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For all prnctical purposes, the production 50,000 a year by the year 2000, and estab-
of small general aviation airplanes in the lish general aviation as an important ad·· 
U.S. has come to an end. Fewer than a junct to comm<:rcial air transport. 
thousand small four-seaters were pro- Since general aviation has minimal 
duced in 1986, and manufacturers that impact on the domestic economy, its slide 
formerly could be considered the big three has been allowed to proceed unchecked. 
have almost abandoned the business. Pro- Although general aviation is said to be a 
duction of all genernl aviation airplanes is $15-billion business, only $150 million of 
about 1,500 a year, less than 100/o of what that: can be attributed to the sak of small 
it was a decacfo ago. Although there are airplaneli, Ultirnately, however, its dedine 
many reasons for the erosion of this affects commercial air travel. As the in-
industry, ou.\moded ~~IIIIM/ll.,.. .... .,111 'I ·•~-•-••- come of fixed-base 
technology 1\ the operators shrinks, 
most lmporta1fr. Al-- small airports neat' 
though some high- A truly advanc(.:,d aircraft major urban areas 
end general aviation ld 1 1 are being driven out cou ... recap :ure sc'l. .. es 
ain:raft such as the of business, increas--
Bcach Starship and lost to foreign ing the alrnady heavy 
Piaggio Avanti in- manufacturers and win congestion at most 
corporate ndvanced majo1· airports. Gen.-
technologies, most bt.'lck our former large eral aviation has 
sinaH aircraft were long been a s1Jawn-share of the e::1xport market designed in the late ing ground for air~ 
'40s using technolo• plane pilots, but it 
gies established a .____.,., _ _,,..._ has not been produc•• 
decade earlier. Indeed, the average age of ing enough well-qualified pilots to meet 
U.S. small airplanes is 20 years. Prices the demand. Consequently, the right seats 
hav<! risen, not only because of decreasing of many comme.ccial aircraft cockpits are 
volume, but because liability costs here occupied by relatively low-time pilots. 
skyrocketed and production techniques Most of the reasons for the decline .in 
arc outmoded. Revival demands reinven- production of small airplai1es boil down 
Lion of the small general aviation aircraft to cost and are selMeeding. Certification 
to shapfj it into what might be called the costs have risen, as have production costs, 
Modern Equipment General Aviation and both increase for each aircraft as sales 
(MEGA) airplane. Such radical rethinking decline. Manufacturers' liability in-
could cut pric,!S to where ordinary persons surance or "self-insurance" bas become a 
could afford them, boost production to significant percentage of the total cost of 
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each nt;iw airplane. The high costs are not 
entirely unjustified, sincG the accident rate 
ftlr scmu·ul uvintion nircrnfl still is 
substnntial!y higher l.)um for other forms 
of transportation. If acc::iclent rates could 

· be reduced to tlia~ for automobiles, by 
• such means as simpler flying qualities and 

tighter but less onerous air traffk control, 
liability costs per airplane would shrink 
drastically, and the sale of new airpla1i.es 
w011lcl be encouraged. 

As a result of escalating costs, in 
most cases flying a general aviation ah'~ 
plane is morn expensive than traveling by 
other mei,ms. Aside from cost, general 
a,viation ha1.; special advantages for rapid 
poinHo~point tl'avel for small groups of 
people. It cuts straight across and comple­
m<mts the hub-to-hub and hub-spoke 
services of the airlines. Giyen area naviga­
tion and sufficient satellite airports, gen~ 
ernl aviation airpianes coul.d be rm1te,,i. 
through t1nderused airspace, a.voic,ling 
areas of congestion both in the air and on 
the ground. By diverting significant num­
bers of travelers from the public carrfors, 
general aviation could reduce congestion 
in t11e terminal area. 

For ntiw American-made airplanes to 
attract buyers, they must offer greater 
benefits T.lum nst:d or foreign-made air­
planes. A truly advanced aircraft could 
enlarge the domestic market, rccaplurn 
sales lost io foreign manufacturers, and 
win back our fofmer large share of the ex¥ 
port market. Manufacturing small air­
planes could be a multi-billion--dollar bus .. 

iness. But if the industry is not rebuilt, it 
will probably fall to overseas competition, 

At lhiil low point in the industry's 
fortunes, the aero1iautical engineerl11g 
profossion has an opportunity, if not 1m 

irnperat.ive1 to reinvent the general nvia­
tion airplane to satisfy the needs of poten­
tial users while accounting for the realities 
of the National Airspace System and en-­
cpuragins; manufacture.rs to btlild such 
airplanes, 

An exciting an.ay of new technolo• 
gies for tht! most part has not been applied 
to small airplanes. The microprocessor 
lms revolutionized products as mundane 
as the steam iron, but has done little for 
general aviation aircraft. Most of today's 
general aviation airplanes are essentially 
cpstmn-made by labor•intensive methods 
untouched by modern manufacturing 
techniques. The new methods are ap­
plicable to moderate volume because th\:lY 
t!mphasiz,~ flexibility--using compnters, 
communication networks, and robotic de­
vices, including numerically controHed 
machines•-•to perform a wide variety of 
functions from preliminary design to lay .. 
ing on the paint. 

New materials promise weight sav-, 
ings and drag reduction. Drnmatic break­
throughs in subsonic aerodynamics made 
in recent year~ may soon be followed by 
others. Great strides made in automobile 
engi.nes, such as electronic ignition and 
stratified charge, could be iipplied to re­
ciprocating engines for small airplanes, 
arnf contemporary research on propellers 

Devore Sunbird im:orporaw, 
aclvancc:d technology in a new 
g,~n,\rnl aviation aircrnft, as 
the author ad vocatcs. Herc a 
model undcrgpes testing in 
NASA .. Langley J2 .. foot 
wind tunnel. 
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and rotary and turbocharged diesel en­
gines promise monl efficient propulsion. 

The principal objective in reinventing 
the general aviation airplane should be to 
fashion alternate transportation attractive 
to a large number of air travelers in the 
same way automobiles are a desirable al­
ternative to the train and bus. To satisfy 
this objective, the MEGA-Plane must be 

• designed for production, for safoty, and 
for cost. 

A typical four-place MEGA-Plane 
might have as its most obvious new .foa­
ture a controHab1e c,rnard surface in adcli­
rion to a conventional horizontal tail. 
More subtle visual characteristics would 
include a split rudder, a T tail, small wing 
area, swept wing tips, large window area, 
fix.eel gear, and a sizable storage compart­
ment. !ntcrnally, however, the MEGA-
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The author's concept for n 
typicaJ frrnr-place MEGA· 
Plam: features design improve .. 
mcnts that might revive a flag­
ging general aviation indumy. 

Plane would be V(}ry different from to­
day's general aviation airplane. 

MEGA-Plane should be as simple as 
possible, containing few clever-but-fail­
ure-prone gadgets. For example, it may be 
preferable to forego the extra aero­
dynamic efficiency of an intricate flap de­
ployment mechanism in favor of a simply 
hinged tlap. The latter device is easy to 
hqild and certify, unlikely to fail but easy 
to fix, and can back up the ailerons for 
roll control. Electronic systems should 
consist of as few easily changed line-

replaceable units as possible. Redundancy 
should be added where single-string relia­
bility is inadequate, particularly in the 
e,lectronics and systems having to do with 
control of the aircraft. Failures should be 
forgiving, allowing time for human dc­
dsion making. Flying qualities ancl dis­
plays must be good enough to allow a 
relatively inexperienced or out-of .. prm:tice 
pilot to maintain safe control in u wide 
range of weather and traffic. 

The principal control features uf 1lic 
MEGA-Plane would be its three-,suri,H'(~ 
longitudinal conlrnl, control rtdundam:y, 
and simple flaps. Threc.-:mrfacc control 
would allow the center of gravity to travel 
farther, permit trimming in pitch for 
minimum cruise drag, give two means of 
pitch control, and, because the canmd 
rotates the aircraft at tnkeoff by po~iliv1; 
lift, reduce wing area. From its position 
immediately behind the propeller, r.ht~ 
canard would deflect the slipstream, pro­
ducing strong forces and moments that 
could reduce takeoff distance, smooth r.he 
rough ride caused by gusts, and prevm11 or 
help recover from stalls and spins, 

Each eontrol surface would be sin1ply 
hinged and independent. Hence, lO sur­
faces could be used in numerous wmbina­
tions to produce three forces an cl I Ii ree 
moments for control. Ailerons could acl 
like flaps, and flaps like ailerons, in Lhe 
event of failure. Cockpit controls could 
be similar to current devices or t:0llld be 
side-arm coutrollers, In either case, the 
pilot's inputs would be processed by cen­
tral computers that would take into aG­
count flight conditions, desired flying 
qualities, drng minimization, and failed 
actuatorn, if any, before sending com .. 
mandr, to the control surfac,,s. • 

Reconfigurable control surfac,~s 
would require uninterrupted electrical 
power. To ensure an electrical supply, the 
aircraft would carry an auxiliary power 
unit and large-capacity batteries. The aux­
iliary power unit would also feed anti­
icing heaters for the primary aerodyna1nic 
surfact,:s. 

In fact, after one or two random fail­
ures, changes in flying qualities would be 
barely discernible. Electric actuation 
would be possible because hinge moments 
for this small an airplane need not be 
large. Cost and reliability benefits would 
accrue from using iclentical actuators on 
all control surfaces. 

Though a pilot should have greal dif­
ficulty in putting such an ain:rnn into a 
spin, if he manages to do so, he would dis-• 
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cover that it responds readily to tradi­
tional methods of recovery owing, in part, 
to the unslrndowed vertical tail and the 
full-length rudder. 

Recent flight research has shown that 
encouraging natural laminar flow over the 
airplane can significantly reduce drag. 
Similarly, long-held notions of planform 
effects arc being questioned. Swt:pt tips 
and even more dramatic treatments, such 
as sheared tips, crescent planfonns, and 
serrated trailing t!dges, may further 
reduce subsonic drag. 

lvlEGA-Plane must be sped l:'icnlly 
designed for easy certification and to fit 
into the air traffic control system, or none 
of the suggested improvements can be re•• 
alized. If a production rate of 50,000 
small planes a year were reached by the 
yenr 2000, by 2015, MEGA·Planes would 
attain an equilibrium population of a mil .. 
l,ion. Though there is a lot of t11111st~d air• 

t srJace that could be oc:cupied without in­
fringing on airline operations, a million 
~mall aircraft could not take to the air 
w.i~hout positive assurnnces that they 
would not interfern with each other. Oi1r 
biggest problems and most tragic acci­
dents have resulted from mixing con­
trolled and uncontrolled traffic:. One solu­
tion is to put all under control. Thus, in 
areas such as the Northeast, no one would 
be allowed to fly uncontrolled. 

But control need not be burd,~nsonH~. 
As soon as the pilot turned the ignition 
key, the plane would automatkally report 
in, give its destinat:ion, and receive direc­
tions. The area navigation system would 
automatically incorporate instructions 
into its pla1mh1g and woulr,l inform the 
pilot of what he needed to know when he 
needed to know it. An area navigation 
system would be Rs important as wings 
• and engine to this airphme. As the plane 
flew along, it wot1ld ,;ontinue reporting in 
automatically. W ()a ring this electronic bit 
and reins, MEGA .. Plane could be given 
preferential departure, muting, and ar• 
rival assignments without deg\·acting 
snfcty or disrupting airlint! schedules. 

Fail-safe area navigation would be 
integrated with the flight control system. 
Both systems would nse so]id .. state mo .. 
tion sensors ancl external navigation aids 
like Loran. The integrated navigation, 
guidance, and control system would have 
artificial .intelligence as weU as collision 
avoidance and wind shear and wake­
vortex warning anr.l avoidance features. 
Electronic cockpit instrumen1s would he 
hackec.1 up by a few air driven essentials. 

MEGA:•Plane's structure should be 
d<!signed for inexpensive, automated fob .. 
ricat:ion and assembly. Off-the .. shclf com .. 
ponents that can be ordered out of a cata .. 
log should be used where possible, and 
maj()r t1lements should be designed to 
minimize labor-intensive fabrication. 
Basic. construction would still be an alu­
minum frame partly covered by alumi­
n mn skin. At least those portions of the 
skin designed to attain laminar flow 
would have to be smooth composite, 
Many components would be common to 
most models of most manufacturers and 
be made by one or a few suppliers to hol.d 
down cost. Propulsion might come from a 
turbocharged rotary or diesel engine that 
could ttse widely available fuels, such as 
auto gasoline or Jet A. 

All of this sounds rather expensive, 
and if pursued using current methods and 
costing, it would be, liowcver, designing 
for new technologies, new manuf actnring 
techniqw:s, and large produ(;tion runs 
should ke1:p costs low. Reinventing the 
small general aviation airplane is a sys­
tems problem, involving airplane design, 
human factors, and air traffic control. 
We havti dealt with the first:. The otlwr 
two will rn~ed attentkm alsp, and soon 
even coping with hardware design may 
become difficult, Although important 
research continur:s in applicable technol­
ogy areas suGl'1 as stall and spin dynamics 
and aerodynamic flow control, neither the 
FAA nor NASA supports substantial re .. 
search and development specifically di•• 
meted at general aviation. lf general avia­
tion declines into a pursuit for hobbyists 
and the well-to-do, remedying that: situa­
tion will lrncomc increasingly difficult. 
But if government, academic, and indus .. 
trial researchers start now, they can re•• 
shape air transportation and stimulate the 
economy. • lfd 

This Beech Model 81 single .. 
engine, all-composite uircrnfr 
is designed to increase aircrnf't 
performance and efficiency. 
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