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The c m t e r  a i r l i n e s  have  experienced  very  high growth rates during  the 
past  two years.  This  strong grawth is anticipated to continue as the  U.S. air  
transportation system is reshaped by derequlation. The regulatory changes, 
coupled  with the  increasing market fo r  commuter air t r ave l  have resul ted  in  a 
strong demand fo r  new,  improved small t r a n s p r t   a i r c r a f t  and have s ignif icant ly  
improved the  opportunities  for  the  application of advanced technology to the 
design of these  a i rcraf t .  

This paper reviews NASA's recent and proposed research on Small Transport 
Aircraft  Technolcqy (STAT). The re su l t s  of contracted studies identifying  the 
p o t e n t i a l   k n e f i t s   o f  advanced technoloqy are presented.  Current in-house 
stdies and research  efforts are discussed. An overview of the  proposed  tech- 
n o l g y  elements i n  STAT research is presented. 
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Figure 1 shows the growth i n  U.S. commercial a i r  transport  service  dating 
from the Ford mi-motor era, with the introduction  dates of some of the more 
significant  transport  aircraft. The Civil  Aeronautics Board (CAB) has been 
instrmental i n  the  classification of carriers. The Civ i l  Aeronautics Act 
of 1938 qranted certif icates  to the  carriers i n  operation at   that  time which 
formed the  cadre of trunk airlines. As the trunk airl ines g rew,  they obtained 
laraer  aircraft and reduced service  to smaller cmuni t ies .  I n  response, the 
CAE3 instituted  the  "local-service"  airlines experiment i n  1944 to  provide 
better  air  service  to  the 
smaller communities. Fol- 
lowinq the  pattern of the 
t r u n k  airlines,  the  local- 
service airl ines expanded 
and  upgraded their  fleet 
to  larqer jet-powered air- 
craft. Aqain because these 
larqer  aircraft  are  ineffi- 
cient  for  short-haul, low 
density a i r  service,  a 
n m k r  of the  smaller COP 
munities were faced w i t h  a 
loss of a i r  service. I n  
1969 the CAB established  the 
'lcomuter Carriers" class- 
ification  for  operations 
w i t h  aircraft  of less than 
5674 kg (12,500 lb) gross 
weight. Whereas local-ser- 
vice  carriers were able to  
start service i n  the 1 9 4 0 ' s  
w i t h  aircraft  the same size 
as  the trunk airlines  (the 
K - ~ ' S ) ,  comte r   a i r l i nes  
w e r e  restricted  to  the 
12,500 lb takeoff weight 
limit. In  la te  1972, the 
CAB restriction on  com- 
muters was revised t o   a l l m  
up to  30 passengers or 3404 
kg (7500 lb) payloads. The 
"Airline Deregulation Act 
of 1978" and subsequent 
rulings have raised  the 
limitations on c o m t e r   a i r  
carriers up to  60 passengers 
or 8170 kg (18,000 lb) mx- 
inrm payload. Rising fue l  
costs and deregulation have 
resulted i n  trunk and local 
service  carriers  continuing 
to abandon the lower density, 
short-haul  routes. 
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The U.S. t runk  a i r l ines  have n m   t r a n s i t i o n 4  ccmpletely to jet powered 
t ranspor t   a i rc raf t  and th ree four ths  of the local se rv ice   a i r l i nes   f l ee t  is 
jet pwered. Unfortunately, jet t ransport   a i rcraf t  are less energy e f f i c i en t  
for short   f l ights   than  longer   f l ights  where the speed and al t i tude  capabi l i ty  
of the jet engine  can be used mre effectively.  The reduced fuel  efficiency 
of jet t ransport   a i rcraf t  for short-haul  service w a s  tolerable a t  cheap fue l  
prices. However, from 1973 to 1979 the  average price of jet fue l   for  the U.S. 
t runk   a i r l ines  has increased  (figure 2 )  from 3.4 cents/liter  (13  cents/gal) 
to over  18.5  cents/liter  (70  cents/gal).  In 1973, fue l  accounted fo r  about 
25% of  the  direct   operating cost fo r  a B727-200 a i r c ra f t .  By 1979 t h i s  per- 
centage had r i sen  to over 50% of  the  direct   operating cost. 

U.S. TRUNK  AIRLINE JET FUEL  PRICE 
DOMESTIC  OPERATIONS -MONTHLY AVERAGES 
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The effect   of   fuel  cost on the  trunk airline direct  operating cost elements 
is shown h is tor ica l ly   in   f igure  3  (reference 1). The influence  of  fuel  price 
and its dominance since 1973 over  the  other  direct  operatinq cost elements is 
clearly  evident. &cause fuel  costs  are expected to continue to dominate 
a i rcraf t   operat ing cost, increasing  aircraft   fuel  efficiency  has become the 
major new transport  aircraft  design  objective. 

INFLUENCE  OF  FUEL  PRICES 
DIRECT  OPERATING COST ELEMENTS 
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The Airline  Derequlation A c t  of 1978, bringing with it easier market 
entry and exit  provisions,  along  with  the sky-rocketing fue l  costs, have re- 
sulted  in  trunk and local service a i r l i n e s  improving their operating  effic- 
iency by moving their jet t ransport   a i rcraf t  to the  longer,  high  density  routes 
where they are more eff ic ient .  This transi t ion is most noticeable by the 
increase  in  average  stage  length  (figure 4,  from Wference 2 )  since  deregulation. 
This transi t ion  has   resul ted  in   the smaller c m n i t i e s  being  faced  with more 
reductions  in  service by the carriers using  the  larger jet p e r e d  transports. 

AVERAGE STAGE  LENGTH 
U.S. TRUNK  AND  LOCAL  SERVICE  CARRIERS 
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The U.S. commuter a i r l i n e s  have expanded their   operat ions  in   order  to 
provide service on  the  short-haul lower density  routes abandoned by the trunk 
and local service a i r l ines .  %e resulting  rapid growth i n  commuter a i r l i n e  
service (Figure 5)  has made  them the   fas tes t  growing  segment of air  t r a n s p r -  
tation.  In 1979, c m u t e r   a i r l i n e   a c t i v i t y  increased by 27.6% i n  passengers 
carried and 7.4% i n  carqo. The t ransi t ion to comnuter a i r l i nes  and smaller 
c m t e r  a i r c r a f t   f o r  short-haul a i r  transportation is evident a t  most airports. 
The dramatic  expansion i n  short-haul  service w i t h  turbprop-pwered  comuter 
a i rcraf t   represents  a ranarkable change in   the  last  few years,   particularly 
s ince  these  a i rcraf t  are so di f fe ren t  from the  larger  jet transports to which 
the public has became accustcmed. 
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The  current  turboprop  pawered cmuter aircraft,  although  representing 
older  technology and some  sacrifices  in  passenger  comfort,  use  15  to 25% less 
fuel  per  seat  mile  at  short  stage  lengths  then  the  larger  jet  transports  they 
are  replacing. This efficiency  improvement  coupled  with  the  snaller  aircraft 
ability  to  provide a better  match  with  passenger  demand  results  in a significant 
overall  system  efficiency  improvement.  In  recognition  of  the  expanding  role 
of the I1.S. cmuter airlines,  several  manufacturers  have  initiated the develop- 
ment  of  new,  improved comuter transport  aircraft.  One  of  the  most  recently 
announced  new  aircraft  developnent is the  Fairchild/Saab-Scania  30-34  passenger 
aircraft  shown  in  Figure 6. Scheduld for  introduction  into  service  in 1984, 
this  aircraft  will  incorporate  the  best  current  technology  available  and  will 
be pered by  the  General  Electric CT7-5 turbo-prop  engine. 

FAIRCHILD/SAAB-SCANIA 30 PASSENGER 
COMMUTER AIRCRAFT 

Figure 6 
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In   order  to develop  the advanced technology tha t  can be applied to future 
small transport   a i rcraf t ,  focused research and technology efforts are required. 
NASA' has initiatecl a Small Transport .Aircraft Technology (STAT) aeronautics 
research  activity to provide t h i s  focus.  Figure 7 depicts  the  elements of 
th i s   ac t iv i ty  to enhance the   deve lopn t   o f   s ign i f i can t ly  improved small short- 
haul  transport   aircraft .  Technologies that   can improve public acceptance and 
operational  econmies are important  research.areas. 

SMALL  TRANSPORT  AIRCRAFT  TECHNOLOGY  (STAT) 
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'?b assist i n  formulatinq  the STAT research  activity,  a broad  range  of 
advanced technoloqy application  studies have  been in i t i a t ed  with  airframe, 
engine, and propller manufacturers.  Fecently m p l e t e d   s t u d i e s  by Cessna 
(unpublished) , General Dynamics-Convair (Reference 3)  , and Lockheed-California 
Company (Reference 4 )  investigated small transport   aircraft   designs  with 
19, 30, and 50 seat capaci ty .   Ini t ia l ly ,   current  technology  baseline  designs 
were established  for  use as a reference  against which the  benefi ts   of  advanced 
technology  could be measured. Figure 8 shows the  general  arrangemnt of each 
manufacturer's 30 passenger  baseline.  Cessna's  desiqn  has  stand-up headroom, 
a cruise speed of Mach 0.456 (250 KIAS), Citation  business jet airframe tec- 
h n o l w ,  matt & Whitney of Canada pT6 turboprop  enqine  technology, and has 
been optimized to minimize direct   operating cost (DOC) f o r   fue l  a t  $1.00 per 
qallon. However, the  desiqn  did  not  consider meetinq the  jet t ransport   in ter ior  
noise  qoals  of  the  specification. Cessna also studied a 19 passenger  config- 
uration.  General Dynamics-Convair des ign4  30,,and  5OP,passenqer current-technology 
basel ine  a i rcraf t  similar to  Cessna's  except  for  the  addition  of acoustical 
cabin wall treatment to achieve  the  interior  cabin  noise  goal of 85 overal l  
sound pressure  level, typical of  current jet transports. %e acoustical  treat- 
mat weight w a s  estimated to be 1044 kg (2300 l b )  f o r  the Convair 30 passenger de- 
sign  of Figure 8. Lr>ckh&-California chose  higher design cru ise  speeds of Mach 
0.6 and 0.7 f o r   t h e i r  30 and 50 passenqer aircraft   respectively.  

BASELINE  AIRCRAFT  CONFIGURATIONS 

CESSNA s ooocooooo 0 

30 PASSENGERS 1219 rn (4000 f t )  FIELD  LENGTH 

GENERAL  DYNAMICS LOCKHEED 

GROSS WEIGHT, kg (Ib) 10982  (24210) 13427  (29600) 
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Figure 9  shows the improvement i n  f u e l  usaqe and d i r e c t   o p r a t i n g  cost 
f o r  Cessna's  19  and 30 passenger advanced technology  designs. me ut i l iza t ion  
of bonding along  with  the I I S ~  of compsites i n  secondary structural components 
had the major impact  on  improving a i r c r a f t  weiqht, cost and operating  econmics. 
The major improvements result ing from advances i n  propeller, enqine and aero- 
dynamic technology were i n  fue l  usage followed by significant  savings  in 
d i r ec t  operating cost. Combining a l l  the  technolqies   resul ted i n  advanced 
technology a i rc raf t   des igns   tha t  used 38 to  40% less fuel  on a 100 n.mi. t r i p  
corpard with  the  current  technology  baseline. These improvements resulted 
i n  a 21% reduction i n  direct  operating cost on the 100 n.mi. tr ip.  me qeneral 
arrangement of Cessna's advanced desiqns are the same as their   baseline 
configurations. As such,  the 2 abreast 19 passenger  design  does  not  offer the 
passenqer comfort levels   of   the  3 abreast 30 passenger  design. 

ADVANCED TECHNOLOGY SMALL TRANSPORT 
AIRCRAFT DESIGN 

CESSNA AIRCRAFT 
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30 PASSENGER 
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FUEL  SAVINGS 40% 
DIRECT OPER.  COST 21% 

Figure 9 
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In   t he  Convair  study, advanced technologies  in aerodynamics, structures,  
systems, and propulsion were applied  individually and those w i t h  the  greatest  
payoff were incorporated  in a ccnbined advanced technology  design. All the 
Convair a i r c r a f t  were designed  for cruise speed of 250 knots  indicated airspeed. 
The advanced 30 passenger  short-haul aircraft  design  (Figure  10) incorporates 
a new high-lift wing design  using low-drag a i r f o i l s ,  composite structure,  
active  controls, and  improved propeller/engine  technology. Compared with  the 
current technology  baseline,  the  Convair advanced technology 30 passenger 
a i r c r a f t  is 22% l ighter   in   g ross  weiqht,  has 51% less wing area, requires 37% 
less p e r ,  and uses 31% less fuel   on a 100 n. mi. trip. These impr'ovements 
r e s u l t  i n . a  24% reduction  in  direct  operating cost fo r  a 100  n.mi. t r ip  with 
fue l  a t  26C/liter  ($l/gal). The advanced technology  configuration  has the engine 
mounted on pylons a t  the back of the  fuselage. Because a major design  goal is 
to provide a low cabin  interior  noise  level equal  to what the  passenger is 
used to in   large jet transports, t h e   a f t  loca t ion  avoids the large  fuselage 
acoustic treatment  penalties  that are required  for a configuration  with wing 
mounted engines. %e a f t  fuselage  location also reduces  engine-out lateral 
control requirements, provides much of the desired  longitudinal static s t ab i l i t y ,  
improves the wing efficiency by removing the  engine  nacelle from the wing,  and 
places  the  propeller and engine  in  an improved position to be idled  safely and 
avoid damage from a i rc raf t   se rv ic ing   equipent  a t  the  terminal. 

ADVANCEDTECHNOLOGY 
SMALL  TRANSPORT  AIRCRAFT DESIGN 

GENERAL  DYNAMICS - CONVAIR 

RELATIVE TO CURRENT TECHNOLOGY BASELINE AT 100 nmi.  
FUEL SAVINGS 31% 

DIRECT OPERATING COST SAVINGS AT Sllgollon 24% 

Figure 10 
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In  the  Lockh&+California  study a major emphasis was placed on reducing 
airframe  manufacturing costs. Alternative  fuselage and  wing structural  concepts 
were investigated  using  both  aluminm and composite materials compared to the 
skin-stringer  alumina s t r u c t u r e  of  the  baseline  design. Lockheed's orthogrid 
or isogrid composite s t ruc tura l  concept utilizing  laminated bars b u i l t  up of 
alternating  layers of syntactic resin and higkstrength  f ibers  appears  very 
at t ract ive.  Prepreqged graphite and syntact ic   res in  tape can be obtained  in 
combined form.so that both  layers  can be mund together on  automatic machines. 
This  manufacturing  technology  gives  the  structural  designer  considerable 
f l e x i b i l i t y   i n  choosing grid s i z e  and pattern to meet specific  load  distribution 
and fail-safe  requirements.  Since the resul t ing  s t i f fened  skin is very  stable, 
much of  the subs t ruc ture  normally  required fo r   s t i f fnes s  is minimized.. This 
saves  both  parts and labor. For a 30 passenger  design t h i s  concept resulted 
i n  a 25% s t r u c t u r a l  cost savings  relative to conventional  alminum  skin-stringer 
design practice. One of  the most prmising advanced technology  designs  resulting 
from this  study  (Figure 11) incorporates  an improved high-lif t ,  low drag 
wing design, collrposite structures,   active  controls and propulsion  system 
improvements. This design also has a f t  mounted engines-for the same reasons 
as the Convair 30 passenger  aircraft  design. 7he Lockheed advanced technology 
30 passenger aircraft  design  uses 26% less fuel  on a 100  n.mi. t r i p  and has a 
16% reduction  in Doc over  their   current technology  baseline. 

ADVANCED  TECHNOLOGY  SMALL  TRANSPORT 
AIRCRAFT  DESIGN 

LOCKHEED - CALIFORNIA COMPANY 

30 PASSENGER 
CRUISE SPEED = 0.6 MACH 

RELATIVE TO CURRENT TECHNOLOGY  BASELINE AT 100 nmi.  

FUEL SAVINGS 26% 
DIRECT OPERATING COST SAVINGS 16% 

Figure 11 
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General. Electric, Garrett AiResearch, and Detroit Diesel Allison are 
investigating advanced engine  technologies for engines  in  the 1000 to 5000 
horsepower class fo r  NA5A's Lewis Fesearch  Center.  Since these studies   s tar ted 
well a f t e r  the airframe  studies, NASA u t i l i zed   t he i r  in-house aircraf t   synthesis  
capability  with  airframe  manufacture  inputs to design  optimized  baseline 
a i r c ra f t .  mese a i r c r a f t  were optimized around current  technology  engine 
cycles  furnished by the  engine companies and scaled to meet c m n  a i r c r a f t  
design  requirements.  Figure 12  presents  an example fo r  cruise speed select ion 
fo r   t he  three different  engine  cycles  representing  different types of canpressors 
and a ranqe  of  turbine  inlet  temperature (TIT). Each contractor is now investi- 
gating  engine  cycle  characteristics and canpnent  technologies  that  can  increase 
engine life, improve fuel  efficiency, and lmr maintenance cost for t h i s  
class of  engine. %me of the advanced technologies  being  investigated for 
larger enqines as part of NASA's ACEE program may be uti l ized.  These studies  
w i l l  be ccxnpleted in  the  next couple of months. 

ENGINE  INFLUENCE  ON CRUISE MACH 
NUMBER  SELECTION 
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Potent ia l  improvements i n  small t ranspor t   a i rc raf t  propellers are being 
studied by United  Technolqies--Hanilton  Standard  Division and Cessna's McCauley 
Accessory  Division. To compliment these  studies,  NASA has performed various 
trade-off  studies to investigate  the  influence  of  noise  goals,   f ield  length 
requirements and cruise speed capability on propeller selection.  Figure 13 
shms  the   in f luence   o f   nmhr   o f   b lades  on some selected performance criteria 
and acoustical treatment  weight  requirements for 30 and  50 passenger  configur- 
ations. The magnitude o f   e i g h t  to meet the  85 dB overal l  sound pressure 
level   goal  is a b u t  the  same f o r  both  sizes. However, it represents 3-5.5% of 
the  30 passenger  gross weight compared t o  2 - 4% of   the 50 passenger  gross  weight. 
The power is determined by the 1219 rreter (4000 ft.) field length require- 
ment €or 3 an? 4 blades, and the  250 knot  indicated  cruise airspeed for   the  6 
blade case. The 5 blade case is an  equal match. I n  terms of minimum direct 
operating cost, t he  30 passenger  design shows a de f in i t e  optimum with 5 blades 
while  the 50 passenger is about  the same fo r  4 ,  5, or 6 blades. 
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In  addition to the broad technoloqy s tudies   for  small t ransport   a i rcraf t ,  
NASA is also considering needs tha t  may be met by results fram on-going  research 
effor ts .  Aerodynamic .research on na tu ra l  laminar  flow a i r f o i l s  and low-speed 
l i f t  to drag improvements are examples. Figure 1 4  shows one of W A - A m e s  mst 
promising advanced natural  laminar  flow  airfoils compared to the  older NACA 
65A laminar  flaw a i r f o i l ,  along  with  analyticaily  predicted  pressure  distribu- 
t ions and drag. The advanced airfoil   design  has a blunter nose, and its maximum 
thickness occurs  fa r ther   a f t   than   for   the  NACA 65A a i r fo i l .  ?he pressure 
dis t r ibut ion is shown f o r  a Mach n h r  of 0.65 and a l i f t   c o e f f i c i e n t  of 
0.588, which corresponds to the  design  point  for  the advanced a i r f o i l .  The 
drag comparison was determined from a viscous-flow  computational cocle tha t  
accounted for  boundary-layer  growth. Transition was ass& to occur a t  the 
p i n t  where the  upper-surface  pressure  gradient became unfavorable on the 
respective  airfoils.  The reduction  in  drag is about 28%. &cent boundary 
layer   s tabi l i ty   analysis  by Lockheed-Ceorgia has  indicated a stable boundary 
layer to  59% chord on the  uppr   surface and 41% chord on the lower surface a t  
t h e  design Mach  number and l i f t   coe f f i c i en t .  

NATURAL  LAMINAR FLOW  AIRFOIL  DESIGN 

ADVANCED  AIRFOIL "- NACA  65A  AIRFOIL 
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In   o rder  to validate  the  natural  laminar  flow  airfoil  design  concept, 
u t i l i z ing  practical manufacturing  techniques, a large-scale,  1.27 meter (50 
inch)  chord,  tm-dimensional airfoil test is planned i n   t h e  Ames 12-foot pres- 
sure wind tunnel. By using  the bonded  aluminum  honeycomb structural  concept, 
an airfoil can be construct&  with a practical manufacturing  technique t h a t  
w i l l  maintain its shape and have a smooth rivet-free  surface.  Figure  15  shms 
an example of such a section b u i l t  by t h e   W i n g  Commercial Airplane Co. ( B f -  
erence 5 ) .  In  connection  with  this  airfoil   research, a report (Reference 6) 
summarizing experience  with  natural  laminar  flow and the  potent ia l  for r e s i l i e n t  
leaclinq  edges to reduce  insect  contamination was published i n  May 1979. 
Other  concepts to protect the  leading  edge from contamination so that  laminar 
flaw  can be maintained w i l l  also be evaluated. Sane of these concepts  have 
k e n  investiqated  in NASA's  ACEE program as part of   the  laminar flow  control 
research. 

SAMPLE BONDED  ALUMINUM HONEYCOMB  CONSTRUCTION 

Fiqure  15 
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To establish  an  aerdynamic  data'  base  representative  of  current  technolgy, 
unpwerd and p e r 4  small  transport  aircraft  wind  tunnel  tests  of a 15%-scale 
model of the  Swearingen  Metro  transport  are  being  conducted  by  NASA-Ames  under 
a cooperative  research  agreement  with  Swearingen  Aviation  Corporation.  The 
first  series  of  unpowered  tests  were  completed  in  the  Anes  12-foot  pressure 
wind  tunnel  in  June  of  1980.  These  tests  consisted  of  aircraft  component 
drag  build-up;  low,  mid,  and  high  nacelle  locations  on  the  wing:  modified  wing 
leading  edges;  and  an  alternate  flap  design. A limited  amount  of  wing  flow 
visualization  and  pressure  distributions  (using  pressure  belts)  was  obtained 
with  the  engine  nacelles  on  and  off  the  winq.  Figure  16  illustrates  the  air- 
craft  drag  build-up  configurations  and  their  contributions  to  total  model 
drag.  The  body  and  wing  have  almost  equal  drag  contributions,  about  120  counts. 
The  tail  assembly  added 48 counts  and  the  nacelle  contribution w a s  mainly  at 
the  higher  lift  coefficients.  When  the  landing  gear was extended  with  the 
gear  doors  open,  this  added  548  counts  of  drag  for  the  flaps  up  configuration. 

DRAG BUILDUP 

Figure  16 
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During the   t es t ing   o f   the  basic Swearingen Metro configuration alternate 
engine  nacelle  locations were investigated  for  general  research  interest. 
Figure  17 shows the  influence of the  nacelle  location on the maximm l i f t  
coeff ic ient  of the model. All nacelles had the same general shape except  for 
t h e   a f t   f a i r i n q .  The low nacelle showed the least deqradation i n  maximum l i f t  
compared to the  c lean wing.  However, for  a low wing configuration,  the mid- 
nacelle  location  offers a more practical compromise for  other  design  consider- 
a t  ions. 

NACELLE  LOCATION 
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The STAT technology  elements are along  disciplines similar to the large 
aircraft  technologies of the  ACEE program. The short   stage  length and lawer 
altitude operations, hmever, r e s u l t  i n  different design considerations. DI 
aerodynamics, c l inh  performance is as  important as cruise  perfomlance. nrh- 
prop ins ta l la t ion  aerodynamics and propeller efficiency are major propulsion 
system  considerations. The small  size  of  enqine components r e su l t s   i n   d i f f e ren t  
engine  desiqn  limitations.  In  structure, minimum gage  requirements mean differ-  
en t   t radeoffs   in  camposite ut i l izat ion.   Mtive  control   system and icing 
protection  can enhance r ide   qua l i ty  and sa fe ty   i n   t he  l o w  alt i tude  operating 
environment.  Unconventional configurations such as aftmounted  turboprops, 
l i f t i n g  ta i ls ,  or canards may offer   s ignif icant   benefi ts .  

*cent s tudies  have indicated advanced technology  can of fe r   a i rc raf t   wi th  
passenger space and comfort l eve ls  comparable to the larger  jet transports 
with  significant improvements i n  econanics. Estimates in  direct   operatinq 
cost savings ranged from 16 to 24 percent  with i n i t i a l   a i r c p f t  costs reduced 
from 5 to 18%. Fuel  savings  range from 26 to 40 percent. 

IMPORTANT  TECHNOLOGY ELEMENTS 

AERODYNAMICS  PROPULSION  STRUCTURES SYSTEMS 

LOW DRAG  AIRFOILS PROPELLERS COMPOSITES ACTIVE  CONTROLS 

HIGH-LIFT  DEVICES  ENGINE COMPONENTS  BONDING  ICING  PROTECTION 

ENGlNElAlRFRAME  CONFIGURATION  CONFIGURATION 
INTEGRATION 

TECHNOLOGY BENEFITS 

PASSENGER ACCEPTANCE  ECONOMICS 

RIDE  QUALITY DOC  SAVINGS  16-24 percent 

NOISE  REDUCED INITIAL 

PRESSURIZATION 
COST 5-18 percent 

CABIN SIZE FUEL  SAVINGS  26-40 percent 
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Figure  18 
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