate i n  f a t i g u e  applica- 
t i o n s .  They can withstand more than 1 0  f u l l y  reversed cycles  without f a i l u r e .  

Although RSRA w i l l  probably be t h e  first a i r c r a f t  t o  mount t he  complete 
r o t o r  transmission system on load  c e l l s ,  t h i s  i s  not because of any t echn ica l  
problems or r i s k s  associated with t h e  concept. RSRA i s  t h e  f i rs t  a i r c r a f t  
t h a t  is s p e c i f i c a l l y  being designed t o  measure fo rces  and moments i n  f l i g h t  
t o  t h e  high accuracy levels  t h a t  r equ i r e  t h i s  type of hardware. 
long used s i m i l a r  load c e l l  r o t o r  force and moment measuring systems on ground 
t e s t  s tands .  The Sikorsky main r o t o r  Whirlstand can test  r o t o r s  with over 
100,000 pounds of l i f t .  
load c e l l s  t o  measure r o t o r  t h r u s t ,  ho r i zon ta l  f o r c e ,  and torque. 

Sikorsky has 

I t  has been i n  operation f o r  over f i f t e e n  yea r s ,  using 
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Program Risk Assessment (Cont.)  

Rotor/Airframe Dynamic Compatibil i ty 

S ix  advanced r o t o r  systems were considered as r ep resen ta t ive  of t he  types 
of r o t o r s  which might be t e s t e d  on the  RSRA. These were i n  addi t ion  t o  con- 
vent iona l  he l icopter  and compound r o t o r s ,  and included a six-bladed va r i ab le  
geometry r o t o r ,  the va r i ab le  diameter r o t o r ,  r i g i d  coaxia l ,  j e t  f l a p ,  va r i ab le  
t w i s t ,  and slowed r o t o r s .  Considering the  l a rge  v a r i a t i o n s  poss ib le  i n  blade 
number, r ad ius ,  and t i p  speed, they cover a w i d e  band of p r i n c i p l e  blade passage 
frequencies .  
of v ib ra t ion  w i l l  never be resonant with all poss ib l e  v ib ra to ry  e x c i t a t i o n  f r e -  
quencies from these r o t o r s .  

It would be impossible t o  design an airframe so t h a t  a l l  modes 

It i s  poss ib le  t o  dynamically tune the  airf rame t o  accept  t h r e e ,  fou r ,  
f i v e ,  and s i x  bladed r o t o r s  i f  t h e i r  RPM bands a r e  wi th in  reasonable l i m i t s .  
This w i l l  permit t e s t i n g  of these  r o t o r s  without t he  use of e i t h e r  ac t ive  or 
pass ive  v ib ra t ion  suppression systems. Other r o t o r s ,  such as two bladed r o t o r s ,  
slowed r o t o r s  which operate  over a wide band of r o t a t i o n a l  speeds,  and r o t o r s  
with unusual RPM operat ions,  w i l l  r equi re  some type of  v i b r a t i o n  suppression 
system. 

Because the airframe can be dynamically tuned,  it i s  .suggested t h a t  t h e  
RSRA be developed without an i s o l a t i o n  system. I f  a f u l l  un ive r sa l  c a p a b i l i t y  
i s  indeed required,  an ac t ive  v ib ra t ion  system could be developed as a p a r a l l e l  
e f f o r t .  During the predesign study a f u l l  a c t i v e  system has been conceptually 
designed which w i l l  accept all types of r o t o r s  operat ing over an extensive RPM 
range. This system would rep lace  the  main gearbox t o  airframe load c e l l  mounting 
hardware and can be used t o  a l s o  serve as a r o t o r  force  and moment measuring 
system. 

Airframe Dynamic Tuning - Consider the  five-bladed compound r o t o r  operat ing a t  
forward speeds up t o  300 knots ,  t he  six-bladed va r i ab le  geometry r o t o r ,  and t h e  
four-bladed var iable  diameter r o t o r .  These can be accomodated on t h e  RSRA 
without t he  need fo r  v ib ra t ion  suppression devices through s t r u c t u r a l  tuning 
of t h e  airframe. This w i l l  a l s o  permit t h e  t e s t i n g  of o the r  t h r e e ,  fou r ,  f i v e ,  
or s i x  bladed ro to r s  operat ing at similar r o t a t i o n a l  speeds. 

Two tuned airframe configurat ions a r e  recommended. The f irst  w i l l  
accomodate t h e  compound and va r i ab le  diameter r o t o r s .  The second w i l l  accom- 
modate the  var iab le  geometry r o t o r .  To tune the  airframe, t h e  transmission 
p i t c h ,  transmission roll, second l a t e r a l ,  and second v e r t i c a l  bending modes must 
be cont ro l led .  Experience ind ica t e s  t h a t  these  modes are uncoupled, and t h e i r  
l oca t ions  a re  control led by the  s t i f f n e s s  of d i f f e r e n t  po r t ions  of t he  airframe. 
The t ransmission p i t ch  mode i s  con t ro l l ed  by t h e  s t i f f n e s s  of  t h e  top  of t r ans -  
mission support  frames. The transmission roll mode i s  con t ro l l ed  by t h e  s t i f f -  
ness  of the  s ides  of these frames. The second l a t e r a l  and second v e r t i c a l  
bending modes a re  cont ro l led  by the  l a t e r a l  and v e r t i c a l  bending s t i f f n e s s  of 
t he  a f t  fuselage and t a i l  cone, respec t ive ly .  The b a s i c  vehic le  w i l l  be designed 
t o  l o c a t e  the  modes at the  lower of t he  two requi red  pos i t i ons .  The frequencies  
of these  modes can then be increased as required through t h e  addi t ion  of material. 

, 
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The f e a s i b i l i t y  of s h i f t i n g  the  loca t ion  of fuselage modes has been demon- 
s t r a t e d  during fu l l - sca le  ground tests a t  Sikorsky Ai rc ra f t .  
f ive-,  and six-bladed ro to r s  have been successful ly  f l i g h t  t e s t e d  on a s i n g l e  
a i r c r a f t ,  t h e  S - 6 1 ~  (NH-3A) high speed research a i r c r a f t .  

I n  addi t ion ,  three-,  

Active Transmission I so l a t ion  - Airframe tuning provides t h e  capab i l i t y  of test- 
ing the  compound r o t o r ,  va r i ab le  diameter r o t o r ,  va r i ab le  geometry r o t o r ,  and any 
o the r  r o t o r  system whose primary exc i ta t ion  frequencies f a l l  within t h e  bands 
produced by these  ro to r s .  Tuning f o r  other  r o t o r  systems whose frequencies  f a l l  
beyond these  bands, p a r t i c u l a r l y  slowed r o t o r s ,  can be expedited through use of 
a va r i ab le  tuning device. 

Active transmission i s o l a t i o n  can provide full w i d e  band tuning f o r  RSRA. 
Spring r a t e s  can be S t a t i c  and t r a n s i e n t  displacements are  ac t ive ly  cont ro l led .  

made as low as required t o  provide wide band i s o l a t i o n .  
u ra t ion  of t he  Sikorsky ac t ive  r o t o r  balance v ib ra t ion  suppression system uses 
seven self-contained hydropneumatic actuators  ( i s o l a t o r s )  
and r o l l  modes and thus  provide independent focusing of t he  i s o l a t i o n  system. 
Ci rcu lar  t r acks  are provided so t h a t  focusing can be var ied  e a s i l y .  
can be accomplished independently i n  p i t ch  and r o l l .  

The proposed config- 

t o  decouple t h e  p i t c h  

This va r i a t ion  

Analyses have subs tan t ia ted  the a b i l i t y  of t h i s  system t o  i s o l a t e  t h e  
airframe from all r o t o r  forces  and moments simultaneously while providing accur- 
ate measurement of p r inc ipa l  r o t o r  forces.  

Basic technology recpired for development of t he  a c t i v e  r o t o r  balance/ 
v ib ra t ion  suppression system has been demonstrated. Ful l -scale  labora tory  
experiment of the  hardware ac t ing  a l s o  as a r o t o r  balance i s  scheduled. 

A fu l l - s ca l e  ac t ive  transmission i s o l a t i o n  system has been f ab r i ca t ed  and 
ground t e s t e d  under cont rac t  t o  t h e  U.S. Army. It has t h e  a b i l i t y  t o  provide 
an o v e r a l l  70% reduction i n  v ib ra t ion  t o  v e r t i c a l  and inplane forces  a t  the  
p a r t i c u l a r  blade passage frequency of i n t e r e s t .  O f  g r e a t e s t  s ign i f icance  t o  
RSRA i s  the  wide band c h a r a c t e r i s t i c  achieveable with t h i s  system. 

The f e a s i b i l i t y  of using ac t ive  i s o l a t o r  un i t s  as load  sensing devices 
w a s  a l s o  demonstrated successful ly  during a recent  NASA-supported e f f o r t .  The 
accuracy of measuring steady loads was found t o  be within a band of t1 percent  
of appl ied load about a l i n e a r  b i a s  t h a t  can be removed through ca l ib ra t ion .  

Cal ibra t ion  of the  t o t a l  system as a r o t o r  balance w i l l  take p lace  l a t e r  
The t h i s  yea r  under a NASA/Army-supported program t h a t  i s  cur ren t ly  under w a y .  

system,which contains th ree  ac t ive  hydropneumatic u n i t %  w i l l  be instrumented 
and i n s t a l l e d  on a CH-5% a i r c r a f t .  
pressure t ransducers ,  inplane drag s t r u t  load  c e l l s ,  and transmission-mounted 
accelerometers required f o r  t r a n s i e n t  and v ibra tory  measurement. 

Instrumentation w i l l  include hydraul ic  



Program Risk Assessment (Cont.) 

The Basic F1ig;ht Control Systems 

A combination e l e c t r i c a l  and mechanical f l i g h t  con t ro l  system has been 
The se l ec t ed  f o r  RSRA t o  provide t e s t i n g  v e r s a t i l i t y  with low cos t  and r i s k .  

t es t  p i l o t ' s  controls a r e  e l e c t r i c a l  and are separated from the  s a f e t y  p i l o t ' s  
mechanical cont ro ls .  With t h i s  system the  tes t  p i l o t ' s  con t ro l s  can be shaped 
and va r i ed  as required,  y e t  t h e  s a f e t y  p i l o t  has a completely mechanical system 
which can override p i l o t ' s  system. 
f o r  monitoring a i r c r a f t  s t a t u s  and returning t h e  a i r c r a f t  t o  normal f l i g h t  from 
any tes t  condition. 

The sa fe ty  p i l o t  i s  the re fo re  responsible  

This type of con t ro l  system f o r  RSRA i s  a r e l a t i v e l y  low r i s k  approach 
t h a t  has counterparts i n  s eve ra l  current  experimental and production a i r c r a f t .  
The major programs t h a t  use an electr ical /mechanical  system are t h e  Cornel1 
TIFS, CH-54B, and NASA Vl07. 

The two types of e l e c t r i c a l  control  systems cu r ren t ly  employed are t h e  
mechanical following system and t h e  mechanical revers ion system. The primary 
advantage of t he  mechanical following system, such as t h a t  i n  the  RSRA, i s  i t s  
set  of mechanical con t ro l s ,  which are l i nked  t o  t h e  con t ro l  surface at all t i m e s .  
The U.S. Army/Sikorsky CH-54 has an e l e c t r i c  s t i c k  a t  t h e  rear-facing seat 
configured i n  much t h e  same fashion. 

Many of the con t ro l  system components of  t h e  RSRA already e x i s t  on o the r  
Sikorsky hel icopters  and are adapted t o  t h e  RSRA. The development r i s k  f o r  t h e  
remaining components i s  l o w  due t o  the  conventional design. The primary servos,  
a u x i l l i a r y  servo, and mixing u n i t  of t h e  RSRA are t h e  Sikorsky ~-61/S-67 com- 
ponents. They are i n s t a l l e d  i n  the  N a v y  SH-3, t h e  A i r  Force CH-3,  t h e  commer- 
c i a l  s-61~ and N ,  and the  S-67 Blackhawk. No add i t iona l  development i s  required 
t o  adapt t hese  components t o  t h e  RSRA. The mixing u n i t  w i l l  have t o  be modified 
t o  a l l o w  control  of rotors with d i f f e r e n t  con t ro l  phasing, but  t h e  technology 
e x i s t s  and i s  well developed. 

RSRA uses con t ro l  i n t e g r a t i o n  u n i t s  of new design. Success i n  bu i ld ing  
s i m i l a r  u n i t s  for  the  xC-142, F-111 and o the r  v a r i a b l e  geometry a i r c r a f t  makes 
t he  development o f  t hese  u n i t s  a low t echn ica l  r i s k .  

The cont ro l  surface ac tua to r s  are similar i n  concept t o  t h e  ac tua to r s  
They c o n s i s t  of a high cu r ren t ly  i n  use on many a i r c r a f t  of va r i ab le  types. 

speed, l i m i t e d  authori ty  series servo and two low speed, fill au thor i ty ,  series 
servos. The high speed servo i s  similar t o  t h e  SAS input  of t h e  a u x i l l i a r y  
servo and the  low speed servo i s  similar t o  t h e  t r i m  ac tua to r  of t h e  H-53 and 
H-54B. The development of t hese  ac tua to r s  i s  the re fo re  low r i s k .  

A prototype FAS (Force Augmentation System) system has been developed 
and flown on the  CH-53 and S-67 Blackhawk. A production vers ion w i l l  be devel- 
oped f o r  the  RSRA. This development w i l l  involve only a repackaging e f f o r t  and 
w i l l  be a low r i s k  e f f o r t .  
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Program Risk Assessment (Cont.)  

Rotor Feedback Control System 

Rotor feedback cont ro l  is not requi red  f o r  t he  RSRA t o  perform i t s  bas i c  
research func t ion .  It  would, however, add t o  the  t e s t i n g  capab i l i t y  of t he  
a i r c r a f t  because it could provide: 

. An automatic t r i m  f ea tu re  t o  expedi te  t e s t i n g  a t  a predetermined 
loading condition, independent of t h e  normal t r i m  c h a r a c t e r i s t i c s  
of t h e  t e s t  a i r c r a f t .  

. The a b i l i t y  t o  dynamically simulate t h e  fuselage/  wing 
c h a r a c t e r i s t i c s  assoc ia ted  with the  r o t o r  design being t e s t e d .  

. A f l e x i b l e  system t h a t  can provide any of  t h e  t e s t  r o t o r s  with t h e  
a b i l i t y  t o  t e s t  var ious cont ro l  and feedback schemes. Some of t hese  
t h a t  might be des i red  f o r  t h e  next generat ion high speed h e l i c o p t e r  
include gus t  a l l e v i a t i o n ,  adaptive cont ro l  conf igura t ions ,  and modal 
suppression. 

S t a t e  feedback t o  accomplish model-following i s  not  new i n  terms of 
he l i cop te r  technology. Several  he l i cop te r s  a r e  cu r ren t ly  being used as va r i -  
ab le  s t a b i l i t y  systems. Rotor feedback has not  been done as ex tens ive ly ,  and 
Sikorsky cu r ren t ly  has a NASA/Amy cont rac t  t o  begin t o  inves t iga t e  t h i s  area. 

The object ive of t h i s  separa te  ro to r /veh ic l e  s t a t e  feedback cont rac t  i s  
to :  

(1) Establ i sh ,  using a CH-53,  t he  f e a s i b l e  bandwidth of r o t o r  state 
control  by means of high gain feedback of s eve ra l  poss ib l e  r o t o r  
and vehicle  s t a t e  va r i ab le s .  

( 2 )  Quantif’y on the  CH-53 the  gus t  suppression c a p a b i l i t i e s  of var ious 
possible  r o t o r  and vehic le  s t a t e  feedback loops.  

The first port ion of the  study w i l l  be a n a l y t i c ,  with t h e  computer tech- 

The second p a r t  of t h e  study involves f l i g h t  t e s t i n g .  
niques and the  system s t a b i l i t y  being inves t iga t ed  using both l i n e a r  and non- 
l i n e a r  dynamic programs. 
Feedback w i l l  be introduced i n t o  the  he l i cop te r  con t ro l  system through t h e  
e x i s t i n g  l i m i t e d  au thor i ty  AFCS. 
and shape the  feedback information before  it i s  routed t o  the  AFCS servos.  

An a i rborne computer w i l l  be used t o  condi t ion 

The question of concern i n  regard t o  r o t o r  feedback i s  one of degree of 
t racking  accuracy required r a t h e r  than one of whether or not  t he  job can be 
accomplished. This t e s t  program w i l l  help t o  answer these  quest ions.  

The RSRA w i l l  a lgeb ra i ca l ly  reso lve  r o t o r  l oad  c e l l  da t a  i n t o  t h e  s i x  
r o t o r  fo rces  and moments. These force  and moment s igna l s  can be f e d  back i n t o  
t h e  con t ro l  system t o  provide automatic con t ro l  i npu t s  t o  t r i m  t he  r o t o r  or  t o  
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ac tua te  t h e  vehicle  f ixed  wing controls.  

The predesign study has shown t h a t  good response c h a r a c t e r i s t i c s  can be 
obtained with t h e  proposed a i r c r a f t  and con t ro l  system. Analytic studies per- 
formed on a PDP-10 hybrid computer with the f u l l  RSRA a i r c r a f t  c h a r a c t e r i s t i c s  
have shown t h a t  t i g h t  response can be obtained f o r  a s tandard a r t i c u l a t e d  ro to r .  
The hybrid ana lys i s  has a r o t o r  blade element so lu t ion  and uses fuselage aero- 
dynamic da ta  ex t rapola ted  from previous compound he l i cop te r  wind tunne l  da ta .  
The full cont ro l  shaping and feedback network has been programmed on t h e  hybrid 
i n  order  t o  f u l l y  assess  t h e  s t a b i l i t y  s i t u a t i o n .  The t ight response ava i l ab le  
from t h e  system can be achieved with p r a c t i c a l  gains  and w i l l  operate  within 
nominal au tho r i ty  l i m i t s  . 

To summarize, r o t o r  feedback control  i s  not  requi red  f o r  t h e  RSRA b u t  it 
would add t o  i t s  t e s t i n g  v e r s a t i l i t y .  With the  preliminary r e s u l t s  from t h e  
predesign study, and after the  separately contracted f l i g h t  tests of a s i m i l a r  
system are completed, it should be possible  t o  include a feedback c a p a b i l i t y  i n  
t h e  RSRA without undue r i s k .  

FEEDBACK CAN MEAN 6ETTER DATA 
FOR RSQA AND CAN \MPROVE THE 
TESTING RANGE 

AUTOMATIC SEQUENTIAL DYNAMIC SIMULATION HIGH SEED GUST 
TRIM OATA OF VARIOUS AIRFRAMES ALLEVIATION 

NASA/ARMY 7 SIKORSKY AIRCRAFT 
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R i s k  Assessment (Cont.) 

C r e w  Escape System 

The RSFA uses a crew escape system which combines r o t o r  blade severance, 
canopy separat ion,  and upward crew ex t r ac t ion .  I t  i s  no t  considered t o  be a 
high r i s k  area s ince  i t  i s  the  combination of w e l l  proven f ixed  wing type crew 
escape systems with the  Sikorsky demonstrated r o t o r  blade severance system. 

Since early i n  1970, Sikorsky has been ac t ive ly  involved i n  a program t o  
develop a r e l i a b l e  aircrew escape system f o r  h e l i c o p t e r s .  
w a s  desired t o  provide operation near t h e  ground and t o  avoid the  design com- 
p l e x i t y  of a downward ex t r ac t ion  system. Upward ex t r ac t ion  requires  removal of 
t he  main r o t o r  blades p r i o r  t o  crew ex t r ac t ion ,  and t h i s  can be accomplished by 
using l i n e a r  shaped charges around the  blade spa r .  However, two major f ac to r s  
constrained fu r the r  development of such a system: how t o  r e l i a b l y  propagate the  
i n i t i a t i n g  s igna l  onto the  r o t a t i n g  r o t o r ,  and how t o  p r o t e c t  any adjacent air- 
c r a f t  from randomly s c a t t e r e d  r o t o r  blades.  

The upward ex t r ac t ion  

The so lu t ion  t o  these d i f f i c u l t i e s  has been achieved through t h e  highly 
successful  demonstration of main r o t o r  blade shedding using t h e  sequen t i a l  main 
r o t o r  blade severing system. Two demonstrations i n  December 1971 used a t ied-  
down SH-3 t e s t  vehicle .  The main r o t o r  blades w e r e  s equen t i a l ly  separated i n  
a predetermined d i r ec t ion ,  t h ree  forward and two a f t  along the  long i tud ina l  ax i s  
of t h e  veh ic l e  with t h e  main r o t o r  head turning a t  203 rpm. 

A photo taken from a hand-held camera caught a l l  f i v e  blades i n  f l i g h t .  
The t h r e e  blade stubs forward h i t  t he  road 80 f e e t  ahead of t h e  veh ic l e  within 
a ?-foot c i r c l e .  The key t o  p rec i s ion  of t h i s  system i s  t h e  v e r s a t i l i t y  of t h e  
blade sequencing device.  It permits any number of blades t o  be separated s ing ly  
o r  i n  any combination, i n  any d i r e c t i o n .  When appl ied t o  the  RSRA v e h i c l e ,  t h i s  
w i l l  allow t h e  option of simultaneous separat ion of a l l  blades a t  once, o r  
s equen t i a l ly  and la teral ly  as proposed f o r  an op t iona l  two-stage escape system 
approach i n  which the  p i l o t s h e d s b l a d e s  only t o  continue f l i g h t  as a f ixed  wing. 

The only modification required t o  adopt t h i s  system t o  any new r o t o r  i s  
the  add i t ion  of t h e  l i n e a r  shaped charges clamped around t h e  blade s p a r ,  and 
provisions f o r  the detonating chord. 

The blade shedding system i s  a f u l l y  independent system, having no connec- 
t i o n  with t h e  a i r c r a f t ' s  e l e c t r i c a l  o r  hydraul ic  systems. It propagates i n i t i a -  
t i o n  from t h e  cockpit t o  t he  r o t o r  blades through SMDC (Shielded Mild Detonating 
Chord) with a chemical def lagrat ion ra te  of approximately 20,000 f e e t  pe r  second. 
This pyrotechnic system w a s  s e l e c t e d  i n  order t o  achieve maximum r e l i a b i l i t y .  
It i s  impervious t o  R F ,  l i g h t n i n g ,  and s t r a y  vol tage.  Even gunf i r e  t es t s  with 
high explosive 20 rmn rounds w i l l  not  cause premature i n i t i a t i o n .  
begun by p i l o t  o r  cop i lo t  a c t i v a t i o n  of percussion primers i n  the  D-rings i n  the  
cockpit .  
box, i s  t r ans fe r r ed  t o  t h e  main r o t o r  s h a f t ,  and travels o u t  t o  linear-shaped 
charges on the  r o t o r  b l ades .  

Deflagration i s  

I n i t i a t i o n  continues through t o  a sequencing device a t  t h e  main gear- 
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Conclusions 

The following conclusions were drawn from t h i s  Predesign Study: 

I. The concept o f  developing a s i n g l e  a i r c r a f t  t o  t es t  many d i f f e r e n t  advanced 
r o t o r  systems i s  sound. 
t hese  ro to r s  with reasonable modifications t o  t h e  b a s i c  v e h i c l e .  

It i s  poss ib l e  t o  design t h e  a i r c r a f t  t o  accept 

11. Because RSRA i s  a s ing le  veh ic l e  designed s p e c i f i c a l l y  as a r o t o r  t e s t  
a i r c r a f t ,  t e s t i n g  v e r s a t i l i t y  i s  maximized. RSRA includes:  

. 

. 
An accurate system t o  measure r o t o r  forces  and moments i n  f l i g h t  
Auxiliary devices t o  offload and overload t h e  r o t o r  i n  both t h e  
horizontal  and v e r t i c a l  d i r e c t i o n  f o r  t e s t i n g  a t  extreme r o t o r  
operating conditions 
Complete f ixed wing c a p a b i l i t y  and a crew escape system f o r  increased 
s a f e t y  during tes ts  of new and unproven r o t o r  systems 

. 

. A 300 knot speed c a p a b i l i t y  f o r  t e s t i n g  r o t o r s  i n  high speed f l i g h t  . A combination electr ical /mechanical  con t ro l  system t o  provide maximum 
t e s t i n g  v e r s a t i l i t y  a t  minimum program r i s k  and cos t .  

These features give t h e  RSRA a capab i l i t y  s u b s t a n t i a l l y  beyond t h a t  
achievable with any e x i s t i n g  r o t a r y  wing t e s t  a i r c r a f t .  
porate  these f ea tu res  i n t o  an e x i s t i n g  airframe requ i r e s  modifications 
so extensive as t o  not  be cos t  e f f e c t i v e .  

To t r y  t o  incor- 

111. The most capable RSRA veh ic l e ,  t o  provide m a x i m u m  t e s t i n g  v e r s a t i l i t y  a t  
minimum cos t ,  combines e x i s t i n g  dynamic components and an a l l  new airframe. 
The use o f  e x i s t i n g  dynamic components frees t h e  program from t h e  need t o  
develop what i s  h i s t o r i c a l l y  t h e  most complex p a r t  of a r o t a r y  wing 
veh ic l e .  The use of a new airframe i s  required t o  provide those f e a t u r e s  
considered necessary f o r  t e s t i n g  v e r s a t i l i t y .  
a i r c r a f t  meets t he  design goals and includes:  

A 26,392 pound gross weight 

. 

. A f an  anti-torque system buried within t h e  v e r t i c a l  t a i l .  . 
A 3700 horsepower main gearbox and Sikorsky S-67 r o t o r  system. 

An airframe designed f o r  a 360 knot dive speed, a design l i m i t  load 
f a c t o r  of 4.0,  and side-by-side cockpit s ea t ing .  
Separate r o t o r  and a u x i l i a r y  propulsion systems, with t h e  c a p a b i l i t y  
t o  remove t h e  a u x i l i a r y  propulsion system f o r  hover t e s t s  
Load c e l l  mounting of t h e  r o t o r  system, wing, a u x i l i a r y  propulsion 
system, and anti-torque system f o r  accurate  i n f l i g h t  measurement of 
fo rces  and moments. . Two wings; a l a r g e  wing f o r  unloading t h e  r o t o r  a t  low speeds and a 
smaller wing f o r  high speed t e s t i n g  of compound r o t o r s .  . A ballast  system and drag device t o  simulate unusual r o t o r  operat ing 
conditicns.  

. 

. 
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I V .  RSRA is  a t echn ica l ly  f e a s i b l e  concept that can be designed and developed 
wi th  present  day technology. No new subsystems need be  developed be fo re  
development of the  a i r c r a f t  is i n i t i a t e d .  

. The dynamic components include an e x i s t i n g  r o t o r  head, and a gearbox 
and anti-torque fan which a r e  present ly  undergoing sepa ra t e  U.S. Army 
funded development programs. 

ma te r i a l s .  

years  i n  r o t o r  t es t  s tands and is  wi th in  t h e  s ta te-of- the-ar t .  
Active v ib ra t ion  suppression is no t  a requirement f o r  RSRA. 
des i red  fo r  t e s t i n g  of unusual r o t o r  concepts,  such as t h e  slowed rotor,  
it can be  developed i n  p a r a l l e l  t o  the  b a s i c  a i r c r a f t .  
The e lec t r ica l /mechanica l  control  system provides the v e r s a t i l i t y  
des i red  with a system which i s  s i m i l a r  t o  t h a t  now f l y i n g  on the  NASA 
V-107 and the  U.S.  Army CH-54. . Rotor feedback con t ro l  i s  not a requirement f o r  t h e  BRA t o  perform i ts  
tes t  mission. It would be des i rab le  t o  extend t h e  a i r c r a f t  tes t  
capab i l i t y  and should b e  ready for incorporat ion i n t o  t h e  RSRA a t  t h e  
conclusion of a present ly  funded program. 

canopy and crew ex t r ac t ion  systems with a S i k o r s w  demonstrated r o t o r  
blade severance system. All components o f  t h e  system have been demon- 
s t r a t e d ;  they now only need in tegra t ion .  

. The airframe i s  of conventional design and constructed of  conventional 

. The load  c e l l  instrumentation system is  s imilar  t o  that used fo r  many 

. I f  it is 

. 

. RSRA crew s a f e t y  i s  improved by a system which combines conventional 

V. FSIIA w i l l  be  m i a p e r t m t  resewck? a i r c r z f t  for bnth  gnvernment. and 
indus t ry .  

. 

. 
It w i l l  t e s t  t he  hovering performance of many advanced r o t o r s  with 
d i f f e r i n g  aerodynamic charac te r i s  t i c s  and d i s c  loadings.  
It w i l l  perform as a " f ly ing  wind tunnel",  measuring r o t o r  performance 
over t h e  f u l l  range of l i f t i n g  capab i l i t y  and speed during a c t u a l  
f l i g h t  condi t ions.  

instrumentat ion payload capab i l i t i e s .  

S t a t e s  i n  the  ro t a ry  wing f i e l d .  The b a s i c  a i r c r a f t  i t s e l f  w i l l  have 
c a p a b i l i t i e s  beyond those of present  vehic les .  
ease the  development of advanced r o t o r  systems, reducing t h e i r  develop- 
ment t ime. 

. It w i l l  t e s t  r o t o r s  t o  300 knot speeds with exce l l en t  endurance and 

. It  w i l l  continue t o  advance the t echn ica l  leadersh ip  of t h e  United 

I n  add i t ion ,  RSRA w i l l  
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