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PREFACE 

Aeronautics is changing in many significant respects. The 
implications of this are so fa r-reaching as to ca l l  into question the 
futu re position of the United States in wo r ld aviation. 

The magnitude of this question, with its possib le consequences f o r  
the nation's economy and security, l ed the National Aeronautics and 
Space Administration (NASA) to seek an independent eva luation f rom the 
Aeronautics and Space Engineering Boa rd (ASEB) of the Nationel Resea rch 
Council's Assemb ly of Enginee ring. Specifically, the AS EB was a sked 
to assess the natu re and implications of the cur rent state of U.S. 
aviation in a wo r l d  setting and their significance fo r NASA's role in 
the nation's aeronautical future. 

The ASEB responded by convening a wo rkshop Ju ly 27 through 
August 2, 1980, at the National Academy of Sciences' Woods Ho le Study 
Center . The wo rkshop t-.1as structurect into four panels covering mili­
ta ry aviation, transpo rt aircraft, general aviatio n, and rotorcraft. 
In addition, an overview panel was formed to consider NASA's r o le in 
resea rch as wel l  as its rel ationships with othe r e l ements of the 
aeronautics community. 

The centra l task of the wo rkshop was to examine the relationship 
of NASA's aeronautica l research capabilities to the state of U.S. avia­
tion and to make recommendations about NAS A's futu re ro les in 
aeronautics . 

NASA and its predecesso r, the National Adviso ry Committee for Aero­
nautics (NACA), traditional ly have maintained a cooperative 
re lationship with the ae ronautical industry, with other g overnment 
agencies concerned with aircraft operations and regulations, and with 
the academic community engaged in aerospace research. This 
t riumvirate was taken into account in planning the wo rkshop and 
selecting the participants. Thus, representatives from each part of 
the aeronautical community were invited, and information on NASA's 
relationship with each was the subject of special presentations prior 
to the working sessions. Representation from industry was predominant 
because industry's re lationship t-lith NASA is considered to be a key 
el ement in examining the present and futu re ro les of NASA. 

The members of the wo rkshop pane l s  rep resented, in tota l expertise 
and experience, all of the impo rtant secto rs of aeronautics; milita ry 
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aircraft and missil es; commercial air transports; general aviation; 
rotorcraft; university and private research; airline operations; and 
government regulatory agencies . In addition, the part icipants a l so 
inc luded repre sentatives of other industries--notably, automotive, 
electronics, and steel. Inc luding the speakers and other nonpanel 
members, close to 80 individuals participated . 

ihe participants were asked to address the issue of NASA's ro l e  in 
the context o f  a wider discussion concerning: the status and d imen­
sions of U.S . aeronautics; the key aeronautical problems and opportuni­
ties that are likely to he amenahle to research and techno l ogy �eve lop­
ment; the historical evo lution and accomplishments of NASA in aeronaut­
ical research and technoJogy deve lopment; and possible alternatives to 
NASA. Each of these subjects is discussed tho roughly in separate 
panel repo rts. 

The report of the workshop consists of seven vo lumes: 

I Summary 

II Report of the Pane l on Mi litary Aviation 

II I Report of the Panel on Transpo rt Aircraft 

IV Report of the Pane l on General Aviation 

v Report of the Pane l on Rotorcraft 

V I  Report of the Overview Panel on Aeronautical Research 

V II Background Papers--The Outlook for Aeronautics and Re levant 
Areas 

In o rder to he lp focus the discussion, NASA officials deve loped and 
p rovided a concise set of definitions of eig ht possib le ro les for NASA: 
National Facilities and Expertise; Research; Generic Techno logy Evo lu­
tion; Vehicle Cl ass Technol ogy Evo lution; Techno logy Demonstration; 
Technol ogy Validation; Prototype Development; and, Operations Feasi­
bi lity. Because some of these ro l es differ, depending on the ae ronau­
tical discip line involved, the ro les are assessed within six principal 
ae ronautical discip l ines: aerodynamics, structures and materials, pro­

pulsion, electronics and avionics, vehic le operations, and human 
engineering. Definitions of these ro les and disciplines are contained 
in Section IV of Volume I. ihe matching of the roles and disciplines 
is t reated in Volumes I I -V I  and summarized in Section I I  of Vol ume I. 

ihe wo rkshop participants were extensively briefed by officials 
from NASA, the Department of Defense (DOD), and the Fede ral Aviation 
Administration (FAA), by leaders from the aviation manufactu ring and 
operating industries, and by a member of Congress. 

Each panel separatel y  considered the nat� onal benefits produced 
within the dimensions of its secto r and the relative state of the 
sector's wo rld position; each considered the evo lution of NASA's ro le, 
as wel l  as a rationa le for NASA's aeronautical suppo rt of f.ts secto r; 
and, fina l l y, each pane l produced sector -oriented conc lusions and 
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recommendatio ns for NASA's ro les for the futu re. A1though there are 
obvious ove rlaps, the similarities and diffe rences in each of the 
pane l s' findings are p reserved in the separate reports of the secto r­
o riented panels, Vo l umes 11-V. 

This doctDDent, Vo lume VI I, contains the Backg round Papers that 
were p resented to a plenary session of the wo rksh op on the fi rst and 
second days. 

Each paper is the �wrk of an individua l who accepts ful l  responsi­
bility for its contents. Each speaker was invited to delive r  his 
paper because of his recognized competence in the subject. None of 
the pape rs published in this volume has been critical l y reviewed in 
accordance with the procedures approved by a Repo rt Review Committee 
of the Natio nal Research Counci l, which operates on beha lf of the 
National Academy of Sciences, the National Academy of Engineering, and 
the Institute of Medicine. 

The Aeronautics and Space Engineering Board is g ratefu l to the 
speakers, a l l  of whom gave so wil ling ly a nd generous l y  of their time 
and expertise to bring to the workshop participants a wealth of 
knowledge and insight on issues like ly to affect on the futu re cou rse 
of ae ronautics in the United States. 
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BACKGROUND AND QUESTIONS ON NASA'S ROLE I N  AERONAUTICS 

D r. Robert A. Fros ch 
Admini strator 

Nationa l Aeronautics and Space Admini str ation 

Art Buchwald enunciated what is known a round Wa shington as 
B uchwald's theorem when he said that the way to succeed in Wa shington 
is to fai l. Having obs erved the Washington scene for a while, he 
co ncluded that it wa s precisely tho se portions of the government that 
failed in s o lving problems that received the g reatest attention. 
Therefo re, tho se problems mu st be terrib ly important and they mu st 
have more money in next yea r' s budget to try again to solve those 
problems. I suppo se my coro l l a ry to Buchwald's theorem is that the 
way to fail in \la s hing ton is to s ucceed. In some sense, that is an 
intr oducto ry statement to thi s workshop. 

F o r  over 60 year s  we have had a resea rch and development operation 
within the U.S. government that ha s maintained a close working 
rel ationship with p rivate indu stry. We have s ucceeded joint ly in the 
sense that, over a period of time, the u.s. ae ronautical community 
founded, con structed, and came into domination of a world ae ronautical 
industry. That, I think, is strong evidence of succes s. In some 
sense, that very succe s s  ha s led, in the pa st several yea r s ,  to a 
questioning of the basis a nd procedu re upon which that succes s wa s 
ba sed. We have gone through a period in which the very nature of the 
NASA prog r am in aeronautics, the rel ationship with indu stry, a nd the 
fact that there was a funded p rog ram have been questioned both during 
the budget proce s s  and a number of policy formulation proce s ses. We 
a re co ntinua l ly being asked in very blunt terms, "Why does the u.s. 
government do resea rch and development that subsidizes a wea lthy 
industry?" I am putting it in its sharpest and strongest terms. This 
is a question we a re asked frequentl y. 

I wou ld say that the Cong res s i s  a bit schizophrenic on this 
point. S ome subcommittee s and committees and members a re strong ly in 
favor of even more aeronautica l re sea rch and development. Some take 
the view that I have just described. 

So, we are precipitated by the out side-of-NASA climate into 
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examini ng t h i s  who le que s t ion o f  what the pol ic y  o f  NASA,  i ndus try ,  
and t he academic wo rld ought t o  be i n  regard t o  e ach o ther i n  t he 
future . Of c ourse , i t  i s  not who lly a bad thing t o  go back and 
re exami ne the basts  upon which we are working and the polic i e s  and the 
boundary l i ne s  between various kind s  of wo rk . 

The spec i f ic c harter  f o r  what we are doing i s  a leg i s l a t i ve 
chart e r . I t  i s  t he Space Ac t of  1958, whi ch , l i ke mo s t  o rgan i c  ac t s , 
i s  spec i f ic but vague . In order t o  dec i d e  what you have t o  do , you 
mus t  do a good deal  of i nterpret ing . It  i s  clear tha t NASA i s  charged 
wi th  d oi ng re search and �eve lopment to ensure u.s. leadershi p in spac e  
and ae ronaut i c s . Howeve r ,  s ince nobody knows p rects a ly what 
leadershi p i n  e i t he r  o f  these subj ec t s  means , i t  g ive s us  a good p iece 
o f  rhetoric  but doesn ' t carry us ve ry much farthe r .  I t  is c lear  that 
we p r i nc i pa l l y  have a civi l re spons i b i l i t y ,  but we a l so have a 
res pons i bi l i ty f o r  wo rking with and suppo rt i ng ,  as  we l l  as  be i ng 
supported by , t he m i l i tary s i de o f  the ae ro nau t i c s  a nd space  bus i ne s s . 

Beyond tha t , t he re i s  relat i ve ly l i t t le guidance othe r  than that 
it is a re search and deve lopment charte r .  

Al l part ies  seem c lear on  the fac t  tha t we should no t be i n  the 
bus i ne s s  o f  d e s igning or bui ld ing commercial  aircra f t  o r  bu ilding 
prototype s . Al l pa rt i e s  seem c lear  t hat  we should be in  the busi ne s s  
of  ba ste re search i n  aeronaut ics . Ne arly  everything e lse i s  i n  some 
sense i n  content i on .  So , one way to put a c la s s  of que s tons t o  thi s  
g roup i s  t o  say , "Where are the boundary l i ne s , or  i n  what areas  
between pure ae ronautical  re search and  the actual cons t ruc t ion o f  
prototypes o r  f inal f ly ing machine s  should the NASA program re side ? 
How should i t  span that set  of  pos s i ble a rea s ?  What i s  the 
re lat ionship o f  the government-owned f ac i l i t ie s  to  the academic  
fac i l i t i e s ? How sha l l  tho se re l a t i onshi ps  be  preserved ? What ts  it  
that  NASA should be  t rying to do  a s  i t s  spec i f ic ro le in the who le 
busine s s  of  c ivi l ae ro naut ic s and in i t s  re lat i onship wi th mi l i tary 
ae ronaut ic s ? "  

Thi s  i s  no t a n  academic exe rc i se f o r  us  i n  any sense o f  the word . 
It  become s ve ry re a l  in  the course of  t he next month o r  two a s  we try 
to dec id e what the f i scal  1982 budge t for NASA in ae ronaut i c s  ought to 
be , and what activi t ie s  it should inc lud e ,  and wha t  ac t iv i t i e s  i t  
should exclud.e . I don ' t ,  by that remark , mean t o  say t ha t  t h i s  i s  a 
p rebudge t  exerci se for the 1982 budge t ,  but I do  want to  put both an 
immed iate  and a long-range po licy  re a l i sm on i t  bec ause every  year we 
have an oppo rtuni t y , i n  the course o f  deve lop ing the rat ionale  fo r the 
budget , to  dec ide  what the ra t ionale i s  f o r  f uture opera t i ons and 
future budge t s .  

Havi ng es tabl i shed a gene ra l  f ramewo rk , I would l i ke t o  say tha t  
your wi l l i ngne s s  t o  c ome and spend a week worki ng on  thi s problem i s  
our s t rongest  i nd ic a t ion that the i ndus t ry and the academic wo rld a re 
int e re s ted i n  what we jo and think the re i s  some impo rt ance  to i t . I 
want to thank you f o r  taking the t rouble and e f fort i n  coming togethe r  
t o  he lp us t ry to  ret hink what the NASA role i s  i n  ae ronaut i c s , whi ch 
i s  the gene ral cha rge  f o r  the week.  Thank you . 
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NASA'S ROLES AND CONCERNS 

Al an H. Lovelace 
Deputy Administ rato r 

National Aeronautics and S pace Administration 

I wou ld like to sha re some vieYs and pe rceptions on whe re we a re 
dome stica l ly, where we a re in the military, civil ae ronautics activity 
as viewed from NASA, whe re we a re on the inte rnationa l  scene, and 
fina l ly a few rema rks on the legislative environment a round u s. Then, 
fina l l y, at the ris k  of some repetition, pose s ome of the questions 
that a re on our minds. 

The cu r rent U.S. ae ronautica l resea rch ancl development environment 
seems to have in it a numbe r of positive and some negative facto rs, as 
viewed fn the time frame of this meeting. Surely, advances in 
computer technology have d ramatical l y sho rtened the time required for 
design and design optimization. It is such that we can now evaluate 
quickly and economica l ly l a rge number s  of design option s featuring new 
technologica l advances and pick the be st combinations, then move into 
equally efficient computerized detailed design and production 
processes. These a re clearly advances in our business, ma ny of which 
a re of relatively recent origin. This improved analytica l capability 
enaPles us to reduce the number of design va riations so that 
experimenta l  te sting can be limited to the key p rob lem a reas 
identified. New materials and fabrication processes have made it 
possib le to take advantage of ma ny attract! ve aerodynamic and 
structura l concepts that were not practica lly pos sible as recently as 
10 y�a r s  ago. 

There i s  no question in my mind that ou r U . S. indu stry stil l leads 
the wo r l d  in its ability to app l y  new technology to attractive desig n s  
and the matching of those design s t o  the ma rket needs. They are able 
to convert these designs quick ly and effic iently into top-quality, 
highly rel i able products, and to back up these sales with first-rate 
product support. Clea r l y, one a rea of management techno logy that we 
stil l, I think, lead in in the United States i s  the management of 
l a rge, complex systems. The alacrity of the u . s .  industry decision 
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proce s s  l n  3rriving at op t im i zat ions that  match the marke t 
re qui reme n t s represe nt s a subs t�nt l a l  advantage . 

There are some ne gat ive s , howe ve r , that should be po inted out . If  
... 

one loo ks at our U . S .  ae ronaut ical l nJus t ry vls-a-vls part icularly  the 
Europeans , i t  i s  fa i r  to  say that a f t e r  World  War I I  we had 
e s se nt i a l ly led i n  a l l  a rea s a ni that  t h'lt leai is  rap l i ly shrinki ng 
today . The cost  and complex i t y  of  deve lo p i ng new ae ronaut i c a l  systems 
have v i r t ua lly s ky rocket ed . The re have b�en i nc rea s2s in the s e ve r i t y  
of envi ronment a l  and safety  re qui rements  imposed upon te s igns which 
have , in  t u rn ,  led to a :H i t  to nal d eve lopme nt cos t bu rdens ani h:1ve 
created adcUt iona l  need s  for p roven techno logy . The develo pment cost  
and r i sk que s t ions that  f ace  our inius t ry ,  coup l ed with  warranty 
re qui rement s ,  que s t ions o f  produc t l iabi l i t y , and customer 
conse rvat i s m ,  make i t  e�t reme ly ilfficult , i f  no t i n  some ca s2s 
impos s i ble , to  incorpora t e  unprove n ,  new technology no mat te r  how 
a t t rac t ive the t echnical be ne f i t s  may a ppear . Th i s  has been coup le i ,  
i n  many cases , wi t h  a need for  coproduc t i on ag reement s and 
i nte rnat iona l unde r s t a niin�s i n  o r i e r  for our i�iu s t ry to c ompe t e  
e f f e c t ive ly in  f o re ign marke t s . It  ha s a l so l e d  t o  concerns regard ing 
suc.h que s t i ons :1s techno logy t r:-tn sf�r f rom the Un i t e d  St'ite s t o  many 
of our fore ign comme rc ial  c ompe t i t ors . 

Let me make a few rema rks reg:1r i lng the c iv l l-�i l i ta ry 
ae ro naut ical  re qui rement s .  I think i t  i s  certainly t rue that  t he 
m il i t a ry bu s ine s s  bo l s t e r s  mo s t  o f  o u r  -:ommerc l a l  manufac ture rs  i n  
t e rms o f  co re s t af f s , fac i l i t ie s , f inanc ial  stabi l i t y , and independent 
re search 11nd develo pme nt  suppor t  a nd cont r ibu t e s  subst ant ta l l y  to t he 
ove rall know-how that re s i d e s  in our i ndus t ri e s  a s  we l l  a s  i n  our 
unive r s i t ie s . Ba s ic t echno log i e s  and even hariwa re are sl u l l:tr i n  
many areas and appare nt ly in  many 'lreas a re nearly ident ic al .  
Ne ve rthe l e s s , t he mi l i t ary re qu i rement s a re o f ten  mo re iemani i ng a nd 
provide e f f e c t ive d r i ve rs for techno logical  advanc ement . The m i l i t ary 
a i rc r a f t  t anke r and t he ut i l i ty a i rcra f t  can  provide , in some c a s e s ,  
add i t iona l  marke t s  f o r  mod i f ied  comme rc ia l produc t s . 

I t  would seem i n  the ne ar t e rm that the buJget s  f o r  mi l i t a ry 
re search and development may see some g rowth . The que s t i on of  c ourse 
rema i ns as to  whe re those  i nve stments  wi l l  be �a de . The requ i rement s 
i n  t e rms o f  ope ra t i onal forc e s  are ve ry large and even though many of  
t he budg e t s  of the De pa rtme nt o f  De fense ( DOD) i epartrne nt s i n  
ae ronaut i c s  wi l l  grow, the re remains the que st ion o f  g rowth i n  the 
re sea rch and deve lopment po rt i ons of tho se budget s .  

On the negat ive s l ie ,  the mi l i t ary programs face the same 
obs tac les  t o  i nco rpo ra t ion of new t echnology as the -:iv l l  syst ems in  
te rms o f  cos t  and inab i l i ty to accept  the ri sk of  f inding themse lve s 
dependent on unproven aerospace or  ae ronaut ical  aivanc e s . As a 
conseque nce , they mus t  focus as  be s t  they can on the i r  mi l i tary 
re qui reme nt s  •.ri th gene ral ly near-teM and p ro ven t echno losY• Long 
lead t imes and budget p res sure s have , in  many areas , almos t  e l iminated  
expe r iment :1l a i r-:ra f t  f rom many of  the m i l i tary p rog ra�s . �hi s  
concern ha s in  the pas t  iri ven NASA and the DOD to  engage i n  
expe riment al a i rc ra f t  ievelop�ent whe re i t  w:1s re qu i red b y  the nature 
of the technolog ie s in que s t i o n .  
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The civi l aircraft requirements, even where missions a re superfi­
cia l ly s imila r to the military, are often ve ry different and require 
different techno logica l development and emphasis. For example, civil 
usage entails vast ly g reater numbers of annua l and tota l f l ight hours 
on their systems, whereas in the mi lita ry case the economy and mission 
perfo rmance a re important, but prima ry emphasis must be p l aced on the 
performance aspects and then on the economies of performance for those 
systems. Hilitary p riorities, of necessity, must fav o r  their combat 
missions and, thus, deve lopments of transport types in rec�nt yea rs 
have been extreme l y rare in the resea rch and deve lopment program s of 
the military and have not, in the recent past, presented the opportu­
nity for try-out of commercial ly app licable new techno logies. 

Let me turn to the internationa l  situation. Our allies have 
become much stronger in the past 10 yea rs and have the technica l 
know-how, the production capability, and the desire to participate as 
fu l l  pa rtners in mutua l defense, including deve lopment and p roduction 
of mi 11 tary aeronaut !cal systems. They have experienced g reat 
economic g rowth, which has not onl y  provided the ability to s upport 
their mil ita ry systems, but has also created civil transportation 
demands and co rresponding domestic commercia l ma rkets for their 
aircraft industries. 7he Eu ropeans have achieve� these g ains in p a rt 
by poo l ing resou rces a nd by t:'l.eveloping pa rtne rships in techno logy, 
deve lopment, and p roduction . 7hey have worked cooperatively with many 
American companies on major production prog rams, sha ring investments, 
strengthening access to ma rkets, and, in some instances, even 
pr oviding production economies. 

A somewhat newer and g rowing factor to be considered from the 
inte rnationa l  scene is the matter of utilizing aeronautical technology 
and development as a trading stock. Many nations are emerging today 
that want to achieve a leve l of technologica l independence, not the 
least of which is China. TI1ey a re looking not ju st to the United 
States, but to many other countries to help piggy-back thei r g rowth. 
Some countries a re catching up with the state of aeronautical resea rch 
and development in the United States. All of these facto r s  have 
tended to make them very formidab le competitors in the world market. 
In most instances strong government support is provided in va rious 
forms ranging from the support of research and development down to 
what must be concluded as being direct subsidy of their industries and 
of their research establ ishments. In some countries aeronautica l 
indust ry emp loyment is maintained simply as a nationa l  policy and the 
consequences of that, I think, are clea r to each of us. In other 
a reas, strong ties a re maintained with emerging nation s, including 
former colonies, and some of these 7hi rd World countries may in fact 
represent significant futu re ma rkets. The techno logy edge that we 
speak of is meaningful, I believe, on l y  when that technolog y is 
applied to a product. If obstacles to techno logica l application o r  
innovation in the United Sta tes are rea l and cannot b e  overcome, then 
techno logy cannot be used effective ly by the U.S. industry to offset 
nontechnica l advantages of thei r foreign competitors. 
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Le t me jus t remin1 you of  some o f  the leg i s la t ive ac t i v i t i e s  tha t  
imp i nge  upon the :ie l i berat l ons of  t h i s  g roup . The f lnal returns o n  
:le regula t ion a re not a l l  i n ,  but  i t  see'lls s o  f ar to  have s t imulated 
c ompe t i t ion , put t i ng a p remi um o n  cost  rei uc t lon and c reat i ng 
atid it iona l  :narke t s  for  new c lasses  o f  a i rc ra f t  such a s  t he c ompute r  
a i rc raf t marke t . De regu l a t i on has a l so pe rmit ted  the a l r l ine s ,  i n  
some case s , t o  abandon unp ro f i t able opera tions . 

I think i t  i s  deba table whe the r no i se regulat lons wi 11 st  lmulate 
demand for a new a i rc ra f t , but c learly they are a fac tor  t o  be 
c alculated l n t o  the overa l l  1ome s t tc s i t uat i o n .  N�w techno log i c a l  
nee d s  a s soc i a t e d  wi th de regula t i on ,  increased cost  compet it ion , and 
mee t i ng noi se rule s wi l l  add mo re cos t and rl sk to  new de ve lopment s ;  
in  f ac t , they may e l imina t e  channe ls  f o r  some o f  the resale o f  usei 
a i rc ra f t that fo rme r ly he lped i n  p rovt:ling part l a l  f i nanc i ng for new 
e quipment . 

Tax i nc ent i ve s ,  the re laxat i on of  ant i t ru s t  laws to pe r:ui t U . S .  
dome s t ic conso r t i ums , and other steps  a re be l ng d i scuss e 1  a s  pos s l ble 
measures tha t  may he lp indust ry d e f ray deve lopment c o s t s  an:i apply  new 
technology to c ounte r  f o re ign compe t i t io n .  It l s  no t ye t po s s i bl e  to 
a s se s s  t he e f f ec t ivene s s  or the f i na l  outcome of the se measure s . 

Given that there ts a role  that NASA s houl d  play , I think the re 
a re a numbe r o f  que s t i ons t ha t  are c lear ly be f o re a l l  o f  us . Should 
we be just  t he cus t od ian of a c o l lec t ion of nat iona l fac i l i t i e s ?  I am 
re f e r r i ng to t he wi nd tunne l s  a nd s imulators and so:ne of the ve ry 
expens l ve capabi l i t ie s  i n  which the United S t a t e s  chose t o  inve s t  and 
which  reside  f o r  the mos t  pa r t  unde r  the custody of NAS A .  Should we 
limi t t hat ro le t o  the conduc t and suppo rt  o f  only the ve ry bas ic 
research  ani techno logy i n  the aero-re late d  s c ienc e s  ani ,  in  e f fec t , 
s t e p  back f rom t he i nt e rface wi t h  the mo re appl ied , risk-reduc t ion 
ac t ivi t ies tha t  mus t  go on i n  the DOD . Shou ld we l imi t tha t  ac t ivi ty 
to  those  t echno log i e s  t hat  a re spec i f i c  and gene ric to  t he c ivi l 
requi rement s a s  viewed for  the ne ar future ? I f  i t  is  not an 
a r t i f ic i a l  q ue s t i on--and f o r  me in some a reas  i t  become s d i f f icult  to 
d i s t inguish bec ause of the generic  nature of  the t echnolog i e s  be tween 
mi l i tary and c t vi li an--shoul 1  we , l n  f ac t ,  l nc lude such simi l a r  baste 
technologies  as they a re of intere s t  to the DOD ? 

Shouli we inc lude the app l i e d  t e chnology prog rams ? How far  should 
a NASA p rog ra:n go towa rd r i sk reduc t ion and mee t i ng the needs o f  the 
var i ous i ndus t rie s ,  bo th ge ne ra l  aviat ion and comme rc i a l  and mi l i tary 
avi a t i on i n  the United  S ta t e s ?  Or , should we i n  fact  d raw the NASA 
wagons i n  a much t ight e r  c i rc le a round the much mo re ba s i c  and appl i ed 
prog rams that  I think have , in  many people s ' mind s ,  charac teri zed the 
NACA ae ronaut ic s program ?  Should the re be cost-shari ng wi th indus t ry 
and /o r  cost-sharing wi th o the r  departments  in the f ederal gove rnment , 
such as  t he DOD or  the FAA? In c o s t -sharing the re is  a col lateral  
que s t ion : should the re be  cost  recoupment ? Th i s  is  an i s sue that  has 
bee n  debated  a nd about which I sense the re i s  not a consensus yet 
be twee n  i ndus t ry and g overnment c i rcles  regard ing what ro le the 

' 
gove rnme nt shou ld p lay vi s -a-vi s t he indus t ry i n  risk  reduc t ton and 
recoupment of the cost  for  those investment s ?  
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Fina l l y , I . ..,ould bri ng up one o the r que s t ion ,  tha t ls , the ro le o f  
NASA in  a� ronaut ic�l re search ani deve lopment i n  the inte rnat iona l  
scene . How much and what kind s  o f  coopera t i on should �ASA e ng ag e  in  
with oth�r c ount r ies  an':! wi th o ther i ns t i t u t ions in  those  count r ie s ?  
S ince that can  be vi ewed a s  a iouble -edge:l swo rd , there are much 
larg e r  pollcy i s sues t hat a re not the p rovi nc e  ei ther of  NASA or of 
thi s conferenc e  re lat ive to  nat iona l fore ign policy . There i s , how­
e ve r ,  a set  of l ssuas that c learly f a l l s  wi thi n the purvi ew of this  
group . Given  that  the re i s  going to be a �reater and probably more 
comp lex i nte rre lat ions hip between the i ns t i tut ions in the United 
S tates  an:l those t hat exi s t  in  the other advanc ing and advanc e d  na­
t ions , what shoul d  NASA ' s  ro le be a t  that i nterfac e ?  
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THE LEGISLATIVE OUTLOOK 

Thomas R. Harkin 
Cha i rman , Subcomm i t t ee on 

Trans portat i on ,  Avi a t i on and Communicat i on 
u . s .  House o f  Rep resenta tive s  

I am sorry that  I can spend only a f ew moments here . I would l i ke 
to be he re the re s t  of the wee k ,  compa red to wha t i s  going on i n  
Washington.  I io want to  thank Guy Stever f o r  i nvi t ing m e  here 
t oday . It  i s  c e rt a i nly an honor t o  be with such a d i s t i ngui shed g roup 
of ae ronautical  leaders . 

When Guy c a l led me I sai d , "We l l , what do you think I ought t o  
talk  a bout ? "  He sai d ,  "We l l , talk about the leg i s la t ive end of 
i t --just t e l l  them what i s  on your mind . " So let  me turn t o  a f ew 
c omment s on  t he leg islative out look of  ae ronaut i c s  or how Cong re s s  
pe rceive s  NASA ' s  ro le . 

I gue ss the f i rs t point I wouU ltke t o  make here i s  that most  
membe rs of  Cong re s s  don ' t perce ive the ro le that NASA ( and be f o re 
then , NACA) p layed  in aeronaut i c s . It may surpri se you but i t  d oesn't 
surpri se  me . l.fembers  of Cong res s  a re e lected  f rom the publ i c  a t  
large . Ve ry few members of  the g eneral publ ic  understand that nature 
o f  NASA' s ro le . To mo s t  people the wo rd "NASA" me!lns only one thi ng .  
It i s  t he space agenc y  that  landed men on the moon . NASA means 
Apoll o ,  Saturn rocket s ,  and moon rocks . They are usual ly unawa re of 
NASA ' s  o ther role and i t s  long hi s to ry of invo lvement wi th aviat ion . 
They only know about the more spec tac ular achievement s i n  spac e . 

That i s  the f i rs t  point I would like t o  make--the f i rs t  " A" in  
NASA i s  a we ll-kept  sec ret f rom the general publ ic . Now , I understand 
that the re are some re pre sentat ive s  here today f rom the auto 
i ndust ry .  So , for  the i r  bene f i t  as  wel l  a s  to  further i l lus trate my 
point , I wi l l  te l l  you that explaining NASA ' s ro le i n  aeronaut i c s  has 
been a source o f  considerable f rust ra t ion f o r  :ue ove r the pas t  18 
months . 

As many o f  you know , I am very intere sted  i n  expand ing the f ederal 
e f forts  in  automo t i ve research and t echno logy deve lopment . Othe r  
�embe rs o f  the Sc ience  and Techno logy Commi t tee and I as we l l  as some 
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senato r s , f e l t  t ha t  t he NASA approach to  bri ng i ng forth  new 
ae ronaut ic a l  technology c ould serve as  a good model  f o r  t h i s  e f f o r t . 
I f ound , howeve r ,  that mo s t  people , inc lud i ng many o f  my co lleague s , 
d i d  not unders t and NASA ' s  ro le i n  aeronau t ic s .  They d i d n ' t  unde r s tand 
the partne rs hi p  nature o f  NASA ' s  relat i onship wi th indust ry . They 
d i dn ' t  rea l i ze t ha t  NASA t r i e s  hard to seek i ndus t ry advice on 
re search nee:is and priori t ie s ,  and they d idn ' t  apprec iate  t he deg ree 
to whic h  ae ronautical  re search pro j e c t s  a re cont rac ted wi th  indus t ry . 

Rathe r ,  t he t ypical  reac t ion was that bui l d i ng automobiles  was not 
like bui liing a s paceship to go t o  the moon . They we re af raid that a 
car  bui l t  by NASA would run f ine on  the moon but that i t  woul dn ' t  be 
able to take you t o  the corner g rocery store o r  t o  work and back . 

Of  cours e , a i rplane s ,  unl i ke s pacec raf t ,  aren ' t  bui l t  t h i s  way . 
But f ew people understand this d i s t inc t i on .  It  i s  ve ry d i f f icult  and 
f rus t rat i ng to  explai n it to them . 

The second point I would make c oncerns the neces s i t y  f o r  NASA t o  
be a leade r i n  t he technica l communi ty . To the i r  g re at c red i t  t h i s  
agency h a s  long employed what I beli e ve i s  the key t o  succe s s f ul 
t ransf e r  of the i r  tec hnology to use ful produc t s . Unl ike rnany other 
government agenc ie s , NASA has a ve ry good t rack record o f  what scienc e  
peop le cal l commerc ia l i z at i on . One nee� only look t o  the ski e s  to see 
the prac t ic al resu l t s  o f  ye sterday ' s  NASA-sponsored re search . 

The reason for  thi s ,  i t  seems to  me , l s  the c lo s e  cooperat ion tha t  
NASA and t he aviat i on indust ry have enjoyed . W e  s e e  t h i s  in  the 
ope ration of advisory g roups . We see it in the subs tant ial  pe rcentage 
of re search work tha t  is pe r formed on a cont rac t bas i s  by the ve ry 
c ompanie s  that must eventual ly comme rc i al i ze the resul t s . Above all , 
we see thi s c lose relat ions i p  i n  the ove ral l  a t t i tude o f  the indus t ry 
and government people invo l ved . 

As an aside , I be lieve that thi s  could wel l  serve as  a model f o r  a 
much needed change on  our who le i ndust ry-governme nt re lat i onsh i p  i n  
the Uni t ed S t a t e s . But , there i s  a hidden danger  in  al l thi s 
harmony . Thi s i s  t he one tha t  conce rns us in t he leg i s la t ive a rea . 

NASA ha s a broader  cons t i tuency than just the avi a t i on indus t ry .  
In a ve ry real way , the who le c ount ry depend s on ae ronaut ic  prog re s s : 
f o r  balance o f  t rade , f o r  imp roved t ransportat ion , f o r  s a f e t y  and 
economy , and for  nat ional securi ty . So , NASA mus t  constant ly look to  
t he future . NASA ' s  leaders  mus t  look beyond the somet ime s short-range 
i nte re s t s of the i r i ndus t ry partners . They mus t s t rike a f ine balance 
be tween re sea rch  that nobody wants and tha t  wi ll not lead anywhere on 
t he one ext reme , and research that can be ione very easi ly by i ndus t ry 
on the o t he r  extreme . It i s  a d i f f icul t t a sk .  I know that  Bob 
Frosch ,  A1 Lovelace , Wa l t  O l s ta d , and the i r  assoc iates  spend a lo t o f  
t ime thinking about i t . I jus t heard Bob talking about i t  when I came 
in  the door . Genera l l y  speaki ng , I be l ieve tha t NASA doe s a good j ob 
in thi s  a rea . 

Ce rtainly NASA ' s  record put s  i t  head and shoulders above eve ry 
othe r  age ncy in  Washington tha t  i s  t ry i ng to advance technology . 
Nevertheless , i t  i s  a po l icy concept  that NAS A management mus t a lways 
keep f i xed i n  the i r  v iew and i t  i s  one that we i n  Congress  int end to 
mon i t o r  c losely . 
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I would ment ion one area tha t  e�empl i f i e s  this  need  f o r  t echnical  
leadershi p , thi s need f o r  pe rce iving future re qui rements  an1  making 
sure that we are wo rking t o1ay  on the techno logy nee1ed  i n  the 
f uture . That area i s  advanced supersonic c ru i s e  and maneuve r 
techno logy . I be lieve tha t  NASA ha s an obl igation t o  look beyond the 
concerns and limi tations of today to be ieve lo ping this  technology f o r  
the future . 

For examp le , i t  i s  highly l i ke ly that energy may not be our numbe r 
one conc ern 1 5  years f rom now . I t  c ouH instea:i  be our supply of 
f resh wate r .  

As a na t ion we are current ly spend i ng bi l l i ons o f  d o l la rs on 
e ne rgy alterna t i ve s .  I f i rmly  bel i eve that wi t h i n  10 to 1 5  years we 
may be able to  say that  we have gotten  through the e ne rg y  crunch and 
our preoccupat i on wi th fuel e f f i c iency may i imi nish--not comple t e ly go 
away , but may d imini sh--as one o f  the maj o r  thing s  to  think about . 

Anothe r  t re nd t hat  I believe will  deve lop i s  the eme rgence o f  
wo rld cente rs o f  comme rce areas that are located many thousand s o f  
mi le s f rom the Uni t ed S tates . I t  has t o  1o  wi th populat ion ,  na tural 
re source s , and labo r .  I am thinking about such p laces as Bra z i l ,  wi th 
its huge l and area an1 abundant re sources ; Aus t ralia , wi t h  i t s  vas t  
open spaces  and natural re sources ;  and even  South Africa . 

If  thi s  should happe n ,  as I be l ieve i t  wi l l , the worH wi l l  need 
high-s peed t ransportat ion . If ene rgy  recedes , as  I sa i d , as  the 
a l l-consuming concern , such t ransportat ion wi l l  become highly 
feas ible . Wh i l e  no one is pre pare d  to say tha t  a marke t for  
supe rsonic t rave l  is  at  hand today , I be l ieve i t  i s  c omi ng . Ye s ,  to  
use a phra se t hat  we use out i n  the Midwe s t  where I am f rom ,  we are 
not plant ing enough technological see :i s  today to ensure a good c rop 
when t hat t ime comes . So , I be lieve NASA may be shi rki ng i t s  
respons ibi l i t y  f o r  technical leade rs hip i n  t hi s  area . 

The pre sent ef fort  i s , by a l l  account s ,  inadequa te t o  provide the 
data base  t ha t  wi 11 be needed . Mo s t  expert s seem to agree t hat  more 
is needed . 

The Cong re ss , for i t s  part , appears ready t o  approve a reasonable 
program aime :i  at  technology va l l dat ion .  The recent repo r t  of  the 
Off ice o f  Techno logy As ses sment supported thi s direc t ion.  As you 
probably know the re was a House vo te ve ry recently--wi thi n the last  
month , I be l ieve --on the pre sent supersonic c rui se and var iable cyc le 
eng ine ac t ivi ties . I be l ieve th is re sul t shows a ve ry s t rong 
underp inning of support in spite  of all the emot iona l i sm that  seems to  
surround thi s i s sue of supe rsonic transport s .  

So now , I be lieve , the responsi bi l i ty re s t s  wi th NASA.  NASA mus t  
become an advoca te . No one e l se can do i t  e f fec tively . 

Now , to  keep my comment s i n  ba lance , I should say t hat  the re are 
othe r  areas where NASA i s  exhibit ing exc e llent vis ion , be i ng on the 
cut t ing edge of this  new techno logy . The ir wo rk on advanced 
turboprops i s , I be l ie ve , a ca se  in point . I am sure we can f ind many 
who would say t hat  p rope l lers wi l l  never again be acceptable  f o r  
t ranspo rt ai rcra f t  use . I be l i eve t hey  are wrong . Ye t ,  NASA ha s 
pers i s ted , c onf ident tha t  the ene rg y  advantages wil l  u l t ima t e ly p rove 
those  people wrong . I don ' t know how i t  wi l l  turn out , but I am 
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pleased to  see tha t  NASA i s  on the cut t i ng eJge of thi s technolog y .  
Let m e  turn t o  ano ther policy mat te r  that could a f f ec t  the future 

ro le of  NASA in  ae ronaut ics--tha t  is the extent  of  i nvolvement  i n  
re searc h tha t has t rad i t iona l ly f a l len i n  the g ray a rea be tween NASA 
and the FAA. In my subc ommi t t ee work I have had t o  d ea l  with bot h .  

I a m  sure i t  i s  obvious to  eve ryone he re that even the most 
spec tacular o f  NASA ' s  e nergy e f f ic i e ncy gains  c a n  be quickly nul l i f ie1 
by a i r  t raf f ic de lays . So , if only as  a ma t t e r  of  s e l f -defense , NASA 
should be mo re a s sert i ve i n  apply i ng the i r  c o l l ec t i ve systems 
expe r t i se t o  p roblems o f  capac i t y  in  the air  system .  

But , the re i s  ano ther , even be t t er rea son . Langho rne Bond 
t e s t i f ied recently bef o re my subcommi t tee that he wa s se ri ous ly  
cons  Hering l imi tat ions on ai r traf f ic growth . I feel  th i s  wou ld be 
mos t  unfortunate , espec ially when we have the f u l l  sc ient i f ic 
c apabi l i t y  o f  NASA ava i lable t o  he l p  the FAA solve i t s  prob lems , and I 
say t ha t  wi t h  t ongue in  cheek .  

There f o re , I would st rong ly urge that NASA expand bo th  i t s  
i ndepende nt prog rams and i t s  cooperat ion wi th  t he FAA i n  this vi tal 
area . I am no t t rying to  throw rocks at the FAA,  but I be lieve tha t  
i n  the recent pa s t  i t  has moved mo re towa rd the area of  regulat ion a nd 
away f rom the a rea of  innova t ion , where NASA i s  the s t ronge s t . Thi s  
i s  where NASA cou l d  f i l l  i n  the big gap i n  t ha t  g ray a re a . 

Finally , I wo uli like t o  touch on a ve ry f undamental is sue , 
name ly , where on the sca l e  f rom bas i c  research to  prod uc t  deve lopment 
should NASA ' s  e f fort  i n  ae ronaut ics  be concent rated ? An easy answe r 
would be on the who le spec t rum . Bu t , with l imi tei  re source s  and 
limi t ed money we may have to concent ra te . I know tha t  you p lan to  
consider thi s que st ion i n  depth throughout the week a nd that i s  good . 
It  i s  a que s t ion that needs reexaminat ion . 

My thought s are bas ically this : cond i t ions in  the world a re 
cons tant ly c hang ing and nothing i s  s ta t ic . For example , I recent ly 
ran across some i n t e re s t i ng p rojec t ions f rom a respec ted f inanc ial  
ana ly s t . They showed Boeing ' s  marke t sha re dropping f rom 7 7  pe rcent 
in 1 9 7 8  to 64 percent in 1990, McDonne l l-Doug las droppi ng f rom 15 to 8 
pe rcent , and Airbus go i ng f rom 5 to  20 pe rcent of  the 11arket . If 
t he se f i gure s are correc t ,  we may we l l  be in for a proverbia l ,  
agoni z i ng reapprai sal  o f  gove rnment ' s  ro le i n  aviat ion . It  i s  
certainly c lear that "bus ine s s  as usua l "  won ' t  mee t  thi s kind of  
compe t i t ion.  Are we g o i ng to go i n  aviat i on the way of  t he automobile 
in internat iona l  t rade ? 

As a part o f  this  reappra i s a l , this  agoni zing reappra i sa l ,  i t  
would be logical  t o  beg i n  with  what you a re about this  week,  
re thinking NASA ' s ro le in  ae ronaut i c s . Be fore you do ,  I would sugges t  
t hat your f i rs t  t a s k  be t o  de f ine some terms . What i s  meant by 
t echno logy va l id a t ion?  Wha t i s  meant by t echno logy read ine s s ?  How 
f a r  do you go bef o re i t  i s  rea i y ?  How f a r  do you go be fore i t  i s  
validated ? I f  you can a l l  ag ree o n  that , i t  will be a big 
con t r i bu t ion . 

Again , my own gene ra l  f e e l i ng a bout NASA ' s  ro le i s  that  the agency 
has re t reated too f a r  back to ba s ic re sea rc h and away f rom the ac tua l 
va l i d a t ion , away f rom ac tua l , for  example , f l ight testing wi th 

12 

NASA'S Role in Aeronautics: A Workshop

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18691


experimental  a i rc raf t .  Twenty-f ive years ago Ory�en had a whole 
s table of t hese s trang e-looki ng f ly i ng machi ne s . Today i t  is a gho s t  
t own b y  compari son . 

We seem t o  have f o rgot ten t hat  bas ic re searc h ,  whi le abso lute ly 
nece ssa ry , i s  not suf f ic ient . I recogni ze tha t we mus t  cont i nually 
res tock t he techno logy she lve s , and whi le I s t rong ly suppo rt the R&D 
ba se programs , I a l so be l i eve the re is no subst itute  f o r  ac tua l ly 
making i t  wo rk .  I t  i s  an important que s t ion . I .ion ' t have the 
answe r , but I can t e l l  you that wi t hin Congres s ,  if you are ta lking 
about money , mos t  cong re ssmen are wi l l i ng t o  spend money for something 
tang i ble , some thing that they can put the i r  hands o n .  You know t ha t  
a s  wel l  as  I io . Guy S t ever knows that f rom the o ld NSF .  When you 
talk ba s i c  re searc h ,  when you talk about t hi ng s  t hat  may neve r have 
any payof f ,  i t  is a st ruggle year in and year out . But , when you c an 
see t angi ble  resul t s , thi ngs t hat  they can put the i r  hand s o n ,  t hen  
you  have more support . So , I just  throw that out  f o r  your 
consi:ie ra t i o n  t hi s  week whe n you talk about t he prope r ro le of NASA 
be twee n  t he area of bas ic re search and this  area of commerc ial i za t ion 
and whe re they ought to be put t i ng the i r  empha s i s . 
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THE WORLD ECONOMIC AND FINANC IAL OUTLOOK 

Federick w. Bra d ley , Jr . 
Se nior Vice Pre s id e nt 

C l t lbank , New York 

Thank you , Or . S teve r .  It  is certainly a g reat  ple asure f o r  �e t o  
pa r t i c ipa te  i n  t h i s  workshop on the ro le o f  NASA i n  aeronau t ic s .  I 
have been aske d  t o  d i scus s the f inanc i a l  ani economic out look f or t he 
aviat ion indu s t ry as part of  t he backg round f o r  your d i scus s ions thi s 
week . 

Be fore looki ng a t  t he future , let  us review the p re sent  s t atus o f  
the aviat ion indus t ry . We are , unf ortuna tely , i n  the mijd le o f  what 
p robably wi l l  be the worst  year i n  hi story f o r  t he U . S .  a i r l i ne s  i n  
terms of  earni ng s .  

Al though no t a s  hard hi t a s  t he u . s .  carriers , mos t  a i rl i ne s  
throughout the worU a r e  antic i pa t i ng a subs tant ial ly lowe r leve l o f  
earning s  for  1980 . 

Although t he depre s sed u . s .  economy and the s lowi ng iown o f  
economic ac t ivity  wo rliwide a re the ma jor  contr i butors  t o  the se 
event s , the c ha nged regulat ory envi ronment ha s a l so been a f ac tor . 
Clearly , t he pas sage o f  t he Ai r l i ne De regu lat ion Ac t i n  Oc tober 1 9 7 8  
ha s had and wi l l  have an important impac t on t he u . s .  dome s t i c  
carrie r s , whi le t he phi losophical  und e rp innings have a l ready been 
widely f e l t  on interna t iona l  rout e s . Any as se s sment of bo th dome s t i c  
and wor ldwide i ndust ry mus t  take i nto account the sho r t - and long-te rm 
i�pac t s  of  t h i s  s i gni f icant leg i s la t i on .  

Al though ded icated t o  the concept  o f  le s s  government regulat i o n  of 
indus t ry ,  many o f  us i n  the f inanc i a l  communi ty we re c oncerned about 
the impac t of legi slat ion that encouraged more compet i t io n  and  lower 
fare s  i n  a fut ure envi ronme nt of  s t ea1y c o s t  inc reases , c ont i nu i ng 
f luc t uation  of  t raf f ic leve l s  wi th the economic c yc le , and an 
inabi l i t y  to  rea l i ze t he d rama t ic produc t ivi t y  g ains through improved 
technology that  we re achieved i n  the pa s t . We a re s t i l l  concerne i , 
and recent events seem to i ndicate  that our ske p t ic i sm wa s we ll  
found e1 .  
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Whi le 197 8  dome s t ic t raf f ic wa s up 1 6  pe rcent , the combi nat i o n  of 
highe r  cost s and lowe r  y i e ld s  ( due to t he heavy use of d iscount fare s )  
caused breal<.-even load factors t o  rise  almo s t  a s  f a s t  a s  pa ssenger  
load fac tors . The re is  no  que s t ion that the p ro l i f era t i on o f  d i scount 
fare s  cont ributed  to some of  the t raf f ic g rowt h ,  but there are many in  
the i nd us t ry who be lieve t hat t raf f i c  in  1 9 78 woul:l have been robust  
without the d i scount fare s and tha t , in  f ac t ,  the i r  bot tom l i ne s  would 
have been be t t e r  wi th less t ra f f ic g rowth and a highe r  y i e ld . 

Althoug h  the i nius t ry f a red we l l  i n  1 9 7 8 , i t  i s  apparent  that some 
of the seeds sown at  that t ime have brought about the p roblems we are 
f ac i ng t oday . For the c a le nd a r  year 197 9 ,  the u . s .  trunks ea rne d  $ 2 5 6  
million , down 76  percent f rom 1 97 8 .  The f ourth qua rter  wa s 
part icularly de va s t a t i ng ,  wi th a l o s s  of  $1 07 mi l l ion compare d  wi t h  
earni ngs of  $ 6 6  mi l lion fo r  the pre vi ous year . 

Clea rly , 1 9 7 9  was an unusua l year  for  the i ndus try  and one we hope 
wi ll no t be repeated . The t o t a l  inc rease in f ue l  pri c e s  f rom 40 c ent s 
pe r gallon i n  the f i rs t  qua r t e r  to  approx imately 7 4  cent s at  the e nd 
of the year wa s s t aggering . Also , the United  Air l i ne s  s t rike and the 
g round i ng of t he DC-1 0 impac t ed pe rf o rmanc e .  However ,  the high 
break-even  load f ac tors s t imulated by the new regulat ory envi ronment 
he ightened  the i nlus t ry ' s  vu lnerabi l i t y  to the d rama t ic e sca lat ion i n  
t he p ri c e  o f  f ue l .  

As you are al l aware , the re su l t s  o f  the f i r s t  quarter  o f  1 980 
show a furthe r  deteriorat ion  wi th a dome s t ic t runk lo s s  o f  $2 35 
m i llion compare-1 wi th a $ 3 7  m i l l i on p ro f i t  in  the f i rst  qua r t e r  o f  
1 9 79 .  Pa rt icularly Hs turbing i s  the cont i nued e scalation of fue l 
cost s for the u . s .  carriers ; at  93 c e nt s  per gal lon at  the e nd o f  the 
f i rs t  quarte r c ompared wi th  7 4  cent s at  year e nd .  Tot a l  lo s se s for  
the last  qua r t e r  of  1 9 7 9  and  the f i r s t  qua rt e r  o f  1 980 we re the 
highe st i n  a i r l i ne hi story , and it appears that the dome s t ic t runks 
may exper ience a s i gni f icant operat ing l o s s  for the full  year 1 980 , 
t he f i r s t  such loss  s i nce 1 961 . 

Lo sse s for  t he second quarter  may exceed  $140 mi l l i o n .  Traf f ic i n  
t he f i r s t  hal f  o f  the ye ar  was down 2 . 8 percent . Mo s t  c a r r i e r s  had 
hoped t ha t  there would be a subs t ant ial  improvement in  t raf f ic in  the 
thi rd qua rter  t hat wou ld wipe out o r  substant i a l ly reduce t he lo s se s  
o f  t he f i rs t  hal f  o f  the year . Howeve r ,  the seve ri ty o f  the rec e s s i on 
i s  havi ng a deva s t a t i ng impac t ,  wi th  the p ro spec t o f  far  less  t ra f f ic 
t han normal for  the third quarter and a very poor fourth  quart e r . 

For the ful l yea r traf f ic may d rop 5 to  1 0  pe rc e nt , which would  be 
t he f i rs t  year-t o-year dec l i ne in two decade s .  Dur i ng the 1 9 7 4-1 9 7 5  
rec e ssion , t raf f ic g rowth wa s les s  than  1 percent ,  but a t  l e a s t  i t  was 
pos i t i ve .  

The s i tuat ion i s  comp l i cated  by the fac t that under  the new 
regulato ry envi ronme nt we have exc e s s  capac i t y ,  and a l though i t  i s  now 
pos s i ble t o  rai se f a res  to  cove r inc reased cost s ,  part icularly fue l  
c o s t s ,  many carriers  are he s i tant because o f  the negat i ve impac t on 
t raf f ic . Also , ove rcapac ity on routes  with  high t ra f f ic  dens i ty ,  such 
as t he t ranscont i ne ntal  rout e s , ha s c reat e d  an unstable compet it ive 
envi ronment tha t  make s p rice  i nc rease s d i f f icult  to implement s i nc e  
a l l  carrie rs wi l l  n o t  f o l low . 
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In consequence , we h� ve ve ry so f t  t raf f ic ,  i nadequa te  y ie l d s , and 
increas i ng c o s t s , which i s  the f o r:nula f o r  subs tant ial  lo sse s and 
wh i c h  t he u . s .  carriers  are now expe rienc i ng and probably wi l l  
expe rience  f or the ba lance o f  the year .  

The reg ional  c a r ri e rs have fared somewha t be t t e r  than the dome s t ic 
t runks unde r the ne w  regula tory e nvironme nt . They have been able t o  
d rop some unpro f i table route s  that have bee n  turned ove r  t o  c ommut e r  
carr i e rs and ent e r  some t runk marke t s , succe s s f u l ly ut i l i z ing t ra f f i c  
f ed f rom the i r  reg i ona l  systems . 

In add it ion , s i nce  a s i gni f icant p e rc entage o f  the i r  t raf f ic i s  
bus i ne ss o r ie nted and the t runks h�ve no t bee n  i n t e re s te d  i n  c ompe t i ng 
on t he reg iona l ' s  re lat ive ly short  route segme nt s ,  the i r  y ie l d  ha s 
been highe r and less  suscept i ble to  the p ro l i f eut ion of  ii scount 
fare s . 

Howeve r ,  even though some o f  the se carriers have done fai rly we ll 
i nd ividua l l y , the reg iona l s  as a g roup repo rt a moi e rate  lo s s  for the 
f i rst  ha l f  of  1 980 .  

Pe rhaps  the  mos t  sweeping impac t o f  the  p re se nt avi a t ion p o l i c y  of  
t he Ca rte r Admi n i s t rat ion  i s  on  the inte rnat iona l c3rr iers  serving the 
Uni ted  States . Eve n though f o re ign  carriers  are no t d irec t ly af fec ted 
by t he A i rl i ne Deregulat ion Ac t of  1 97 8 ,  by me ans of bi lateral  
negot iations , the Ci vi l Ae ronaut i c s  Board ( CAB ) is  seeking t o  impose 
i t s  phi lo sophy of more compe t i t ion and lower  fare s  on  the res t  of  the 
world . Thi s  ha s had the e f fec t already of subs tant ia lly d i lu t i ng the 
y ie lds  of many i nte rna t i onal rout e s . On mo s t  routes throughout the 
wo rld t he Inte rna t iona l  Ai r Transport  As soc i a t i on ha s been able t o  
agree o n  fue l-re lat ed fare inc rease s . Howeve r ,  o n  route s to the u . s .  
many of these i nc rease s ,  unt i l  recent ly , were re jec ted by the CAB , 
re sult i ng i n  a far  g rea t e r  lag in  adjust i ng fare s  to  cover i nc reases  
in  the cost  of fue l on i nternat iona l  routes  s e rving the u . s .  than on  
domest i c  rout e s . 

Thi s  ha s been particularly -:le vasta t i ng for u . s .  f lag carrie rs . 
Eve n though t he internat iona l  c a r r i ers serving t he u . s .  have mo re 
upward f lexibi li ty under the recent leg i s l a t ion re lat ing to f o re ign 
rout e s , the po l i cy o f  e ncouragi ng more comp e t i t io n  and add i t iona l  
capac i t y  o n  i nte rna t i onal route s  se rvi ng the Uni ted States  wi l l  
cont i nue to  have a depre ss i ng impac t o n  y i e ld s .  

The p resent policy  o f  the CAB ha s the e f fec t o f  na rrowing the 
pro f it  margi ns of t he non-u . s .  carriers  as we ll as the u . s . 
internat iona l c a rriers at  a t ime when mos t  governments are pushing 
t he i r  a i r  carriers t owa rd f i nanc i a l  independence . The non-u . s . 
carr i e rs are also  experienc i ng t he same scenario ; i . e . , a sof teni ng o f  
t ra f f i c , i nc re a s i ng f ue l  a nd labor  cos t s , a n d  p re ssure on y ie l i s  a s  
ind icated  earlie r .  I n  consequenc e , the earnings performance of  the 
carriers out s i ie the Un i t ed S t a t e s  i n  almos t a l l  geog raph i c  area s wi l l  
undergo a subs tan t i a l  d e t e r i o ra t i on i n  earn ings t h i s  year . 

Looki ng ahead f rom the di scourag i ng s i tua t ion of  the p re se nt , what  
do  we f o resee beyond 1 980?  Alt hough some o f  the  carri e rs a re cut t ing 
bac k  in  orde r  to  mo re real i s t ically ma tch c apac i t y  wi th trave l ,  o the rs  
are no t .  Likewi se , although some carrie rs are working t oward using 
the i r  new f lex ibi l i tj re lat i ve t o  f a re i nc reases to i nc rease y i e l d , 
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othe r s  are be i ng more caut ious . Al l carri ers are working ve ry ha rd to  
cut c o s t s , but , unfortuna t e ly , a large  perce ntgage o f  an  a i rl i ne ' s  
cost s ,  pa rt icularly fue l , a re rea l ly outs i 1e management ' s  con t ro l .  
Some of the c a rrie rs , a s  they cut back , a re se lling o r  g round i ng some 
of the i r  older  at rcraf.t . Fortunately , because of the i nf lat iona ry 
envi ronment , t he re is a ma rke t f o r  the more e f f ic ient models  o f  the 
pre sent ge ne rat ion of a i rc ra f t . However , some of the less  
fue l-e f f ic ient a i rc ra f t  have a ve ry smal l marke t and i t i s  antic i pated 
tha t  many of the s e  ai rc ra f t  wi l l  be g rounded . 

As we look a t  t he pre sent envi ronment , tho se c arrie rs wi th the 
mo s t  e f f ic i ent c o s t  and c ap i t a l  s t ruc ture wi ll  do muc h be t t e r  than t he 
le s s  e f f ic ient and more highly leve raged carri e rs . In fac t ,  some o f  
the s t ronge r ca rriers  a re u s i ng the i r  new route and f lare flexibi l i ty ' 
to  improve the i r  marke t po s i t ion vi s -a-v i s  the le s s  e f f ic ient 
ai rl i ne s .  In consequence i t  c an be ant ic ipated tha t ,  a s  we look 
toward the future in  the new d e regulated envi ronment , some of  the 
weake r u . s .  a i r l i ne s  wi ll be acqui red by the s t ronger  carri e r s . Not 
only in t e rms o f  cost  s t ruc ture and capital  s t ruc ture , but a l so in 
t e rms of route st ruc ture s ,  some o f  the sma l l  u . s .  dome s t i c  trunks wi l l  
be more vulne rable wi th re spec t t o  survival i n  the antic ipated future 
envi ronme nt . 

As we look at  the future a l l  indicat i ons are tha t  the economy wi l l  
improve early i n  1 981 , which should lead to improve d  t raf f i c  growth by 
the second quarter o f  next year . Al though this  ant ic ipated t raf f i c  
g rowth wi ll he lp pul l  the dome s t ic indus t ry out of  the do ldrums and 
improve opera t ing perforuance , we have to  recogni ze the f ac t  that the 
1 5  pe rcent annual rat e s  of traf f ic g rowth we have enjoyed i n  the pa st  
wi l l  probably not  be  wi th us . In  addit ion,  the cost  o f  f ue l  and labor 
wi l l  cont inue to e sc a late , whi le yield s wi l l  cont inue t o  be under  
pre ssure bo t h  f rom the po l i t ical aspec t of  consumer pre ssure and a s  a 
poss i ble d e te rrent to  t raf f ic g rowth . 

In summary , the out look f o r  the u . s .  a i r line inlus try i s  no t all  
that  rosy . The out look f o r  the no n-u . s .  carrie rs  i s  le s s  seve re .  In  
the f i rst  p lace , t hey have a long hi s tory ,  through bi lateral 
ag reement s , of att empt ing t o  match capac i t y  to ant ic i pa t ed t raf f ic 
g rowth through capac i ty cont ro l ag reement s or  pooling arrangement s . 
In add i t ion , on scheduled route s the fare s a re rela tei  to co s t , wi t h  
low-cost  vac at ion trave l re legated to charte r carriers o n  a p lane-load 
bas i s .  

Alt hough , a s  indica ted , t he p ro f i t  marg ins o f  f o re ign  ai rline s  
have been narrowed due t o  the U . s .  po l ic y  of  encourag ing c ompet i t ion 
and lowe r fares on routes t o  the Uni ted States , mos t non-u . s .  carriers 
ope rate on routes wi thin the i r  cont inent where compe t i t ion is  
re st ric ted and economic fare s  are mainta ine d . In add i t io n ,  t ra f f ic on 
the s e  reg i onal routes  is more sust a i ned  ove r t ime than i n  the u . s . , 
part icularly now when t he economie s o f  many count ries  are not a s  
depre s s ed a s  that of  the Unit ed S ta te s . I n  consequence , the se 
carrie rs can of ten part ially or who l ly o f f se t  lo sses  on rout es to  t he 
u . s . , whereas Ame r ican internat ional f lag ca rriers do not have a s  much 
f lexibi l i t y  in  this  regard . In add i t ion , when the chips  are d own the 
foreign f lag carriers may we l l  rece i ve government support , whe reas no 
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such suppo r t  i s  ava i lable to  the u . s .  interna t lon� l carr ie rs .  
In consequenc e , the deregula t ion po l i c y  of  the Uni te d  S ta te s  could 

hurt u . s .  i nt e rnat ional carr i e rs .nore than the ove rseas c a r ri e r s . In 
summa ry , a lt hough the f ore ign carrie rs wi l l  probably have a few  lean 
yea rs as t he recess ion i n  t he U . s .  spreads  abroad , the regu latory 
environment in which they operat e  g ive s them g reater  a bi l i ty to  bri dge 
the period to  the return of t ra f f ic g row th than is presen t l y  avai lable 
to  the u . s . a i rl i nes . 

The future envi ronment for  the i ndus t ry as  a whole  of mo re 
modera t e  t ra f f ic g rowt h ,  higher f ue l  and labor cost s ,  a nd pressure on 
yield s  means that there wi l l  be cont i nued pre s sure on a i r l i ne 
earning s , which can only be alleviated  by produc t i vi t y  ga i ns re s u l t i ng 
f rom furthe r  tec hnological  imp rovement i n  a i rc raf t de sign and 
pe rforma nc e . 

During the past  20 years the carri e rs o f fse t c o s t  e sc a la t i on by 
t he t reiJle ndous produc t ivi ty gains of j e t  a i rc raf t and mo re recent ly 
t he w B e-body a i rc ra f t ,  a s we l l  as subs tant i a l  t ra f f ic g rowth as  a i r  
t ranspo r t at i on reac hed mo re and more peop l e  at  rea sonable fare s . 
Howeve r ,  in  the f uture the cost  pic ture wi l l  be wo rse . Dur i ng the 
pa st  20  yea rs , except  f� r t he la s t  5 ,  fuel  c o s t  e scalat i ons we re 
mod e ra t e , whi c h  i s  not t he c a se at t he pre sent and unl i kely i n  the 
future . Al so , a leve l i ng o f f  o f  labo r  cost  inc rea ses  i s  not 
antic ipat ed . As indicated , t ra f f ic g rowth wi l l  proba bly be more 
mod e rate , thereby liiJlit i ng a i r l i ne opt ions in  :na i nt a i n i ng 
pro f i tabi l i t y  through improvements i n  a i rc ra ft pro :luc t ivi t y  or  
increasing o f  the pri ce  of t he i r  p roduc t . 

If  the p roduc t ivi ty gains are no t the re , then the only a l t e rnat ive 
i s  to  i nc rease fares , which at  some po i nt adverse ly af f ec t s  t ra f f ic 
and wl l l  eventua lly hal t  the s t ea-iy g rowt h  o f  the a i r  t ransportat ion 
i nd u s t ry and may even lead to  some contrac t ion .  

The big  concern of  many of us invo lved in  the air  t ransport 
i ndust ry is  d ue to  the unfavo rable out look re la t i ve to ope rat i ng 
cost s , e spec ially  fue l ,  and t he e scalat ing cost  of a i rc raf t .  The 
produc t i vi t y  gai ns of the new gene rat i on of a i rcraf t --that i s ,  the 
Boe i ng 7 5 7 ,  the 7 6 7 , and the A-3 1 0 ,  and o ther contemp lated advanced  
a i rc raf t --could be  eaten  up  bef o re they  a re del i ve red  in  quant i t y  i n  
the mid-to-late  1 9 80s . 

Clearl y ,  the produc t ivi ty  gains i n  a i rc ra f t  perfo rmance cont empla­
ted fo r the 1 980s and 1990s f al l  far  sho r t  o f  tho s e  expe rienced  in the 
1 9 60s and 1970s . Thi s  out look re pre sent s a cha lleng e  to the aerospac e  
i nd u s t ry . In the economic e nvi ronment we contemplat e ove r  the nex t  20 
years , furthe r  techno log ical  breakthroughs must be f o rthc om i ng in  
order to  have a vibrant , wor l iwHe a i r  t ransport  i ndus t ry tha t can 
serve t he pub l i c  at  a reasonable price . 

As a nontechnical person loo k i ng i n  f rom the out s i.:l e ,  the new 
gene ra t ion o f  a i rc ra f t  wi l l  be mos t  he lpful  on top o f  the more 
up-t o-d ate vers ions of the present  generat ion o f a i rcraf t ,  
part icularly the wide bodies , such  as  the Boe i ng 7 4 7 , DC-1 0 ,  L-l O l l , 
and A- 300.  'Sut , a s  we look towa rd the yea r 2000 and the economi c  
envi ronment that we f ore see , t he p re sently c ontempla ted new gene ra t i on 
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of a i rc raf t wi l l  not be e nough to ensure tha t  we wi l l  have a viable 
ai r t ransport i ndus t ry capable o f  transportating an inc reas i ng numbe r 
o f  pas sengers  at  a reasonable cos t . Thi s  can only be accompl i shed by 
a subst ant i a l  i nve s tment of  money and t a le nt by bo th government and 
i ndus t ry i n  t he 1 980s and 1 990s , lea d i ng to subs tant ial  t echno log ical  
breakthroughs that  wi l l  re sult  in  subst ant i a l  p roduc t ivi ty  gains i n  
a i rc raf t performanc e .  

As suming tha t  thi s wi l l  be ac comp l i shed , i t  i s  v i t a l  tha t  the a i r  
t ranspo rt indust ry have access  to  suf f ic ient  c ap i t a l  to  moderni ze and 
expand i t s  f leet s w i t h  the mos t  modern and e f f i c ient ai rc ra f t  
avai lable i n  the 1 9 8 0s and beyoni .  In  or1 e r  t o  acc e s s  thi s cap i t a l  i t  
i s  es sent i a l  tha t  the c a rriers gene ra t e  suf f i c i ent p ro f i t s  t o  earn an 
ade qua t e  re turn on the i r  i nve st'Uent s .  As i n: H c ated , in an envi ronment  
o f  cont inued inc rease s in  fue l  and labor  cost s ,  pol i t ic a l  p re ssure on 
y i e ld s , and a lowe r ra te of t raf f ic g rowth , i t  i s  vi tal  that  the 
ai r l i ne s  operate  the mos t  cost-e f f ic i ent a i rcraf t t o  ensure p rof i table 
ope ra t i ons . Fai lure to  achieve suf f ic ient ea rni ng s  to a t t rac t cap i ta l  
f o r  f lee t mod e rni za t ion wi l l  eventual ly lead to losses  a nd f i nanc ial  
instabi l i ty as  t he high-cost  environme nt acc e le ra t e s  the economic 
obso lescence of older a i rc ra f t--a i rc ra f t  tha t the a i r l ine s cannot 
replace because of insuf f i c ient f i nanc ia l  capac i ty . 

The end re su l t  of  such a sc enario  i s  l e s s  servic e  and highe r  f are s 
f o r  the t rave ling pub l i c , whi ch would i n  turn impede t raf f i c  g rowth . 

The abi l i ty to gene ra t e  earn i ng s  i s  particularly important t o  the 
dome s t ic a nd i nt e rnat i o na l  carriers i n  the Uni t ed S t a te s  tha t  do not 
have access  to government support . In addi t io n ,  there is an 
i nc rea s i ng number of carrie rs throughout the wo rld that mus t  s tand on 
t he i r  own feet  and do no t have suppo rt f rom the i r  re spec t i ve 
gove rnme nt s .  Eve n  in  the case of gove rnment-owned or  -supported 
a i rl i ne s  the re has been  a d i s t i nc t  t rend in recent years toward 
i ns i st i ng t hat  the i r  flag carri ers  a t t a i n f i nanc ia l  via bi l i ty .  

Furthe rmore , many more gove rnment a i r l ine s  �ust ra i se t he i r  funds 
to f i nanc e equi pment purcha ses wi thout gove rnment guarantee s o r  o ther 
support , a s  wa s t he case in  the past . Th i s  wi l l  al low those 
gove rnments  to d i ve rt  re source s f o rma l ly expended on the i r  f lag 
airline s  to mee t other  pres s i ng nat iona l needs . Howeve r ,  i t  should  be 
no ted  t ha t  i f  t he inte rna t i ona l regu latory  env i ronment doe s not c reate 
a c l imat e  t ha t  pe rm i t s  the f lag carriers to rea l i ze f i nanc ial 
i ndependence , they wi l l  no t be a l lowed  t o  fa i l  and wi l l  rece i ve the 
support nec essary to  pursue the i r  equipment p rograms f rom the i r  
respec t ive gove rnments . 

In summary , the n ,  i t  i s  c learly i n  everyone ' s  intere s t  that  t he 
a i r l i ne i ndus t ry ma i ntai n  a suf f i c ient degree o f  f i nanc i a l  s t reng t h  
and s tabi l i t y  to access  cap i t a l . It  might be use ful at  this  point to  
review brief ly whe re thi s capi tal comes f rom . Fo r the u . s . dome s t ic 
and int e rnat i ona l  carriers the re are three p rimary sources o f  funds : 
comme rc ial banks , the long-term Lnst l tut i onal marke t--p rimari ly 
insurance  companies  and the publi c  marke t s  for equi t y -t ype 
secur i t i es . These sources  are supp leme n t e d  by long-t e rm  leases of 
a i rc raf t .  

Banks usua l l y  p rovi d e  revolving c re d i t  fac i l i t ies  with  full  
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avai labi l i ty f o r  2 ,  3 ,  or  4 years iur i ng the perio1  of  a i rc raf t 
del i ve ry , t hen fund ing ove r  periods rang ing f rom 6 to 8 years wi t h  a 
norma l doo r -t o-doo r t e rm of 1 0  years .  The comme rc i a l  banks ha ve bee n  
the source of  la s t  re sor t of  t h e  U . s.  a i r l i ne i ndu s t ry dur i ng pas t  
per i od s  of  adve rs i ty  and b y  and large have s tuck wi t h  t he ai r l i nes 
through t hi c k  and thin . Howeve r ,  s i nc e  bank �oney i s  usual ly l im i t ed 
to a 1 0-year t e rm  at mo s t , i t  i s  v i t a l  for  the i ndus t ry to have acc e s s  
to  the inst i tut i ona l marke t t ha t  could of fer  terms o f  1 5  to  20 years . 

Wi th  t he cont i nuing escala t i o n  o f  the cost  of a i rc raf t ,  the 
payback per iod to  t he a i r l ine g rows longer and it is mos t import ant 
that the f inanc i ng mo re c lo se ly ma tches  the useful economic l i fe o f  
the a i rc raf t .  I n  a�d it ion , due to t h e  cyc l i c a l  na ture of  the 
i ndus t ry ,  cash-f low c ons i1e rat i ons d ic tate  that a s i gni f icant port ion 
of  a c a rr ie r ' s f i nanc ing must have a repayment term i n  excess  of  that 
ava i lable f rom comme rc i a l  banks ; he nce , the i mpo r t ance of  t he 
i ns t i t ut i onal lenders . 

Wi t h  the d i f f icult i e s  experienced by the u.s.  i ndust ry i n  t he 
early and mid-1 9 7 0s , t he ins t i tut iona l  lenders large ly c lo s ed t he ir 
d oo rs t o  t he a i r l i ne s . Fort una t e ly , �uri ng the last  seve ra l  years 
t hi s  group of  lend e rs has returned , but on a somewhat d i f fe rent bas i s  
than previously . Ins tead of  lend i ng on a n  unsecured ba s i s  f o r  20  o r  
even 2 5  years i n  some case s , they have limited  t hemsel ve s  t o  1 5  t o  1 8  
years o n  a bas i s  whe reby t hey are secured b y  spec i f ic a i rcra f t .  

Thi s  take s  t he f o rm  o f  an equipment t rus t f inanc i ng wi th the 
a i rl ine or le s so r  taking a 20 to  30 percent equi t y  posi t ion on t he 
a t  rc raft . I t  i s  very impo rtant t o  the i ndus t ry that t hi s  c la s s  of  
lend e rs is  not scared away again .  

The t h i rd source o f  fund s  i s  the publ i c  market f or common s t ock , 
prefe rred s tock , and subord i nated debt i s sue s . Thi s  i s  a vital ly 
important ing red i ent because the leve rage rat io--that i s , the 
re lat ionsh ip  of debt to  e qui ty--ha s  an impo rtant impac t on the abi l i ty 
of  a carrie r to  access  senior iebt f rom i ns t i tut iona l  lend ings and 
c omme rc ial banks . Aga i n ,  during the early and mid-1 9 7 0s t h i s  source 
was c lo se d  to  the indus t ry , but i n  recent years some carriers have 
been able to ra i se a mode s t  amount of junior  fund s  f rom the publ ic  
marke t t o  supplement the i r  re tained earning s  and reduce l e ve rage . 

As ln1 i cated earl i e r , a suppleme ntal source o f  cap i t a l  i s  lea s i ng 
t hat  usual ly ut i l i z e s  banks a s  we l l  a s  o the r sourc e s  f o r  equi t y  and 
i ns t i t ut ions f o r  long-term de bt on a ba s i s  simi la r to an e quipme nt 
t rust  i s sue . These lease s usua l l y  range f rom 15 to 19 years . A 
por t i o n  of  t he bene f i t s  of the 1 0  pe rce nt inve stment t ax c red i t  and 
acc e le ra ted  deprec i a t i on cap tured by t he owner-l e s so r  are passed onto 
t he a i r l i ne , re su l t i ng in a lowe r equivalent i nt e re s t  cost . Howe ver , 
sinc e  the owner-l essor  i s  in  a j unior pos i t ion re lat ive to  t he senior 
lend e r  he is pa rt icula rly sens i t ive t o  the f inanc i a l  we l l  be i ng of the 
le ssee . 

In recent years , p rimari ly  as t he re sult o f  compe t i t ion a'llong 
a i rf rame and e ng ine manufacture rs bo t h  in the u . s. and abroad , a 
s ignif icant por t ion o f  bo t h  seni o r  and junior funds have been secured 
by the a i rl i ne s  f rom a i rc ra f t  and e ng i ne supp l iers . For mos t  of  t he 
ai rline s  o f  the world othe r  than u. s.  carriers , the sourc e s  of  f und s 
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are somewha t i l f f e rant . Howe ve r ,  some o f  the techn i que s deve loped f o r  
t he Ame r ican c a r r i e rs ,  pa rt i cu la rly those extend i ng t he t e rm  o f  
f inanc i ng to  meet the use f u l  l i fe of  the equ i pment , � re becoming 
ava i lable to non-TJ . S .  c a r r i e rs . 'Mo s t  a i rc ra f t  manufac ture:t  i n  t he 
U . S .  and so l:t abroa i are f inanc e :t  on a bas i s  i nvolvi ng a part ic ipat ion 
or  gua rantee on the pa rt of  the Export-Import Bank of  the Un l t e1 
States . Usua l l y  thi s f i nanc i ng i nvo lve s a 1 0  t o  20 pe rcent i own 
payme nt by t he a i r l i ne ,  which  can be f l �a nce1 , wi t h  the ba lance  sp l i t  
equa l ly be tween commerc i a l  banks an:t the Export-Import Bank ove r a 
10-year  term with  the c omme rc i al banks taking the early ma turi t ie s  and 
the Export -Import 'Sank the lat t e r  mat uri t ie s . In the case  o f  an 
Export-Import Bank gua rantee , fund s a re rai sed through the Pr ivate  
Export Fun i ing �o rpora t ion at  market rat e s  for u . s .  government 
guaranteed ?ap�r , which is  somewha t mo re expens i ve than the 
Expo rt-Import  Bank ' s i ire c t  lend i ng rate . 

However , iue to  an i nformal a� reement be tween the va rious 
count ries ' export agenc ies , the Export-Import Bank ' s f i na nc i ng ha s 
been l imited  to 1 0  yea rs f rom i e l l ve rv ,  wh lch  fa l l s  cons iderably s hort 
o f  the e s t imated economic  l i f e  of  the new a i rc ra f t  and to-Jay put s a 
subst �nt i a l  s quee ze on cas h f low . In c onseque nce , some c a r r i e rs have 
ut i l i zed the leasing techn i que or t he private  placement o f  long-terra 
de bt i n  o r J e r  to achi e ve a 1 2- to 1 5-ye a r  f i nanc i ng i nstea:t  of  
ut i li z ing t he Export-Import Bank ' s f i nanc i ng . 

In recent ·,rears , the i ns t i t u t i o na l  marke t ha s opened up f o r  a 
numbe r of  non-u . s .  a i r l i ne s , whi ch g ives them acc e s s  t o  t e rm f unds 
orio, i na l ly ava i la b le only to  u . s .  carriers . 

In add i t i on to the above source s  o f  fund s ,  some fore ign carr i e rs 
have secured the i r funds i n  the Euro i o l l a r  or other f o re i gn currency 
market s  wi th and wi thout the Export-Import Bank ' s  pa rt i c i pat ion . Mos t  
such f inanc ing has been l imi t ed t o  a t e rm  o f  1 0  years . 

In conne c t i on wi t h  a i rc ra f t  bu i l t out s ide the u . s . , part icularly 
the A-300 , f i nanc i ng has been secured through the use of  gua rant e e s  of  
t he export agenc ies  of  France , Germany , and more recent ly the Un i ted 
Ki ngdom, t o  f inance a ve ry substant i a l  port ion o f  the a i rc ra f t . �he 
ba lance ha s been rai sed un�uaranteed f rom the c ommerc i a l  sources . It 
is hoped t hat t he expo rt agenc ie s  of the a i rc ra f t  manufacturing 
count r i e s  wi l l  eventua l ly extend the .i r  lend ing terra t o  1 5  years , which 
is  more i n  l i ne wi t h  the useful  l i f e  of the newe r a i rcraf t . 

In e s senc e ,  in  looking at  a i rl i ne s  worl1wide , a l l  c lasses  o f  len­
de rs a re intere s t ed in the a bi l ity  of car r i e rs to gene rate suf f ic ient 
cash to pay back the i r  loans ove r the use ful  li fe of  the e qui pment . 
Al s o ,  prof i t s  ensure t hat a h rger  percenta�e o f  requi rement s can  be 
me t f rom interna l cash sourc e s , the reby l im i t ing the amount of debt 
requ l re i . Lende rs al so want to  see a soun1 capital  s t ruc ture wi th  
modera t e  leve ra�e to  gain conf i :tence that  the a i rl ine can  ri de through 
t he no rmal econom ic cycles  t hat  hi s torical l y  have a f f ec te :t  a i r l i ne 
t raf f ic and earning s . 

In conc lu s i o n ,  the same sources of  cap i tal  u t i l i zed l n  the past  
wi l l  be ava i lable l n  the 1 9 80s and beyon.i to ass l s t  the a i r l i ne s  l n  
mode rn i z i ng the i r  f leet s a s  long a s  they can demons t rate  suf f ic lent 
e a rni ng s  and ca sh  f low to  mee t  t he i r obl igat ions . Howe ve r ,  l n  our 
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view thi s wi l l  only be pos s ible i f  the avlat l on i ndus t ry h� s a t  i t s  
d i sposa l cost-e f f ic ient a i rc ra f t  that  wi l l  per.ui t them t o  operate  
pro f i tably i n  the ant i c ipatei  economic  environment whe re cos t s  wi l l  be  
highe r , fa re s  tai lored to  the  abi l i t y  of  the publ i c  to pay , a nd 
t ra f f i c  g rowth le s s  ro bust than i n  the pa st . 

I hope t ha t  your d e l i be rat i ons thi s week wi l l  b r l ng us  c loser to  
tha t  goa l .  Thank you ve ry muc h .  
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THE OUTLOOK FOR PETROLEUM 

John P .  Longwe l l  
Profe s s o r  

Department o f  Civ i l  Eng i nee r i ng 
Massachuse t t s  Ins t i tute o f  Techno logy 

I have bee n  a sked to d i scuss  the out look for pet roleum , and I 
would l ike to  beg i n  by addre s s i ng the que s t ion o f  how much more 
expensive pe t roleum i s  going to ge t .  I ref e r  to Figure 1 .  Thi s  i s  a 
f igure tha t  a ppears every year i n  a n  Exxon publication ,  and i t  i s  
Exxon ' s  e s t imate a s  t o  what the world ' s  o i l  pic ture i s  going t o  look 
like i n  terms of oi l re serves and produc t ion . It  is intere s t i ng to 
watch thi s yea r  by year because the pic ture i s  becomi ng prog re s s ive l y  
more pe s s imi s t i c . A y e a r  ago the c urve went up more s teeply f o r  
prod uc t i o n ,  i nd i c a t ing that people thought they were goi ng t o  b e  u s i ng 
more oi 1 than they are ; but more important ly , the f uture d iscoveries  
e s t imate a l so was highe r so that i t  ac tua l ly was a l i t t le b i t  above 
produc tion .  Thi s  year i t  is less  than p roduc t ive .  

The se are f ive-yea r  ave rages  of  f uture d i scove rie s .  If  future 
di scove ry ra tes  a re less  than produc t ion ro le s ,  re serve s a re going to  
be  d rawn 1own . The re serve drawdown is  the underlyi ng f ac t o r  tha t  i s  
going t o  de termine pri ce  and supply . Thi s  changes  every year , s o  any 
one s e t  of such curve s  s hould  no t be t aken too se rious ly .  However , a 
very informed g roup of people feel  tha t , d e sp i t e  reduced c onsumpt ion 
of pet roleum due to  the price s i tua t ion in t he wo rld , the future 
d iscove ry rat e  i s  no t going t o  be able t o  keep up . So , t he people who 
have o i l are like ly t o  cha rge mo re f o r  i t .  If thi s i s ,  i ndeed , the 
p i c t ure , t hen o i l is go i ng to become 11o re expens i ve .  The k i nd s  o f  
numbers I have hea rd people quo te--and they can ' t be taken t oo 
se r i ous ly--a re a fac tor of  two or  three t imes the current price  i n  
1980 dolla rs f o r  the end o f  thi s  century . That would  b e  based o n  a 
s i t ua t ion whereby an i ncreas ing ly scarce but needed c ommod i ty i s  be ing 
so ld . Maybe we wi l l  be lucky and i t  wi l l  turn out d i f f e rently . 

One way to look at  the t ight ening pe t ro leum s i tua t i on i s  shown i n  
Figure 2 .  I want t o  look a l i t t le farthe r  into  the f ut ure t han the 
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t ime f ra;ue we a re tal king about he re because I fee l tha t ,  s i nc e  our 
e f fort  is to  guide  the re search ac t iv i ty in ae ronaut ics , we ought to 
be cons i d e r i ng the pe r iod of maybe 2020-2030 as  a target  
t ime--certa i nly not just  the nex t 1 0  years  because unc onvent iona l o i l  
sourc e s  are not going t o  have much impact then . 

Thi s  part icula r se t of curve s i s  conve nient to  use . I t  appeared 
in  Sc ience maga z i ne and was ba sed on  a large i nterna t i onal s tudy . 
These curve s  show more g rowth than i s  i ndica ted i n  Fi gure 1 .  The 
s lope o f  the total  o i l  demand curve i s  highe r ,  and the e s t ima t e s  in  
t he two f igure s do no t correspond ve ry we l l .  But ,  t h i s  f igure does  
g i ve an  integ ra ted view of  whe re the  oil  i s  goi ng to  come f ro'll . 
Al t hough the Middle Eas t has large re serves , they are be i ng drawn down 
qui te rap id l y . Conve nt ional o ll re serve s  a re pro j ec t ed to be severely 
deplet ed by 2030 . Unc onve nt i onal oi l ,  which i nc lude s enhanced 
recove ry , he avy c rude s and o i l  shale , wi l l  he lp to �ake up the 
d i f fe rence , wi th coal li que fac tion  not real ly coming i n  unt i l  a round 
the turn of the century . 

If  we a re concerned about a i rc ra f t  fue l s  i n  the perio:i  beyond 
about 1 99 5 ,  we are going to be looki ng a t  an i nc rea s i ng va rie ty  of 
source s .  In the period beyon:i 2000 , oi l f rom the new re se rves 
p robably l s n '  t �o i ng to be much cheape r than o i l  proiuc ed f rom the 
unconvent iona l sources because i t  wi l l  be so H f f icult  to f i ni and 
produc e . 

One mus t s tate the f ramework of  a d i scus s i on o f  thi s na t ure . 
F igure 3 shows that I am rea l ly looki ng way out i n  the future and am 
no t t ry i n� to cope wi t h  the next 10 years . Th i s  view of the world ' s  
energy growth inri icates  tha t  i t  i s  no t �o i ng to  be very rap i i  an·i 
probably not a s  rapid as  the i nternat ional study i ndicated . Wo rse 
than that , i t  is going to be e rrat i c , ln my opinion . We wi l l  p robably 
have a series  o f  c r i se s . We wi l l  have t imes o f  real sho rt ages and 
t imes l i ke the present when the c onsumpt i on ha s gone down a l i t t le b i t  
below prod uc tion a n d  i nventorie s  a re bui ld ing up . So , i t  i s  g o i ng to  
be a ve ry errat i c  s i t ua t ion ; that is  the pe ss imi st i c  part . 

The encouragi ng part i s  that these problems a re becoming 
i nc rea s i ngly obviou s , an:i we a re go i ng t o  see a maj o r  e f f o r t  i n  thi s 
count ry to convert so l i d  re sources into  l iqui d s . Our re source s  a re 
soli d s ,  such as  coal , shale , pea t ,  and so  o n ,  and we wi l l  need new 
sourc e s  o f  l i quids  for the use s we ant i c i pat e .  In add i t io n ,  there i s  
a maj o r  effort  t o  conse rve l iquid fue l s  by improved t echno logy and 
p rac tice s . Thi s  i s  the f ramewo rk that I use i n  thi s d i scus s i o n .  

A l i t t le bi t of o p t imi sm on synthe t i c  fue l s  i s  shown i n  F i gure 4 .  
What has happened during thi s  las t  year i s  a lmos t  l i ke a re ligious 
conve rsion i n  some of the ma jor  ene rgy companies . There has been a 
ra the r  sud de n  recog n i t ion  that synthe t i c  fue l s  of fer a maj o r  
oppo rt uni t y .  A yea r  o r  two a g o  i t  wa s not like that , al though the re 
we re g roup s  in the o i l  companies  t ha t  we re pushing synthe t i c  f ue l s . 

We now have major  ene rgy companie s propos i ng very large synthe t ic 
f ue l  developments as  something that t he nat i on shou ld have . I think 
t hey a re co rrec t in thi s case . In add i t ion to tha t ,  companies  that 
really haven ' t  been i n  e nergy--chemical  companie s  and the l i ke --a re 
developing the plans for  synthet i c  f ue l s . The new synthe t ic  f ue ls 
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co rporat ion , just  get t i ng unde r  way , make s i t  po s s i bl e  f o r  t he 
c ompanies  t hat  have n ' t been in  ene rgy to cons i d e r  rea l l y  ma j o r  
pro j ec ts , w i t h  f i nanc i a l  backing a va i lable f rom rhe u . s .  gove rnment . 

One po s i t ion of  the ma j o r  e ne rgy companie s i s  tha t ,  f o r  t he part  
they would  p lay , they don ' t rea l ly need t hat  backing . Th i s  vari e s  
f rom i a y  t o  d ay ,  but gene ra l l y  thi s i s  t h e  case . The federal  goa l  i s  
2 mi l l i o n  ba rre l s  a day b y  1 99 2 , wi th the hope o f  g e t t ing u p  to  6 or  8 
'lli l l lon ba rrel s a day by 2000 , o r  roughly up to the pre sent l l quB 
fue l import rate . 

Syn t he t ic  f ue l s , i t  must be re'llembere 1 ,  a re no t a l l  l l quids . Some 
a re ga s .  

What I inc lule i s  t he c onve rs i on o f  s o l i d s i nto  e i ther gas  o r  
l i qui d s , a l t hough  i t  could be broader . One might ask a bout t a r  
sands . Whe n they a re dug u p  they a re s o l i d s .  �undamenta l ly , that i s  
t he p roblem. We have so l ld sourc e s  of  ene rgy , and we re a l ly want 
f lui:i  sourc e s . 

The reason for  t h i s  sud d e n  swi tch on the part  of  the ene rgy 
compani e s  and a l so nonenergy companies  is that , a t  p resent wor l d  
price s ,  i t  appears that some of  the ap proache s would b e  good 
i nve stments , a s suming the c urrent pr ice s t ruc ture pro j ec t ions . 

An Exxon proposal i s  shown in  Figure 5 tha t  i nd i c ates  a p roduc tion 
goa l  f o r  synthe t ic f ue l s  goi ng up to  a s  muc h  a s  15 m i l l i o n  ba rre l s  a 
day by 201 0 .  They d i dn ' t  choose the same t ime period as  the federal 
gove rnment so the re is  a l i t t le ambigui t y . Whi l e  thi s e s t ima te wa s 
ba se d on supply and demand pro j ec t i ons , i t  rea l l y  bo l l s  down to a 
j udgment on how f a s t  t he i ndus t ry could be bui l t  up i f  we rea l l y  t r ied . 

Thi s  proposa l does s t re tch our na t i ona l c apabi l i t i e s . It c a l l s  
f o r  an inve s tment  of  about $800 bi l l ion , 1 980 do llars , for  m i ni ng a nd 
produc t i on .  Th i s  would employ almo s t  a m i l l i on people , i nc lud ing some 
ve ry spec i a l  ki nds of  people . Almo s t  500 , 000 of  the s e  people woul d  be 
in  mi n i ng , which is a bout 60  percent ove r the t ot a l  in mining now . 
The numbe r of  peop le nee d ed t o run the p rocess  plant s would be up 
about 55 percent , and design eng ine e rs would be up 35 percent ove r 
pre se nt leve l s . I t  cert a i nly o f f ers a ma jor  emp loyment oppo rtuni ty 
and wi l l  requi re a major  t ra i ning p rog ram . 

Thi s i s  a ve ry intere s t i ng s t udy because i t  i s , aga i n ,  integ rat e d .  
I f  we want t o  really  d o  something about energy , thi s i s  what one g roup 
thinks cou ld be done in the ne�t  30 years . 

Whe re wouli thi s ene rgy come f rom ? As shown i n  F i gure 6 ,  sha l e  i s  
the big  sourc e .  We have two k i ni s  o f  shale ope rat tons , a l l  out in  
Co loraio and U t ah ; about 6 m i l lion  ba rre l s  a day f rom surface m ine s 
a nd 2 mi l l ion  from underg round mi ne s  have bee n  propose i .  

I f  the re i s  an intere s t  in  doing some t h i ng rea l ly s i gni f icant i n  
terms of  shale o i l  p roduc t io n ,  sur f ac e  m l ni ng emerges  a s  the way t o  
go . It  ha s p robably l e s s  envi ronmental  impac t , and i t  g i ve s  much 
highe r overa l l  resource recove ry-- i n  the range of  7 0  t o  80 percent 
ve rsus on the order of  1 5  to 20 percent for :uini ng . Surface m i n i ng 
employs fewe r people  for  t he amount o f  o i l  tha t i s  p roduced , wh i c h  i s  
looked o n  a s  an advantage i n  Co lo rado  bec ause the impac t o f  such a 
huge indust ry i s  o f  re a l  conc e rn . 

As f o r  coa l , much of i t  i s  i n  we stern reg ions , part icularly the 
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Powder Rive r �as l n .  Qui te � bi t of  e a s t e rn co 3 l ,  larg e ly l i gn i t e , i s  
i n  the Gul f  and the Texas-Arkansas a reas . In the t ime per i o i  we are 
talki ng abou t ,  mo s t ly gas  {JouH be pro·iuced  f rom coa l . Overa ll  
produc t ion wou ld be  about hal f  l i qui d s  and half  gas  i n  the  e xamp le 
shown . It  shou ld be recogn i zed that pro-iuc t i o n  of  gas tn e f fect  
d i s p laces  l i quids  and can there fore re duce pet roleum .  

Figu re 7 cons ider s the co s t  of  s ynthe t i c  fue l s . Abso lut e cos t in 
these areas is a ve ry s l i ppery sort of  th i ng , so I have taken the 
cowa rd ' s  way out a nd used cos t rat L o s . Sha l e  o i l  wa s usei 3 S  the 
s tandard s i nc e  i t  i s be l i e ved t o be the cheape s t  synthe t ic l i qu i d . 
I t s  c o s t  i s  con s Ue red to  be a bout the sa:ne o r  less  than the current  
price o f  imported pet roleum . 

Intermed i a t e  BTU gas , which i s  a carbon monoxi de-hydrogen m i xture , 
wi l l  be ext reme ly  impo rtant i ndus t r i a l l y  an.:i c o s t s  a bout the same a s  
making l i qui d f rom shale . It  would be manufac tured f rom coal , and 
p i pe l ined or shipped by ra i l  into i ndus t ria l  a reas . 

For high BTU gas  ( methane ) the c o s t  goes up to 1 5  t o  2 5  percent 
over l i quids  f rom sha l e . Met hano l i s  sl ightly  highe r and is the 
lowe s t  c o s t  coal-ba se l i qu i d . Me thanol prom i ses to be an important 
fue l , but no t for  avi a t i on .  

The c o s t  o f  re f ined coa l l i qu i d s  i s  high . There i s  some hope tha t  
wi t h  mo re re sea rch and i mp roved techno logy the c o s t  wt l l  g o  d own . 
That  i s  why t he i nterna t i onal study I re ferred t o  d ido ' t show coal 
l i quids  becom i ng ve ry impor tant in the nea r ani  :nid-term .  

Le t u s  took a t  the s i tua t ion i n  o t he r  count r i e s . As shown i n  
Figure 8 ,  the U . s .  i s  fo rtuna t e . We have some ma j o r  resourc e s  o f  
almos t  eve rything except  t a r  sand s . Canada has good re sources . They 
don ' t have much in  the way of  good -qua l i ty sha l e , but the i r  tar sand s 
p roduc e  o i l  at about the same cost  a s  sha le , so they a re in about the 
same shape as the U . S .  No rth Ame ric a , the n ,  i s  L n  p re t ty goo3 shape 
as  far  a s  l i quid fuel sourc e s . 

Europ'! has l im i ted suppl ies  of  the fue l  sourc e s  men t i oned . They 
can help  t hemselve s  qui t e  a b i t  by wo rki ng wi th those but mus t rely as 
we l l  on import s .  Japan a l so must re ly on import s .  

One o f  the poi nt s t o  recogni ze L s  that the fue l s i t uat ion  i s  g o i ng 
to  be ve ry d i f f e rent i n  d i f ferent parts  of  the wo rl d . The d ynamic s  o f  
supply  and manufactur i ng a re go i ng t o  b e  d if f e rent , and the 
compos i t ion of the fue l  could we l l  be d i f fere nt . Predic ted tre nds  a re 
shown in F igure 9 .  I rea l l y  wan t  t o  empha s i z e  the p robable i nc reas i ng 
f re quency of  sho rtages . When s hortages  occur the spec i a l ty fue l s--and 
j e t  fue l s  a re c l a s s ed as a s pec i a l ty fue l because of the ir ve ry 
re s t r i c tive spec i f i c a t i ons--immed iately ge t very t ight in supply . 
Thi s  has happened dur i ng the la s t  two sho rt age s .  

We are a l so g o i ng to have a s hi f t ing mix of pro j ec t s  i n  addi t ion 
t o  the shi f t ing raw ma terial  source s .  

Some pro jec t ions t rend s  a re shown i n  Figure 1 0 .  In the i ndus t r i a l  
sec tor , t he l i qu i d  fue l :lemand wil l  be goi ng iown , eve n  though the 
p ro j ec t i ons t h i s  i s  ba sed on showed cont inued i ndus t r i a l  g rowth i n  
thi s c ount ry . Liquid  fue l  use ha s i n  fac t be en  g rowi ng i n  i ndust ry a s  
imported fue l s  we re used to  d i splace gas ; however , t hat  t rend wi l l  be 
reve rsed as gas  supplies  improve . 
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The nonene rgy ( pe t rochemica l s , e tc . ) commerc i a l  a nd re s i dent i a l  
consumpt i o n  wl l l  ac tua l ly dec rease somewhat due t o  i nc reased  u s e  o f  
g a s  a nd e lec t r ic i t y .  

The total  t ransportation d emand wi l l  s tay about the same ; i f  the 
two t ransportat  ton c atego r i e s  a re c omb ined t hey total  9 .  9 mi l lion  
ba rre l s  per i ay in  the f i rst  case , and 1 0  l n  the second . The aut o and 
l i ght t ruck demand , o f  cours e ,  i s  the one that i s  go i ng down i n  a 
spec tac ular manne r a s  the publ ic  i ns i s t s  on sma l ler  automobi les a nd 
bet t e r  mi leage . Howeve r ,  the use  o f  a i rc ra f t f o r  transpo rt a t ion wi l l  
g row and t he use o f  d iese l f ue l  wi l l  a lso g row f o r  t ruck t ransporta­
t io n  a nd t he l i ke .  The t ranspo rtat i on demand ove ra l l  t he refo re 
bec ome s an inc reas i ng f rac t ion o f  the t o tal ; howeve r ,  the t o t a l  has 
gone down s l ight ly f o r  the year 2000 a nd wi l l  cont inue t o  dec rease  a s  
nonl i quid ene rg y  sourc e s  a re subs t i t u ted . 

As an example of  subs t i t ut i o n ,  cons ider  the e l ec t ri c  power that i s  
d i st r t  but ed i n  the se consuming sec tors . The l i qui d fue l demand i s  
expect ed t o  g o  down f rom 1 . 4  to 0 . 3 m i l l ion barre l s  pe r day  a s  we back 
away f rom the use o f  imported f ue l . 

These changes i n  demand f o r  u . s .  pe t ro leum produc t s  w i l l  have a 
ve ry large e ff e c t  on t he operat ion o f  a n  o i l  ref i nery . One way to  
cha rac ter i ze an o i l  re f ine ry i s  by  t he gasol ina-t o-d i s t i llate  ratio  
( Figure l l ) .  D i s t i l late  i nc lude s mos t ly jet  fue l , home heat i ng o i l ,  
and : Hesel  fue l .  Hi storical ly , the ra t i o  o f  gaso line t o  H s t i l l a t e  
has bee n  about 1 . 7 .  Ame ric an re f i neries  have worked ha rd t o  make mo re 
gasoline and less  d i st i llate  and have ieveloped many p roces s e s  f o r  
thi s purpose . 

We have cons i d e red two ca se s  for t he y ea r  2 000 , one ln· whi c h  t he 
use o f  t he d i e s e l  aut omobi le expe r i enc e s  only s l ight g rowth ; the othe r  
case p ro j e c t s  the h ighe r  rate o f  g rowt h  that i s  f orecasted  by the 
automobile  i ndust ry .  In t he lat t er case , the ra t i o  dec rease s to  0 .  7 
ve rsus 1 .  7 ,  whi ch means , in e f fec t ,  that the re f ine r i e s  would be 
wo rki ng ha rd to  make mo re d i s t i llat e s . 

Th i s  i s  an important change because when d i s t i l la t e  quant i t y  
i nc reases qua l i t y  tend s  t o  dec rease . 

The re a re some impl icat ions i n  t h i s  f o r  aviat i on .  It  i s  c lear 
t ha t  t he compe t i t io n  f o r  qua l i ty d i s t i l l a te f ract i ons is  going t o  
inc rea se because the aut omot i ve d i e se l  s y s t em wi l l  work be t t e r  on a 
f ue l  o f  highe r  qua l i ty t han on the p re sent d iesel  fue l .  For examp l e , 
a be tter  qua l i t y  fue l  wi l l  imp rove s ta r t ing i n  wi nter an:i f ac i l i tate  
hand l i ng o f  emi s si o ns problems . 

S ince the d i st i l lates  re p re se nt a larger f rac t ion o f  t he t o t a l , 
the lowe r-qua l i ty c racked . s t ocks wi l l  have to  be used i n  larger 
p ropo r t i on .  I t  has bee n  the p rac t ice to t ry to  m i nimize c racked 
p roduc t s  in bet ter-quali t y  f ue l s  such as  j e t  fue l . Poor-qua l i ty fue l s  
can be upgraded by hydrogenat ion ; howeve r ,  wi th  i nc reased c o s t  and 
i nc reased manufacturing e ne rgy consump t i o n ,  s peci a l  f ac i l l t i e s  wou l:J  
have to be  j us t i f ied and cons truc ted and some f lexi bi l i ty i n  dealing 
wi th sudden c hang e s  i n  c rude supply  and compo s i t io n  would be los t .  

There a re go i ng to be supply  d i s rup t i ons and whe n t ha t  happens t he 
produc t qua l ity  wi l l  t e nd t o  go down becau se i t  i s  very : H f f  !cu l t  to 
make high-qua l i ty , s pec i a l  p roduc t s  whi le  maint a i n i ng suppl i e s  of the 
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ma j o r  co:nmoti i t y  f ue l s . As a nonavi a t i on perso n ,  I am led t o  be l i e ve 
t ha t  the be s t  pos i t i on t o  be i n would be t o  have a i rc ra f t  that  are 
capable  of  u s i ng a f a i rly wide range o f  fue l s . One may no t want to  
use the lowe r g rades a l l  the t ime or e ven a s  a s t andard , but there 
wi l l  be t imes when maybe tha t  i s  a l l  one can get . 

The que s t i o n ,  then , i s  what c an be done to  extend the capabi l i t y  
of  a i rc ra f t  t o  use a va riety  of  fue l s . Le t u s  cons i 1 e r  how j e t  f ue l  
cha ra c t e ri s t ic s  re la t e  to  performanc e  and avai labi l i t y .  

The f lash poi nt i s  the t empe rature a t  which  the vapo r-a i r  mixture 
above t he f ue l  becomes f lammable .  At the pre sent t ime t h i s  i s  se t a t  
a round lOOOF . Figure 12 pre se nt s  e s t imate s  that we re ieve loped f o r  
an .\STM commi t tee g rappl i ng wi t h  t he que s t ion of  whethe r  the f lash  
poi nt could be  reduced a l i t t le more . Reduc ing the f la sh po int  does 
make ava i lable subst ant i a l l y  i nc rea sed quant i t i e s  o f  component s .  It 
doe sn ' t  gua rantee that they wi l l  be ava ilable for jet f ue l , but i t  
does a llow a lot  more f lexi bi l i t y . If the f lash po i nt i s  reduced to  
BOOF , i t  a l lows a 2 2  to 30  percent i nc rease in useable c omponent s .  
The se are t he f ra c t ions in the soo t o  l OOOF range that would 
o t he rwi se be proc e s sed  to go into  gaso l i ne .  Use of  t he se f rac t ions 
would not i nterfere d i rec t ly wi th  d ie se l  fue l  p roduc t ion s i nc e  d iesel 
f ue l  ha s a highe r  f la s h  po i nt . Using mo re low bo i l i ng mate rial  a l lows 
use of mo re high bo i ling material  wh i le s t i l l  mee t i ng f ree z ing po int 
requi rement s . F lexi bi l i t y  Ls sign i f ica n t ly i nc reased . 

· 

The que st ion i s  one o f  sa fety . Ce rtainly many a reas  experienc e  
te rmpera ture s g reater  than 80°F .  Fue l f lash poi nt is  a que s t ion 
tha t  I t h i nk nee .i s  to be ad:ire s s ed because  i t  is  the eas ies t way to 
i nc rease jet f ue l  supply f lexibi l i t y . 

Another  impo rtant cha rac ter i s t ic of  j e t  fue l  i s  f ree z i ng po i nt 
( F igure 1 3 ) .  Inc reas i ng the f reez i ng point make s a big d i f ference in 
t he s tocks tha t  a re a va i lable  f o r  j e t  fue l .  Je t A-1 , a European 
spec i f ica t i o n ,  has been  p rac tical  bec ause Europe had the s t ocks to 
meet thi s s pec i f icat ion f a i rly eas i ly .  With Jet A-1 as  a base wi th a 
-5ooc f reez i ng po i nt , a c ompari son wi th Je t A ,  which ha s a -4ooc 
f reezing poi nt , s hows a 4 5  percent i nc rease i n  sui tab le compone nt s for 
Jet A .  If the f reezing point were set  a t  -3 soc , the i nc rease i n  
component s would go up to 7 0  percent . Freez i ng po i nt L s  a re qui rement 
tha t  has a lot of leve rage . He re , aga i n ,  there a re reasons f o r  
wanting i t  low . Freez i ng po int requ i relllent s should b e  examined very 
care f u l ly , and I believe i t  would be i e s i rable to  have the c apabi li t y  
t o  use j e t  fue l s  wi th highe r free z i ng po i nt s .  

Aroma t i c s  o r  hyd rogen cont ent i s  anothe r  important f ac tor  t o  be 
considered i n  j e t  fuel s pec i f icat ions ( Fi�ure 1 4 ) . As d i s t i l la te 
demand inc rease s and more low-hydrogen-content re f i ne ry feeds such a s  
t a r s  are used , more and �ore c racked s t oc ks wl l l  g o  i n t o  t he 
: H s t i l la t e  poo l s . As an example , Je t A fue l in the pas t  ha s had 2 0  
pe rcent o r  le s s  aro�at i c  conte nt . Some of  the recent re s t ri c t ions on 
c rude s  ani re f i ne r ie s  are lead i ng to p red ic tion of j e t  fue l s  wi th 2 5  
pe rcent a roma t i c s . The d i s t i l la t e  f ue l s  .i e r i ved f r om c racke1  stocks 
af te r  t rea tment to improve stabi l i t y  and so on have an a roma t i c s  
content i n  the 30 t o 40  percent range . The re wi t t  be cont i nued 
pre ssure to  use these c racked stocks . In the past , c racked solid s 
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have been so ld as  dome s t ic he a t ing o i l  a nd i l esa l fue l .  
S ome thing can be done about i t .  Hydrogen can  be adied  t o  re duce 

a roma t ic s ,  but t h i s  ls expe ns l  ve . Hyd ro�e nat t on wa s t e s  e ne rgy and 
requ i re s  long-t e rm p lann i ng and spec i a l  e qui pment , par t i c ularly i f  the 
hyd rogen mu s t  be 'llade f rom coa l . Th i s  cou l d  be done , but i t  wt l l  
i nc rease the cost  o f  a i r  t rave l . 

As I not ed earl i e r ,  the other 'lla j o r  d i s t i l late fue l s  wi l l  cont a i n  
30 to 4 0  pe rce nt a roma t i c s . Th e  t h i ng tha t l s  i n t r i gu i ng l s  t hat  
combu s t ion sy s tems can be  bu l l t  that  wi l l  run  s a t i s f ac t o r i l y  on highe r 
aroma t i c  f ue l s . 3ut the re a re s ome t rad e-of f s ,  a nd the re have t o  be 
p lans to do i t . So , he re aga in  i s  an opport uni ty to i nc rease t he 
f lexi bi l i t y  of  a i rc ra f t  that s hou ld be cons i d e red . 

The la s t  important j e t  f ue l  p roperty i s  ther�al stabi l i ty 
( Figure 1 5 ) . In curre nt a i rc ra f t , pa r t i cu l a r ly high-pe r f o r:nance 
a i rc ra f t ,  there i s  a tend ency to  use the fuel as  a dump ing g round f o r  
hea t .  Thi s  c au s e s  depo s i t s  a nd a v a r i e t y  of othe r problems . Cur rent 
stabi l i t y  re qui rement s l im i t  t he re f i ne ry s t reams tha t  can be used in 
jet  fue l . Even D i l i ly hyd roge na t e d  cracked  st ocks teni to  go  ove r  the 
edge on j e t  fuel  stabi l i ty .  In fac t ,  about the only p roduc t s  tha t  
mee t j e t  f ue l  s tabi l i ty  requ i reme nt s are t he s t ra ight-run d i s t i l late s 
tha t  have been  very care fu l ly t re a t ed . 

As more c racked and high boi l i ng s tocks are  put into j e t  f ue l , 
even l f  they a re partly  hyd rogena ted , the s tabi l i t y  problem ari se s . 
The re f o re , one of  the thi ng s  that wou l i  rea l l y  he l p  on j e t  fue l supply 
f lex i b i l i t y  wou ld be for the new generat ions of  a i rcra f t  to have le ss 
fue l stabi l i ty re qui reme nt s . 

Wha t a re the t ra ie -o f f s  and wha t are some o f  the thing s  be ing ione 
about the problem ?  Inius t ry a nd governm� nt a re worki ng , through the 
American Soc ie t y  for  Te st ing Materi a l s , on  jet fue l  spec i f icat i ons a nd 
test i ng prog ra!lls .  I have mentioned the i nc reases  i n  aroma t i c s  that 
are be ing d i scusse d . They a re looking care fully  a t  the f lash point  
quest ion , whi ch I sensed l s  goi ng to re quire  mo re re sea rch . 

Of spec i a l  i'llportance  to this  mee t i ng l s  the f ac t  that NASA ha s 
i n i t i a t ed a !lla j or prog ram to acqui re t he nece ssa ry dat a  to  re op t imi ze 
the a i rc ra f t  f ue l  interfac e . It wouli be ve ry d i f f icu l t  to  make the 
case  that a f ue l  compos i t i on  based o n  pa s t  avai l a bi l i t y  o f  re la t i ve ly 
inexpens i ve pet ro le um  i s  op t imum f o r  the f u tu re . Wha t the f ut ure 
mat erial  shou ld be i sn ' t  known . It could  be h ighe r qua l i ty f o r  some 
use s , such as supe rsonic f light ; it could be lowe r qua l i t y  for o ther 
use s . The answer l s  not c le a r .  

NASA i s  no t g o i ng to deve lo p f ue l  spec i f icat ions . The purpose o f  
t he i r  wo rk i s  t o  deve l op a data ba se t o a l low o t hers  to wo rk the 
opt imizat ion problem and to match the requi rement s of the a i rc ra f t to 
fuel supp ly as t ime goe s on . 

The Depa rtment of  De f ense ha s a subs tant i a l  prog ram la rg e ly 
re lated to  a s ses s i ng how we l l  m i l i ta ry a i rc ra f t  can opera te  wi t h  t he 
newe r f ue l s  and wi t h  the p re se nt equi pment . 

AGARD and the NATO people a re beg inn i ng to  work on the pro blem on 
an i nternat iona l  ba s i s ; they wi l l  part ic ipate  with  NASA i n  re f ine ry 
s imul a t ions  and w i l l  think the problem through themse lve s .  As usua l ,  
the re are qui t e  a few viewpo int s , but there i s  rea l  i n t e re st i n  
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working at the problem . 
One thing NASA did was dec ide that , if  there wa s  going to be a 

broad look at  thi s problem , there should be an expe rimental f ue l  that 

could be used by al l  part ic ipant s as a standard point of depart ure . 
The charac t e ri st i c s  of thi s expe rimental fuel are shown i n  F igure 16 . 
The aromat i c s  content ha s been inc reased t o  ma tch more c losely the 
component s t hat wou ld be avai l able f rom cracked stocks and synthetic 
fuel s . There is no change i n  f lash point . 

A subs tant ial  change wa s made in the f reezing poi n t . Thi s  change 
could make qui t e  a d i f ference in the supply pic ture . It wa s made on 
t he ba st s t hat the higher f reezing point would probably be 
sa ti sfac t o ry for about 98 percent of the f light s .  It  wa s recogni zed 
that there would be some exc ept ion s , .  such as ve ry long , high-al t i t ude 
f lights or perhap s cold weather opera t i ons in Ala ska . 

There l s  ve ry l i t t le change i n  t he s ta b l l i t y  t emperature limi t s .  
The experimental t emperature was set slight ly lowe r , and i t  indicates 
wha t the expert s thought might be done wi th ve ry care ful t reatment of 
the highe r  aromatic fuel . Thi s limi t , howeve r , falls s hort of 
providing for interchangeabi lity wi th d ie se l  fuel , for example . Thi s 
fue l  has been acqui red . It i s  be ing worked wi th and used as a 
baseline fuel . 

There are some general conc lus i ons that can be d rawn f rom a l l  o f  
thi s ( Figure 1 7 ) . Firs t , re f ining techno logy i s  capable of p roduc i ng  
high-qual i t y  jet f ue l s  f rom future s t ocks , and i f  we hae a st eady , 
wel l-planned wor ld the re is  no rea son why we nee d to  have poorer 
mat erials . But this doesn ' t  mean that we should keep go ing just the 
way we a re .  I don ' t be lieve we can be a s sured of a well-planned , 
orde rly future . 

To even mai ntain the pre sent j e t  fuel spec if icat ions or to  go  to  

better ones wi ll  requ i re a cons iderable amount of new ,  spec ia li zed 
e quipment ins talled on a worldwide bas i s .  The d i f f iculty of  mee t ing 
the se s pec i f icat ions i s  goi ng to  va ry consi derably a round t he world . 
Some count ries  wi ll  be in re lat i ve ly good shape and others w i l l  not . 

I believe tha t i f  t he newe r  a i rcraf t could accept a wider ra nge o f  
fuel properties we would be be tter o f f  i n  the f uture than i f  we 
continue t o  be re s t rictive or  become more so a s  far as j e t  fue l i s  
concerned . The que s t i on i s  what i t  cos t s  i n  t erms o f  perf ormance 
ope rati ng problems and capital inve stment balanc ed agains t the fuel 
cost s . We don ' t  have the answers now , and we need a subs tant ial 
program to get the i nf ormation to so lve t he problem .  

We should have the phi losophy of developing , what I would 
consider , rugged types  of equi pment that  can t olerate cond i t ions that 
aren ' t  qui te ideal . The omnivorous a i rplane is p robably too much to 
hope for , but I thi nk we s hou ld be able to work out an opt imum 
compromise . 

The message i s  that  we really ought to  look at fuel qua l i ty as a 
variable and bui ld that i nt o  the advanced prog rams . 
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FIGURE 1 

YEAR 

Wo rl d o i l  dis covery and p roduc tion rates 
from 1930 to 2000 , excluding the Peop le ' s  
Republic of China , the Sovi e t  Union , and 
Eas tern Europe (Exxon ,  1980) 

YEAR 

FIGURE 2 Oil supp ly demand 1975 to 2030 
for the world , excluding central ly 
p lanned e conomi cs 
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FRAMEWORK FOR THIS TALK 

Time Frame : 1 990 - 2030 

World Energy Growth : Low and Erra t ic Due t o  a Series of Cri s e s  

U . S . Re spons e :  A Maj or Effort t o  Conver t Sol id Resources 
to Liquid s 

A Maj or Effort to Cons e rve Liquid Fuel s 

FIGURE. 3 

SYNTHETIC FUELS 

Supply Ins tabi l ity and Pr ic e Increa s e s  Have Re sul t ed in a 
Cl ear Economi c Driving Force . 

- Maj or Energy Companie s are Propo s ing Maj or 
Development s 

Former Non-Energy Companies Developing Plans 
S t imulated by the U . S .  Synthe t ic Fuel s Corporat ion 

Federal Goal is 2MB/ D  (Oil Equival ent ) by 1 9 92 

FlGURE. 4 
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ONE PROPOSAL FOR A MAJOR SYNTHETIC FUELS INDUSTRY 

Production Goal : 1 5  MB/D by 2010 

Inves tment for Mining 
and Product ion : 800 X 1 09 

( 1 980 Dol lars )  

Employment : 870 , 000 People  

xTGURE 5 

PROPOSED SOURCES OF SYNTHETIC FUELS 

From Shale MB/D 

From Coal 

Surface Mines 6 . 0  

Underground Mines 2 . 0  

Powder River Basin 3 . 0  

Other Western 1 . 1  

Eas tern 2 . 7  

Gulf  0 . 2  

Total . 1 5 . 0  

F I GURE 6 
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COST OF SYNTHETIC FUELS 

% Increase  in Co st  
Over Shale  Oil 

Shale Oil 

Intermediate BTU Gas 

Methane 

0 

0 

1 5-25 

20-30 

40-60 

Methanol 

Ref ined Coal Liquids 

FIGURE 7 

GEOGRAPHICAL DIVERS ITY OF LIQUID FUEL SOURCES 

u . s .  

Canada 

w. Europe 

Japan 

Petroleum , Tar , Shale , Coal , 
Peat , Bioma s s  

Petrol eum , Tar , Coal , Peat , 
Bioma s s  

Petroleum ,  Coal , Peat , Biomass  

Pr imary Rel iance on  Impor t s  

F I GURE 8 
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PREDICTED TRENDS 

- Increas ing Frequency of Shor t ages 

- Recurring Tight Supply of  Spec ial ty Fuel s  

- Shift ing Produc t Mix 

- Shi ft ing and Varied Raw Material Mix 

:FI.GURE 9 

DYNAMICS OF LIQUID FUEL USE 

Uni ted States  

DEMAND MB / D  

Consuming Sector 1 980 2000 

Industrial 2 . 8  2 . 2 

Non Energy Plus 
Commerc ial /Residential 5 . 1 4 . 2 

Transportat ion 
Auto plus L. Truck 7 . 1  4 . 5  

Other Transpor tation 2 . 8  5 . 5  

To tal 17 . 8  1 6 . 4  

El ec tric Power 1 . 4  0 . 3  

F I GURE 1 0  
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Maj or Trend s 

Current Growth Rever s ed 

Decrease Due to Gas and 
Elec tricity Subs titution 

Wil l  Become an Increas ing 
Frac t ion of  the  Total 

Cont inued Decrease 

El iminat ion of Heavy Fuel 
Oil Use 
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u . s . PETROLEUM PRODUCTS DISTRIBUTION 

Year Gaso l ine/Di s tillate  Ratio 

Min . Diesel  Max . Diesel  
Growth Growth 

19 75  1 . 7  1 . 7  

1980 1 . 5  

1990 1 . 2  

2000 1 . 0  0 . 7  

FIGURE 11  

FLASH POINT 

- Decreas ing Flash Point i s  an Effective Means of Increas ing 
the Range of Ref inery S tocks Suitable for Jet Fuel 

Flash Point % Increa s e  in 

0c (°F)  Sui tabl e Components 

38 (100) Bas e  

32  ( 90) 10-18 

27  (80)  22-30 

- Takes Advantage of  Future Reduced Gasoline Consumption 

- Minimum Interference with Diesel Fuel  Product ion 

- Make s Pos s ible Add i t ion of Higher Boil ing Component s  

FI.GURE 12 

38 

NASA'S Role in Aeronaut ics:  A Workshop

Copyright National Academy of Sciences. All r ights reserved.

http://www.nap.edu/18691


FREEZING POINT 

- Increas ing Freezing Point Grea t ly Increases  Ref inery 
S tocks Sui tab l e  for Jet Fuel 

Freez ing Po int % Increase  in 

Fuel 
o

c Sui tab l e  ComEonen t s  

Jet A- 1 -50 Bas e  

Jet A -40 45 

-35 70 

- The Same Higher Boil ing Frac t ions are Useful for Diesel  
and Heating Oil 

- The Higher Bo il ing Frac t ions Tend to Increas e Liner Heating 
and Smoke 

F I GURE 1 3  

HYDROGEN CONTENT (AROMATICS ) 

Increased Di s ti l late Demand and Low Hydrogen Content 
Refinery Fue l Wi l l  Resul t in Increa s ed Use of Cracked 
S tocks in Dis t i l l ate Products  

Jet A 

Revi s ed Je t A 

Di s t i l late Fuel s from 
Cracked S tocks 

% Aromatics 

20  

2 2 / 2 5  

30-40 

- Hydrogenation wil l  Reduce Aromatics  But i s  
Expens ive , Was teful of  Energy and Requires 
Special Equipment 

- Other Maj or Di s t i l la t e  Fuel s  l-lil l  Contain 
30-40% Aromatics  

- Properly Des igned Combus tion Sys t ems Can 
Sat is factorily Burn High Aromatic Fue l s .  

F I GURE 1 4  
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STABILITY 

- S tabil ity Requirements  Limit Refinery Streams 
That Can Be Inc luded in Jet Fuel 

- Other Di s ti l l a te Product s  Do No t Meet  Jet Fuel 
S tabi l i ty Requirement s 

- Cracked and High Boi l ing Stocks Increase  The 
Stabil i ty Problem 

- Aircraf t Wi th Les s  Severe S tabi l i ty Requirement s 
Would Greatly Increase Future Fuel Opt ions 

FIGURE 15 

EXPERIMENTAL BROAD SPECIFICATIONS FUEL 

Experimental 
Jet A Fuel 

Hydrogen Wt Percent ""'14 � 13 

Aromatics  Vo l Percent < 25  - 35 
0 

Flash Point C ) 40 > 40 
0 

Freezing Point C -40 -29 
0 

Break Point Temp C )260 ) 240 

FIGURE 16 

40 

NASA'S Role in Aeronautics: A Workshop

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18691


GENERAL CONCLUSIONS 

- Re fining Techno logy is Capab le of P roducing High 
Quali ty Je t Fuels  from Future Fue l S to cks 

- This Wi ll Requi re Increased Use of  Speciali zed 
Equipment as Feed S tock Quali ty Decrease s  and 
Comp e ti tion for Dis t illate Fuel Increase s  

- The Di fficulty o f  Mee ting Specifications Will  
Vary Greatly with Location E specially in Time s  
o f  Crisis  Fue l Shor tage s  

- Aircraf t Capable of  Accept ing a Subs tantia l ly 
Wider Range o f  Fuel Properties Appear to Fit the 
Fu ture Be t te r  than Aircra f t  with Res t ri ctive 
Fuel Requirement s 

- A Sub s t an tial Program i s  Needed to Acquire the 
Information Needed fo r Future Aircraft/ Fue l 
Op timi za tion . 

FIGURE 1 7  
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PERSPECTIVE ON ENGINEERING MANPOWER 

Pat r i ck J .  She r i dan  
Manager ,  Manpower Ac t i v i t i e s  

American As sociat i on of  Engi neer i ng Soc ie t i e s  

I wou H  l l ke t o  t ha nk Dr . St ever a n d  the Aero nau t i c s  a n d  Space 
Engineering Board of the Nat ional  Re search Counc i l  for t he opport uni t y  
to speak at  your workshop thi s a f te rnoon . Pe rhaps  i t  might b e  we l l  
f o r  m e  t o  take a moment to say a few word s about the Amer i c an 
Assoc iat i on of Engineeri ng Societ i e s ,  the parent organ i zat i on o f  the 
Eng ineer i ng Manpower Commi s s ion . 

AAES , a s  i t  i s  now known in  the alphabe t ical j a rg on of  eng ineering 
soc i e t i e s , c ame into ex i s tence i n  Dec ember 1 9 79 . I t  has a membe rship 
of some 38 engineer i ng soci e t i e s  wi th  a membership of more than 
6 5 0 , 000 profess iona l  engine e rs . Its predece s sor  orga n i z at i o n  wa s the 
Eng inee rs Jo int Counc i l . 

AAES i s  mad e  up of four counc i l s . They are known a s  the 
Educ a t ional Af fa i rs Counc i l , t he Inte rnat iona l Affa i r s  Counc i l , the 
Publ i c  Aff a i rs Counc i l , a nd the Engineering Af fairs  Counc i l . 

The Educat ional Af f a i rs Counc i l  i s  concerne d wi t h  suc h  thi ng s  a s  
gui d ance for  young people who are i nterested in  s t udying eng ineer i ng , 
cont i nuing educat ion for  exper i e nced eng inee r s , e ng i ne e r i ng  and 
technical  educat i on ,  and maint a i n i ng l i a i son between t he eng ineering 
soc iet i e s  and t he Acc re d i tat ion Soa rd for Eng i ne e r i ng and Technology 
( ABET) .  

The Int e rna t i onal Affairs  Counc i l  i s  concerned wi th the 
coo r i i nat ion and c ommunicat i on of  i nte rna t ional ac t i vi t ie s  and wo rks 
wi t h  g roups such as the Pan Amer i c an Federat ion of Engineering 
Soc iet ie s , t he World  Federat ion of  Eng i neeri ng  Organi zat ions , the 
World Ene rgy Conferenc e , and t he u . s .  Commi t t ee on Large Dams . 

The Publ i c  Af fa i rs Counc i l  i s  conc erned with  e s tabl i shi ng a 
Washing ton p re sence on behalf  of i t s  member socie t ie s . It  i s  a l so 
re spons i ble for  deve loping eng ineeri ng i n f o rma t ion re levant t o  current 
publ ic  i ssue s . The coord inat ing comm i t t e e  on energy i s  part of the 
Publ i c  Af fa i rs Counc i l . 
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The Eng i neeri ng Af f a i rs Counc i l  through the Eng i neering Ma npower 
Co1llllli ssion i s  concerned wi th  the adequacy of e ng ineeri ng manpowe r t o  
meet  nat io nal  go als . The Eng ine2 r i ng Manpower Commi s s i o n  through 
survey prog rams furni she s  informat ion on educa t ion , placement , demand , 
a nd c ompensat ion of eng i ne e rs and techno log i s t s . The Enginee ring 
Aff a i rs Counc i l  i s  a l so re spons i ble for maintaining and publi shing the 
guide line s  to  profess ional emplo}'lllent for  eng ineers  and sc i ent i s t s . 
The Eng ineer ing Pract ices  Inf ormat ion Ce nte r  ( EPIC)  i s  part of the 
Eng ineering Affa i rs Counc i l .  EP IC moni tors  l eg i slat ion a f fec t i ng  
eng ineering i n  e ve ry state  o f  the Uni t e d  States  a nd ale r t s  subs c r i be rs 
wi th pe rt inent informa t ion concern i ng this  leg i slat ion . The 
Enginee ring Aff a i rs Counc i l  l s  a l so re spons i ble  for publ i shing Who ' s 
Who in  Eng lnee r lng .  Th i s  publicat ion l s  re v i se :i  every two y e a r s  and 
cons i s t s  of a l i s t ing of eng ineers who have H s t ingui shei  themse lves 
by the i r  cont r i but ion  t o  e ng ineering t echnology . 

I would now like to d i scuss wi th you some of the stud i e s  conduc ted 
by t he Eng i neering �anpower  Commi ss ion and then review some of our 
mos t recent f i nd i ng s .  

Each year a f t e r  the September enro l lment , the Eng ineering Manpowe r 
Commi ss ion conduc t s a survey of  the eng i neer i ng  and techno logy schools 
in  the Uni t ed States to  determine the leve 1 of  enro llment and the 
eng i neering a nd t echno logy d i sc i pl i ne s  i n  whi c h  the new s tudent s have 
enrolle d . These data  are f urthe r  broken down by women and m i no r i t y  
student s .  The data a re pre sented b y  schoo ls  on  the ba s t s  of  graduat e 
and undergraiuate  p rog rams . Acc red itat ion data by p rog ram are also 
pre sent e d .  In June of e ac h  year we do a survey of  the same schoo l s  to 
det e rmine the numbe r of  g raJuates  and the p rog rams f rom which  they 
g raduat ed . The breakdown ls simi la r  to  that of the enrollment survey 
and i s  pre sented on the bas t s  of  schoo l ,  by women and mino ri ty , and by 
curriculum .  Eve ry two yea rs t he Eng ineeri ng �npower  Comm i s s ion 
conduc t s  a salary survey of  p rofess iona l eng i neers . Th i s i nc ludes a l l  
e ng i nee rs i n  indus t ry ,  educ a t ion , a nd government wi th  a f our-year 
:iegree in eng inee r i ng .  The data are pre sented on the ba s t s  of 
matur ity--years s ince B . S .  degree--and a re furthe r broken J o'.in by 
supe rv i sory status and degree leve l , such as  bachelors , masters , or  
Ph . D . s .  Groupi ng s  a re a l so present ed on the bas t s  o f  indus t ry type ; 
stat e , local , and feiera l  government ; ani by academ ically  employed 
eng i neers  on the bas i s  of 9- or  1 2-mont h contrac t s . 

The Enginee r i ng Manpower Commi s s i on has , over the years , publi shed 
manpowe r bul le t i ns summa r iz ing the re sul t s  of i t s  va r ious survey s and 
p re sent ing othe r  i t ems of  infor:nat ion to  the eng ineeri ng communi ty . 
The se a re d i s t r i but ed on a subsc ri pt ion ba s i s  to  eng i neers  and 
eng inee ring employe rs who are i ntere s t ed . 

I would now l i ke to  rev iew wi t h  you some manpowe r hi s tory based on 
the stu:i ies  taken over the years by the Eng ineering Manpower  
Commi ss ion.  We wi ll a l so look at  the latest  manpowe r i nf o rmat ion 
ava i lable , which in  most case s  l s  that f rom the 1 9 7 9  s tud ie s . We a re 
now in t he proc e s s  of co l lec t i ng ia t a  f o r  1 9 8 0 ,  but thi s i n format ion 
wi ll not be ava i lable unt i l  somet ime i n  Oc tobe r .  The data tha t  you 
a re about to see , for  t he mo s t  pa rt , a re gene ra l i nforma t ion covering 
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a l l  eng inee r i ng d i sc i plines . Whe re pos s i ble we have i s o latei  
aerospace eng inee ring to  g ive you  a spec i f ic  feel  o f  how thi s re lates  
t o  t he ove r a l l  eng i nee ring picture . 

Figure t shows total  e ng ineer i ng undergraduat e  enro l lment . In 
1 9 7 9  thi s amount ed to some 3 4 0 , 488  uniergradua t e  s tudent s e nro lled in  
280 schoo l s  t ha t  awa rd a bache lors o r  h ighe r  degree in enginee r i ng . 
Th i s  represents  a 9 p� rcent inc rease over  t hose  enrol led i n  1 9 7 8  and 
an 82 percent i nc rease o ver  those enro l led in  1 9 7 3 .  Bo th women and 
mino r i t i e s  inc re ased 21 percent ove r  1 9 7 8  enro l lment s .  Compari ng thi s 
wi t h  the o ve ra l l  inc rease i n  enro l l'llent s  of 9 perc ent ind icates  tha t  
wo.nen and mi nor i t i e s  are now get t i ng a g reat g r share of  eng i neering 
enro l lment s .  Of the 340 , 488  enro l lment s ,  9656  s t udent s  were enro l led 
in ae ro space eng i nee r i ng prog rams . Th i s  repre sent s a 21 pe rcent 
i nc rease o ve r  1 9 7 8 ,  when the aerospace e nro l lment wa s 7949  s tudent s .  
So , we mi ght say tha t  things  are looki ng up i n  ae rospace eng i neeri ng 
enro llment . Of the 9656  s tudent s enro lled i n  ae ro space eng ineering 
programs , 4 3 5  ( 4 . 5  percent ) are fore ign nat i ona l s t udent s he re on a 
tempora ry vi sa . 

Figure 2 shows a breakdown of eng i neering enro l lment on t he bas i s  
o f  f reshmen , sophomore s ,  juniors , a nd seniors . I have a l so shown 
g raduate  student s i n  Figure 2 ,  which we re not i nc luded in  t he t ot a l  i n  
Figure 1 .  

Freshmen enro l lment i n  1 9 79 was 1 03 , 7 24 .  Thi s  repre sent s an  8 
pe rcent i ncrease over 1 9 7 8  and a t OO pe rcent inc rgase ove r 1 9 7 3 .  
Sophomo re enro l t:nent o f  7 8 , 594  repre sent s a 9 percent inc rease over 
1 97 8 ,  and j unior  enro l lment a t  7 4 , 9 2 8  repre sent s a 7 perce nt inc rea se 
ove r 1 9 78 . Senior enro l lment at 83 , 2 4 2  repre sents a 1 3  percent 
i nc rease over 1 9 7 8 .  Retention rate s f rom 1 9 7 8  ani 1 9 7 9  s howed that 8 2  
percent of a l l  f reshmen became sophomore s ,  1 1 9  perc ent o f  the j uniors  
bec ame sen i o rs , and  7 2  perc ent o f  the sen iors  g radua ted with a B . S .  
degree i n  eng ineer i ng . Retent ion ra tes  g reater than 1 00 pe rcent a re 
due to  t ransfers into eng i neeri ng prog rams f rom othe r d i s c i p l i nes . As 
we a l l  know , the re i s  a g reat d eal of  t rans it ion i n  and out of  
eng i nee ring curricula . The re i s  a l ways a heavy lo s s  f rom the f reshman 
cla s s  to t he sophomore class . Thi s  i s  made up , to some extent , by 
student s enrolled in othe r  sc ient i f ic f ie l d s  who dec i d e  to t rans f e r  to 
eng i neer i ng at t he e nd of the i r  sophomore and j uni o r  years . Not a l l  
o f  them make i t , howe ver , s i nce  only 7 2  pe rce nt o f  t he seniors  
eventually wind up wi th a B . S .  deg ree in  e ngineering . 

Graduate student s i nc reased 8 percent ove r 1 9 7 9  to 4 1 , 384  
enro llments .  Thi rty-four percent of the  g radua te e nro l lment s  i n  
eng i neer i ng curr i cu lum a r e  made u p  of  fore i gn na t ional s tudent s . 
Thirty-one pe rcent o f  the masters  d eg ree c and idat es  and 3 9  percent o f  
the doctoral cani !dates  a re fore i g n  nat iona l student s .  With respe c t  
to aerospace eng ineering , some 31  percent of the c and idates  a re 
foreign  nat io!la l s  anJ 51 percent of  the Ph . D . cand idat e s  are foreign 
na tional student s . The number o f  women i n  g raduate  prog rams i nc re a sed 
16 p e rc ent ove r 1 9 7 8 .  

Figure 3 shows tha t  eng inee ring degre e s  award ed in 1 9 79 amount ed 
to 5 2 , 598  at the bache lor leve l . Thi s  repre sent ed a 14  pe rcent 
inc rease ove r 1 9 7 8  and a 21  percent inc rea se ove r  the number of 

4 5  

N A S A ' S  R o l e  i n  A e r o n a u t i c s :  A  W o r k s h o p

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/18691


degree s awa rded in  1 9 73 .  Of t h i s  t o ta l ,  9 percent we re awa rd ed to  
wome n ,  a s  cont ra s t ed wi t h  1 . 4  percent i n  1 9 7 3 .  Two pe rce nt we re 
awa rded t o  B lacks , as cont ra s t ed w i t h  1 . 5  percent in 1 9 7 3 .  One and 
one-ha l f  pe rcent we nt  t o  Hi span i c s , a s  cont ra s t e d  wi t h  1 . 3  percent i n  
1 9 73 .  As ian  Pac if i e s  we re awa rded 3 percent of  t h e  e ng ineering 
degree s i n  1 9 7 9  and 1 . 6 pe rce nt i n  1 9 7 3 .  American Ind ians made  up 
about 0 . 1 of 1 percent in each of t hose  years . Comparing the makeup 
of t he 5 2 , 598 degr2 e s  awarded in 1 9 7 9  wi t h  the numbe r  of d eg rees 
awa rded in  1 9 78 , women were up 4 4  percent , B l acks were up 2 0  perc ent , 
Hi s pani c s  we r e  up 1 0 . 1 pe rce nt , As ian Pac i f i e s  were up  2 8 . 2 pe rcent , 
a nd Amer ican Ind ians we re up 5 9  percent . Compa red with  t he ove ra l l  
increa se  of 1 4  perce nt , women and mo s t  m i no r i t ie s  maie headway over  
1 9 7 8 . 

Ma s ters degrees i n  eng ine e r i ng we re down 1 percent f rom those 
grante d  in 1 9 7 8 . The 1 6 , 0 3 6  ma s t e r  deg ree s awarded  in 1 9 7 9  we re a l so 
6 . 5 pe rcent less  t han tho se awa rded i n  1 9 7 3 . Twent y-f ive p ercent of  
t he ma sters  deg rees  awarde i we nt  t o  fo re i gn na t iona l s  i n  1 9 7 9 .  At  the 
mas t e rs leve l , women i nc reased the i r  part ic ipat ion by 9 . 3 pe rcent . 
�inor i t i es we re down . Blacks we re o f f 2 1  pe rcent , Hi span i c s  we re down 
1 2  p e rcent , a nd As i an Pac if i e s  were down more than 1 4  perc e nt . 

The numbe r of doctoral  deg re e s  awa r:ied  i n  1 9 7 9  was 9 percent 
g reat e r  than in  1 9 7 8 . However ,  the 2 8 1 5  doc tora l  degrees  awa rded in 
1 9 7 9  was 22 per� e n t  be low t he numbe r awarded i n  1 9 7 3 .  Th i rt y -three 
pe rcent of t he doc tora l  degre e s  we re awa rded t o  f o re ign  na t ionals . 
Two pe rce n t  o f  the Ph . D . deg rees  wen t to  women ,  0 .  7 p erce nt  went to  
Blacks , and  0 . 8  percent went to  Hi spani c s .  S i x  percent of  the 
doc to ra l  de g ree s went to Asi an Pac i f ie s . 

Taki ng a look a t  aerospace eng i neering degre e s  shown i n  F i gure 4 ,  
we f ind that  i n  1 97 9  the re we re 1 1 4 5  degree s awa rded . Al though t h i s  
repre sent s a 1 7  pe rcent inc rease  over the number of  ae rospace 
eng i neer i ng degree s awarded i n  1 9 7 8 , it rep resents  only 86 percent of 
t he t o t a l  numbe r  of  degrees awa rded in  1 9 7 3 . At the ma sters  degree 
leve l ,  t he 381  Jegrees awarded tn aero s pace eng i ne e r i ng i n  1 9 7 9  i s  9 3  
pe rc ent of  t he numbe r o f  deg re e s  awarded in  1 9 78  and 6 2  percent o f  the 
numbe r of  mas t e r  degree s i n  a e ro spac e awa rded  i n  1 9 7 3 .  Ph . D . degrees 
a l so d ipped in 1 979 t o  8 2  pe rcent of  those awa rded in 1 9 7 8  and about 
ha l f  of tho se awa rded in 1 07 3 .  Fore ign nat iona l s  rece ived 26 percent 
of  t he ma s t e rs and 50 perc ent of  the doctora l  d egrees  awa rded to  
ae ro space gradua t e s . 

Figure 5 t ranslat e s  t he numbers i n  Figure 4 i nt o  percentages  to  
ref le c t  pa rt i c i pa t ion of  aerospace i n  eng i neeri ng curriculum .  We f ind 
that bache lors degrees  i n  ae rospace eng ineering amount to  2 . 2  percent 
of t he tota l awa rded , mas t e r s  degrees  about 2 . 4 percent  of  t he t o t a l  
awa rd ed , a nd Ph . D .  degrees  a bout 3 . 3 pe rcent of  t he doc tora l  deg rees  
awa rded . In  e ac h  case , you can see the re i s  a subs tant i a l  dec rea se 
f rom the heyday of 1 9 7 2 . 

Figure 6 c ompare s the d eg re e s  awa rded t o  women t o  t he f reshman 
enro l lment in a l l  e ng i neer i ng curr iculu� . Women rep re sented 1 4  
pe rcent o f  t he to t a l  f re shman enro l lment in  1 9 7 9 .  Thi s  wa s 1 9  percent 
ove r t ha t  of 1 97 8  and 480 pe rcent ove r  tha t  of 1 97 3 .  Nine percent of 
the total  deg ree s awa rd ed in 1 9 7 9  went to women . Th i s  wa s a 44 
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percent inc rease  ove r  1 9 78  ani a 650  percent over 1 9 7 3 .  Fo rty-s eve n  
perce nt of  the deg re e s  awarded  t o  women we re l n  three maj o r  f l e U s :  
mechani c a l  e ng i nee r i ng--1 3 percent , elec trica l--1 3 percent , and 
chemical--21  percent . 

F igure 7 shows that B lacks made up 6 percent o f  the t ot a l  f re s hman 
enro l lme nt in eng i ne e r i ng .  The i r  t o t a l enro l lme nt of 6 3 3 9  rep rese nted  
a 15  percent inc rease over  1 97 8  and a 197  percent i nc rease ove r 1 9 7 3 ,  
which ind ica tes  good p rogre ss but i t  doe s not qu i t e  co:ne u p  t o  the 
p rog re s s  made by women . Wit h  re spec t to deg re e s  awa rd ed , B lacks 
received 2 p e rcent of t he tota l . S i x t y-three percent o f  the degree s 
awa rded  to  Blacks we re in t he f i elds  o f  mechanical--2 1 percent , 
e lec t ri cal-- 3 2  pe rcent , and chemica l --10  percent . 

F igure 8 shows t ha t  Hi spani c s  ma:le up 3 percent of t he total  
f reshman enro l lme nt i n  1 9 7 9 .  Thi s  repre sent s an 18  pe rcent  i nc rease  
ove r 1978  and a 29 percent ove r 1 9 7 3 .  Deg rees awa rded t o  Hi spani c s  
amounted  t o  1 .  5 percent of the tota l :l egrees awarded . For ty-seven 
perc ent we re in two f i e ld s :  mechani c a l --1 9 percent and e lec t r ica l--28 
pe rcent . 

Figure 9 shows the part ic ipat i on of  women and mino ri t ie s  i n  the 
degrees  awarded f o r  aerospace en� inee r i ng .  Al though some s l ight  g a i ns 
have been made by 'Slacks and Hi spanics , women have pene t ra t e d  the 
ae ro s pace f i e ld cons i derabl y , i nc rea s i ng the i r  p� r t i c ipat ion Ln t e rms 
of deg ree s awa rded by some 3 50 percent s inc e  1 9 7 4 . 

Figure 1 0  shows some changes  that have taken place in the 
pa rt ic ipat ion o f  s t udent s in se lec t e d  eng inee ri ng curric ulums ove r  the 
pa s t  decade . In 1 969 some 2 8 . 5 percent o f  the degre e s  awa rde:l  we re in 
the e lect rical  engineering f i e ld . Thi s  f e l l  t o  2 3 . 2  perc ent in 1 9 7 9 .  
Ove r t he same per i od , mec ha n ic a l  eng ineer i ng d roppe d f rom 2 1 . 1  percent 
to  1 9 . 2 percent . On the other  hand , c ivi l eng ineer i ng went f rom 1 4 . 9 
pe rcent in 1 9 6 9  to 1 9 . 1  pe rcent i n  1 9 7 9 .  Che'll ical  e ng i nee r i ng ove r 
the same per i od went f rom 8 .  6 percent to 1 1 . 1 percent , and aero space 
d ropped f rom 5 . 5 pe rcent of the tota l degree s awarded in 1 9 6 9  to 2 . 2 
percent of  the t otal deg rees  awa rd ed in 1 9 79 . 

Figu re 11 shows t he s ta tus o f  eng ineeri ng g radua t e s  a s  o f  the i r  
date of  g radua t i on .  Our 1 97 9  survey showed that  7 6  percent we re 
emp loyed as of the i r  date  of gra:luat ion , 1 2  perce nt we re ente r i ng 
g radua t e  s tud i e s , and 3 pe rcent ha :l no o f fers  o r  plans . In my 
opionl o n ,  the key i t ems i n  thi s analy s i s  a re ( 1 ) enteri ng g ra:lua t e  
stud ie s , ( 2 )  cons i dering job of fers , and ( 3 ) no o f f e r s  o r  plans . When 
t he job  marke t i s  favorab le we usua l ly f i nd fewe r  s tudents goi ng on t o  
g radua t e  schoo l and more g raduat es s t i l l  c ons idering job  o f fers . And , 
of  course , when the job  ma rke t  i s  favo rable we have fewe r g raduates  
wi t h  no o f f e rs o r  plans . When t he j ob marke t i s  l e s s  t han f avo rable 
we f l nj an i nc reased number applyi ng for  g raduate  schoo l ,  a higher 
percentage wi th  no o f fers  or  plans , and ve ry few s t i l l  cons id e r i ng job 
o f f e rs , s i nc e  t hey a re quick to accept  a f a ir o f fe r  when it  is  made .  
As you can see f rom these  numbe rs , 1 9 7 9  p re sented a favorable job 
ma rke t t o  the gradua tes . 

Figure 1 2  shows the s t at i s t ic s  for  aero space g ra :luates ,  w i t h  the 
number empl oye:l a s  of the :l a t e  o f  g radua t i on s l i ght ly lowe r , the 
numbe r ent e ri ng ful l-t ime g radua t e  s tudy s l ight ly highe r ,  and the 
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numbe r o f  g ra :lua t e s  w i t h  no o f f e rs or  plans about 1 percent highe r  
t han t he ave rag e . The stat i s t ic s  are s l i ght ly  lower than f o r  some 
othe r  d i sc i p l i ne s ,  but really  no t that far  out o f  l i ne . 

F igure 1 3  shows t he p rogre s s  i n  salarie s for eng i nee rs by :Ieg ree 
leve l f rom 1 9 63 t o  t he pre sent . As  the graph i nHcates , eng inee rs 
have made good p rog re s s . Figure 1 4  i nd icate s tha t ae ro space e ng inee rs 
have a l so made good p rog re s s  salary wi se . Figure 1 5  shows a 
c ompar i son o f  t he s t a rt i ng salaries pa i d  to  e ng i ne e r s  in genera l  and 
those pa i d  to ae ro space eng i neers . Al though aerospace eng inee rs we re 
somewhat beh l nd ove r  the pas t  dec ad e , apparent ly they ' ve now c aught up 
wi th the average . I would now l i ke t o  s hare wi th you some pre l imi na ry 
i nformat ion t hat  we have c o l lec t e d  i n  our p lacement survey w i t h  
re spec t t o  s t art ing s a l a r i e s  f o r  bac he lors , ma s ters , and �h . D .  
e ng i nee r i ng g raduate s  i n 1 980.  I shou ld l ike to remi nd you that the se 
are pre limina ry numbe rs �n:l shoul:i no t be c ons l :iere1 o f f ic i a l  unt i l  
our survey i s  publ l she i .  A s  we a l l  suspec te-i , pet ro leum e ng inee r i n� 
g radua t e s  rec e ive J the highe s t  s t art ing salar i e s  o f  any eng ineer i ng 
i i sc i p l i ne a t  t he b�che lo r s  l eve l .  At $ 1 9 8 3  a mon t h ,  the i r  sa lary  i s  
highe r  than mos t s t art i ng sa lari e s  at  the masters iegree leve l .  
Ae ro space g ra iua tes rec e i ved s ta rt i ng s a lar i e s  o f  $ 1 6 5 5  at the 
bache lors leve l , wh i c h  i s  somewha t be low e le c t r i c a l  and chem ic a l ,  but 
h i�he r than compute r and c l vi l .  The ave rage s ta rt i ng s a l a ry f o r  al l 
d i sc i p l i ne s  a s  repo r t e J  in the J::ng inee r i ng 'ianpowe r :::ommi s s i on 
Plac ement Surve 1 l s  � 1 7 20 a mont h .  At t he �asters  ieg ree leve l ,  the 
ave rage s tart ing sa lary i s  $ 1 8 98 a mont h .  The ave rage s t art ing sa lary 
for ae ro space eng ineers  at the ma sters  leve l  i s $ 1 86 7  a mont h .  At the 
doc tora l  leve l ,  t he ave rage start ing sa lary fo r al l eng ine e r i ng 
d i s c i p l ine s i s  $ 2 31 3  a mon t h .  Ae rospace eng inee rs a t  the Ph . D .  leve l  
rece ive s t art ing salarie s o f  $ 2 2 3 5  a mont h .  

F igure 1 6  sho�s eng i nee r i ng employment and unemployme n t  i n  the 
Uni t ed S tates . The Bureau o f  Labor S ta t i s t ic s  e s t ima t e s  t hat  we have 
about 1 , 400, 000 eng i neers  current ly employed , wi th  an unemployment 
rate of about 1 . 2  percent . It i s  e s t ima t ed t hat  aerospace eng ine e rs 
make up about 5 percent o f  t he emp loyed eng i neers . 

I hope t hat  t h i s  informat ion wi l l  be o f  some va lue to  you in your 
de l i be rat ions ove r the next several  iays . I f  you have :1 ny que s t ions 
in the t ime rema i n ing , I sha l l  t ry to  answe r  t hem . :'hank you agai n 
f o r  your ki nd a t t ent ion . 
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THE OUTLOOK FOR METALLIC MATERIALS 

Charle s Law Mc Cabe 
Vice Pre s ident and Ge ne ra l Manage r 
High Techno logy Ma teri a l s  Divi s i o n  

Cabot Co rpo ra t ion 

Pe rhap s  I should re t i t le t h i s  t a lk "What Shou ld We Do About 
Meta l l ic Ma t e ri a l s , "  rather t han me re ly cons ide r t he i r  out look . 
Tha t ' s  be cause what we i n  the u . s .  dec i:ie  t o  do t oday and t omorrow 
wi l l  so p rofouni ly af fec t tha t  out loo k .  E s se nt ia l ly , t he n ,  my remarks 
wi l l  ieal wi t h  wha t I t h ink we shou li do t o  bri ght en the out look f o r  
spec i a l t y  metal s ,  which a re the one s  I know t he mo s t  about a n d  t h e  
primary one s a t  i s sue . 

Coming f rom a priva t e  sec tor o rgani za t i on that has a long h i s t ory 
in deve loping spec ial ty metal s , I might be expected  t o  ske t c h  e i t he r  a 
f la t t e r i ng port ra i t  of  our i n�us t ry ' s  future o r  a d i sma l 
one--depe nd i ng on t he poi nt I might wi s h  to  make . Bu t i t  i s  becau s e  I 
am a par t  o f  an i ndu s t ry who se fut ure depeni s  o n  the eventua l  outcome 
of t he i s sue s we ' re d i scus s i ng he re tha t I conc lude that t he out look 
for 11e tal l 1 c  ma t eria l s  iepend s ,  to a large extent , o n  l nius t ry and 
gove rnme nt worki ng t ogethe r .  And as a forme r  co l lege p rofe s sor , I ' l l 
gd i t he ac ademi c communi ty t o  tha t . 

To pick up the "out look" threai , I ' l l Hvide i t  into three part s :  

--Today , i t ' s  no t a l l  that ba� . 
--Tomorrow , i t ' s  iubious . 
--The day af ter , i t  could be d i sast rous ; or , o n  t he o t he r  hand , 

und e r  control --which i t  wi l l  be i s  up t o  us . 

The curre nt boom i n  the ae rospace i ndus t ry ha s seen 3 p e riod of  
meta l l ic raw mat e r i a l s  al locat ions and for wrought al loy proJucers 
lead t ime s mea sure i in  months , even years ( rathe r than weeks ) .  In 
add i t i on ,  it has been a pe riod  o f  rap id p rice i nc rease s a l l  t he way 
around . 

Al thoug h t he acute shortage pha se L s  ove r ,  we a re s t i l l  l e f t  with 
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some �et al l ic raw ma t e r i al p r i c e s  tha t are art i f ic ially  high an1 
canno t be sus t a ined over  t ime . 

I re f e r  part icularly to coba l t , wh ich shot up i n  price  i uri ng 1 978  
and 1 9 7 9 , f rom $6  t o  $25  a pound . Unf o rtuna t e l y , mo s t  o f  the f ree 
wo rld ' s  cobalt  c omes f rom Za i re and Zambi a ,  count r i e s  that are 
de s perate ly in  need o f  cash . Po l i t ical  c ons i:lerat ions , rat he r  than 
marke t p lace pre s sure s , the refore , d i c tate sell i ng p ri c e . 

In t ime , the coba l t  p rice w i l l  come down . Gene ra l l y , though , we 
shouldn ' t  expec t metallic  raw mater i al s  prices , wh ich have e sc a lated  
far  faster  than i nf lat i o n ,  t o  c ome down . The refore , p res sure s t hat 
have always ex i sted to  f ind way s o f  re iuc ing ma terials  c o s t s  w i ll be 
intens i f i e d , and good idea s wi l l  read i l y  be funded . 

As f or t omorrow,  shortages such a s  we have experi enced  c an be 
expec t ed t o  oc cur agai n ,  g i ven the f luc tuat ions in iemand by the 
ae rospace iniust ry c ouplei wi t h  a genera l  i nc rease i n  demand by other 
market s .  The p ri vate  sec tor has re s ponded t o  thi s s i tuat i o n .  Bo th 
primary met a l l i c  raw materi a l s  proiucers  a nd wrought alloy p ro ducers  
have announced  expans ion plans . 

In my own d ivis ion , our produc t i on t oday i n  pound s i s  twice the 
rate  we enjoyed duri ng the peak of  t he 1 9 7 4  boom pe ri o d . And just  
las t  week we s i g ne d  a cont rac t tha t , in  1 982 , wi ll more than d ouble 
our capac i t y ,  as  we ll a s  imp rove raw mat e r i a l  ut i l i zat i on by 
inc rea s i ng y i e ld s . 

Wi t h t h i s  expansi on ,  we hope t ha t  we ' 1 1  be able to  kee p  our 
delive ry t imes d own in t he next boom per i od so that our custome rs 
won ' t  have to order material  so f a r  i. n  a:ivance and wa i t  so long for  
delive ry .  

In mo st  cases , the prof i t -making system wi ll wo rk in  t ime to 
p rovi de the nece ssary produc t ive capac i ty .  6ut thi s i s n ' t the who le 
st ory and i t  c ertainly i sn ' t for the d ay a f ter tomorrow because there 
mus t  be an  adequate sup p ly of m i nerals  or me tal l i c  raw ma te r i a l s  to 
feed the p roduc t ive capac i t y  and that supply is l imited  for some 
important metal s .  

We i n  the u . s .  are part i cularly vulne ra ble because 1 8  of the 
minera l s  cons i de re d  e ssent i a l  to our economy and secur i t y  a re imported 
at leve ls of  50  percent or  mo re . Close to  1 00 percent o f  two of  the 
most  st rategic  metals  for  t he ae ro space i ndus t ry --coba lt  and 
chromium--a re imported . 

Gi ven tha t  the d emand f o r  metallic  mate rials f luc tuates  a nd that 
we impo rt so many of the vital  al lowi ng e lement s ,  some way of b r i ng i ng 
supply and demand into synchroni zat ion wi thout worrying about pos sible 
cutof f s  of f o reign sourc e s  seems to be the way to g o .  

How be st  t o  ap proach thi s a dmi t ted ly ideali zed s i t uat i on i s  the 
mai n  point  I wi sh to lea ve wi th you.  Pe rm i t  me to a rrive at thi s  
poi nt b y  summari z i ng the exi s t i ng ani near-term supply and d emand 
s i t ua t i on a nd t hen i ient i f y i ng so�e ba s ic i :ieas conc erning 
a l t e rna t ive s  to  our iependenc e on f o reign  e x i s t ing supplie s .  

The alte rnat ive s , each o f which I wi l l  aid re s s , a re a s  f o l lows : 

--Subs t i t ut ion of  those metals  whose suppl ies  are most vu lne rable 
t o po l i t ic a l  ani other upheava l s  around the wo r l i . 
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--De s igning around--that l s , e l imi na t i ng or  reduc ing --the amount s 
of  t hose met a l s  now be i ng used . 

--Recyc l ing , or  sa lvag ing , tho se me t a l s  � uri ng p ro iuc t ion o f  
c ompone nt s  and the i r  eventual d i sposa l .  

F i rs t , I w l ll i i scuss  the out look f o r  supply ani iemani ove r the 
next f i ve years , f ocus i ng on so�e o f  our v l t a l  and vulnerable 
st ra teg ic me t a l s . 

Chromi um By any c r i terion , chromium i s  a t  the t op of  the l i st a s  
a source of  concern t o  anyone who supp l i e s  hi gh- t empe rature a l l oy s  to 
t he ae rospace i ndus t ry .  The reasons , o f  course , a re t hat  vi rtually  
a l l  our  c hrom i um is  import ed and all  high-temperat ure a lloys cont a i n  
about 20 percent chromium f o r  oxid a t i on re s i s tanc e . The p redominant 
world rese rve s a re in the Union  of South Af ri c a  and i n  what was 
Rhode s i a , a reg i on i n  wh i ch the re i s  a g reat deal o f  p o l i t ic a l  
unre s t .  Because of i t s  impo rtance and because w e  don ' t  know wha t e l s e  
t o  d o , � y  c ompany i s  s t ockp i l i ng chromium ,  j u s t  i n  c a se . 

Coba lt The high price  of  coba l t  and the expe rience s o f  the recent 
coba l t  shortage have spurre d  mining and ext rac t i ve metal lurgy prog rams 
i n  North America  t o  lessen our depende nce on southern Af ri c a . 

Tanta lum The demand for  highly ef f ic ient , ye t miniaturi zed , 
c i rc ui t ry f o r  elec t ronic cont rol device s i n  app licat ions rang i ng f rom 
de f ense and aut omobi le s to househo ld smoke de tec tors and e lec t ronic 
game s has p laced unprecedented  demand on  the limit ed avai lab i l i ty of 
tantalum .  Tantalum powder p r i c e s  have e scalated by a fac tor of f ive . 
The be st  hope now i s  t he d i scove ry of  new m i neral depos i t s .  

Tungsten  Th l s  i s  one o f  the metals that the u . s .  posse s se s  and 
can acc o�moiate about 40 percent o f  i t s  own demand . Demand i s  about 
20 m i l l i on pouni s ,  wi th 10 m i l l i on pound s be i ng importe d  ( ma inly f rom 
Canada and Bol ivia ) .  Dur i ng thi s  pas t  boom , tung s t en behave i 
i t s e l f --largely because l t  wa s avo ided i n  earl i e r  R&D programs bec au se 
of pr ice and supply ,  because new p roduc t i ve c a pac i t y  wa s i n s t a lled i n  
response t o  pa st shortages ,  and because t he t ung s t e n  carbi de i nius t ry 
learned t o rec yc le u s i ng phy s ical processes  that a re cheap and quick .  

Nicke l  Free wo rld use of  ni cke l  i s  about 1 .  2 b i l l i on pound s a 
year . Uo s t  o f  the 400 mi ll ion  pounds o f  nicke l  used i n  the u . s .  i s  of  
Canad i an orig i n .  Many new mine s  have been deve loped i n  recent years , 
and current ly the re i s  mo re potent ial  c apaci ty t han d emand . However , 
the cost  of  bri ng i ng on new m i ne s  has e scalated so much tha t  rea l  
p r i c e s  wi ll  have to rise  for  them t o  b e  economical . 

l-folybdenum The c o s t  of  molybdenum has ri sen 7 7  perc ent ( f rom 
$ 9 . 1 0 to  $1 6 . 20 a pound ) s i nce January 1 ,  1 9 7 9 .  The u . s .  i s  
se l f -suf f ic i ent i n  thi s c r i t ical  metallic  e lement . Cons i derable new 
produc t  ton i s  p lanned through 1 98 7 ,  which should support the 
forecasted g rowth ra te . Beyond the n ,  new sourc e s  w i l l  need t o  be 
deve l oped , a t  signi f icant cost , which could very we ll  exceed the c apa­
bi l i ty of  any s lng le corpora t ion . 
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Columbi um Large c o lumb i um re serve s  have be en ident i f ied  in 
Bra z t  1 ,  a nd p roduct ion wi ll be expanied t o  pro i uce about 55 mi l l ion 
pound s a year of  this  me ta l .  

S o  ;nuch for  the current s i tua t i on--now , there a re many way s  to 
i nc rease me t a l s  suppl i e s : keep wo rld  re serve s of  s t rategic  m i ne ra ls  
i n  f r iend ly hand s ,  inc rease p r i ce s  t o  spur explora t i on f o r  new sourc es  
a nd explo i tat ion of  leane r ore  boH e s ,  and io  mo re �&!> on ex t rac t i ng 
me tals f rom lean ore bodies . 

�e bi g payo f f  in sup p ly ove r the long ter:u , howe ver , wi ll  be 
found i n  othe r  way s . One of  these  i s  mat erials  subst i tution . 

Subs t it ut i on in  metals  can take three avenue s :  use o f  other  
metals  or  alloy s , u se of  met a l l ic or  nonme t a l l ic coat i ng s , and 
subs t i tut i ng nonmetals for me t a l s . Obviously , subs t i t u t ion i s  not 
new ,  and a l l  the se avenue s have pa id  hand some d i v i iends i n  the pa s t . 

In t he past we have mos t  o f t en subs t i tuted  t o  obta in  be t ter 
pe rformance . Now , fac ed with unc e rt a i n  minera l  sup p l i e s ,  we a re 
looking to subs t i tut ion t o  he lp a lleviate the s i tua t i on or , as  we 
hope , solve the p roblem . 

My d iv i s ion ha s had some recent R&D experiences  i n  subs t i tut ing 
nicke l  for  cobalt --experience s  that I would l i ke to share wi th  you . 

Our R&D program t o  deve lop a no-c oba l t  wrought al loy f or the 
c ombustor  can i n gas turbine s  arose because o f  the $6  to  $ 2 5  a pound 
inc rease for  coba l t  I ment ione d at the s t art . Even at that price , we 
we re on al locat ion and fac i ng the sobe r i ng alte rnat i ve o f  pay i ng $ 40 a 
pound on t he merchant marke t . The nee i  for a nicke l -base a l loy  with 
prope rt i e s  as gooi a s  the coba l t  a l loy wa s ,  thus , obvious and highly 
de s i rable , so we se t to  work ri ght away . 

Duri ng the pa s t  year and a ha l f  we have ma:i e  rema rkable p rogress 
i n t hi s  R&D p rog ram because o f  the large vo lume of sc i ent i f ic 
i nformat ion already in the l i t erature on ph.'lse  i hgrams , me t a l  carblie  
compos i t ions and morpho logy , d i f f us i on coe f f ic i en t s  o f  me tals  in  
alloy s , and  the e leme nt s of  s t reng thgn i ng mechan i sms . W i t hout these  
lata , we  would no t have be en able t o  make nearly a s  int e ll igent 
guesses  a s  to wha t sys tems were mos t  p romi s i ng and we wo u l i have been 
forced to do a g reat deal o f  Ed i soni an-t ype re searc h .  

The ba s ic le s son t o  be learned f rom t h i s  expe rienc e  i s  that , in 
subs t i tut ing me t a l l i c  sys tems i n  ae rospace applicat i ons , whe re the 
c ombi nat i on of  prope rt ies requi red is  ve ry spec i f ic and very 
demand ing , i t  is no t prac t ical  to  ama s s  a storehouse of knowle d ge to 
deal w i t h  e ve ry subs t i tut ion po s s i bi l i t y  that  might be nee ded . 

Wha t i s  needed i s  more basic  sc ient i f ic data that  can be used by 
re searche rs to speed up the proce ss  of al loy development . The n ,  as 
the need a r i se s  f o r  a subs t i tute al loy or for a new a l loy , i t  c an be 
developed i n  a t ime ly fas hion . 

I am not advocating that we , a s  a nat ion , io less  sc ient i f ic 
i nve s t iga t i on o f  t he mechan isms of  t ime--iependent proc e s se s , such as 
oxi :iat ion , c reep , or low-cyc le fat igue . Rathe r ,  I am sayi ng that we 
in t he u . s .  shou ld support more re se'lrch work a imed at broad ly 
gathe r i ng data on systems of  potent i a l  intere st for alloy  subs t i tut i on .  
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Thi s  i s  one of  the areas  that  NAS A can boo s t  �arke d l y , chief ly v ia 
i nc reased suppo rt of  re search � i rec ted  to�a rd s uch :l a t a  gathe r i ng-- in 
un i ve rs i t i e s , gove rnment labora t o r i e s , an� p r i vate  inius try . Ce rt a i n­
ly , t hi s  i s  a n  a rea for  cost  shavi ng and one f o r  coope rat i ve R&D pro­
grams . 

We now c ome t o  des ign .  
Hi s tory te l l s  us tha t  i n  the ae rospace f ield  the out look for  

mate r i a l s  a t  any g i ven t ime i s  int ima t e l y  t ied up  wi th f u t u re d e s ign . 
In turn,  f ut ure de s ign  o f ten depend s on ieve lopment s i n  mat e ri a l s . 
To l a y , the need for reduc ed fue l consump t i o n ,  red uc e d  we ight , 
i nc reased re l i ab i l i t y , and iec re a se d  manu fac turing c o s t s  c learly  c a l l s  
f o r  cont inued c lose c oopera t ion between the ti e  s i gn and the ma te r ia l s  
commun i t ie s . 

My own e'ltpe r lence c onvinc e s  me that  the re l s  room for  
improveme nt . I know that in  our  own a l loc a t i o n  o f  re sou rc e s  t o  
var i ous R&D a reas we speni ve ry li t t le o f  our own f und s or t lme o n  
mee t i ng fut ure nee i s  of tie s i gn eng i ne e rs because �any o f  the 
uncert a i nt i e s  involve d . We just  i o  not , i n  t he no rmal course o f  
bus ine s s , meet  wi t h  the ke y � e s i gn eng i ne e rs i n  i niust ry or gove rn�ent . 

\ole wouH be pleased to  s pend more o f  our R&D e f fort l n  thi s :t rea  
if  �ec ;ani sm s  we re set  up  t o be t t er  ie f i ne what  nee i s  t o  be  dona and 
if the tasks to  accom p l i s h  t h i s  we re sp l i t  up accor� ing to the spec ial 
e'ltpe r t l se o f  the c oopera t i ve priva t e  or governme nt organ i zat i on s . I 
am sure t hat  o t he r  meta l l ic �ateri a l s  p roiucers wou l i  be recept i ve to  
s uch a p rogram .  

Co nve nt iona l  high-tempera ture met a l l i c  ma teri a l s  f or g a s  t urbine 
use have been app roac h i ng t he l im i t  of  deve lop�ent for  s ome 
t ime--except now it appears t ha t  d i spers i on-s trengthened :t l loys have a 
g reat :l e a l  of  prom i s e .  It i s  f o r  thl s reason tha t the re has bee n  
inc reas i ng empha s i s  o n  ie s ig n  t o  a t t a i n  the objec t i ve s  ment ione d  
above . Wha t can materia l s  s up p l i e r s  Jo  t o  he lp ? 

F i rs t ,  ma ter i a l s  sup p l ie rs can provide produc t  f or!Ds a nd phy sical  
c harac t eri s t i c s  t hat  wou ld be  amenable  t o  the new des igns ani , l n  s ome 
cases , to new manufac tur i ng p rac t ic e s  to  make the newly d e s i gned 
c omponent s . Indee i ,  we as supp l i e r s  of hiJh-performance a l loy shee t , 
ba r ,  plate , wi re , a nd tubing can envi s i on tha t  we c ould ad i t o  that  
l i s t  c e r t a i n  fabr icated  forms t ha t  lend themse lve s t o  proiuc t  L o n  in  
large-scale equip'llent that  we woul:l  ad d to  our  c onve nt i onal wrought 
al loy mi l l  equi pment . 

I f  requ i red , we can re sponi to  the need f or wrought a l loys wi th 
bet t e r  we ld i ng and fab r icat Lon capabi l i t i e s . As mat e r i a l s  a re used 
more e f f ic ient ly ( that i s , th i nne r and in �ore c omple'lt part s ) , 
o�itiat ion re s i s tance  may become a i i f f lc u l t  problem to  re so l ve , 
re qui r i ng re sponse s f rom d i f f e rent segment s o f  the mate r i a l s  co�'lluni ty . 

Le t us now i i scus s some othe r avenue s we can t ake t o  he l p  us 
ad just  t o  t he mat e r i a l s  problem . 

F i rs t , a l loy de s i g n .  In d e s i gning a l loys , the f o l lowi ng shou t �  �e 
c ons i ie red ( i n ai i l t ion  to  meet l ng ie s ign  target s ) : 

--Fut ure ava i labi l i t y  an i c o s t  o f  raw "Dateri a l s . 
--Avo id i ng the lo s s  o f  st ra t e� ic e l e�e nt s i n  me l t i ng re turned 

sc rap . 
--Ab i l i ty to proce s s  in  e 'lt i s t l ng large-scale  �qu i p'llent . 
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S econd , techni que s t hat  1 l low be t ter ut i l i z a t ion--s pec i f ical ly , 
shap i ng ins t e ad o f  removing me t a l--a re among the mo s t  rewa ri i ng 
ac t ions t ha t can be taken to  make t he b� s t  use of  c ri t i c a l  �a teri a l s . 
Much a l re a :iy has bee n  accomp l i shed  i n  this  a re 'l ,  such a s  p roduc i ng 
pa r t s to  near ne t shape us i ng P/M tech'l i ques , but a g re at deal  more 
needs  to  be done .  S t i l l , far t oo many c ut t i ng ch i p s and too much 
g rinding swarf a re gene rated . The p i t y  i s  tha t many of the al loys in  
t hem are not returne d to  the i r  opt i ma l  economic use because they are 
i rre t r ieva bly mixed wi th  l e s s  expens ive a l loys . 

F inal l y , the above lea d s  t o  a su�jec t that  i s  of f u'liamental  
import ance t o  'lo th the short - and  long-term so lut i ons t o �a t e r i a l s  
sho rtages and high co s t s . 

It  l s  c lear , I ' m sure , that t he �e st  way t o  conse rve mater i a l s  i s  
t o  reuse t hem . Fo r t h i s  to happen , c omp l e t e  coopera t t o n  of  three 
g roups i s  mandatory t  

--F i rs t , the a l loy producer . He mus t  segregate 11i s i nterna l ly 
ge nera tej sc rap anj develop t ec�ni ques and procedur3 s f o r  
me lt i ng purchased sc rap i n  g rade and encourage  h i s  cus t ome r to  
return sc rap i n  grade by pay ing good  p r i c e s  for  seg reg a te i sc ra p .  

--Second , the fabricator o f  high al loy pa r t s . I� should  keep 
gr i nding s and me tal c hips f rom d i lu t ing a g ra .i e , o r  at lea st  keep 
coba l t - ,  nicke l- , and iron-base al loys separa t e . He �us t a l so 
return these high-grade mat e r i a l s  to  the origi,al  p roduc d r , thus 
p reven t i ng them f rom f i nd ing the i r  way i nt o  produc t s  whe re some 
of the s t rategic  element s are not needed to mee t  sp ec s . 

--Th i rd , the eng ine designe r . Where po s s ible , a ssembly should be 
d e s igned so that d if f erent alloys ( or fa� i l i e s  of  al loys ) can 
be eas i ly sepa ra t ed whe n the as sembly is f ina lly  sc rapped , so 
t hat the alloys can be sent back to the a l loy proiuc e r  f or 
me lt ing-in g rade . 

The materials  out look for the 1 980s i s  such that we s imp l y  canno t  
relax . We have a great many op t i ons open to  u s  f o r  short-t e rm 
so lut ions to materials  avai labi l i t y & we can explore f or new depo s i t s , 
deve l op known depo s i t s , stockp i le in  t ime s of rece s s ion , and �eep the 
Sovi e t s  away f rom our source s  of  supply .  

For a long-t erm solut i on t o  our mat e r i a l s  av"l i labi H t y  p roblem , 
howeve r , we mus t  look to  subs t i tu t i on , :iesign , and a t i ght sc rap 
return cyc le . These solut ions a re not new; tl-tey have a long and 
honorable h i story . But i t  i s  not too soon for  us to  ac c e lerate  
deve lopments in t he se areas . 
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THE 1 980S : 
A DECADE OF REV ITALI ZATON FOR AVIATION 

Dr . B i  1 1  Wi lkins 
Ass oc iate  Adm i n i s t ra tor  for  Pol i cy and 

In terna t i ona l Af f a i rs 
Fede ral Aviat i on Adm i ni s t rat ion 

Thank y ou for t he opportun i t y  t o speak at  thi s meet i ng . I bring 
you g reet i ng s  from Admi n i s t ra t :>r  Langhorne Bond ani h i s  wi she s that 
you have a p roduc t i ve s e s s i on .  :'oday I want  to  share w i t h  you some 
vi ews about the future of 3 i r t ransportat i o n  f rom the v iewpo i nt of the 
FAA ' s  Po l i c y  3ni Interna t i onal Avi a t i on Af f a i r s  organi za t i on ,  which  I 
heai . 

API ,  as i t  i s  ca l led i n  the agency , has among i t s func t i ons policy 
analys t s ,  planni ng , an i i nt e rna t ional aviat ion af fairs . As  suc h ,  we 
m:ty have many of the econom i s t s  and sys t ems  planners  of the agenc y  
withi n  o u r  organi za t i on .  The re a re rela t i ve ly fe �Je r  e ng i neers  among 
us than you would f ind e l sewhe re i n  the FAA . The a ng inee ring and 
regulatory pa rt s of t he age ncy  a re we l l  rep resented by o the r people  on 
your program who wi l l  be hera all week . I br i ng to you t oday t he 
pe rc e p t i o ns o f  a n  economi st reg� ri i ng the future o f  avia t i o n .  

Over t he l a s t  seve ra l i ecad e s  aviat ion ha s g rown to  mat uri ty . Ai r  
t rave l , whethe r  i n  a large j e t  transpo r t  or  sma l l  p r i va t e  p lane , i s  no 
longer  the nove lty or a iventure tha t  i t  onc e  wa s .  Aviat i on- -and the 
oppo rtun i ty i t  o f fers  for  safe , high-spee i ,  long-d i s t a nc e t rave l--i s a 
part of  eve ryday l i fe .  The safety , comfort , and c onven ience i t  
provides  a re take n  for  g rant ed by mo s t  o f  the populat ion . The a i r  
t ransportat ion indust ry ha s evo lve i  t o  the point where i t  s e rve s many 
marke t s  e ncompass i ng a broad c ro s s  sec t ion o f  s oc i e t y . 

Along with  this  g rowth t o  maturi ty  has c ome t he e s t ab l i shment of  a 
la rge infr'l�t ruc ture t ha t  we re f e r  to as t he �at i onal Aviat i on 
System . A ne two rk o f  a i rport s ,  navigat i on systems , and a i r  t ra f f ic 
cont rol f ac i l i t ies ha ve be en bu i l t  to s e rve the huni re i s  o f  thousani s  
of  a i rc ra f t  t ha t  now operate i n  the Uni t e i  S tates . Ai rc ra f t  
techno logy has aivan� ed t o  leve l s  o f  s o �h l s t icat ion th'lt  few even 
d reamed o f  no t so many years ago . What has evo lved is a complex , 
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int e rrela t ed s y stem of  people , p roced ure s ,  �nd c ap i t a l  p lant that 
demand s  a c a reful  ba lance o f a mu l t i t ude  of  va r iable s  a nd , I be l i eve , 
coopera t ion amon6 a l l  sy s t em element s i . e . ,  gove rnment , i ndus t ry , and 
use rs . 

Le t  me re i nf orce a poi n t  tha t  wa s part i a l ly a :id re ss e d  e a r l i e r  
t oday--which i s  one of the advantag e s  or  d i sadvantages of  speak i ng 
l a t e r  i n  the p rog ram . As avi at ion  has g rown t o  mat uri ty in  the United  
S tate s it  ha s a l so adva nc ed subs tant i a l ly i n  t he othe r  i nd us tria l i zed  
na t ions o f  the wo rld . S i nce at  least  the mid-1 9 40s , t he Uni ted 
S t ate s , ha s he ld  a dom i na n t , if  not una ssa l lable , pos i t ion  i n  the 
interna t i ona l a v i a t ion commun i t y .  Al though the Un i t ed S tates  c learly 
remains t he lea d e r  in  avia t i on ,  t he e ra of  our ove rwhe lm i ng dominanc e  
i n  t he world  market p lace and i nt e rna t i ona l forums i s  d i sappeari ng . We 
mus t  now ne�o t iate  and compromi se t o  a deg ree unknown for genera t ions . 

Thi s  has been much on our minds because t he 2 3rd  Assembly o f  the 
Int e rnat iona l C i v i l Aviat i on Organi zat i on wi l l  be he ld  in  Sep tember 
and Oc tobe r .  Looki ng a round t h i s  room I would gue ss t hat  rnos t of us 
grew up and d i d  some of our mos t  p roiuct i ve work duri ng the t ime 
pe riod that s ta rted as  the g reat depre s s i on turned into  llorld 1-la r II  
and ended wi t h  the c lose of t he 1 9 60s . That was a pe riod of  t ime when 
the leaie rs h i p  ro le of the Un i ted  S ta t e s  was so c lea r i t  bec ame easy 
t o be lieve t hi s wa s norma l . Ins tead of  be i ng no rma l ,  i t  wa s ,  perhaps , 
a historical  acc ident bo rn o f  the pro s t rat ion o f  our a l li e s  and f or.ner 
foe s  a s  we l l  as our own s t reng th .  It was a dom i na nc e  that  we woul :i  
no t reasonably expec t t o  happen i n  othe·r t imes and othe r  plac e s . 

Much has changed s i nce  tha t  e ra--and no t j us t  in  aviat ion .  For 
examp le , the i nt e rnat i ona l mone t ary system c reated at Bre t ton Woods a t  
t he e nd of t-lo r ld Wa r I I  has been subs tant i a l ly c hang e d  i n  the la s t  few 
years . The Uni ted  S t a t e s  d o l lar  no long er serve s a s  t he wo rld ' s  only 
re se rve and t rad i ng currenc y . The m i l i tary hegemony of  the Uni t ed 
States  ha s been cha l lenged in  many part s o f  the globe . S imi liar 
i nd us t ri a l  examp les  could be  drawn , :nany o f  them aut omob i l e s , s tee l ,  
e lec t roni c s , and o i l . The U . S . -based system o f  p r i c i ng wo rH oi l ,  
which wo rked for a gene ra t ion , has changed  dramat i c a l ly wi th the 
eme rgence o f  OPEC . We could d raw on many example s ,  not just  i n  the 
f ie l d  of aviat i o n ,  t hat  i llus t rate cha l leng e s  o f  the leade rship role 
of the Uni ted S t at e s . 

As a mat ure indus t ry ,  aviat i on i s  now i n  much t he same pos i t ion  as  
t he othe r  modes  of transporta t i on . In  the  federa l government , a s  in 
the priva t e  marke t s , aviat ion mus t  c ompete f or a sha re o f  t he l im i ted 
re source s a vai lable t o  t he t ransport at ion  sec tor . Th i s  becone s mo re 
important whe n viewed f rom the perspec t ive of the subs t ant ial  capital  
i nve s tment s neeied in  t he nea r  future f or rep lac ement o f  grouni 
equi pment in t he f e :ie ra l  por t i on of the Na t iona l  Av i at ion System . In 
t he early development of t he a v i a t ion sy s te!'D , 11o s t  of our cap i t al 
inve stment wa s foc use d upon ad d i t i on of new equipment to the 
i nve ntory . Now , howe ve r , we are ent e r i ng a phase that wi l l  requi re 
large c ap i ta l  i nves tment s i n  re p lacement equi pment --l ead i ng to e i the r  
le ss n e t  expans ion  of  t he sys tem or subs tant tal ly inc reased fund i ng 
leve l s . 
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In t he se t ime s o f  i nc re a s i ng s c rut i ny .? nd f i sc a l  c o n s e rva t i sm i t  
wi l l ,  i nd e e d ,  be a d i f f i c u l t  t a s k t o  o b t a i n  subst ant i a l  fund i ng 
i nc rea s e s  f rom gene ra l  t ax revenue s . Eve n  t he o f t e n  he ra l d e d  t ru s t  
f u nd " surp l u s "  wi l l  c o ve r only a f rac t i o n o f  t he expec t e d  ne ed s .  We 
mu s t  f i nd l e s s  c o s t ly, more e f f i c i e nt wa y s  of rl o i ng t h i ng s . Ue mu s t  

d o  mo re by d e ve l op i ng t he t ec hno l og i e s  that he l p  ou r peop l e  wo rk mo re 
p rod uc t i ve ly .  

Co s t  a n d  re sourc e p ro b lems a r e  be c omi ng i nc re a s i ng l y c r i t i c a l  
t hroug hout t he av i a t i o n  c ommun i t y . Muc h  o f  t he c ap i t a l p l a n t  o f  t he 
a i r l i ne s  ha s re ached t he po i nt whe re H \-Ti l l  re qui re re p 1 a c eme n t . 
Seve ral ye a r s  ago the c ap i t a l ne ed s o f  ma j o r  a i r l i ne s f o r  t he d e c a d e  
f rom 1 9 7 6  t o  1 98 5  we re e s t imat e d  a t  $20 t o  $30 b i l l i on . Furt he rmore , 
i t  wa s e s t imat ed t ha t  t hey c ou ! d  more t ha n  double t hat amou n t  f o r t he 

p e r i od f rom 197 6 t h ro ug h  1 990 . The se e s t ima t e s  re c og n i zed t ha t , i n  
t he m i d - 1 980s ,  t he a i r l i ne i nd u s t ry wou l d  be e n t e r i ng i t s  f i r s t  ma j o r  
e qu i pment re p l ac ement cyc l e  s i nc e  j e t  t ra ns p o r t s re p l ac ed p i s t o n  
e ng i ne a i rc raf t . Al t ho ugh t h i s wa s rec ogni z e d  a s  a ma j o r  c h a l lenge, 
unt i l  rec e n t l y  mo s t  i nd u s t ry ana ly s t s  be l i eved t ha t  t he a i r l i ne s  c ou ld 
" wo rk out " a ny c a sh f l ow a nd ba l a n c e  s he e t  p roblems t o  p rovi d e  t he 
ne e d e d  cap t i a l . 

The l a s t  f ew y e a r s  ha ve ad ded ne w d i me n s i o ns t o  t he p r o b l em . 
Inf l a t i on ha s reac hed h ighe r-t han-expec t e d  l e ve l s . Fue l c o s t s ha ve 
s o a re d . Compe t i t i on ha s i n t e n s i f i e d  a s  newc ome r s  c ha l l e ng e  t he 
e s t a b l i shed ma j o r  a i r l i ne s . In 1978 t he ave rag e t o t a l  c o s t  per 
ava i l able p a s s e ng e r  seat mi le wa s  l e s s  t han 7 c e n t s . Tod ay, a 
c o n se rva t i ve e s t ima t e  i s  t ha t  t h i s f ig u re wi l l  be ove r  1 6  c e nt s by 
1 990 . 

The c o s t  o f  fue l i s  t a ki ng an i nc re a s i ng p ro po rt i on o f  t he 
ope rat i ng co s t  d o l l a r  f o r  t he a i r l i ne s .  Bas ed upon repo r t e d  dat a,  i n  
1 9 7 3  t he c o s t  o f  f ue l wa s a bo ut 1 0  p e rc e nt o f  t ot al o p e ra t i ng c o s t s .  
Even wi t h  t he e f f i c i e ncy a nd l o ad f ac t o r  improvement s we ha ve s e e n  
s i  ne e t he n , t hi s  f i gure ha s ri s e n  t o  t he p oi n t  t ha t  whe n j e t  f ue l  
p r i c e s  re ach $ 1 . 00 p e r  g a l l on --wh i c h  i s  not ha rd t o  imag i ne--i t wi l l  
d r i ve fue l c o s t s u p  t o  more t ha n  3 0  p e rc e n t  o f  t o t a l  o p e ra t i ng c o s t s .  

Ge neral a v i at i o n  f ac e s  a two f o l d  problem wi t h  re spec t t o  av i a t i on 
ga so l i n e ,  pa r t  of wh i c h  ha s he e n  d i sc u s s e d  t oday--c o s t  and 
ava i l a b i l i t y . In Ju ne 1 980 t he na t i ona l ave rage se l l i ng p r i c e  f o r  
avi a t i on g a s o l i ne wa s a round $ 1 . 6 5 pe r g a l lon . Th i s  i s  a la rge 
out -o f-poc ket expe n s e  f o r  many g e ne ra l  a v i a t i on ope ra t o r s, but t h e  
p robl em of h i gh f ue l  c o s t s  i s  s ha red b y  t he a i r l i ne s ,  c ommu t e rs ,  and 
g e ne ra l  avi a t ion a l i ke .  The spec i a l problem f a c e d  by g e ne ra l  avi a t i o n  
i s  t he avai l a b i l i t y  of avi a t i o n  g a so l i ne . S p o t  s ho rt ag e s  a t  a i rpo r t s 

can he exp e c t e d ,  and , i n  fac t ,  some spot s h o r t age s a n d  t ro u b le s wi t h  
d e l i ve r i e s h a ve a l re a d y  b e e n  re port e d  t o  us . I am i n t e re s t ed i n  t h i s  
p roblem and have pe rsona l l y  vi s i t ed wi t h  some manag e r s  o f  ref i ne r i e s  
who d i scussed t he pro blem o f  sma l l  l o t  p r o d uc t i on ment i oned ea r l i e r . 
Th i s  i s  g o i ng t o  be an i nc rea s i ng p roblem f o r  ge ne ra l  a v i a t i o n  
ope ra t o r s . 

As a mi l i t a ry e n t hu s i a s t  and p i lo t ,  I be l i e ve we ha ve a p r o b l em o f  

pe rcep t i on among t he no n f l y i ng pub l i c  a n d ,  i nd e e d ,  wi t h  t h o s e  who f ly 
only on a i r l i ne r s . As long a s  t he re rema i n s t he 
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p e rc e p t i o n  o f  gene ra l a v i a t i o n  a s  an i n s t rume nt o f  p leasure --and 
pe rhaps  even cons p icuous consump t i o�-- l t  �i l l  �•ve p ro�le�s i n  
ma i nt a i ning the p o l i t ic a l  powe r t o  �nsur� it s s h�re o f  fue l supp l i e s . 

Thus , t he re i s  no que s t ion i n  my 'll i nJ t '1at we 'lee J a i rc r::l f t  tl-tat 
a re :11ore e f f ic i ent . In an  envi ronment o f  l nc rease i co'Up e t  i t  ton , this  

nee d  has  bac ome e ven more acute f o r  t he a l r l l ne s . W i t h  o p e n t i ng 

cost s r i s i ng fa s t e r  tha n t he a i r l i ne s  c an cove r them , e a rn i n g s  'lave 

suf f e red . You have � l re ady h � a r d  thi s p ro � lem i i scus sed 3 � r l i e r  
t oday . The s e  lo s se s ,  :.rhi c h  � p p e a r  to have con t inue d t hroughou t t he 

second q u ute r --a l thoug h c omp l et e J � ta a re no t  ya t av a l l a !:> l e--imp a l r  
t he a bi l l t r  o f  the ai r l ine s t o  f i �ance new equi pme nt f rom i n t e rna l 

s ource s .  Furt he rmor e , t hey we a 'ten the compe t i t ive po s i t i on o f  the 
a i r l i ne s  f o r  o b t a i n i ng exte rna l f inanc ing throug h  t he c ap i t a l  marke t s . 

In the !lli d s t o f  t hi s  t r ou l:> l e s ome s i t ua t i o n , i t  now appears tha t , 
ba sed on a rec ent Ai r  Transpo r t As soc i a t ion s t udy , upwards o f  
$80  bi l l ion may b e  need e d  by the 'ii r l i nes ove r the nex t  :lecade to  
f i nanc e  n e w  p a s seng e r  a t rc ra f t . Thi s  i nc re a se i n  e s t ima t e i  c ap i t a l  
nee d s  i s  a re su l t  of  seve ra l  f a c t o r s , in� lu i i ng s t ro ng g rowth i n  
p as se nge r i emani , higher t han e�pec t e :l  i n f lat i on , p re ssure  t o  re duce 
noi se leve l s , and , of  course , r i s ing operat i ng co sts . The que st i on is  
whe t he r s � f f i c i ent cap i t a l  wi l l  be av::l i la b le t o  mee t  t he se nee J s . 

Ea r l i e r i n  thi s 'lle e t i ng we he a r d  Fred 8ra :l ley docu'llent the sourc es 
o f  f inanc i ng f rom whi ch the s e  cap i t a l  f und s rnu s t  :: ome . V i ewi ng it  
somewha t d i f f e rent ly--in economic t e rms -- for at lea s t  a g�ne rat l o n  we 
have lookei t o  economic g rowth 'ln:l r i s i ng p ro iuc t i vi t y  to p rovi de 
neede d i nves tme nt c a p i t a l . In the fu t u ra ,  rap id econom i c  g rowth 
s imp l y  'llay �ot be ava l lable to p ro iuce ma j o r  �mount s � f i nve s tment 
c a p i t al . If that i s  t he case ,  r h i ng p ro iu � t i v l t y beco'tle s �n even 
more imp o r t ant sourc e . 

One o f  the func t i ons of the API organ i z a t i on t s  t o  :leve lop �nd 
pu b l i sh t he FAA' s av h t ion ac t iv i t y f o re c a s t s . Our long-t e rm 
f o rec a s t s  suppor t  t he need f o r  �ew a i rc ra f t . Admi t t e d ly , the 
s hort -t erm out look is for l i t t le or  no i nc re a s e  in mo s t ac t iv i t y  
l eve l s  unt i l  we beg i n  to recove r f rom the current re ce s s ion . As a 
re su l t , our mo st rec ent p r e i i c t i ons re f l ec t s omewha t l e s s  � r:>wth f o r  
t he :iec a:ie ahead t han t he f o re ca s t s  we pub l i she d  last year . W e  are 
p re i l c t ing an ove ra l l 5 pe rcent annu a l  growth ra t e  in  p 'l s senger 
mi le s . :hat  �oun t s  t o  a 50 pe rcent t ota l inc rea se �y t he end o f  the 
decade , with the 1 980 ac t iv i ty r em� ini ng at a bout the 1 9 7 9  l e ve l . We 
p re d i c t only a mo:iest  inc rease o f  about 20 perc ent i n  u . s .  a i r  c a r r i e r  
ope ra t ions over t hat same period . Th i s  lowe r rate re sul t s  f rom a 
cont inu i ng �hi f t  t o  la rger pa s senger cap ::l c i t y  f a r  • i r  c arrier 
t rans port a i rc raf t . On the othe r  hand , we expec t  t o t a l  air t ax i  and 
c ommut e r o p e ra t i ons t o  ne arly :louble by 1990 .  Th i s  re f lec t s  the 
cont i nued ra p i d  gr owt h in th i s  a rea as a i r  c a r r i ers re s t ruc t u re the ir 
routes . Commut e r a i r l i ne s  a re ex pec te i to  move i n to the o pening 
market oppo rt un i t i e s  on less  dense r out e s , usua l ly w i t h  more f requent 
s chedule s in sma l le r  a i rc ra f t . 

We expec t genera l avi a t i on i t ine rant operat ions t o  i nc r a a �e a 
t o t a l  o f  about 44 pe rcent ove r the next :leca:ie , •ihich i s  a s l i 3 ht l '1  
h i ghe r ra t e t han t h e  30-perce nt i nc rease ove r  the last iecade . \le a re 
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p re d i c t i ng an a pprodma t e ly 6 3-pe rcent i nc rease t o  nea r l y  60 mi l l i on 
hou rs f o r  gene r a l  avi a t i o n  ac t i v i t y  a nd an  i nc re:t s e  i n  t he f le e t  o f  
j u s t  ove r 1 00 , 000 � i rc ra f t .  An i n t e re s t i ng a s pec t o f  t he f ore c a s t  f o r  
ge ne ra l  av i a t i on i s  t ha t  we expec t a large r sha re o f  the g rowth i n  t h e  
m o r e  s ophi s t  l c a t e d  a i rc ra f t--the t u rbo p rops a n d  j e t  a l r c r a f t .  The i r  
por t i on o f  t he t o t a l  f l ight hou r s  i s  expec t e d  t o  g row f rom the current  
leve l of  9 pe rc ent t o  about 1 3  p e rc ent by 1 9 90. Ano the r i nt e re s t i ng 
but not t o t a l ly unexpec t e :i  fac e t  i s  tl-tat  l oc a l  a nd t ra i n i ng f l t 3h t s  
a p pear t o  have been suppre s se d  more than i t i ne rant f l i g ht s by t he 
r a p i d  f ue l  p r i c e  i nc rea se s .  :le a l so exp ec t  t ha t  h i gh f ue l  p r i c e s  wi l l  
ho ld p e r s ona l f ly i ng t o  a l owe r g rowth ra t e  t han busi ne s s  f ly i ng .  In 
our f o rec a s t s  � i l i t � ry opera t i ons � re exp� c t e d  t o  rema i n  cons t ant 
through 1 9 9 0. 

One segment of  avi a t i on w i t h  s igni f ic ant g rowth pot ent i a l  i s  
ro t o rc ra f t .  IJur mo s t  recent f o re -: a s t  i s  f o r t he Un i t e d  S t a t e s  c i v i l  
f leet  t o  i nc rease f rom 5800 t o  1 1 , 1 00 r o t orc ra f t  by 1 99 2 .  Tha t  i s a 
g rowth o f  91  pe rcent . 

To summa r i ze wha t o ur i ni ivi dua l  f o re ca s t s  a re say i ng , we expec t 
� v i a t i on t o  c o nt i nue t o g row fa s t e r  t h3 n t ha gene ra l  e c o nomy , but a t  a 
s l owe r ra te  than we p red ic ted la s t  yea r be fore t he re c e s s i o n .  In the 
c omme r c i a l  i nt � r � i ty p a s seng e r ma rke t , avi a t i o n  ha s 3 nJ wi l l  c o nt i nue 
to be dom i nant . I see no f undame n t a l  c hange t he re . But c ommut e r -type 
opera t i o ns and , pe rhaps , bu sine s s  use  of  gene r3 l  avi a t i on w i l l  s how 
g rea t e r  g rowt h than the l a rger a i r l i ne s  a nd persona l  use o f  �ene r a l  
av ia t i on .  

When we pu l l  t og e t he r  al l o f  the se i n d i v i d ua l  p ro j ec t i ons we see 
s ome t rend s  eme rg i ng that may be a t  o H s w i th each o t h e r . We see a 
s t eady g rowt h in t ra f f ic demand placed upon the s y s t em .  Th i s  iemand 
wi ll  lead to more c o ng e s t ion in t he s y s tem , pa rt i c ula r l y  at t he ma j o r  
hubs . On the o t her hand , we s ee rap i d ly r i s i ng operat i ng c o s t s -� i t h  
s oa r i ng f ue l  c o s t s  a s  t he ma j o r  c o n t r i bu t o r -- i nc rea s i ng t h e  p re s sure s 
f o r muc h  �ore e f f i c ient a i rc ra f t  and e xped i t i ous  t ra f f i c  movament . To 
1 e a l  e f f e c t i ve ly w i t h  t h i s s i t ua t i on we wi l l  have t o  e i t he r  �ake 
s ubs t ant i a l  cap i t a l  i nve s tment s i n  t he nat iona l 3Vi a t ion s y s t em or  
f a c e  t he po s s i b i l i t y t hat c o ns t ra i nt s  mu s t  be  i mpos e i . 

It seems nec e s sa ry t o  make one :nore c omment on tha t  i dea . �o t h  
Secre t ary o f  Trans port a t i o n  Ne l l  Go l i schm i � t  and FAA Adm i n i s t ra t o r  
�ang horne Bond have mad e  s t a t emen t s  about tha t , s ome o f  whi c h  I t h i nk 
may have been m i s i nt e rpre t e d . The po i nt i s  t ha t , L f  •.1e ha ve � rowt h  
an'i i f  we a re not able t o accommoda t e  t ha t  g rowth through t h e  c a p i t a l  
i nve s tme nt s needed  t o keep pace wi t h  i t , then c o ns t ra i n t s mi �ht have 
to be impose d .  No po l i cy of c ons t r a i ni ng g ro wt h  has bee n  announced by 
e i t he r  �ec r e t � ry Go ld schm i d t  o r Adm i n i s t ra t or �ond . 

Looki ng at  the inve s tment nee d s  o f  t he aviat ion s y s t em and t he 
a i rl i ne i ndus t ry ,  i t  appears t ha t  t he re .u y be a s ho r t f a l l  o f  
ava i lable cap i t a l  ove r the c om i ng :iecade . Looki ng t o  the 
i nte rna t i o na l  a ren:t , we see o u r  f o rme r pos i t i o n  of le .1 ie rs h i p  bei ng 

cha l lenged and e roded as c ompe t i t i o n  bec ome s i nc rea s ing l y  f ie r c e . Al l 
i n  a l l ,  I be l i e ve you have t o  i r:tw t he c onc lus i o n  tha t t he 1 9 80s wi l l  
be a n  i n t e re s t i ng iecade . 

Wha t d o e s  a l l  o f  th i s  imply f o r  t he f u t u re J i rec t i on o f  ae ronaut i -
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cal re search ani d e ve l o pment ? I be l i e ve t h i s  out look l e a J s  u s  t o  
se ve ra l  a re as o f  re sea rc h and deve lopme nt that me r i t  a t tent i o n .  
S a fe t y , o f  c o urs a , i s  o u r  Daj o r  � o nc e rn . The g reat e s t  s i ng le cause of  
acc ident s i n  t he sys t em is  human e r ro r .  We  ne e :i  t o  know mo re abou t 
the hu:nan e le111e nt in the s y s t em .  We nee:i t o  know mo re abou t t he 
i n t e r f ac e s  be twe e n  t he p i l o t  a nd h i s  a i rc ra f t ,  o the r a i r c ra f t  i n  the 
sy s t em , a nd the t ra f f ic cont ro l le r .  And we need t o  know ;nore about 
how t he p i l o t  himse l f  d e a l s  wi t h  va r i ous s i tua t i on s . We mu s t  be t te r  
und e rs tand t he human e lement t o  b e  able t o  c ope wi t h , and hopefully 
p reve nt , t he human e r ro r . 

Fue l e f f ic i e ncy i s  anothe r  ma j o r  area . We need mo re f ue l  
e f f ic ie nt ai rc raf t .  We mus t  deve lop more f ue l  e f f ic i e n t  t echno log i e s  
in a i rc ra f t  de s ign , powe rp lant s ,  and operat ing procedure s .  I t  seems 
l i ke ly t hat o ne o f  t he ma j o r  areas  for research i s  t hat o f  
opera t i ons . I t hi nk s omeone sho u ld be looking at a l t erna t i ve f ue ls 
f o r  aviat i o n .  S i nc e  t he fue l usage f o r  a l l  va r i e t i e s  o f  aviat i on i s  
only about 4 pe rc ent o f  t o ta l  -iome s t ic p e t ro leum use , i t  i s  no t a 
:i rivi ng f o rc e  i n  t he ma rke t plac e .  The re f o re , I am t emp tei to a s k :  If  
NASA doesn ' t  d o  t h l s , who wi l l ?  

Anot he r  a rea f or a t t ent i on t s  t he emer ging sho r t  hau l , low d ens i ty 
ma rke t s .  The commu t e r  a i r l i ne s  a re mov i ng into the marke t 
opp o r t uni t ie s  maie ava i lable a s  t he a i r  c a r r i e r s  and loca l  a i rl i nes 
re s t r uc ture the i r  route s .  S ince t he commut er  a i rl lne s  general ly use 
sma l le r  ai rc ra f t  t han the a i r  c a r r i e r s  and loc a l s , there i s  a l a rge 
market eme rg i ng f o r  s;ua l l  t rans po r t  a i rcraf t --s o r t  of a m i dd l e  ma rke t  
be tween the gene ra l  avi a t i on a i rc nf t  and t he la rge , h i g h  techno logy 
a i rc ra f t  o f  t he a i r l i ne s .  Al though t he re l s  s ome ac t iv i t y  in t he a rea 
o f  20- t o  40-seat a i rc ra f t , I be l ieve t he re is a ne e d  f o r  bet ter 
d e s i g ns a nd more te chno l ogy a i vanc e s  i n  bo t h  t ha t  range and the 60- to 
1 20-s eat rang e .  

Ove r laying a l l  o f  these areas i s  t he f undamenta l c o nc ern t hat we 
deve l o p  c o s t -a f fordable t e c hno log ie s .  Inc reas i ng a t t ent i o n  mus t  be 
g iven to t he a b i l i t y  of the gove rnment , the a i r l i ne s ,  and t he use rs to 
p a y  f o r  imp roveme nt s .  Fut ure avia t i o n  t e c hno log i e s  mus t be deve loped 
wi t h  g rea t e r  cons i de ra t i on f o r  t he i r  acqui s i t i o n  and operat i ng c o st s .  
I n  l i gh t  o f  t he va s t  long - t e rm inve s t me n t  nee i s  o f  t he syst em ,  rap i d ly 
escalat ing ope ra t i ng co s t s ,  and the gene ra l  mood o f  fi scal 
c onserva t i sm--none o f  wh ich is l ikely , i n  my view,  to d i s appear--we 
mus t  put much g re a t e r  empha s i s  on tieve lop i ng t echno lo g i e s  t ha t  are 
e f f i c ient a nd a f f o rdable . 

Thank you . 
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THE OUTLOOK FOR MI LITARY AERONAUT ICS 

Wi l l i am J . Pe rry 
Under Sec ret � ry o f  Defense for 

Re search an1 Eng i nee r i ng 
�epa rtme n t  of Def e nse 

Guy , I want to t hank you for i nvi t i ng me he re . You t ook qu i t e  a 
r i sk .  You are go i ng to ge t t he pe rs pec t i ve no t f rom t he po i nt o f  view 
o f  an ae ronau t i c a l  eng ine e r  but  f rom t he v i ewp o i nt o f  somebody who i s  
biased i n  e lec t ronic s ,  which I am s u re wi l l  be qui t e  evident  t o  you 
a l l  be fore my t a lk i s ove r .  As l d e  f rom t hat bias I have re s i s t e d  t he 
t emptat ion to g i ve you a l i s t i ng of p rog rams t hat the De fense 
Department i s  do ing o r  p lans t o  do in avia t i on . Ins t ead I wi l l  
a t t empt t o  p rovi d e  you wi t h  t he pe r s pec t i ve t hat unde rl i e s  our 
p lann i ng , lead ing t o  t he d e t e rm i na t i on of our R&D p ro g rams as we l l  as 
s p ec i f ic s ys t em deve l o pment s .  

The f i rst  and t he mos t f un1amenta l point , I be l i eve , has t o  do  
wi t h  t he broa1 s t rategy wi th which we approach our acqui s i t i o n  o f  new 
weapons s y s t ems . It i s  tha t  we shou ld exp lo i t  the t ec hno log i c a l  
supe rio r i t y  th�t  the Uni t ed State s enjoys to iay to � e t  a qua l i t at i ve 
super i o r i t y  i n  our weapons . 

Th i s ha s not a lway s  been t he c ase . I wou l i  l i ke to take you back 
a l i t t le b i t  l n  h i s t ory t o  rec a l l  tha t  the p r i nc i p l e  impac t tha t  the 
Uni t e d  S t a t e s  had i n  Wo rld Wa r I I--and i n  f ac t  i n  World Wa r I as  
we l l--re sul ted f rom our enormo us log i s t i c s  aivantag e .  That i s ,  we 
brought g reat f i re powe r and log i s t ic s  advant age s  t o  be ar t hat had a 
d ec i s i ve e f f ec t  i n  bot h  wars . 

To i l lus t ra t e  t ha t  poi nt , I no t e  t hat the Un i t ed S t a t e s a lone 
prod uc ed ove r 5 0 , 000 n i l i t a ry a i rc ra f t  i n  Wd r ld Wa r I I .  So , we 
mo bi l i zed our tremendous i ndus t r i a l  base and brought i t  t o  be ar on t he 
p roblem.  Whe t he r  or not our a l rc ra f  t we re supe r i o r  t o  t ho s e  o f  our 
oppone n t s  i n  World Wa r II can s t i l l  be J e ba t e d , but it wa sn ' t  t e rri bly 
releva nt whe n we we re bu U H ng 50 , 000 of them • \�e ove rwhe lme d t hem 
wi t h  numbe rs . 

Today--f or be t t e r  o r  wo rse --the s hoe i s  o n  t he o t he r  f oot . Any 
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p la n n i ng t ha t  we d o  m u s t  s t a r t  w i t h  t he r e c o � n i t i on t h a t  i t  i s  on the 
o t he r  f o o t .  To g i ve yo u o ne f i g u r e  t o  i l l u s t ra t e  t h i s  p o i nt -- i n  the 
la s t  10 ye a r s ( d u r i ng t he d e c a d e  o f  t he 1 9 7 0s )  t he S o v i e t  U n i on 
i nve s t e d  a bo u t  $ 240  b i l l i o n  mo r e  i n  m i l i t � ry e qu i pm e n t  tha n the U n i t e d  
S t a t e s . Tha t f i g ure may b e  1 0  o r  20 o r  30 p e r c ent o f f , b u t  d e s p i t e  
t h i s  u nc e r t a i n t y , i t  i s  c l e a r  tha t w e  a re f ac i ng a n  e no rm o u s  p ro b l e'll 
a nd an e no rmous d i s p ar i t y  i n  numbe r s . 

We s e e  t he p r o b lem ma n i f e s t e d i n  t he c u r r e n t  and rece n t  p r o d uc t i on 
ra t e s  i n  t ht! S o vi e t  Uni o n . We s e e  t anks t ha t  a re be i ng p ro d uc e d  a t  
t h r e e  t i :ue s t he ra t e  a t  w h i c h  we p ro 1 u c e  t a nks ; m i s s i l e s  a t  a bout 
t h r e e  or f o u r  t i me s t he ra t e . Eve n in t ac t i c a l  a i rc r a f t ,  whe re we 
ha v e  t ra d i t i o na l ly had a nume r i c a l  � s  we l l  a s  a q ua l i t a t i ve a d va n t ag e , 
S o v i e t p ro d uc t i o n  ha s bee n  t w i c e  t ha t  o f  t he Uni t e d  S t a t e s .  

Tha t i s  a f ac t , whe t h e r we l i ke i t  o r  n o t . Whe n  we c ome u p  wi t h  
o u r  i nve s t ment s t ra t e g y  w e  s t a rt o f f  w i t h  t ha t  f ac t  a nd d e c i d e  wha t we 
shou l d  i o  a bo ut i t .  

Many p e o p l e  a r g ue t ha t  we c a nno t d e p e nd o n  q ua l i t y , t ha t  we have 
t o  s ome how d e a l w i t h  t ha t  quan t i t a t i ve a dvan t a g e  :l i r ec t l y ; we ha ve to 
c om p e t e  in k i nd .  Wha t e ve r  you :nay t h i nk a bou t t ha t  a rg um e n t , i t  i s  
no t po s s i b l e  f o r  u s  t o  :l o  i t ,  a t  le a s t  i t  i s  no t po s s i bl e  i n  our 
l i f e t ime t o  lo i t .  The mome n t um be h i nd t h e  S o v i e t  p rod uc t i on 
a d vant ag e  and t he d e p loyme nt a d va n t age i s  j u s t  too g re a t . If we 
d e c i d e d  t o d ay , f o r  examp l e , t o  t r i p l e  our t ank p ro d uc t i o n--whi c h  i s  a 
p re t t y b i g  d e c i s i o n  t o  ma ke--a nd i f  the Sovi e t s  s t op p e d  t he i r  t ank 
p ro d uc t i on-- j u s t  t u rned o f f the va lve a l t o g e t he r-- i t  wo u ld be 1 9 9 5  
be f o re w e  wou l d  ha ve a s  many tanks a s  t he y  ha ve . So , tha t i s  t he k i nd 
o f  p ro b l e m  we a r e  f ac i ng .  

I wou l d  f u r t he r  p o i nt out t ha t , i f  I c o u l d  snap my f i ng e r s  a nd 
ha ve Ch r y s l e r  or Gene r a l  Mo t o r s  de l i ve r  t o  o u r  d o o r  ne lt t  we e k  3 0 , 000 
t a nks , so t ha t  we now ha d as many t a nks as t he Sov i e t  Uni on , t he n  t he 
q ue s t i o ns we wo u l d  f a c e  a re :  Wha t 1 o  we i o  wi t h  the s e  t a nks ? How 1o 
we man t hem ? Tha t  i s  30 , 000 t i me s f our people in a t a nk ,  t ime s t he 
c o o ks a n d  t he bake r s  a nd t he rec r u i t i ng s e rgeant s ani a l l  the o t he r  
p e o p l e . I t  wo u ld mean doubl i ng the s i ze o f  o u r  p e ac e t ime a rmy . 

S o , u nl e s s  you a re wi l l i ng t o  a s s ume t ha t  we have t h r e e  o r  f our 
years t o  mo b l l i ze f o r  a wa r--whi c h  we do no t a s sume f rom a d e f ense 
p lanning p o i nt o f  v i ew--we have to f i g u re out s ome wa y o f  d e a l i ng w i t h 
t h i s p ro b l e m  that d o e s no t i nvo lve ioub l i ng the s i ze o f  o u r  a rmy .  
Tha t means hav i ng a r e a l qua l i t a t i ve e :ig e ; a n  e :i g e  t ha t  i s n ' t j u s t 
s ome t h i ng tha t ap p e a r s  i n t he s p ec i f ic a t i ons o f  the e qu i pmen t , bu t an 
e d g e  t ha t  make s a d i f f e re nc e  in c omba t p e r f o rma nc e . 

Wi t h  t ha t  ba ckg round , le t me look a t  some o f  t he s p e c i f ic 
o b j ec t i ve s  we ha ve i n  t he De fe nse ll e p a r t:n e n t  and s e e  how we w t.l l  
a c h i e ve t hem ,  how w e  m i g ht s e e k  t h a t  k i nd o f  a d vant a g e , and t he 
pa r t i c u l a r  me a ns we wi l l  emp l o y  t o  a c h i e v e  i t  i n  comba t pe r f o rma nc e .  

One o f  t he mo s t  o bv i o u s  a nd c e r t a i nly t he h i g he s t  p r i o r i t y  
r e q u i reme n t  t hat we f ac e  i n  the D e f e n s e  llepa r tme n t  i s  d e t e r r i ng 
nuc l e a r  wa r .  I c a n  t ra ns l a t e  t ha t  i nt o  s a y i ng t ha t  we want t o  be able 
t o  ma i nt a i n  t he u nque s t i o n a b l e  a b i l i t y  t o  re t a l i a t e  in t he face o f  a 
su r p r i s e  a t t ac k .  

W e  ha ve s u f f i c i e nt f o rc e s t o  do t hat t od a y . Al l o f  the s t ra t e g i c  
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f o rc es p rograms t hat  a re c o nc e i ved o r  p lanned f o r  the next dec ade a re 
de s i gned t o  ma i nta i n  that s i t ua t i o n  by i mp rovi ng t ha surv l va b l l i t y  of  
our  f o rce s . Ve ry l i t t le o f  wha t  we a re d o i ng is  o r i ented t owa rd 
i mp rov i ng t he i r pe r f o rma nce or imp rov i ng the i r  s t r i ki ng powe r .  The 
ent i re t hrus t  o f  our s t ra t e g i c  f o rc e s ' mode r n i za t ion p rog ram invo l ve s  
act ions t o  improve surv i vab i l i t y ,  t ha t  i s ,  imp rove t he a b i l i t y  o f  our 
re ta l i a tory f o rc e s  t o  surv i ve a surpri se at tack . 

I :ion ' t p l an to d i sc u s s  s t ra t a g ic  f o rce s to i ay ,  bu t l e t  me j us t  
t ic k  o f f  very qui c kly the three 1na j o r  p rograms und e r  wa y .  

The MX m i s s i l e  prog ram i s  no t so muc h a m i ss i le p rog ra� a s  i t  i s  a 
prog ra� to p ro v i d e  a surv i vable ba s i ng f o r  m i s s i le s . The c ru i s e  
mi s s i le prog ram i s  no t so much o rient e i  t owa rd imp ro v i n g  the s t r i k i ng 
powe r o f  our bombe rs as i t  t s  t o  a l low our  bombe rs t o  p e r f o r� the i r  
'll i s s io n  wi t hout hav i ng t o  e nt e r  t he a i r d e f ense ne t o f  the Sov i e t  
Union . I f  our bombe rs wg re re qui red t o  pene t ra t e  S o v i e t  d e f ense s , we 
thi nk t hey wo u U  not be able t o  surv i ve i n  t he m t:i - to l a t e  1 9 80 ' s .  
The new Tr i d ent p ro g ram , bo t h  t he subma r i ne and t he m i s s i le s , i s  a l so 
l a s i g ned  t o  i mp ro ve surv ivabi l i t y .  The subma r i ne i s  ie s ig ned t o  be 
many dec i be l s  qu i e t e r  t han t he e x i s t ing Po s e i don subma r i ne s , whi c h  
make s i t  harder t o  f i nd a t  se a .  The mi s s i le s a re d e s igne.i t o  have 
twi c e  the range of t he Po se i don m i s s i le s , whi c h  a l lows t he subma r i ne s  
to st anJ back f a rt he r  f rom the s ho re s  o f  t he Sovi e t  Uni o n , t he re by 
inc rea s ing t he i r  ava i lable pa t ro l  area and t he i r  s u rv i va b i l i t y .  

All o f  t ha se programs a re p o i n t e d  towa rd i nc reased  surviva bi l i ty .  
In my view , t he heydays o f  t he av i a t i o n  i ndus t ry ' s  ro le  i n  t he 
s t ra t eg i c  fo rces --wh ich was bu i ld i ng p la ne s  t ha t  could f ly fas t e r  and 
hi g he r  a nd so on--are rea l l y  behind us . Even t hough we a re c onf i d ent 
we cou ld do tha t , t he re i s  l i t t le mo t i va t ion to improve our f o rce s 
a l o ng tho s e  l i ne s . 

Our sec ond ma j o r  o b j ec t i ve i s  t o  d e t e r  the out break i n  Euro p e  o f  
what i s  c a l led a co nven t i ona l war ;  by a c onve n t iona l wa r ,  we mean a 
recrea t i on o f  t he Sec ond World Wa r i n  mode rn t imes .  We imag i ne t ha t  
the Sovie t s ' v i ew o f  that i s  t hat  i f  a wa r we re t o  s t a rt they wou ld 
mount a bl i t zkr ieg  head i ng f o r  t he Channe l ;  you might imag i ne i t  t o  be 
t he reve r se of  t he b l i t zkr i eg t hat  Hi t ler  l aunched aga i ns t  
t hem--O pe ra t i on Ba rba ro ssa --back i n  1 940 . 

So , i f  we wa nt t o  d e t e r  tha t  ac t ion f rom a m i l i ta ry po i n t  o f  view , 
we s hould improve ou r  a bi l i t y  t o  stop  a 'lla s s i ve a rmored a t t ac k .  There 
a re two i i f f erent thi ngs  that we are do i ng tn our d e fense prog ram t hat  
re l a t e  t o  t ha t . One o f  them is  making re a l l y  major--I would say 
revo lut i o nary-- i mp ro ve'lle n t s  i n  o ur ant i a rmo r c a pa b i l i t y . I o rd i na r i ly 
would d e s c r i be t h i s  in t e rms o f  wha t we c a l l  p rec i s i on-g u ided 
�unl t ions , a nd that is  an i nt e re s t i ng subj ec t for a d i f f e re n t  day . It  
i s  a l so qu i te t rue tha t  t he carriers  o f  these  prec i s i on-guided 
mun i t i o ns bec ome qu i te impo r t ant  and , t h i nki ng o f  Ge rry To bi a s ' t a l k  a 
li t t le b i t  ea r l i e r ,  he l ic o p t e r s  a re g o i ng t o  p lay a ma j o r  ro le i n  our 
ant iarmo r c apabi l i t y .  

The second ac t ion i n  s t o pp i ng the bl i t zkr ieg  i s  ma i nt a i n i ng a i r  
supe r i o r i t y .  We be l i e ve we have t o :i ay the capa bi l i t y  o f  c o n t ro l l i ng 
the ski e s  ove r  Europe i f  we we re t o  be angaged in a wa r w i t h  t he 
Sov i e t s .  We be l ie ve i t  i s  go i ng t o  be d i f f ic u l t  to  ma i nt a i n  that i n  
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t he fut ure but t ha t  we can do i t .  As long a s  we c a n  d o  that , a n i  as 
long a s  t he Sovie t s  rea l i ze we can 1o t ha t , we do no t t h i nk t hey would 
be so f oo l i s h  as t o  l aunch a bl i t zk r i eg a t t ack o n  Eu ro pe . One would  
ha ve t o  be  t he wo r H ' s g re a t e s t  o p t imi s t  t o  be l i e ve t ha t  he  c o u ld 
sus t a i n  a ma s s i ve a rmo rei  'l s sa u l t  i n  t he f a c e  o f  a l r i n f e r i o r i t y ,  i n  
t he face o f  t he o t he r  s i 1 e  ha ving cont ro l o f  t he ski e s .  I wi l l  c ome 
bac k t o  t he po int  of a l r  supe r i o r i t y  l n  a few m i nut e s  bec 3use I would 
l i ke t o  make t ha t  a ma j o r  theme . 

I j o  want t o  c i t e  a thi rd ma j o r  o b j ec t i ve o f  the De f ense 
De pa r tmen t . I have de sc r l be i  i e t e r r i ng nuc le 'l r  wa r .  I have ie s c r i bed 
de t e rr i ng c onvent iona l  w'l r i n  Europe . A t h l r i one is d e t e r r i ng a 
Soviet i n t e rvent i on in a conf l ic t  i n  the Pe rs i a n  Gu l f  o r  Ind i a n  Ocean 
a re a . We be l i eve tha t  i n  o rd e r  to d o  t ha t  we have t o  i eve lo p  an 
a bi l i ty t o  qu ickly lnt roiuce i n t e rvent i o n  f o rce s in tha t  a rea . By 
qui c kl y , I mean in a ma t t e r  of a f ew d ay s , soon enough to  a rr i ve 
be f o re t he i i sas t e r  ha s happene d , no t a f t er . 

We be l ieve t hat  i f  we have t he abi l i t y  t o  do that , t hen i t  wi l l  
p rovide a ma j o r  de te rrent t o  ever ha vi ng t o  u s e  t ha t  capabi l i t y . 

In o r d e r  t o  be able t o  ac hieve t ha t , we need t o  be able t o  
ma int a i n  t he s e a  powe r advant age we a l ready have l n  the Ind i an Oc ean . 
We need t o  p re -pos i t ion heavy e quipment i n  t ha t  a re a .  Tha t  i s  a l re ady 
und e r  way . We have equ i pme n t  f o r an ent i re �a r i ne amph i b i ous brigade 
be ing loaded on s hi p s  on the way t o  D i ego Ga rc ia  this  summe r . But  we 
a l so need t o  make s igni f ican t imp rovement s i n  our a i r l i f t  c apab i l i t y , 
par t ic ularly t he a b i l i t y  t o  a i r l i f t  wha t we c a l l  our equi pment . Tha t  
requi reme nt i s  t he gene s i s  o f  what i s  C 'l l led t he CX prog ram , and t ha t  
wi l l  be one o f  o u r  maj or avi a t ion nee d s  f o r  t he next f ew decades . 

Le t me come back t o  t he p o i nt o f  a i r  supe r i o r i t y .  I t  i s  g o i ng t o  
be d i f f i c u l t  t o  ac h ieve . I have a l reaiy men t i one1 t ha t  t he Sovi e t s  
a re bu i l1 i ng about twice t he numbe r o f  t ac t ic a l  a i rc ra f t  t h 'l t  w �  a re . 
Wha t i s  pe rhap s  o f  even g re a t e r  conc e rn i s  they a re bu i ld i ng a i rc ra f t  
o f  g rea t e r  an1 gna t e r  capabi l i t y . The qual i t a t i ve g a p  be tween u . s .  
tac t ic a l  a i rc ra f t  a n1 Sovi e t  a i rc ra f t  i s  na rrowi ng each yea r .  

They ha ve , t o j ay ,  t he MIG 2 3  and MIG 2 5 ,  t he so-c a l l e d  " Flogge r "  
and " Foxbat " a i rc ra f t --ve ry c apable and ve ry sophi s t i c a t ed a i rc ra f t . 
The re i s  a w id e s pread my t h  t ha t  the Un i t e d  S ta t e s  bu i l i s  expens ive 
a i rplane s and t he Sovi e t  Union bui l d s  s imple , re l iable , ani c heap 
ai rpla ne s ;  that i s  no lon� e r  t rue . For be t t e r  or wo rse , they have 
emulated us i n  t h i s  department and t hey a re now bu i ld i ng a i r c ra f t as  
c omp lex a nd a s  expens i ve a s  ours . Tha t  is  c e r t a i nly t rue with t he MIG 
2 3 , and we be l i eve i t  i s  t rue to a c e r t a in ext ent wi th t he MIG 2 5 , 
c e r t a i nly wi t h  the mo d i f i e d  MIG 2 5 , " Foxbat . "  

In ad d i t i on t o  t ha t , we know t ha t  they have a new t ec hnic a l  c omba t  
a i rc ra f t  i n  a ve ry ad vanced s t a t e  o f  deve lopment and expec t them t o  be 
c oming into o pe ra t ion by t he mid 1 980s . 

The que s t ion t hen i s , i n  t he f a c e  o f t h i s  ve ry i e t e rn i ne d  thrust 
bo t h  in quant i t y a nd in qua l i t y , how a re we �oing t o  mai nt a i n  t he 
qua l i ta t i ve e dge ? I su�ge s t  t o  you tha t  i t  i s  p roba b l y  no t g o i ng t o 
come f rom t he d e s ign o f  t he a i rp lane . Tha t  i s  no t t o  say t hat we a re 
not i nt e res t ed i n  t he d e s i gn o f  t he a i r p l a ne .  We a re i nt e re s t ed in  
ae rodynamic s ,  but we don ' t  be l i eve t ha t  that i s  g o i ng t o  g i ve us a 
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suf f ic ient ed�e to d e a l  w i t h  the p roblems that we would f ac e  i n  
provi d ing a n:i ac hievi ng a i r supe r i o r i t y  i n  Euro pe :luri ng t he 1 980s . 
We t hi nk i t  i s  go ing to depend on supe r ior e lec t ronic s , supe r i o r  
e ng i ne s ,  and supe r i o r  p i lot s .  Tha t i s  wha t t he qua l i ta t i ve e d g e  wi l l  
depend o n  f o r  t he next decade o r  two .  

Le t me be a l i t t le more spec i f ic a bout how t ho s e  d i f f e re nt 
f e a tures wi l l  be man i f e s ted i n  our s y s t ems . We c onduc t ana l y s e s  o f  
a i r -t o-a i r  c ombat s i tuat i o ns , i n  pa r t icu la r ,  t he ve ry -Jet ai l e d  
s imula t e d  comba t w e  cond uc t a t  Ne l l i s  Ai r Forc e '6a se i n  a prog ram 
c a l l e d  " lied F lag . "  In t h i s  prog ram , we bri ng in s quadrons of u . s . 
tac t ical f ighte rs and mat c h  t hem aga i n s t  an agg re ssor f i ght e r  s quadron 
that we keep based t he re .  The ag g re s s o r  f ight e r  s quad ro n employs u . s .  
ai rp lane s , F-5s , whi ch we t h i nk a re somewhat o f  an a p p roxima t ion t o  
t he c apabi l i t y o f  the Sov i e t  a i rp l a ne s  t h a t  we mi ght b e  up aga i ns t .  
We have a se t o f  p i lo t s  who l i ve , bre a t he , and ac t a s  t hough t hey were 
Sov i e t  p i lo t s  month a f t e r  mon t h .  S o ,  we bri ng our f ight e r  p i lo t s  i n  
and we conduc t s imula ted a i r  c omba t . I t  i s  a bout a s  c lo se t o  the real 
t h i ng as you can get . 

Wha t  we a re l e a rn i ng in t h i s  s imulated c omba t i s  t ha t , whi l e  t he 
qual l t y  o f  our a i rplane s , the F-1 5 ani F-1 6 ,  i s  not i ceable and whi le 
t hey g ive us somewha t o f  an e d g e , i t  i s  no t e nough o f  an e d g e  to 
o f f s e t  a substant i a l  advantage in numbers , even a two-t o -one adva ntage 
i n  numbe rs . The re fore , i f we a re to preva i l  i n  a s i tuat ion whe re we 
m i ght have a t wo- or three-t o -o ne :i i sadvantage i n  numbe r s , we have t o  
have some t h i ng e lse going f o r  us . Tha t some t h i ng e l se , we be l l eve , 
wi l l  c ome f r om our supe r i o r  e lec t ronic s .  

F i r s t  o f  al l ,  i f  our p i lo t s , i f  our f i ght e r  squadrons , have 
supe r i o r  know leige a t a l l  t imes o f  t he loca t io n  o f  enemy a i rplane s 
t he n  tha t  c an be u sed i n  a f undamenta l way t o  o f f s e t  t he d i sadvantage 
i n  numbe r s . That  i s ,  even t hough they may have a mac ro s c o p i c  
a d vantage i n  numbers , w e  can achieve a mic ro scopi c  aivant age . W e  c a n  
a r ra ng e  t o  have our a i rp la ne s  a t  loc a t i o ns whe re we out numbe r t hem a t  
t ha t  t ime and a t  t ha t  p lace . 

We can d o  t h i s  by having supe r i o r  means o f  loc a t i ng e nemy f orce s , 
supe r ior means of loc a t i ng our own f o rc e s ,  and supe r i o r  mea ns o f  
ra p id ly commun i c a t i ng t hi s  i n f o rma t i on around t o  a l l  o f  the peop le 
i nvolved in t ha t  ope ra t i on . Tha t i s  done , by t he way , wi th a sys t em 
t ha t  i s  c a l led AWACS , which i s  a la rge , f ly i ng rada r ; w i t h  a s y s t em 
c a l led GPS ( Globa l  Po s i t i oning Sy s t em ) , wh ich loc a t e s  our own un i t s  t o  
wi t h i n  1 0  �e ters  a t  a l l  t imes ; and wi th a sy s t em c a l le d  JTIDS ( Jo i nt 
Tac t ic a l  Info rmat i o n  D i st ri but ion S y s t em) , whi c h  t ra nsmi t s  d ig i t s f rom 
reconna i s sanc e  sys tems to AWACS a i rplane s t o  f ight e r  a i rp lane s ,  so 
t ha t  t he f ighter pi lo t ha s at a l l  t ime s d i s p layed in f ro n t  o f  h im wha t 
in e f fec t is  a si t uat ion map .  It t e l l s  him whe re enemy p i lo t s  a nd 
f r i end l y  p l lo t s  a re re l a t ive to  whe re he i s .  That i nf o rma t i o n  i s  
cont inuou s ly upg raded and d i s p layed in f ront of h i m .  Tha t , we 
be l i eve , wi l l  make an enormou s i i f f e r e nce . 

The second a s pec t whe re e lec t ro n i c s  wi l l  make a b i g  1 i f f ere nc e  i s  
i n  t he ki nd o f  11uni t i ons tha t we u s e  o n  the a i rp lane . In  t h e  c a s e  o f  
ai r-to-a i r  c omba t , the a i r-to-a i r  m i s s i le i s  t he p r i nc ipal weapon t ha t  
can make t h e  1 i f f e re nc e .  
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We a re now ieve lop ing a m i s s l le c a l led AMRAAM ( A-i vanc e d 
Me d i um-Range Ai r-t o-Ai r Mi s s i le ) , which  wi l l  have an eno rnous 
a i va nt a g e  o ve r  mo s t  e x i s t i ng m i s s i le s ; i t  has a f i re -an i-f o rg e t  
capabi l i t y . Tha t  i s ,  the p i lot c a n  f i re i t  anrl t hen h e  c an t urn and 
break awa y f rom t he c omba t .  The m i s s i le the n  p roc ee i s  autonomou s ly to 
pe r f or:n i t s  mi s sion . !ioreove r , he can f i re two o r  three or f our  of 
them s imu l t a neous l y . Tha t i s ,  he C 3 n  engage seve ral  t a rget s at  a t i me 
and st i ll break away . Thi s  i s  g o i ng t o  be ext reme ly  impo rtant i n  h i s  
abi l i t y t o  :ieal  w i t h s i t uat ions i n  whi c h  h e  i s  out numbe re d .  

Tho s e  a re the two p r i nc ipal  fac t o rs i n  e lec t roni c s  t hat w i l l  make 
a d i f f e rence . The re wi l l be ve ry impo rtant imp rovement s ,  I be l i e ve , 

tha t  wi l l  be made i n  wha t we c a l l  ��-0 , what Ge rry re ferred  t o  a s  the 
re l i abi l i t y a nd ma intainabi l i t y  a re a s . Mo s t  o f  the s e  a re 3 o i ng t o  
occur through ma j o r  improvement s in  j e t  eng ine s i n  the next decade , 
t hrough t he i nt roduc t ion o f  supe r a l loys i nto the s e  e ng i ne s  which have 
the abi l i t y  to wi t hs tand h i g he r  opera t ing tempera ture s , w i t h  much 
grea t e r  durabi l i t y . The re f o re , we wi l l  be a bl e  t o  ope ra t e  the'll at 
sui t able p e r f o rmanc e l e ve l s  we l l  be low the peak t empera ture o f  the 
mate rial s .  

As i t  s t a nd s  today , with  the F-100 e ng ine ,  f o r  examp l e , which i s  
t he key eng i ne we u s e  i n bo th t he F-1 5  and t he F-1 6 a i r plane s ,  we 
ope ra t e  i t  s o  ho t to get  the pe rfo rmanc e out o f  i t  that we have a 
serious impac t on i t s  ma i n t a i nabi l i t y  anl durabi l i ty .  We wou ld l i ke 
to  g e t  tha t  performanc e wi thout be i ng so c lose  t o  t he razo r ' s  edge . 
The way we do  t hat i s  by emp loy i ng super-a l loy t e chni que s for 
imp roving the t empe ra t ure and durabi l i t y  of  the turbi ne blad e s  and 
othe r  c ompo ne nt s  i n  t he hot sect ion of the eng ine . 

Two f ina l po i nt s .  F i r s t , tra ining . I have ment ioned the 
supe r i o r i t y  of  the p i l ot s . Tha t supe r ior i ty wi l l  be achieve d  only i f  
we can mai nt a i n  adequa t e  t ra ining f o r  t hem . It  g e t s  more and more 
d i f f icul t to achieve tha t  t ra i ni ng through f ly i ng a i rplane s many hours 
per mont h .  Some of  tha t  has to  be done . We would l i ke , for a va r i e ty 
o f  reasons ,  to m i nimi ze i t .  Al so , no mat t e r  how many hour s  you f ly 
per  month , i t i s no t  the same thing a s  t ra i n i ng for  comba t . Bot h  of  
t ho s e  factors  d r i ve us i n t o  ieve lop i ng highe r a nd h i ghe r f l ie l i t y  
simula t i ons . 

Those o f  you who have f o l lowed this  f ie ld know the re have been 
ve ry d ramat i c  i mpro veme nt s in s i mulat ion in t he la s t  f i ve o r  s ix 
years . We intend to push t hose t ec hnolog i e s  ve ry hard . So , we a re 
conve rgi ng towa rd a s i t uat ion i n  which  a p i lot  can not only get 
t ra in i ng on how t o  land an a i rp lane , but ac tua l ly on how t o  s imulate 
t he cond i t ions o f  a i r-to-a i r  combat wi th t he pi lo t s i t t i ng on the 
g round , i nc lud i ng t he v i sua l ,  audio , and t he mot ion sensa t ions tha t  go 
wi t h  i t .  We a re much c lo s e r  to  t ha t  than you wou ld think i f  you a re 
no t worki ng in  t hi s  f ie l d . 

My sec ond point i s  wi th  regard to improvi ng the survivabi l i t y  of 
our a i rplane s . There wi l l  be two fa i r ly unromant ic and undrama t i c  
technical  thrus t s  i n  tha t  d i rec t ion . We wi l l  be cot\verg ing t oward 
having a g re a t er sho r t  t akeo f f a nd lani i ng capabi l i ty in our tac t ic a l  
a i rp lane s .  Th i s  wi l l  a llow our a i rp lane s to  survi ve be t t e r  in an 
e nvi ronme nt whe re a i rf i e lds are major target s . 
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Al so , we a re wo rki ng !ta rd and wl l l  continue t o  :.�o rk ha ri t o  

i nt rotiuc e  t he t�chno logy o f  low i e c t ec t 'l b i l t t y  i n  ou r a i rp lane s . Ou r 
ai rp lane s t od ay a re ve ry �ooi t a rge t s  both for  radars  and f o r  i nf ra red 
sens o r s . 'le know how t o  m.�ke d ra:ua t lc imp ro ve11e n t s i n  ,� t h  o f  t h e s e  
re spec t s . We  know how t o  g re at l y reduc e  radar  c ro s s sec t i on . We know 
how to g rea t ly re1 uc e  i n f rared e mi s s i o n s . E ve ry t l me we h-ave c oma 
down to ac tua l ly des i g ni ng a n  3 i r p lane i n  t he last few decad e s  we have 
looked at t hat t rarie-o f f  and dec t i e d  tha t lt j u s t  was n ' t  wo r t h  t he 

pe rformanc e  lo s s  to  achieve the su rv ivab i l i t y gai n .  
Two t hi ng s have happened t ha t  wi l l  cause us  t o  :uke d i f f e rent 

judgment s ln f u t ure de s igns . F i r s t , t he a i r-t o-a i r  m i s s i le s  are 
g et t i ng ve ry , ve ry good . An A.."'RAAM mi s s i l e ,  the one I ie sc r i bed t o  
you , t hi s radar-guided mi s s i le , i s  a ve ry fol"lli d able t hrea t  to an 
ai r p lane t o iay , in no way to  be c ompa red wi t h  the thre a t  of  a Sparrow 
m i s s i le in t he Vie tnam War e ra .  7h e  A-9M , which i s  t he c urrent d e s i g n  

of  t he S l iew i nd e r  mi s s i l e , is  va s t l y supe r i o r  t o  the S i de w i nd e r  whe n  
l t wa s ori g ina l l y deve loped . 

The re f ore , i n  orier f o r  a n  a i r plane t o  surv i ve , i t  wi l l  have to  
pay  a t tent io n to ways of de fea t ing those  mi s s i les . I t  wi l l  not be 
able to i e f eat  them so le ly by maneuve r i ng . The p i lot wi l l  no t be able 
t o  defeat t hem by be i ng a " ho t " p i lo t  o r  hav i ng a " ho t " a irp lane .  
The re have t o be wa y s , somehow, o f  d i rec t ly Je fea t ing those m i s s i l e s .  
We wi l l  explo i t  c ounte l"llea su re s �ni j ammi ng t o  get  a s  rn•Jch m i leage a s  
Lie c a n .  But , a l l  o f  those t ac t ic s  become :nuch e as i e r  l f  y o u  have 
re luc ed y- our s l ze a s  a tar�e t t o  beg i n  w i t h .  So , ·.1e wi l l  have a ve ry 
grea t empha s i s on t hat in t he future . I t hink � 1 1  future d e s i gns o f  
t ac t ic a l  a i rp lane s  wi l l  mani f e s t  tho s e  technolog ie s t o  t he ext e n t  that 
t he y  can . 

The bo t t om l i ne I would g ive you on a i r  superi o ri t y i s  t ha t  we 

wi l l  be able t o m� i nta i n i t . But , we wi l l  not be a bl e t o  ma int a i n  i t  
wi th a s i lk s c a rf menta l i t y . We wi l l  have t o  maintain i t  by us i ng t he 
t ec hnology tha t we have , by put t i ng a heavy empha s i s on weapons that 
JO wi t h  t he ai rp lane , put t i ng a heavy emphas i s  on he lp i ng t he p i lo t  
know wha t t he s i tuat ion i s  a t  "1 1 1  t ime s , an:i by t ra ini ng t he p i lot  
t hrough s i mula t i on . Tha t wi l l  be ou r maj or thrus t i n  the 1 9 80s , 
rat he r  t han , speaki ng i n  re l a t ive te rms now ,  get t i ng the l a s t  1 0  
perce nt of  pe rf ormanc e  out o f  the ai rplane l t se l f . 
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THE OUTLOOK FOR FUTURE OEVELOPMENTS IN 

TRANS PO RT AIRCRAFT 

T .  A. W l l son 
Cha l i't'Dan 

The Boe i ng Company 

Gent lemen , I have been a sked to  rl i scus s the out look f o r  cont i nued u . s . 
t ransport  a l rc ra f t  leade rsh ip  d u r i ng t he nelCt decade  and the impo rtanc e  o f  
ma intaining our na t i on ' s p reem i nent pos i t ion in  t he wo rld ' s  comme rc ia l  j e t  
t ranspo rt marke t .  Before d o i ng t h i s  I l ntend to  gene ra l l ze a b i t  o n  t he 
u . s .  economy and c e r t a i n  government p rac t ic e s  and p o l i c i e s . Then , I wi l l  
nar row down o n  some spec i f i c s . 

The u . s .  ae rospace bus i ne s s  i s  i n  relat ive ly be t t e r  shape t han the re s t  
of t he nat i o n ' s  i ndus t ry .  Tha t i s  a new ro l e  for aerospac e and we s houldn ' t  
take t oo �uch c omf o r t  in  L t . One i ndust ry c annot keep suc c ee d i ng whi le  a l l  
about l t  others  a re fai l ing . Eve ry thi ng a f fec t s  eve rythi ng e ls e .  

Aerospace i s  one o f  the f ew p reeminent indust r i es we have l e f t . 'nle 
othe r  i nius t ri a l l zed powe rs a re p l ac i ng g rea t e r  empha s i s  on  t he i r  aerospac e  
deve lopment . I suppose be ing number one i s  more important i n  s ome f ie ld s  
t han i n  o t he rs ,  but i f  var i ous u . s .  l ndust r l� s  we re t o  f o l l ow one a no t he r  
iown a n  economic t oboggan s l ide to  become a lso-rans , t he c umulat ive e f f ec t  
for  t he nat ion  wi l l b e  d i s a s t rou s . We r i sk not o nly our s tan:i�rd  o f  l iv i ng ,  
but our nat i o na l  securi t y  as we l l .  

I t h i nk t he out look f o r  cont inued u . s .  leadership i n  t ransport a i rc ra f t  
i s  prom i s i ng i f  t he i ndus t ry i s  pe r�i t t ed t o  ope ra t e  i n  a support i ve 
economic an1 po l i t ical  env i ronment . We neerl an e nvi ronment that  enc ourages 
growt h ,  no t misguided po l ic i es that s t ra ng l e  i t .  Unfort una t e ly ,  in this  
regard , we have deve loped a bad habi t o f  shoo t i ng ourse lve s i n  the foot . I 

wi l l  have mo re to  say about tha t d i rect ly . 
Admit ted ly , as  we ent e r  the 1 980s we see t hat  i t  i s  a f a r  d i f f e re nt 

wo r l i  than i t  was when the 1 9 7 0s be�an . The ene rgy s i t uat ion , o r  at  lea s t  
our perception o f  i t ,  has f li p-f lopped 1ur l ng the past  1 0  years . About ha l f  
the o l l  c u r re nt ly c onsumed b y  t he U . S .  i s  impo rted and subj ec t t o  sud :ien 
price i nc rease s or  supply cuto f f s .  I t  i s  easy to  blame t he cost  of  o i l 
impo r t s  f o r  mo st  o f  our ec onom lc  p roblems , but i t  l s  not that s imple . 
Ge rmany and Japan impo rt e s sent i a l ly a l l  o f  the i r  o i l  but t he i r  economies  
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rema i n  s t rong and s t a ble . The p ro blems of the U . S .  economy a re roo te:l in  
seve ra l  a r� a s , i nc luH ng a t ax po licy  tha t i s  biased  aga ins t  savin5s  anl  
i nve s tment and a my r i ad of re g ulatory po l i c i e s  that have st i f le :!  t rade , 
p roduc t i v i t y , a nJ j o b  oppo rtuni t ie s  for  m i l l ions of  Ame ric ans . 

I t  i s  e s sent i a l  t hat  we a :iop t a long -range program on a na t iona l scale 
t o  r emove t he ba s ic c ause s of  some of  these  problems ra ther than :lea l  wi t h  
t he i r  e f f ec t s .  W e  need some p reve nt i ve med icine for  o ur economic i l ls  
i nstead  of haphaza rd emerge nc y  service  that  may o r  may no t save the system.  

S inc e t he late  1 960s t he u . s .  economy has steaH ly gone Jownhi l l  i n  
c ompa ri son w i t h  ;na jor  i ndus t r i a l  powers such as  Japan a nd Germany . During 
the 1 97 0s the u . s .  los t about 2 3  percent of i t s  s ha re o f  wo rli t ra :ie , 
amount i ng t o  some $ 1 2 5  bi l l ion and at  leas t two mi l l ion jobs . 

Our m i l i t a ry s i t ua t i o n  has deter iora t ed along wi th our economic 
dec l i ne .  Even t hough t he f i scal 1 981  :i e f ense budget has inc reased 
cons iderably ove r t ha t  of  recent years , i t  s t i l l  re pre sent s a smal l e r  
po r t i on of nat iona l expend itures than i t  d id i n  pre-Vietnam 1ay s .  I n  1 9 6 0 ,  
for  e"amp le , t he d e f ense budget accounted for  9 .  3 percent o f  t h e  g ro s s  
nat iona l  produc t ( GNP ) . The curre nt buiget reque s t  wi l l  take 5 . 2 percent o f  
t he GNP , and t he p lan i s  to remai n  at  about tha t  leve l through t he mi d-1 980s . 

Mea nwhi le , c ompa r i ng our iefense s peni i ng with  t hat  o f  the Sov i e t  Union , 
you f ind tha t  t he Sovi e t s  exceede� our m i l i tary sp end i ng by about 30 percent 
dur i ng t he past iecade . Mi l i tary expe rts  be l ieve the Sovi e t s  are cur rent ly 
spend i ng 40 pe rcent more than we are on ie fense . From a pos i t ion of 
mi l i t a ry infe r ior i ty 1 0  years ago , they have now at  lea s t  achi eve d equal i ty 
ani pe rhap s  reached a posi t ion of  superior m i l i tary s t reng th .  They have 
mo re p lane s , mo re tanks , mo re guns , and more m i s s i l e s  than we d o .  And our 
once-f launted technolog i c a l  advantage in mi l i tary hardwa re has j us t  about 
d i sap peared . 

Thi s  i s  not my charter f o r  d iscussion today , but I fee l this  i s  an a rea 
o f  ex treme impo rt anc e  for our nat ion . I think tha t  we a re in  dee p t rouble 
and i f  we do  not  maintain  a s t rong , c re d ible m i l i tary e s tabl i shment equip ped 
wi t h  the mos t  advanced weapons sys tems we a re capable of produc i ng ,  there i s  
no po int i n  wo rryi ng about t he f uture o f  t ransport a i rc ra f t  or any othe r  
u . s .  i ndus t ry . We wi l l  a l l  b e  losers . 

The ene rg y  out look i s  e qua l ly bleak and won ' t  get  be t t er very soon . 
Alt hough we have t he capabi l i ty and the resourc e s  to  make big improveme nt s , 
what we seem t o  lack i s  the wi l l  to do anything meaning f u l . For s i x  years 
we have s t umbled a round try i ng to e s tabl i sh an ene rgy po l icy , ani we s t i  1 1  
d o  not know whe re we are going . 

The ene r�y s i tuat ion i s  a c la s s ic example of  knee-jerk re sponse s to  a 
serious p roblem and government confus ion a t  wors t .  

As the cost  of  OPEC oi l  rose , the government cont inued t o  kee p  domestic  
oi l price s far  be low wor ld leve l s , a l lowed u . s .  impo rt s  t o  double , and  then 
unleashed i t s  bureauc rat ic mi l i t i a  to  gu ide the energy hunters on t he ir 
way . The �ne rgy De pa rtment p re s sured c ompani e s  to swi tch f rom import ed oi l 
to  coa l , bu t t he Envi ronmenta l  Protec t ion Agency i s sue1 more s t r i ng ent ai r 
po l l ut i on c o n t ro l s  that knocked coa l out o f  the pic ture . 

One agency enc ouraged of f sho re d r i l l i ng to  f ind new o i l  iepos i t s , whi le 
a nother mo ved to  block such e f fort s .  

Fore ign t rade  i s  ano t he r  area where we a re in some t rouble and could be 
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i n  more 1 f  we don ' t s t ra ighten up  anti f ly ri ght . Seve ra l c r i t  l e a  1 i s sues  
und e r l i e  our  f o re ign t rade problems , i nc lud i ng g o ve rnment ac t i on or  
inac t ion , tax i ng pol ic i e s , i nade quate  re search and deve lop�ent support , and 
regulatory ac t i v i t i e s . I w i l l  c o'Ume nt on each of  t hase  i n  a few mi nut e s , 
but a l l  o f  t hem have a c ommon thread --adve rsarial  re la t i onsh i p s . 

In 1 9 7 1  the u . s .  expe r ienc e i  i t s  f i rs t  ne� � t ive balanc e  o f  t raje i n  t h i s 
cent u ry . S ince t he n  we have suf fered bi l l i ons o f  dol lars i n  de f ic i t s  eve ry 
year  e'<c ept 1 9 7 3  and 1 9 7 5 .  !lu r i ng t h i s  iecaie  of d e f i c i t s , mo s t  high­
techno logy indus t r ie s  i n  the u . s .  'Ua inta ined a pos i t i ve t ra :l e  ba lanc e  and 
ae rospace l e i  t he l i s t  amo ng manufac tured produc t s . 

In 1 9 7 9  the pos i t ive ba lanc e o f  t rade f o r  a e rospac e pro d uc t s  exceeded 
$1 0  bt l l lon , wi th  c omme rc i a l  j e t  t ranspo r t s  account i ng for mo s t  of t ha t . 
The se f o re ign comme rc ial  j e t  t rans port sales  provided j obs f o r  we l l  ove r 
ha l f  a mi l l i on A'Ue r l cans .  The u . s .  ha s e s tabl i shed a dominan t  p o s i t i o n  Ln 
the wo rld ' s  com:ne rc ial  j e t  t rans port marke t , but fore ign c ompe t i t io n  i s  
g rowi ng . 

European aero spac e indust ry inc reased i t s  sale s f rom $ 4 b i l l ion  i n  1 9 70 
to  $ 6 . 3 bi l l ion i n  1 97 7 ,  whi le u . s .  s a le s  ac tua l l y  d roppe d  f rom $ 2 2 . 3 t o  $1 9  
bi l l ion i n  cons t ant 1 9 7 0  dollars . European sales  amount e d  t o  1 9  p e rcent o f  
u . s .  sale s i n  1 9 70 ,  but ro se  t o  3 3  pe rcent  o f  u . s . sate s i n  1 97 7 .  

La s t  yea r ,  Ai rbus Indust ry ,  the European c onso rt tum ,  captured about 30 
perce nt of  t he new o r:lers  f o r  c omme rc ia l jet  t ranspo rt s with i t s  A-300 
fam i ly ,  more tha n  McDonne l l -Doug las  and Lockheed combined . We c re d i t  some 
of  t h i s succ e s s  to  favorable f i nanc i ng a rrangement s by the gove rnme nt s t ha t  
own Ai rbus Indus t ry ,  but w e  a l so recogn i ze that Ai rbu s i s  a f o r:n i dable 
compet i t o r  re f lect i ng a very so l i d  bas e  of  t echno log i c a l  deve lopment . 

Among t he maj o r  t ra d i ng na t ions o f  t he wo rld , only the u . s .  seems t o  
rega rd f o re ign t rade a s  a s i :le l i ne ac t i v i t y , whi c h  i s  large ly i gno red a s  an 
economic base f o r  dome s t i c  p ro s pe ri ty and j obs but f re quently  used t o  ieny 
sa l e s  t o  some count ry in an a t t empt t o  i nfuenc e  i t s  ac t i ons . S omet ime s we 
seem to  i nvoke sanc t ions just  because we don ' t l ike the part icular count ry . 
The n ,  a f ew yea rs later  we change our mind . 

In a .i i i t ion , we i ns i s t  that othe r  nat ions observe our s tandard s f o r  
human r ight s a n i  env i ronmental  regulat ions i f  t hey wi s h  t o  buy o u r  p roduc t s , 
as  i f  the u . s .  we re the only sourc e for  suc h  good s thro ughout the wo rld . 
u . s .  mo ra l i ty  has become a ma jo r e'ICpo r t . Al though th l s  so rt o f  pre s sure 
se ldom has any e f f ec t  excep t to  e l im i na t e  sa l e s  and the re f o re j o bs for u . s .  
f i rms , i t  cont i nue s t o  be a popular eKerc i s e  i n  fut i li t y . 

Except  f o r  t he Export-Import Bank we have found tha t  most  u . s .  
gove rnment ac t iv i t y  re lat ed t o  fore i gn t raje  ha s t o  do wi th  re s t ric t ions and 
prohi b i t ions . In recent months the Expor t - Import Bank ha s c ome under  
at tack , appa rent ly because i t  has :lone an  e xc e l le nt job o f  p rovid i ng 
f i nanc ing to f o reign  buyers o f  u . s .  produc t s , i nc lud ing l a rg e  numbers o f  
t ranspo r t  a i rc ra f t . They had t he f a i lu re of  be i ng succe s s ful , as  Ar t 
Buchwa ld would say . 

Mos t o t he r  na t ions ac t ive ly suppo rt the i r  eKport trad e , wi t h  the 
Japane se proba b ly the mo s t  prof i c ient . The rec e nt report  by Japa n ' s  
Mini s t ry of  Int e rnat i onal Trade and Indus t ry ( MITI ) out l ined t he s t ep s  
nece s sary f o r  cont inued i ndus t r i a l  expans ion :luring the bal ance of  this  
decade . Th i s  repo rt re present e d  t he c oope ra t ive e f fort s of  mini s t ry 
of f ic i al s ,  indust r ia l i s t s , l abor union leaders , and membe rs of the Japane se  
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consumer groups . The Japana se a re s trong be l ievers  in  research and 
development . The MITI report  s t re ss e s  the c ruc i a l  ro le of  techno log ical 
deve lopme nt and recomme nds tha t  t he rat i o  of  techno logy speni i ng to  gross 
na t iona l produc t be i nc reased  f rom the p re sent 1 .  7 pe rcent to  3 pe rc ent by 
1 9 9 0 .  

To t a l  R&D support b y  the u . s . gove rnment ha s ave raged abou t 1 . 2 p e rcent 
of the GNP ove r t he pa s t  f ive 1ears . Inc identa lly , the Japane se a re p lac ing 
a p r i o ri t y  empha s i s  on the i r  a e rospace sec t o r  and , in part icula r , on the 
e ne rgy-e f f i c i e nt a s pec t s  o f  the i r  aero spac e t echno log y .  

The Japane se gove rnment favors ac t ive support o f  corpora t ions t ry i ng t o  
achieve techno log i c a l  b reakthroughs tha t cont ri bu t e  t o  t he s e  obj e c t i ves . 
Obvi ously , the i ndus t r i a l  p o l i c y  of  the Japane se i s  qu i t e  d i f fe rent f rom t he 
gove rnment-bu s i ne s s  i nte rfac e , but t he y  do e ncourage expansion and have 
become highly compe t i t ive i n  the worl d ' s  marke t place . 

Without advanc ed p roduc t s  tha t mee t  custorners ' needs  i t  doe s n ' t  ma t te r  
how benign the t rading a tmosphe re i s . Advance d  p roduc t s  iepend o n  a 
p rogre s s i ve and t ime ly  re search and ieve lop:nent p rogram t o  pro iuc e  the 
techno log y . He re , too , the u . s .  ha s been f lunki ng the course in many 
respect s .  La s t  ye a r  about 50 pe rcent of  a l l  re search an:l ieveloprne nt 
fund i ng was p rovl :i e d  by the governme nt . Tha t may souni irnpre s s i ve ,  but in  
t he ear ly 1 96 0s i t  was a bout 6 5  pe rcent . Dur i ng the  1 9 7 0s , f e ·iera l R&D 
fund i ng dec l i ned about 9 pe rc ent ove r the p revi ous decai e . Cont rary to what 
mos t  peop le be l ieve , de fense �&0 has a c t ua l l y  :lec re:�. sed 1 7  percent  duri n5 
t he past 1 0  years , and the s pace e f f o rt R&D i s  about ha l f  what i t  was duri ng 
t he 1 960s . 

Viewed as  a pe rcentage of the GNP , total  government fund i ng f o r  R&D 
iur i ng the 1 9 7 0s i s  iown 34 p e rc e nt f rom the p rev ious iecai e , whi le defense 
R&D ha s d ropped about 38 percent . 

To a la rge ext ent we have been l iving o f f  the aeronaut i c a l  research 
d iv idend s  of  t he 1 9 50s and 1 9 60s . Muc h of  tha t  researc h was fun i e i  by the 
gove rnment f o r  mi l i t a ry and space p rog rams . No one would deny tha t  the u . s .  
comme rc i a l  j et t ranspo rt s  owe much o f  the i r  success  t o  the p ione e r i ng work 
done on mi l i t a ry p rograms such as the B-4 7 and the B -5 2 .  I a lso t rust  t hat  
no  one wou ld que s t ion the t remen:lous payo f f s  in  commerc ial  and soc ial 
p rogre s s  as  a re sult  of the j e t  a i rl i ne rs . At one t ime the bene f it s  of 
m i l it a ry R&D flowed i nt o  t he comme rc i 1 l sec t o r .  Tha t f low has bee n  re ve rsed 
i n  recent years . In ad d i t ion,  the u . s .  Ai r Force now ha s j e t  t anke rs , 
a i rborne c ommand po s t s , f ly i ng navi ga t o r  t ra i ne rs , and a i rborne wa rn i ng and 
cont rol sy s t ems  in inve ntory . Al l  were ba sed on comme rc ial  p la t forms t hat 
have been mod i f i e d  for mi l i t a ry requ i rernent s .  

We seem to have a big p roblem wi th  subs iHes  the se days . We don ' t know 
how t o  def i ne them o r  whe the r  they a re good o r  bad .  In fac t , we ca n ' t  walk 
across the s t ree t ,  have d inne r ,  o r  take an a i rp lane t r i p  anywhe re wi t hout 
runni ng i n to a numbe r o f  subs i d i e s , mos t  cons iie red goo:l . There a re 
subs i d ies  f o r  highways , ag r i c u l tura l  p ro d uc t s , a i rport s ,  FAA cont ro l le rs , 
a n:l t he weathe r bu reau , to  me nt ion a few . 

It bo t he rs me , howeve r , when an important part of the NASA budge t f o r  
ae ronaut i c a l  resea rch l s  c a l l ed a subs l iy thli t we ion ' t nee i , o r  a ba i 
subs idy tha t l s  unnec e s sa ry because L t  cont r i bu t e s  to  commercial  techno logy 
deve l o pment . I wou l d  c a l l  it s t imula t i on--s t i'llulat ion  to pre s e rve Ame rican 
jobs . 
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For many ye g rs the resea rch e f fo r t s  of  NASA have be ne f i t ted the 
ae ro space  i ndus t ry and soc iet y  i n  gene ra l . Boe ing ha s acc umulatei  many 
yea rs of exper ience wo rki ng wi th NASA and w i th the Feieral  Av i at i on 
A:imini s t ra t ion on va r i ous ae ro space p robl ems . Our re lat i onship  w i t h  bot h  
t he s e  f e de ra l  age nc i es has a lways bee n  one o f  mutua l re spec t . W e  may a t  
t imes have d i sag reed on me thod s , but se l:iom on objec t ive s . NASA ' s  
p i o ne e r i n� wo rlt has been va luable  to Boe ing even when we :l ldn ' t use i t s  
spec i f ic deve lopment . For example , we deve lopei our own p rop r i e t a ry a i r fo i l  
f o r  the new 7 5 7 ani 7 6 7 a i rc raf t ,  but �ASA ' s techn i c a l  ia t a  o n  t he 
supe rc r i t ica l wi ng supported  the va l i j i t y  of  our work . 

Mo re recent ly , the i n�us t ry has neeied to re sponi i n  a ve ry se r i o u s  way 
to the f ue l  c ri s i s  and the consequent need f o r  Do re f ue l -e f f ic ient 
a i rc ra f t .  We have had to  inve s t igate  a l l  the sys te� eleme nt s :  
aerodynamic s , p ropul s ion , s t ruc ture s , and f l ight management --to name a few.  
NASA ' s  wo rk has been of great va lue to  all  three o f  the ma j o r  u . s .  
commerc ial manufac ture rs . The mos t  important e lement wa s that s uch wo rk had 
bee n  a cont i nuous e f fo rt an:l as such was ava i la b l e  to injus t ry whe n the need 
a rose  unexpec tedly , a s  it :l id i n  the m id -1 9 70s . 

Two of the many p rog raDs that provided the mo st  be ne f i t we re the 
compos i t e  s t ruc ture s prog rams f o r  Dore e f f ic ient a i rc ra f t  s t ruc ture s and the 
advanced f l ight .nanageme nt p rog ram fo r more e f f ic ient a i r c ra f t  operat ions . 
Both began i n  the early  1 9 7 0s ,  and bo th re pre sented coopera t i ve 
governme nt- i ndus t ry e f f o rt s .  Bo th we re p rograms re qui r i ng suc h long le ai  
t imes that evo l u t i on by  i ndust ry alone would have been  de layed o r  even 
unl ike l y . In our own ca se the re su l t s  of  these  two p rograms have made our 
recent new p rog rams , the 7 5 7  a nd 7 6 7 , mo re compet i t i ve in the world  ma rket 
and , we hop e , re t a i ned some Ame r i can jobs that m i ght othe rwi se have been 
los t  t o  f o re i gn  manuf ac turers . 

These two R&D p rog rams a re examp l e s , I wanted to underscore , o f  t he 
syne r g i s t ic e f f ec t s  o f i n:lus t ry and �ove rnment worki ng togethe r  to  achieve a 
greater  result  t han e i the r  could  achieve a lone . Howeve r ,  there a re many 
othe r  examp le s ,  such  as  w i ngle t s  cur rent l y  flyi ng on  t e s t  a i rc ra f t , the 
:leve lopment o f  sophi s t icate:!  area rule techni que s to  op t im i ze :I rag , and 
ac t ive control  sys tems that wl l l  event ua l l y  re iu�e  we ight a n� :l rag bo th by 
mod i f ying s t ruc tura l load s a nd by reduc i ng empennage s i ze .  

In s ome o f  the se ca ses our p roud Boe i ng eng i neers  think they :i i d a 
numbe r o f  these  thing s  by t hemse lve s , but the NAS A wo rk he lped show us the 
way .  The age ncy p ro d s  the indu s t ry  into do i ng th i ngs bet t e r  and 1 
9pprec iate  t hat . 

When gove rnment agenc i e s  o r p r i va t e  f i rms i n  the aerospac e fami l y  run 
into  techn i c a l  p ro blems they go to NASA f o r  h� l p  wi th  the solut ions . They 
usua l l y  f ind them because the agenc y  ha s a signi f ic ant t echno logical  
capabi l i t y . The re lat ions h i p  .-o rks , a nd 1o1hen a government-in:lus t ry 
re lat ionshi p wo rks you shouldn ' t  t ry to  c hange i t .  I t  i s  a ra r i t y  i n  my 
exper ienc e .  

Le t m e  t a l k  about the f uture . Improved f ue l  e f f ic i e nc y  w i l l  cont i nue to  
be  an impe rat i ve , and  int e rna t iona l compe t i t i o n  1o1 i l l ge t  prog re s s i ve l y  mo re 
severe . We can see potent i a l  e f f icienc y  imp rovement o f  some 2 5  to  40 
pe rcent , b ut we know the t iroe and e f f ort  re q u i red t o  � e t  it  wl l l  tax: the 
re sourc es o f  gove rnment and indus t ry wo rk ing toge the r . We know tha t  i n  some 
ca se s our foreign compe t i t o rs have mo re comp l e t e  re sea rch and :ieve l opment 
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p r o g r a ms i n  p l a c e . E� amp l e s  o f  a d va nc e d  t echno l ogy no t ma tc he d i n  t he 

Uni t ed S t a t e s  i nc lu d e  t he wo rk i n  compo s i t e s  f o r  p rima ry w i ng s t ruc t ur e  by 
Da s sau l t  o f  Fra nc e a nd t he s ha :iow m :t s k  c a t h o d e  ray t u be i e v e l o prn e n t  by 
Mi t su b i s h i  o f  Ja pan . 

U . S .  t e c hno l o g y  i s  d ro pp ing be hind that of  bo th  t he F r e nc h  a nJ t he 
Japa ne s e  i n  t he s e  c r i t i c a l  a rea s a nJ wi l l  nev a r c a t c h  up a t  i t s  c u r re nt r a t e  
of pro g re s s . 

It  .ioesn ' t  t ake much imag ina t ion t o  e va lua t e  t he s i t u a t i o n  a s  a s e r i ous 
o ne . The r e a l Aue r i c a n  re qu i reme nt i s  t ha t  we run f 3 s t e r , a n d  tha t t ake s 
a l l  t he re s o u rc e s  we c an c o l l ec t i ve ly a s semb l e . 

In s umma ry , we ne e d  t o  a d d re s s  s e ve ra l  ke y i s s ue s  i f  we a re t o  ma i n t a i n 
our po s i t ion o f  le ade r s hi p in  ae rospace . We nee d a long -ra ng e  po l i c y on 
f o re ig n t rade , o ne t ha t recogni ze s t he o ve ra l l  benef t t  o f  expo r t s  f o r  our 
na t iona l  economy and Ameri can j obs .  Some t imes the que s t ion of af fo rda b i l i t y  
c loud s t he i s s ue . We ne ed a s t rong , v i a ble Ex p o rt -Impo r t  Bank i f  we inte nd 
t o  c ompe te i n  wo rld ma rke t s . We ne e d  to inc rease , no t re duc e , our 
gove rnment i nve s tme nt i n  re se a rch and deve lopme nt f rom the theoret ica l  
beg inning s  t h rough techno logy c re d i bi l i t y a t t a i nment . We s ho u l d  d e ve lo p a 
d i f f e re nt a p p ro ac h  to what  i s  ne c e s s a r y  t o prote c t  our indus t r i e s .  We ne e d  
to  shuck our na t iona l g u i l t complex about he l p i ng i nd u s t r y be f o re it  g e t s  
i nt o  t roubl e . W e  s e e m  t o  have n o  d i f f icu l t y  i n  he lp i ng t he l o s e r s , b u t  t he 
app roach f o r  sus tained  p reem i nenc e  would c re a t e  the cond i t i ons that make i t  
po s s i bl e  f or i ndus try t o g row.  We ne e d  t o exc ha ng e ou r  sav i o r  po l i c y  f o r  a 
wi nne r p o l i c y .  S t imu l a t ion i s  a lot  more fun t ha n  re scue ani a damn s i g ht 
c heap e r a s  we l l .  

Wha t  seems obvious to m e  i s  tha t  we must get our ac t t og e t he r i n  t he 
a re a s of f o re i g n t rade , re search and de ve lo pme nt , a n d  g o ve r nme nt -i n d u s t ry 
coope ra t i on . At p re sent , t he United S ta t e s  i s  the leader i n  c omme rc ial  j e t  
t ra n s po r t  :ieve lo pment , but t he re 'i re p le nt y of warn i ng s igns show i ng up . 

The s i tua t ion i s  a wo r ld s i t ua t ion , and i t  ha s m i l i t a ry a s  we l l  a s  c ommer ­
c i al ove r t o ne s . Unl i ke t he coope rat i ve ind us t r i a l p rog rams de ve lo pe l by 
Ja pan a nd t he European nat i ons , t he u . s .  ha s adop t e d  p o l i c i e s  o f  conf ronta­
t ion in many a rea s .  S uc h  po l ic i e s  exhau s t o u r  e ne rg i e s  a ni sp l l n t e r our 
re sourc e s  into nonproduc t ive avenue s . 

In the gove rnment cont rac ts  a re a , f a r  too much i ndus try  and gove rnment 
money i s  spent in mo n i t o r i ng and va l i d a t i ng re search wo rk . The adm in i s t ra­
t i ve expense s of some gove rnment cont rac t i ng have reduced the p roduc t ive 
val ue o f  the cont rac t do l l a r  by about ha l f . 

Our na t ion must begin to see the bi5 pic ture , re a l i ze t he bene f i t s  for  
all  Ame r i cans of  sane r  gove rnment - i nd us t ry re l a t i o nsh ip s a nd the absolute 
necess i ty for !llaximum re search and deve lopment if we a re to compete in 
t oday ' s  wor l d .  The pena l ty of fa i l u re in t e rms of the eco nomy , t he balance 
of t rad e , and , most  of a l l , Amer ican j obs is so ser i ous that suc c e s s  i s  no t 
just  an obj ec t i ve , i t  i s  ma ndatory . 

Thank you . 
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THE OUTLOOK FOR GENERAL AVIATION 

Ma lco lm s .  Ha rne i 
Senior  Vice  Pr�s iient , Techno logy 

Ce ssna Ai rc ra f t  Company 

I wi ll  s t a rt by d e f i n i ng gene ra l aviat i o n , because t he re seems t o  
b e  a percept ion p roblem as  f a r  a s  t h i s  pa rt o f  the bus i ne s s  i s  
conc e rne i .  It  i s  i e f lne :i  as  a l l  av iat ion except  m i l i t a ry a n i  a i r  
carr i e r . Consequent ly ,  i t  inc luie s pe rsona l , sport , t ra in i ng , 
ag r ic u l t u ra l , a i r  t ax i , a nd bus i ne s s  f l y i ng .  

For many years bus i ne s s  f ly ing ha s been the iorninant port ion o f  
t he f ie l d .  Current ly , the domest ic f le e t  cons i s t s  o f  1 8 4 , 000 
a i rc ra f t , of whi c h  2600 a re j e t s , 3 300 turbop rops , 2 3 , 000 p i ston 
twi ns , a nd 1 5 5 , 000 p i s ton s i ng le s . The inte rna t i ona l fleet  is  j u s t  
about ha l f  aga i n  a s  large . 

In the u . s . , general aviat ion i s  current ly p rov i d i ng a bout 1 5  t o  
2 0  bi ll ion  passenge r m i l e s  o f  pre'll ium t ranspo r t a t ion pe r yea r .  That 
is about an o r:ie r of magnitude le s s  t han the re venue passeng e r  mi les  
of t he c omme r c i a l  a i r l i nes . Howe ve r ,  general  aviat ion  is  p roba bly 
provid i ng more e ssent ial  passenger  � i le s  per year than the c omme rc i a l  
a i r line s . Furthe rmo re , t h i s  bus ines s  t ransportat ion i s  v i t a l  to  our 
economy a nd can o nly  be supplied  by gene ra l a v i at ion.  Th i s  c o nd i t i on 
has bee n  b rought about pri nc i pa l ly by the dece n t ra l i zat i o n  o f  indus t ry 
and t he move t o  g e t  out o f  t he ove rc rowde d ,  unmanageable ma jor  
c i t i e s . Th i s  t re nd of  movi ng ind us t ry i nto  large numbe r s  o f  sma l l  
communi t ie s  wi l l  cont inue to expani t he nae :i  for bus ine s s  a viat i on 
we l l  i nto t he future . 

The a i rl i ne :i e regul�t ion law a nd h l gh fuel  c o s t s  have combined  to 
fo rce t he a i r l i ne s  to become e xt rema ly  e f f ic ient t ransporters  of 
masses  o f  people ove r long -i l s t ance s . The re iuc t ions in a ir f are s 
have ge ne ra l ly cause:i la rge increase s L n  t ra f f i c , c rowd e d  a i rplane s ,  
and congeste i t e rmina l s . The se fac tors make f ly i ng ve ry unplea sant 
for t he bus i ne s sman and e l im i na t e  t he po ss i b i l i t y of wo rki ng whi le 
trave l i ng .  

In a id i t ion , as  a resul t o f  the quadrup l i ng o f  the c os t s  o f  avia-
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t i on f ue l , t he a i r l i ne s  can  no longer  a f ford to service t he i r low load 
f ac t o r  rout e s , which gene ra l ly a re to decentra l i ze d , i n1us t rial 
commun i t i e s . Fo r a few stat i s t i c s --of t he c oun t ry ' s  1 5 , 000 a i rport s ,  
le s s  than 3 50 a re se rved by t he a i rl ine s .  About 7 0  percent o f  a l l  
passengers  e�plane at  the 2 5  m a j o r  hub a i rport s ,  wi th  one-thi rd 
emp lani ng a t  t he top 5 .  Also , i n  the las t 20 years d r l l ne service 
has been d i scont i nued to ove r o ne-t h i rd of the c i t ie s  o nc e  se rved by 
t he ai r l i ne s .  

Ano t he r  cond i t i on tha t  has bu l l t  bus i ne s s  aviat ion i s  the high 
load f ac t o r  nec essa ry t o  conse rve fue l  an1 achieve low a i r l i ne f a re s . 
High load factors  f re quently mean leavi ng people a t  the gate . S i nce 
t he bu s lne s s:nan t ri e s  t o  mi nimize  his t ime expe nd i t ure , he is  mo st 
like ly t o be the last a t  t he gate and the one to be lef t . After 
mi s s i ng a c oup le o f  impo rtant bus i ne s s  c ommitme nt s ,  a c o rpo rate 
a i r c ra f t  becomes a rea l  nece s s i ty . 

Wi thout the bus i ne s s  a i rc ra f t  we have had , our rapid i ndustrial  
expans ion of  t he past  30 yea rs would have bee n c ompletely  impo s s i bl e . 
In the f uture , they wi l l  be even more e s se nt ial . 

Anot he r  s e rvice o f f e re d  by ge ne ral aviat Lon  i s  the a i r  talC i or 
colDllluter a i rc ra f t .  Reduct ions ln service  to  sma l l e r  c ommuni t ie s  on 
the pa rt  o f  t he a i rl i ne s  ha s c reat ed  a large demand fo r th i s  commuter  
se rvic e  f rom t he many bus i ne s s  people and  othe rs who need i t  but 
e it he r  cannot af f o rd o r  c anno t j us t i fy a i rc ra f t  ownershi p .  

Ai rl i ne t ransportat i on o n  the long routes  i s  one o f  the be st  
ba rga ins avai lable today and wi l l  be even bet t e r  i n  t he f uture . In 
sma l l  communi t ie s  t he re a re large numbe rs of people who want to t ake 
advantage o f  t he l ow cos t ,  high speed a i r  t ravel ava i lable a t  the 
maj o r  hubs , and t hi s  ha s c re ated a ve ry la rge ieman1 f o r  commuter  
ope rat ions . 

Agricultural a i rc ra f t  have become a ne cessary tool i n  the supply 
of f ood for  t he wor l d . The re a re roughly 1 0 , 000 suc h  a i rplane s  
t reat ing one-qua r t e r  bi llion acres pe r year . F o r  example , t he u . s .  
p roduc e s  t he wo rld ' s  lowe s t  co s t  rice by us ing a i rc ra f t  t o  prepa re the 
so i l ,  seed , f e r t i lize , weed , and p ro tec t f rom pe s t s --al l  f rom the 
a i r .  The only time farme r s  s e t  foot  i n  the r i c e  f ie l d s  i s  f o r  the 
harve s t . 

Anothe r  e ssent ia l  se rvice i s  t ha t  o f  t ra i n i ng new p i lo t s  f o r  a ll 
f lyi ng purpose s .  Ove r 5 0 , 000 new p i lo t s  ent e r  aviat ion eac h yea r f rom 
t he gene ra l  aviat ion  t ra i ni ng servi c e s . Al so o f  importance are publ ic  
se rvice s such a s  a i r  ambulance a nd law e nforc eme nt . 

In add i t ion t o  the se e s se n t i a l  t ransporta t i on ro le s , gene ra l 
aviat ion has bec ome a very si gni f icant factor  i n  our economy . Figu re 
1 shows the g rowt h in general aviat ion bot h  i n  total  a i rp lane sa les  
a nd in  expo r t s  ove r t he las t  1 0  yea r s . I t  ha s grown to 2 . 1 bi l l io n  in 
g ro s s  a i rp lane sa le s , wi th a $600 mi l l i on e xport sa l e s  p ic ture in 
1 9 7 9 . Tha t  '!leans that it  has become a very s ign i f icant bus ine s s  and 
plays an important ro le in our ba lance o f  t rade . Thi s  L s  a bu s i ne s s  
t hat  i f  prope rly support ed  could g row e ve n  fast e r  i n  the future . 

To g i ve a more comple te perspec t ive o f  what gene ra l  aviat ion has 
bee n  io i ng t he pas t  10 years , I have three f i gure s  that show the 
re lat ive po s i t ion a s  c ompared to the other categori e s  o f  avi a t i on . 
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Figure 2 i s  a compa r i son o f  sales  o f  gene ra l  aviat ion ( GA) a i rc ra f t  t o  
mi l i tary sale s . The absc i s sa i s  the percentage o f  GA t o  mi l i t a ry .  
You wi l l  no te that  in the pas t  1 0  years the g ros s sale s have g rown 
f rom 5 to 1 5  pe rcent of the ml l i ta ry s a le s .  Mos t  s i gn i f icant ly , t he 
export  sales have g rown f rom about 1 5  t o  ove r 50 percent o f  t he sales  
leve l of m i l it a ry a i rc raf t .  Al s o  important is  the fac t tha t  the s e  a re 
t rue e xport sales . They  a re no t gove rnment g iveaways . 

The re lat ions hi p  to he l icopte r sale s i s  shown i n  F igure 3 .  Ther e  
ha s not be e n  a ve ry b i g  change ove r  the years ; howeve r ,  t he fac t t hat  
tot a l  sales are some 500  percent g re a t e r  an-i expo rt sales  a re about 
300 percent g reat e r  g ive s a good Hea of the i r  re lat ive ec onomic  
impor tanc e .  

Figure 4 c ons i 3ers  t ransport sal es . We a l l  rec ogni ze t ha t  
c omme rc i a l  t ranspo rt s  are one o f  t h i s  c ount ry ' s  g reate s t  a s set s i n  our 
balanc e  o f  t ratie ba t t le .  The re fore , it  i s  s igni f icant t ha t  gene ra l  
avi at ion sale s  relat ive to  c ommerc i a l  t ranspo rt sales have g rown f rom 
about 1 2  t o  be t t e r  than 25  percent . ( One year we h i t  c lo se t o  50 
pe rcent . )  On t he expor t  sale s e n-i o f  the bus i nes s ,  we have gone f rom 
5 to ove r 10 pe rcent as much and a c ouple of years we re be t te r  t han 1 6  
pe rcent o f  t he export sales o f  c ommerc ial  t ransport . 

In summary , gene ra l avi at ion not only perfor-us a numbe r o f  ve ry 
essent i a l  t ransportat ion ro le s ,  but has a l so become a vit a l  and 
growi ng fac t o r  i n  ou r economy . I woul i  l ike to  reca l l  one o f  
T .  Wi l son ' s c omme nt s about the f ac t  t ha t  our gove rnment shoul 3  be 
support ing t he w i nne rs .  General avi a t ion i s  not only a winne r t oiay , 
but i t  ha s t he potent i al of bec om i ng a much bigge r wi nne r i n  the 
future , i f  the techno logy i s  p rovided . 

Now , I wou ld l ike t o  turn to what i s  nee:ied i n  the gene ral 
aviat ion f ie l d  for this  g rowt h to  c ont inue . Saf e ty is an  a rea that 
needs  some s e r i ous a t tent i o n .  I t  has rec e i ved cons i :le rable public  
attent ion i n  the last  year . 

Table 1 shows sa f e t y  stat i s t ic s  on  the bas i s  o f  fatal i t i e s  per 1 00 
mi l l i on pa s senge r mi les  and i s  rep re sentat ive of  the expe rience o f  the 
1 970s . The a i r l i ne s  have set an ama z i ng record of 0 . 04 fatali t i e s  per 
1 00 m i l l i on passenger  mi les . It  is  outs tand i ng f o r  all  fo rms of  
t ransportat ion . In  c ont ras t ,  the ove ral l gene ral  avi at ion ave rage i s  
about 1 6  pe r 1 00 m i l l i o n ,  o r  400 t ime s wo rse than the c ommerc ia l  
a i r l i ne s . Eve n  the much mal i gned passenger c a r  f a t a l i ty rat e , which 
has d ropped cons idera bly in recent years  wi th the adve n t  o f  lowe r 
speed s and t he use o f  sa fety  be l t s ,  only runs 1 .  4 and our gene ra l 
avi a t ion rat e  i s  1 0  t imes t ha t . 

Also l nc lu Jed i n  Tab le 1 a re three spec i f i c sma l l  a i rc ra f t  model s  
o n  wh ich we 'ltave good s t at i s t ic s . The Cessna Skyhawks have run at  a 
leve l o f  7 fatal i t ies  per 1 00 m i l l ion pas senger m i le s , and they are 
c learly  the mos t  forg iving an3 e a s i e s t  to  f ly of  the smal l s i ng le­
eng i ne a i rc ra f t . They s t i l l  have a ra te  o f  7 ,  mos t ly because they a re 
used a lot i n  tra ining .  In t he 4 2l s ,  the re i s  cons ide rable 
pro f e s s i onal p i lot  operat ion ani the rate is down t o  2 .  In t he c ase 
of t he C i tat ions , whe re vi r t ua l l y  a l l  the p i lot i ng i s  p ro f e s s i ona l , we 
are down to a ra te  of 0 . 4 ,  which  i s  the same as  the a i r l i ne ra t e  of 1 0  
years ago . I ca nno t put too muc h  empha s i s  on t h i s  que s t ion of  p i lot  
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p rof ic ienc y .  
Figure 5 a l so i ni ica tes  the importance o f  that p rof ic i e nc y .  He re ,  

we cons ider  Cessna f leet  exper ience over a 1 0-year per i od . The reason 
I show t h i s  is because lt t e l l s  the impac t of the biennial  review 
ins t i tuted by the FAA. You wi l l  not ice  tha t fata l lt ie s  i nc rea sed  a s  
the f leet  inc reasej in  s i ze . :'he moment that the l:> iennial re view tJas 
i ns t ituted  t he f a t a l it ie s  dropped e ssent ia lly in hal f .  

We mus t re d uce the re qu i rement s f or p i lot ing exper t i s e . Ou r 
ai rp lane s , i n  the future , mus t  be more f o rg iving ,  eas i e r  t o  f ly , and 
be t te r  capable of coping wi t h  the envi ron.ment so tha t pro f ic iency i s  
eas i e r  to  achieve and maintain . 

It  l s  i.mportant to  recogn i ze the safety  a re a s  l n  most  1'\eed of 
at t ent i on . Ac c ident s t at i s t i c s  show t hat app roximate ly one-hal f  of  
all  f a ta l i t ies  oc cur :lur i ng �pp roach and land i ng ;  anothe r 20 percent 
are assoc ia t ed wi th  ta�eo f f . So , e s sent ially  7 0  perc�nt occur  duri ng 
takeof f o r  land ing '!nd a re re lat ed  to  s t a l l  spee :i . Conse quent ly ,  we 
need  to do eve ry thing po s s lble to  reduce  s t a l l  speei . We a l so ne�d to  
e l iminate  t he s t a  11-s p in �cc ident s by  making the a irplane s tallproof .  
I t  i s  a l s o  import ant to  o f fer be t t e r  a 'l t l i ty f o r  cop ing wl th the 
weat he r at  a much lowe r cos t ,  s i nc e  about 20 percent of  our acc i d ent s  
a r e  weathe r  re lated . Pres sur i zation , ant i-icing sys tems , wea t�er  
rad ar , ani  radar  a l t imet ers tha t  caT\  be  a f f ord e d  in  all  a i rplane s a re 
e s sent i al . 

In a H i t ion to t he safety  pic ture , t he re i s  d so a big  nee i  f o r  
i nc rea sed e quipment re liabi l i t y  and � l�rge reiuc t ion i n  ma int enance 
requ i rements . Future customers wi l l  3lso l ns i s t  on s i gnif icant ly 
improve d comfort , p rima r i ly re lated to re :iuced no i se and vibra t i on 
leve ls . In ad d i t ion , t he re qui rement for  good a i r-cond i t ioning i s  
going t o  exi st  in just about eve ry a irplane . 

The ove rriding need for the fut ure , howeve r , wi l l  be improved fue l  
e f f ic i ency . Wi t h  the ant ic ipated higher p r ic � s , fue l  c o s t s  wi l l  
ce rt a i nly dominate the c o s t  o f  operat ion of  a l l  our a irc raf t . 

Cu rrent fuel consumpt ion status i s  i l lust rated in  Table 2 , i n  
which s t a tute mi l e s  per �a l lon ( mpg ) f o r  �n  ai rplane and seat mi les  
pe r gal lon a re p resented . The numbers  a re good compare d  t o  the 
current Amer ican c a r  and the curre nt American a i r l iner , which  
typically  is  a 50-seat-mi le-per ga l lon a i rplane . However , they do not  
f are too  we l l  aga i nst the fut ure 7 6 7 s  or 7 57s . We need to  improve 
the se numbe r s  d ramatica l l y , and I th i nk that �i th  the techno logy 
p rom i sed i t  can be i one . 

The re i s  a ve ry g rea t promise  in t h l s potent ial techno logy , mos t 
of  which ha s al ready been i ient if i ed by NASA.  Wi th thl s t e chnology I 
t hi n� we have the makings fo r dramat ically  improving p e r formance , fue l 
e f f i c i e ncy , and safety . Re a l i z i ng that potent i a l  wi l l  depend on a 
g reat ly expanded NASA ef f o rt in gene ra l avi a t ion . 

Go ing back  to  the economic numbe r I commented on �arl i e r , we i n  
the genera l  aviat ion tniust ry feel  we 'lave a s t ature t oday tha t says 
we have been se r i ously neg l ec t ed in the s hare o f  NASA res earch . 

The bi ggest  s i ngle pot e nt tal  improvement that i s  o f fered by t he 
new t echnology l s  ln the f ield o f  c ompo s i t e  mater i a l s  ( see 73ble 3 ) . 
Mos t  of you a re fami l i a r  wi th the numbe rs , but he re they are for 
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Kevla r  and g raph i t e . Both o f  the se f i be rs , a s  you know , o f f e r  
s t re ngt h-we ight r a t  l os that a re supe r i o r  to  a lumi num . NASA ' s  ACEE 
p rog ram ha s :lone an out st and ing j ob o f  p ro v i ng the s u i t a b i l i t y  o f  
g raphi t e for  use i n  a i rl i ne rs . Howeve r , befo re t he potent i a l  i s  
rea l i zed f o r  gene ra l  aviat i on a lot  o f  deve lopment s  a re neede� , 
inc lud i ng bet t e r  approaches to l ightni ng p rotec t i o n ,  new i nspec t i on 
and te s t ing techn i que s , in t e rf ac i ng w i th rne ta l s , new a p p roache s t o  
st ruc tura l  analys i s  a n d  de s ign , new mat rix ma t e r i a l s  ( wh i ch i s  a 
pa r t icula rly import ant a rea ) , new manu f ac t ur i ng techn i ques , a nd new 
me t ho d s  f o r  f ie ld repai r .  In ad d i t l o n ,  t he ma t e r i a l  co s t  mu st  be 
l ra s t ic a l l y  reduced . Howeve r ,  i f  i t  i s  pursued properly , by the 1 9 90s 
t he problems c a n  a ll be solved a nd t he mat e ri a l s  cou l d  be s tandar-i 
produc t ion i t ems . 

The fac t tha t  'Kevla r ,  the a ramid f i be r ,  i s  re plac i ng s t e e l  i n  
prem i um t i re s  t od ay o n  a economic a l ly prac t ic a l  ba s i s --i t i s  
essent i a l l y  dollar  f o r  do l la r  ri ght now--means that  the potent i a l  f o r  
high vo lume , low-c o s t  p roduct i on o f  t ha t  mat e r i a l  i s  p romi s ing .  
Consequent ly , we would expec t i t  to become t he general avi at i on 
s t ructural  mat e r i a l  o f  the f uture . 

The se f ibe rs , p r i nc ipal ly Kevlar  w i t h  s ome g raph i t e  used , o f f e r  a 
rea l  pote nt i a l  for re :iuc i ng t he we i ght o f  newly i e s igned general  
aviat i on a i rc ra f t  by  3 5  pe rcent . 

The re should a l so be s igni f icant imp rovement i n  ae rodynamic  e f f i ­
c ienc y  a s  a re sul t  of t he uni versa l app l i ca t i on o f  ref i ned ve rs i ons of  
the NASA superc r i t ical  a i rfo i l  and  the natural lam i na r  f low a i rf o i l s . 

Drama t ic advanc e s  in  e lec t ronic  t echno logy wi l l cont inue i n  t he 
fut ure , the reby dec rea s i ng the s i ze , we ight , and c o s t  o f  a l l  avi onic s ,  
a s  we l l  a s  i nc rea s i ng capa bi l i ty and re l labt l i ty . We f u l ly expec t 
this  to come f rom the avion i c s  i njus t ry .  It  i s  mov i ng we l l  t oday and 
we expec t  to see i t  cont i nue . 

Ai rc ra f t  p i s ton eng i ne s  could be s igni f icant ly be t t e r  both i n  
powe r-we ight rat i o s  a nd spec i f ic f ue l  consumpt ion . Compo s i te 
mate r i a l s  should be used ex tens i ve ly f o r  we i ght reduc t i on .  Lean 
burni ng techn i ques with  f ue l  i n j ec t ion and othe r  improve;nent s  s hould 
also of fer 10 to 1 5  pe rcent re duc t ions i n  spec i f ic f ue l  cons ump t ion . 
Even Hese l s  could bec oroe usab le wi th a 2 5  pe rcent improvement i n  
spec i f ic fue l  c onsump t i on ( SFC ) . Much more e f f ic ient turbochargers 
could cont r i bute to improved SFC a nd power -we ight rat los  and wi l l  
probably be use-i uni ve r sa l ly . 

These a re areas whe re NASA ha s s ta r t e d  p rog rams , a l l  o f  whi c h  a re 
ve ry prom i s ing .  The bigge s t  que st lon i s  whether  the s e  p rog rams wi l l  
cont i nue t o  be imp lemented proper ly . 

Turbo mach ine ry should a l so be improved . Pre s sure rat i o s  and 
compres so r  e f f i c i e nc ies  have bee n  l im i t e d  in the sma ll  e ng i ne s  in t he 
past because the s i ze s  we re too sma l l  to  make use o f  highl y e f f ic ient , 
ax i a l  f low c ompre ssors . Howeve r ,  today we see  the way f o r  deve lopment  
of cent r i f ugal  comp re s so rs tha t  can be just  about a s  e f f ic ie nt a s  the 
ax i a ls . Th l s  wi l l  permit  t he use of  muc h hi ghe r p re s sure rat i o s  and 
give g re a t ly improved  the rroodynaroic ef f icienc ie s . At the same t ime 
highe r  t u rbi ne inle t tempe ra ture s  wi l l  be rea l i zed th rough such deve l-
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opment s a s  �onoc ryst a l l i ne met a l s  and c e ram l c s  f or t urb ine �l �de s and 
stato rs . Ha re ag � i n , compo s i t e  mat a r i a l s  wi l l  be use d  to re1uce 
we ights . 

Powe r-to-weight ra t los could 'le i nc reased 'Jy 'i fac tor o f  two . 
Spec i f ic f ue l  consump t ion shoul d 'Je i mp rove d by 2 5  pe rc ent in  
high-a l t i tuie opera t ion . He re �gain  NASA ha s �ade t he s t art l n  these 
f i e l d s . The que s t ion ls whe ther it w l l l  be f o l lowed  up t o  achi eve the 
pot ent i a l  result . 

The use o f  pushe r p rope l l e rs shouH be 11ad e  p rac t ical  f or  the 
f uture as a resu lt of us i ng c ompo s i t e s  fo r  lightwe ight bl a i e s  p lus 
he l ic op t e r  technology provi ding t he lightwe ight ,  re l iable ir l ve shaf t s  
and ge ar boxes . Th l s  approach of f e rs s igni f icant i rag re duc t ion , 
bac ause t he re is  no propeller s l i p s t ream imp ing ing e i the r on the 
f uselage or  on the c e l l s . In fac t , there l s  no need  f o r  nace l l e s  to 
produce d rag a t all . Th l s a rrangement a lso provides re duced cabin 
no i s e  and be t te r  vi s i bi l ity . 

I f  deve loped on a t imely bas is these new technolog i e s  wi l l  
generate many new a irp lane s tltat we expec t wi ll  h9.ve the fol lowing 
common fea t ure s and cha racter i st ic s . Al l  wou l d  �e p re s suri zed  to 
provide  the abi l i t y  to  f ly ove r the weather 9.n·i out o f  turbulence , 
wi th !Uuch g reate r e f f ic iency and safety . Al l  wi ng s wou ld have ltig� 
aspect  rat ios  of 9 o r  mo re . Thi s wou ld resul t i n  be t te r  c l imb , l ower 
s t a l l  speeds , and be t t e r L/D rat ios  at hi�h a l t i t ud e . Al l  woul d  �ave 
ful l-span f l ap s with  s lo t -l ipped ro l l  spo i lers  a nd f l ight path 
spoile rs . The lat te r would be cont ro l led by the t h ro t t le t o  p rovide 
nega t ive thrus t . Al l  would have ang l e  of a t t ack sensor s , l i11 i t i ng 
e levator  power t o  keep the a i rc raf t  f rom s tal l i ng .  :'hi s  f e a t u re , 
combined wi th f l ight p ath spo l l e r s , shouH comple t e ly e l l'lli na t e  t�e 
st a l l-sp in  acc ident .  Al l  would have advanc e d  automa t i c  f l ight cont rol 
sy s t ems , t�e hea rt of whic� wou ld be a central  compu t e r rec e i ving 
i nf ormat i on on  al l a i rc raf t  func t i ons , inc lud i ng an  a i r  l a t a  sys tem 
made pos s i ble by low-cost  senso rs . 

Al l the naviga t ion func t ions would  be integra t e d  'rl t h  this , 
i nc luH ng DME ( Hs tance measuri ng equi pmen t )  �nd RNAV ( raHo 
navigat ion) .  The sy s t em would aut oma t i c a l ly calculate and f ly opt imum 
fl ight prof i les . It wou l d  a l so e l iminate the po s s i b i l i t ies  of 
d i so ri entat ion and sp ira l dive s . In many of the ai rc raf t  the sys tem 
wou ld be suf f i c ient ly redundant to o f f e r automat ic  bl inJ-l�n1 ing 
capabi l i t y  at ai rport s equipped wi th the necessary �icrowave sy s t ems . 

Most would h�ve eng ine mon l t o r i n� s t stems sens i ng vi�rat lons , 
t ors i ona l load ing ,  and me tal  ln  t he o i l  to  ant ic ip9.te  eng ine f a i lure s  
wel l  i n  advance . Th i s  would i nc rease safety ,  ra iuce eng i ne 
maint enance cost s ,  and 'llake the fue l-e f f ic ient s i ngle -eng i ne a i rc raf t  
ve ry saf e . 

The six-p lace and larger a i rplane s  would  have s t rain  gauge s y s t ems 
mounted on t he land i ng gear  that woul i provi d e  an a utom'it i c  w� ight ani 
balance readout f rom the compute r . Al l  the a i rp lane s wou li have ra dar 
a l t ime ters , and mo s t wou ld 'lave oth�r r a hr . �ios t wo uld  have 
a l l-weathe r  sy s t ems , inc lud ing an ant i-ic ing capabi l i t y .  Inspec t ion 
pe ri ods would  inc rea se f rom 100 to  300 hours  o r  o nce a year . 

Now , I would like t o  examine a f ew examp les  o f  the a i rc raf t that 
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t hese new techno log ies  shouli �ake po s s i ble for  the 1 990s . The 
mi nimum fou r-place a ir c raft  i s  :iepi c t ed ln  F i gure 6 . It l s  
e ssent ia l ly a ve ry s t reaml i ned Sky hawk ; however , i t  i s  supercha rged 
and is p res su r ized to a 2.  5 ps i  H f f a re nt i al for c ru i s i ng a t  1 6 , 000 
f ee t , which l s above the worst  wea the r p roblems , but s t i l l  low enough 
to  e l l!'Oinate any conce rn ove r c a t as t ropltic iecomp re s s i ons • It also  
minim i z e s  t he we ight pena l t y . 

We woul:l expec t thi s ne w d rc raf t to �e 25  pe rcent l i ght e r  in 
emp ty we ight t han toia y ' s Skyhawk . The supe rc r i t ic al  a i rf o i l anJ the 
ful l-s pan f laps wou l:i combine t o  make re :iuc t ion of the wing area '>y 
ove r one-th i rd pos s i b le . However , the wing spa� h3 s bee n  re t a ined in 
orde r t o  g i ve good c l imb cha rac teri s t i c s  an i a �igh L /0 .  7he 
h igh-a spec t rat io wing has a c ompo s i t e  suppo rt s t rut t<�i th l e s s  than 
ha l f  t he :!rag of today ' s st rut s . 

Th i s  future Skyhawk woulJ  c rui se at 1 8 5  m i l e s  per hour and of fer a 
range of  900 mile s und e r  v i sual f l ight ru l e s . At the s ame t ime i t  
wou B  co s t  l e s s  to  buy , opera te , ani maint a in ( i n  constant i o l l ars ) 
than t he Skyhawk of toiay . 

F igure 7 exemp l i f ie s �<�hat �ouB '>e a turbocharged U e se l-powe re d  
four-p lace  d rpl a ne . Becaase t he eng i ne i s  re lat ive ly he 'ivy i t  i s  
located in  the nose wt t h the p ro pe l l e r :oounted on the tai l . Th i s  
provid e s  a n  e f f ic i ent aero:lyna�ic  conf ig ura t ion 'lS we l l  a s  a very low 
cabi n sound leve l .  The cabin 'lould  ':>e pre s surized  to 4 p s i , g iving a 
2 5 , 000-f oo t  c ruise a l t i t u :l e . The H e s g l  wou U  run at 3 500 rpm wi th a 
light-weight drive sha f t  t ransmi t t i ng the power to a gear box a t  the 
rea r , where the rpm of the p rop wou l d  be cut t o  2000 . The :i rive shaf t  
would pas s  through a cente r-tunne l armre s t , as  L n  a sp ort s  ca r . Wide  
cho rd c ompo9 i t e  p rop e l l d r  hla ies wo uld provi:ie good ef f ic ienc ie s  at  a 
high-a lt i t ude c ru i se . 

Because of the se capabi l i t ies , thi s  ai rp lane should cru i se at 2 50 
mp h , have a 1600-mi le range , ani  o f f e r  2 6  mpg--a re a l ly high leve l of 
fuel e f f i c i e ncy , be t t er than 1 00 seat mi les  to  the gal lon . 

A min imum-co s t  twi n-e ng i ne a i rcra f t  is  shown in  F i !ure 8 . To 
provide a minimum cost , we have used  two supercha rged automot i ve 
Wankel e ng i ne s . The ir  compac t s i ze and l i g ht we ight make poss i ble  the 
conve nient arrang emant f o r  the saf e t y  of  center-l i ne thrus t .  S i nc e  
the se eng i nes  are l i q u i d  coole l , the ra :l lators ,.,ould be the aluminum 
lea f i ng edges on the wi ng and on t he ta i l  surf aces . Th i s  t<�ould 
provide an automa t ic aT'lt i - i c i ng ca pabi l i t y . Th i s  wou ld a l so be a 
250-mph a i rp hne c ru i s ing at 2 5 , 000 feet , but would only get  about 1 8  
mpg . 

Although t he Wanke l eng i ne wi l l  a lways  '>e i nf eri o r  to the pi s t on 
eng i ne i n  SFG , i t s  l i �htwe ight , compact s t ze , 'ind lack o f  vibrat ion 
wi l l  pe rpetuate its ieve lopment as an auto�ot i ve �ng i ne wi th the 
result  t hat it s low c o s t cou H make it  very at t rac t ive f o r personal 
a i rc raf t .  The lack o f  a va lve t ra i n  and l t s bas ic simp l i c i t y  shoul:l 
also make i t  ve ry re l iable . 

Ano the r new type of ai rc ra f t  tha t  we expec t to  be ve ry popular i n  
the 1990s i s  a s i ng l e-eng i ne turboprop� l l a r t ype in a pu�her 
conf igura t i on . Th i s  would  '>e a six-p lace ai rp lane , p re ssur i ze d  t o  8 
? s i  wi th a 400-mph c ru i se spee i , an i t he a �t l i t y t o  f ly at  al t it udes  
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up t o  4 0 , 000 f e e t . We wou ld be looki ng a t  a turbo -s ha f t  e ng i ne with 
6000-rpm o u t put red uced  t o  1 800 f o r  the p rope l le r .  The rea r-moun t 
e ng i ne and pro pe l l e r  wi l l  provi 1e a ve ry qu i t e ,  smoo t h ,  cabin 
envi ronment . I t  wou l d  have an 1 800-mi le range  capabi l i ty . 

Because of the eng i ne mon i tor i ng sys tem i t  shou ld be pos s i ble to 
vi rt ua l ly e l imina t e  any conce rn ove r engine f a i lure . Thi s  would o f fer  
a 1 6-mpg capabi l i t y ,  ag a i n  approxima t e l y  1 00 se at  mi les per g a l lon.  
Th i s  type of  a i rplane wi l l  replace many of  today ' s  p i ston  twins . 

Ano the r new ca tego ry o f  a i rc ra f t  for  t he future woul i  be the 
twin-tu rb ine s i ngle-p rope l le r  a i rp lane shown in F i gure 9 .  The two 
t urbi ne e ng i ne s , which have the i r  inle t s  i n  the wing root s ,  wou ld be 
geared toge t he r  t o  d r i ve the s ing le p rope l le r .  In t h i s  way ,  you no t 
only have two eng ine s  but also  t he safet y of  center-l i ne thrus t .  Some 
people may objec t  to t he s i ngle p rope l le r ;  howeve r ,  people f ly i ng 
totiay i n  twln-engt ne he l i c opters depend on a s ing le rotor to s tay i n  
the sky .  Th i s  prope l l e r  would have a very high activity  fac t o r  to 
d r i ve t he � i rp 1 a ne at 4 50 mph at 4 5 , 000 f ee t , maki ng it ve ry 
comf ortable and p rovid ing a c ross-count ry nons top range . It  would 
have 8 to 10  sea t s  and o f f e r  a f ue l  e f f ic ie nc y  of be t t e r  than 10 mpg ; 
aga i n ,  approxima t e ly 100 seat mi les  to  the gallon . 

Cont i nu i ng on  up t he sca l e  i n  speed i n  the 1 9 90s , we shou ld s e e  a 
Mach 0 . 95  bus ine s s  j e t , which  i s  i llus t ra ted i n  Figure 1 0 .  Th i s  would 
of f e r  a 20  pe rcent i nc rea se in speed ove r today ' s  bus i nes s j e t s  and , 
at  the same t ime , provide high f ue l  e f f ic i e ncy . It would be nec e s s a ry 
t o  bu ry t he eng i ne s , "a rea rule " the f us e l age , and g o  to  highly swept 
wing s  wi t h  superc ri t ic a l  a i r f o i l s . We would a l so be looking at 
cana rd s .  The wing l e t s  in t h i s  case would serve the dual purpo se o f  
i nc reas i ng aspec t ra t io and d i rec t i onal s tabi l i za i on .  You can s e e  i n  
t hi s  many NASA output s ,  and we wou ld  expec t to use even more . 

Thi s  ai rplane wou ld o f f e r  s tand-up ai s le he ight , 1 6  places , p lus a 
600-mph c rui s i ng speed at  a l t i t udes  up to 60 , 000 fee t , w i t h  
oc ean-c ro3 s i ng range . Even wi-th t h i s  speed i t  should  of fer  a fue l 
e ff iciency o f  be t te r  than 4 mpg . 

It  a l so of fers  the safety  advantage of essent ially having 
cente r -l i ne thrus t and would have a cabin tha t  i s  f re e  of  e ng i ne noi s e .  

Ano t he r  important future category f o r  gene ra l  avi a t i on wi l l  be 
short-haul  commute r t ransport .  Thl s  market wi l l  g row in  s i ze by many 
t imes i n  the nex t 1 5  to 20 years . Consequent ly , new des igns wi l l  be 
deve loped i n  whic h  t he p r i nc ipal empha s is wi l l be on the m i nimum 
amount o f  a i rc ra f t  we ight per  pas senger l i f ted into t he a i r .  One 
a pproach to s uch a 50-pa ssenger mach i ne i s  i l lus t rated  i n  F igu re 1 1 .  
S y  using a tandem wi ng conf i gura t i on ,  lll inimum d rag i s  achieved  wi th 
good c ont ro l power . Thi s  a lso make s pos s ible an a f t  locat ion of  the 
turbop rops to provide minimum cabin no i se . I t  would be p re s suri zed to 
c ru i se a t  2 5 , 000 f ee t , whe re i t  wou ld achieve spee:is up to  300 mi les 
an hour . Even f o r  1 00- to 200-mtle  routes it would o f f e r  over 100 
seat mi l e s  pe r ga l lo n .  

I n  s ummary , i n  t he 1 9 90s the potent i a l  exi s t s  for gene ra l  aviat ion 
a i rcra f t  to genera l ly prov l1e 25 pe rcent mo re s peed wi th 50 to 100 
pe rcent be t t e r  fue l  e f f ic iency plus great ly impro ve l safety , 
re l iabi l i ty ,  convenience , a nd c omfort . The acc i lent  ra te would be 
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re :iuc ei  by we l l  ove r an o rder  o f  'llagn i tu:ie an:i i t  woul i  be sa f e r  than  
ca r s . Th i s  s hou l :i  a l l come about i f  t he new techno logy is  d eve lope J 
o n  a t ime ly b� s i s , wh ich wi l l  re qu i re subs tant i a l  a f f ort by NAS A .  In 
t h i s way we woa t :i  s t ay ahead of  our f o re i gn c ompe t i t o r s  a nd 
subs tant i a l ly i nc rease the g rowth ra te o f  gene ra l avia t i on .  

A maj o r  conc e rn to:iay i s  the fac t that the re a re 1 0  othe r  
c ountr i e s  a l ready engaged in  gene ra l  avia t i on p roduc t ion and seve ra l  
o t he r s  in  the proc e s s  o f  deve lopi ng a gene ra l  aviat i on indus t ry .  Al l 
o f  t hese  gove rnments  a re s t rong ly support i ng the i r  i ndust ry by 
subs i d i z i ng R&D and too l i ng f rom 80 to  1 00 percent an:i , i n  many case s , 
subs i d i z i ng the manufac tur i ng cost s .  On t o p  of  tha t  the y  heav i ly 
sub s id i ze ma rke t i ng wi th low- i n t e re s t , no-down-payment f i nanc i ng .  Put 
t o g e t he r ,  thi s  i s  a ve ry s e r i ous thraat , which in a f ive-yea r per i od 
cou ld  eas i ly take t he gene ral a v i a t ion  marke t away f rom the Uni t e d  
S t a t e s . 

A ve ry important aspec t of  the export marke t i s  the f ac t  tha t  i n  
deve lop i ng nat ions , whe re the re a re no ra i lway o r  highway netwo rks , 
g e ne ral avi at ion a i rc ra f t  can p rovide instant t ransporta t i on s y s tem s  
w i t h  a ve ry sma l l  cap it a l  i nve stment . Thi s c rea t e s  a pa rt icularly 
good potent i a l  for  rapid g rowt h i n  thi s export marke t .  

In c lo s i ng ,  I wou ld just  l i ke to  make one c omment on t he 
import ance of u . s . p reeminence i n  avi at ion . Many , i f  no t mo st , peop le 
throughout t he wo r ld regard f ly i ng as man ' s  mo s t  magn i f icent achieve ­
ment . I think tha t  i s  re a l l y  t rue . I t  i s  not j u s t  thi s g roup he re ; I 
t h i nk i t  l s  t rue o f  people l n  �enera l .  Thi s  i s  borne out by the f a c t  
tha t  mos t  deve loping nat ions ' f ir s t  ob jec t ive s  a f te r  they deve lop any 
k i nd o f  economi c  s t ature l s  to have a nat iona l a i rl l ne and then t o  
have a n  a i r  f o rce . Not f a r  be yond tha t  c omes havi ng an  a i rc ra f t  
i ndus t ry .  

In add i t ion t o  the g reat economic importanc e  t ha t  gene ral avia t i on 
leade rship of fers , the cont i nued po s i t ion  of  p reem i ne nce i n  aviat ion  
manu f ac turing , we think ,  is  t he mos t  important means for  t he u . s .  t o 
mai nt a i n  i t s  role of world leade rsh ip .  Wi thout p reeminence i n  avi a­
t ion , I think we can a l l  be as sured that  we are g o i ng to be re garded 
as  a second-rat e  nat ion throughout the worl :i .  

Thank you . 
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TABLE 1 Fat3l l ty Ra t e s  per Hund red Mt l l ton P3ssenge r Mt les 
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�ABLE 2 Ge ne ra l  Av lat lon Fue l E f f ic i e ncy 

Sky hawk 
Pre s suri zed 2 1 0  
4 2 1  
Conque s t  
Ci tat ion I I  

MPG 
( f) t 'l t ute ) 

1 7  
1 2  

7 
5 . 5 
3 . 5 

COM POS ITE CHARACTER ISTICS 
TENSILE COMPRESSIVE 

MATERIAL STRENGTH MODULUS STRENGTH MODULUS 

3 103 PSI  10 PSI 10 6 PSI  106 PSI  
KEVLAR 49 200 1 1  40 1 0 . 5  

GRAPH ITE 1 1 0 28 1 00 28. 0  

�LUM INUM 60 1 0 . 5  36 1 0. 5  
2024 T3 (YI ELD) 

DENSITY 

#/CU.  IN .  

.05 

.06 

. 1 0  
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TABLE 3 
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Pe r G.1 l l o n  
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F IGURE 6 An Examp le o f  a Minimum 4-Place Airc raf t  of  t he Future 

FIGURE 7 An Exampl e  of  a Turbo-Charged Diese l -Powered 4-Place Ai rc raft  

F IGURE 8 An Example o f  a Minimum-Co s t  Twin Eng ine Ai rc raf t  
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FIGURE 9 An Examp le of  a Twin-Turbine Single-P ropeller Ai rcra f t  

FIGURE 10 A Mach 0 . 95 Business  J e t  o f  the 1990s 

FI GURE 11 An Examp le o f  a Future 5 0-Pas senger 
Shor t-Haul Commuter Airc raft  

105 

NASA'S Role in Aeronautics: A Workshop

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18691


• 

NASA'S Role in Aeronautics: A Workshop

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18691


THE HELICOPTER ' S  FUTURE : FRUITION OR FRUSTRATION? 

Ge ra l d  J. Tobias 
Pre s ldent 

Sikorsky Airc raf t Divis ion 
Uni t ed Techno log i e s  Co rpo ra t ion 

Thank you . It gives me a g re a t  dea l  of  pleasu re t o  part ic i pate  
today in thi s H scussion on the  ro le o f  NASA i n  ae ronau t i c s  and to  
present  t o  you one v i ewpoint f rom t he he l i copt e r  i ndus t ry .  

My p re sentat ion t h i s  a f t e rnoon w i l l  cons i s t  o f  three part s .  
Fi r s t , the he l ic op t e r marke t as I see  i t  evolving l n  the nex t decade , 
inc lud i ng t he key under ly i ng t renJs  a nd shl f t s  t ha t  a re occ u r r i ng . 
Second , the ro le of t he he l ic op t e r  i n our soc ie t y . Ani , f i na lly , t he 
role t hat I be lieve NAS� should  play , not only in  bring ing thi s marke t 
to f ru i t i o n ,  but also  in ensuri ng that the U . S .  he l icop t e r  i ndust ry 
rec e i ve s  i t s  appropriate marke t share . 

Ove r t he last  decade as i l lust rated i n  Table 1 ,  the f re e  wor ld 
he licopter  i ndus t ry ,  which i s  prima r i ly the u . s .  and European 
manuf ac ture r s , p ro1uc e 1  21 , 000 c ivi l and mi l i t a ry he l i copte r s , wi t h  
reve nue at  $ 1 5 bi llion .  ( Al l  f inanc ia l  data  a re i n  1 980 dolla rs . )  

In c ompari son , ove r  the nex t  decade we p ro j e c t t ha t  f re e  wor l d  
output of  he licopters w i l l  r i se to 2 9 , 000 uni t s , wi th revenue 
e st ima t ed at $ 2 9  bi ll ion . The se d a t a  p rovide an average annua l g rowth 
ra te i n  uni t s  of 3 . 2  percent , whi le , on a revenue basi s , t he ra te i s  7 
pe rcent . The invers ion i n  the se g rowth rat e s  i nd icate s ano ther 
int e re s t ing s t at i s t ic , which is  tha t  the average uni t va lue wi l l  
i nc rea se signi f icant ly . 

Summari zi ng the n  f rom a bus i ne s s  point of  v i ew ,  we be l ieve t ha t  
the re i s  an a t t rac t ive rate  of f i nanc i al g rowt h ,  coupled  wi th a c lear  
shi f t  toward la rg e r  vehic le s ,  which is  a f a i r ly typ ical  ae ro space 
t re nd . 

I wi l l  re turn t o  t he que s t ion o f  vehi c le s i ze i n  a few momen t s , 
but f i rs t  of  a l l  let  me go ove r  the que s t ion  o f  the mi l i ta ry /c i v i l  
mix . Cont i nuing w i t h  the stat i s t ic s  used earli e r ,  Table 2 shows tha t  
the 2 1 , 000 he l icopte rs p roduc ed be tween 1 9 7 1  and 1 980 we re mad e  up of  
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s ome 1 1 , 600 m i l i t a ry and 9 4 00 c i v i l  mac hi ne s .  
Our p ro j e c t i o n s  for  the nex t  d e c a d e  i nd i c a t e  p roduc t i o n o f  8 000 

mi l i ta ry un i t s  a nd 2 1 , 000 c i v i l he l i c o p t e r s . The a ppa re nt dec l i ne in 
t he m i l i t a ry marke t i s  t he re s u l t  o f  t he V i e t nam War .  I t  appears t hat 
t he m i l i t a ry ma r ke t  in u n i t s  wi l l  c ha nge l i t t le ove r t he ne 'lt t two 
d e c a d e s ,  sugg e s t i ng a re p lacement , ra t he r  t han a g rowt h , mode . 

With  re s pe c t t o t he c i v l l  s ec t o r ,  un i t  g rowth i s  a s t rong 8 . 5 
pe rcent , whi le t he re ve nue g rowt h i s  an even s t rong e r  1 1  pe rcent 
( Ta b l e  3 ) . Thi s s t ro ng g rowth of t he c i v l l  s e c t o r  in the he l i c o p t er 
ma rke t i s  o f  s i g n i f i c a nc e  t o  NASA . Wha t ,  pe rha p s , i s  even mo re 
impo r t a n t  i s  the f a c t t ha t  t he c i v i l  ma rke t i s  g rowi ng i n  a d i f f e re n t  
t ec hn i c a l  d i rec t i o n--t he m i l i t a ry and c iv i l ma rke t s  a re 
t e c hno l og ic a l ly d i ve rg i ng . 

I be l i e ve t hi s  i s  a f a c to r  o f  g re a t  s i g n i f i c a nc e  in the c ontext o f  
t h i s  worksho p , s i nc e  t rad i t i o na l l y  t he t echnica l c ommun i t y ha s beco�e 
accustomed to  s t rong re la t i on s h i p s  be tween c ivi l  and mi l i t a ry 
d e s i g ns . As an examp le , c ompa re the Lockhe e d  C-5 and the Boe i ng 7 4 7 .  
Al t hough t he i r  s pec i f lc de s i g ns "lnd ut i l i za t i o ns H f f e r , t he 
r e q u i r eme nt s t h e y  me e t  ani  the e nv i ronme nt s i n  w h i c h  t h e y  o pe r a t e  a re 
suf f i c i e nt ly s im i l a r  to p e r.n i t  a h i g h d e g re e  o f  t e chni c a l  c ro s s  
f e r t i l i z a t i on .  \lh i l e t h i s i s  c ommo n i n  t h e  f h :e d -w i ng i niu s t ry ,  i t  i s  
rap id ly d imi n i s h i ng i n  t he ro ta ry-w i ng sec tor . 

Fo r e x amp le , our new he l i c o p t e r , the S i ko r s ky S P IRIT , wa s 
conce ived f rom t he whe e l s  up as  a c i v i l d e s i gn ( F i gure 1 ) . 

The marke t p lace had reached a po i nt whe re i t  wa s ma t u re enough to 
make ec o nom i c a l l y v i a b le a p r i va t e ly funied ve n t u r e . Of e qual  
imp o r tance , tha t ma rke t c o u l d  onl y b e  c a p t u re d  b y  an a i rc ra f t  
spec i f i c a l ly de s i gned f o r  i t s  n e e d s . The p o t e nt i a l  marke t c ou l d  no 
longe r  be wo n by a mod i f i e d  and re pa i nt ed m i l i t a r y  a i rc ra f t . 

The re a sons be hi nd t h i s  d i ve rg e nc e  c a n  be s a e n  by c o ns i de r i ng our 
ne w m i l i t a ry d e s i g n , the UH-60A Black Hawk ( F igure 2 ) . In s imple 
t e rms , s ix f ac t o r s  d om i na t ed i t s  d e s ign : t h re a t s u r v i va b i l i t y , rap i i  
mane uve r a b i l i t y , a bi l i t y  t o  ope ra t e  at  a l t i t ud e  and amb i ent 
t empe rature e x t reme s , e a s e  o f  a i r  t ran s por ta t i o n ,  i mp roved re l ia bi l i t y 
and ma i nt a i na b i l i t y ,  and c ra s hwo r t h i ne s s .  

Unfo rtuna t e l y , a s  i l lu s t r a t e d  i n  Table 4 ,  f ou r out o f  s i x o f  t he s e  
m i l i t a r y  a t t r i bu te s  economica l ly a nd /o r o p e ra t i ona l l y p e na l i ze t he 
a p p l ic a t i o n  o f  t hi s  a i rc ra f t  i n  t he c i v i l  ma rke t .  Th re a t  surv i va b i ­
l i t y f e a t ure s a re i r re leva n t  t o  o p e ra t i o n  o f  a c i vi l he l i c o p t e r ani 
appe a r  as adde d  we i g ht and co s t  in many v i t a l  c ompo ne nt s ,  such a s 
ro t o r  b la d e s , d r i ve sy s t em s , and c on t ro l s . Rap i d mane uve ra b i l i t y  
re q u i re s  exc e s s  i ns t a l l e d  powe r  and de s i g n  o p t i mi za t i o n  f o r  low-spee d , 
ra t he r  t ha n  c ru i se , f l i g h t . 

The c a pa b i l i t y  f o r  ope ra t i on at v i r t ua l l y  any a l t i t u d e  a nd 
t empe ra t u re a r ound t he wo r l d  aga i n  l e a d s  t o  e xce s s  i n s t a l l e d  powe r  ani 
a ge ne ra l lack of  " ba l ance " be twe e n  the d y nam i c  a n d  s t ruc t u ra l  
c omponent s . The re q u i reme nt fo r ease  o f  a i r t ranspo r t a t i o n  p hy s ic a l l y  
l im i t s  t he ex t e rna l d imens i ons o f  t he B l ack  Hawk i n  o rd e r  to me e t  t he 
i n t e rna l d imens i o ns o f  A i r  F o rc e  t ra ns p o r t a i rc ra f t . The re s u l t i s  a 
p a s s e ng e r  c a b i n  e nve lope unsu i t e d  t o  c i v i l i a n pa s s e ng e r  s t anda rd s .  

I t  i s  o n l y  i n  t he a re a s  o f  re l l a b l l l t y /�a l n t a i na b i l i t y  and c ra s h -
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wo rthine s s  t hat the � t l i ta ry at t ri but e s  have a d i rec t appl icabi l i t y  to 
the c ivi l ies tg n .  

Now , le t m e  re turn t o  the c iv i l  marke t projec t ion I d i scussed 
ear l ier . You wi l l rec a l l  f rom Ta ble 3 we p ro j ec t e d  2 1 , 000 uni t s  wo rth 
$ 1 3 . 6 bi l l i on for  the next  decade . In F igure 3 ,  we d ivide t h i s  marke t 
into three g ross  we ight catego r i e s --l ight , def t nei  a s  a t rc ra f t  be low 
6000 lbs . ; int ermed i a te /medium ; ani heavy , whi c h  are a i rcraf t above 
3 5 , 000 l bs . Ju st  ove r three-quarters  of the uni t s  a re p ro j ec t e i  to be 
be low 6000 l bs . , ani l e s s  than 1 percent are above 35 , 000 l bs .  
Howeve r , above 3 5 , 000 l bs . the c i  vi  1 marke t potent t a l  re venue t s  a 
mini scule 1 . 5 pe rcent of total  iol lar volume and the l ig htwe ight c las s 
has shrunk f rom i t s 7 5  percent of  uni t s  produced  to  only one-thi rd of  
the t ot a l  'llarke t re venue . I be l ie ve , the re f o re , that �AS A should 
pursue ar�as invo lv ing t he cent ral c o re of  t he he licop t e r marke t--t he 
int e rmed iate /med ium c l a s s . 

Based on t h i s  p remise , le t us  reexam ine the c iv i l /m i l i tary 
technical d ive rgence  I ment ioned ear l i e r . F i gure 4 shows some of  the 
sa l ient de s igns in t h i s  migra t i on t owa rd heavie r  g ro s s  we ight s i n  
relat i on t o  the f i r s t  f lig ht o f  each a i rc ra f t .  Th i s  t rend i nd icate s .  
I be l ieve , tha t  NASA shou ld no t only throw i t s  t echn i c a l  autho ri ty 
gene ra l ly into t he int e rmed i a te /med ium we ight c la s s  but spec i f ica l ly 
into the 2 5 , 000- t o  3 5 , 000-lbs . sector , whi ch we ant i c ipate w i l l  be 
eme rg i ng in the late 1 980s . 

I t  i s  through t he deve lopment o f  vehi c l e s  such as  t h i s  that the 
u . s .  he l icopter  i ndust ry wi l l  aid  i n  the c ont i nua t ion o f  i t s  rol e  i n  
keeping our a t r  t rans portat i on system t he envy o f  the world a ni an 
e f f i c ient se rvant to  t he expans i on of  t he Uni t ed S t ates economy . 

Bef ore proceed ing , let me take a few moment s to  def i ne the ro le o f  
the c i v i l  he l icopt e r  t n  soc i e t y as  I p e rc e i ve i t . As you know, thi s 
ai rc ra f t  has t wo ve ry uni que capabi l i t ie s  whose s i gn i f icance i s  
f requent ly not f u l ly apprec L a  t e d , namely , the fac t  tha t  i t  take s o f f  
and lanis ve rt ically  ani that i t  c a n  sustain  f l ight in  a hove r . Thi s  
means t hat  t he he l i c opter  se rve s  bo th remote and conge s t e d  areas wi th 
m inimum i nve stment in fac i l i t ies  and equipment . At the same time , i n  
1 9 8 0  t he he l icop t e r  i s  muc h  mo re economic a l  than c i rca 1 960-1 9 7 0  
predec essors a nd i s , t he re fore , becom ing more compe t i t i ve wi th f ixed­
wi ng a i rc ra f t i n  a wi ie  va rie t y  of a pp l icat ions . 

He l i c opters are  also '!lore a t t rac t ive t o  potent i a l  users bec ause o f  
subs tant i ve i nc reases in  c reature c omfo rt s and convenienc e .  F o r  
example , t he new-gene ra t i on he l icopters c a n  p rov ide faster  
po i nt-t o-po i nt t ransportat ion t han c urre nt f ixed-wi ng a i rc raf t wi t h i n  
a radius  o f  300 naut ical  m i le s  or  so . 

The he l l c opte r can now f i l l a numbe r o f  ro l e s  i n  soc i e t y  a s  a 
comp lement to our ex i s t i ng trans port a t i on systems . It  provi des  
economic po int-t o-point transpo rtat i o n  for key bus i ne s s  and gove rnment 
peo p le , not  only in deve loped area s , but a lso in regions i nac c e s s i ble 
by othe r  means . In our popul at ion cent e r s , the he l icopter  i s  ready to 
provide a f lexible and econom ically viable solut ion to  the pro blem of  
our  con3e s t ed f i xei -wing a i rpo rt s .  When f l y i ng po i nt to  point , 
he l i cop t e rs can use " unused " a i r space  via  he l icopter  a i r  route s ,  t hus 
cont r i but i ng t o  the reduc t i on in f ixed-wi ng rout e conge s t ion.  
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Ad i i t iona l l v , a s  a se rv ice o f  i ne s t i �ab le va lue to soc iety ,  the 
he l icopter  can provide emergenc y  se rvi c e  to va st  areas o f  the 
populat ion at high  spe e i  and wi thout the need f o r  f ixed-wing 
f ac i li t i e s . In  the 40 years  o f  the  he licopte r ' s  e x i stenc e , i t  is  
e s t ima t ed t ha t  he l icopte rs have been i ns t rumental  i n  sav i ng ove r 
1 0 0 , 000 c i v i lian l i ve s , no t to  ment i on the � i l li on p lus mi l i ta ry 
comba t  re sc ues and med ic a l  evacuat i � ns . 

Now le t me be mo re spec i f ic about the threat that the U . S .  

he l ic op t e r  i ndust ry i s  fac i ng ,  the he lp tha t  i s  neeied  to  d e feat  that 
t hreat , and the way in wh i c h  NASA can p rovide the he lp . Figure 5 
s hows what i s  hap pe n i ng i n  t he wor ld ha l lc opter  marke t .  t�h l l e  t he 
u . s .  he l i copter  i ndus t ry has been ho li ing i t s  own , our European 
c ompet itors , a l l  heavi ly suppo rted  by the i r  re spect ive gove rnme nt s ,  
have doubled the i r  out put . 

My conce rn inc rease s when I cons ider  NASA ' s  l i s t  of  p otent ial  
ma rket s :  

--Tac t ic a l  f ight e r  
--Long-range subsonic  t ranspo rts 
--Supe rson i c  t rans ports  
--Gene ra l avi a t i on 
--Sho rt -range /commut e r  t ranspo r t s  
--Mi l i t a ry V / STOL 
--Improved mi li tary and c iv i l  ro torc ra f t  

I f u l ly apprec i ate  the p o i nt that th i s  i s  not a l i s t  of  p r i o r i t i e s ,  
but the f ac t  remai ns that o f  the seven i tems l i s t ed , s ix are 
f ixed-wi ng or iente d .  Furthe rmo re ,  whi le  four of the s ix f ixed-wing 
i t ems a re qui te spec i f ic , the ro ta ry-w ing i t em i s  a lmos t  a meaning less  
gene ra l i ty .  

An ana ly s i s  o f  NASA speni i ng does no thing to al leviate  my 
wor r ie s .  The da ta i n  Table 5 s how tha t NASA expend iture s i n  t he last  
decade for  f ixed-wing t ransport  re search equa t e s  to one- f i f teenth of  
t he next decade ' s  ma rket reve nue . The compa rat ive f igure f o r  
he licopte rs i s  1 in  5 4 .  

NASA would have to spend $ 600 m i l l i on on he l icopters  to c a t c h  up , 
o r  2 .  5 t ime s as much a s  i n  t he la s t  decade . And the payof f ,  i n  
technical  terms , wi l l  be rap id . I be lieve i t  i s  gene ra lly agreed that 
t he he l icopte r has re ached only about 50 percent of i t s  techn ica l 
potent ial , whe reas t he f ixed-wing subsonic  t ransport i s  ve ry c lose t o  
matu r i ty .  He l i cop t e r  re sea rch wi ll  provide rapid and v i s ible 
advances , whe reas f ixed -w ing re search wi l l  re qui re inc rea s i ng ly 
heavie r fund ing f o r  re lat i ve ly ma rg i na l  ga ins . 

How can NASA he lp the u . s .  he l i c opt e r  industry ?  The g reatest  
se rvice  I be l ie ve NASA can provide  is  to halp  us  f i ni out  whe re we  a re 
now techno lo g ic a l ly , o r  to put i t  ano ther way , to he lp us t urn our 
rema i n i ng " black a r t "  i nto a mo re f o rma l sc ienc e .  

Those o f  u s  who have been around t he i ndus t ry f o r  a l l t t le wh i le 
wi l l  not forget  the eno rmous contri  bu t t on rna ie  by N�S A  in  the 1 9 30s , 
1 940s ,  and 1 9 50s to  t he total unders tand ing of  the aero dynamic s o f  t he 
subsonic a i rc ra f t .  I do n ' t mean to be l i t t l e  the i r  cont r i but ion to  the 
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unde rstand i ng  of  t he supersonic  reg ime , but rat her t o  g ive spec i al 
rec ogni t ion of  the t o ta l i ty of the i r  work in subsonic ae rodynamics . 
The val ue of  this  work t o  t he u . s .  aero space indus t ry and the wor ld 
was immeasurable , and i t  p layed a large  part in p lac ing the Amer ican 
c omme rc ial  a i rc ra f t  indust ry i n  the pos i t ion of preeminence it  ho l:ls  
today . 

I urge t he NASA of today t o  para l l e l  the e f fort s of  the i r  NASA 
pioneers  and he lp the he licopt e r  indus t ry g e t  a total  unde rstand i ng o f  
the ve ry complex ae rodynamic f i e ld in  whic h  our p roduc t mus t wo rk . 
Obvious ly , we have made g re a t  st rides bu t there i s ,  I be l i eve , much 
more t o  lea rn .  A t ruly g reat  e f f ort  on the part of  NASA in 
fundamental he l i c opte r re search could cont r i bu t e  much to  the Amer i can 
he licop t e r  i ndus t ry and most importantly to soc i e ty at larg e . And the 
i ndus t ry mu st  part ic ipate so tha t  the most  e f f ec t ive use  can be 
derived f rom al l  resources . 

Beyond thi s ,  I have my own pa rticula r  priori ty cand idates  f o r  
he licopte r  re searc h .  They come unde r t h e  gene ral headi ng o f  imp roved 
ope ra t iona l  c apabi l i ty and a re as  f o llows : 

--Deve lopment of hel ic op t e r  i nstrument approache s 
--Noise  abatement 
--Ded icated hel icopt e r  a i rways 
--Cockp i t  i ntegra tion and human fac t o rs 
--Cra s hwo r t hi ne ss 

In my view, succe s s  i n  these a reas o f  re search  i s  e s sent i a l  i f  we 
a re t o  e na bl e  t he hel ic opt e r t o  play i t s  appropriate ro le in re l i eving 
the t ra f f i c  cons t r i c t ion in thi s  c ount ry ' s  a i r  t ransport sy s t em .  
Whi l e  t he F AA  a l so has a v i t al role t o  p lay i n  thi s a rena , t he re i s  
much t ha t  NASA can do  t o  he lp . Impor tant areas in  whic h  the re i s  much 
to be done inc l ude  the deve lopment of helicopter  i ns t rument 
approache s , the reduc t i on of no i se ,  the e s tabli shment of dedicated 
he l icopter  a i rways , c ockp i t  i ntegration  and human fac t or s , and 
c ra shwo rt hi ne s s . The payof f for  thi s wo rk would be a lmos t immed iate . 

Ai rpo r t  conges t i o n  i s  now widesp read , and satu rat ion i s  becom i ng a 
se rious p roblem i n  many major met ropo l i tan a reas . The a i rport s t hat  
have al ready reached saturat ion a re Washingt on Nat ional , Phi ladelphia 
Int ernat i ona l ,  Chicago ' s  O ' Ha re ,  Los Angeles Interna t i ona l , San 
Franc i sc o  Internat i ona l , New York ' s La Guardia , and New York ' s Kennedy 
Int e rna t iona l . 

Cons iderable re l i e f  can be obtained by e stabli shing i ndependent 
he lic opte r  at rways a nd pub l i c -use he l ipor t s  c lose  to the centers o f  
popula t i o n .  These c a n  b e  mad e  t o  wo rk i f  t he re search i s  p roperly 
funded . 

In summary , then , I see t he ro le o f  NASA a s s i s tanc e  to  the 
he lic opte r i ndus t ry to be , f i rs t , recognit ion of  the separate need s 
and use s of  the he l icopte r as an e s sent ial  a i r  t ransporta t i on 
vehicle . I have exp re s sed  my views re l a t l ng t o  the problems t he 
helicopter  indust ry faces in  many professional f orums . The mos t  
serious i s  be i ng packaged in  t he same t echnical  a nd ope ra t iona l box 
wi t h  our f ixed�ing brothe rs . NASA must view t he future by recogni z -
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Lng the s ignl f i cant d is t inc t l on be tween f ixed-wing and ro tary -w i ng air  
vehicles  and the i r  re s pec t i ve cont r l but ions to  soc ietv . 

Sec ond , �ASA shou l i p rovide  as s i s tanc e , along wi th  the e f fort s of  
t he FAA and i nd us t ry ,  t o  deve l op a spec i f ic he l icopter  opera t i ng 
e nvi ronment . 

Thi rd , NASA should provi de a f i� f oundat ion o f  bas ic re search by 
funHng to a leve l t hat  i s  appropri ate  t o  the pot en t i a l  cont ribut ion 
of the he licop te r . 

These ac t i ons  wi l l  a s s i s t  the u . s .  indust ry  i n  L t s  e f fort to  ma in­
t a i n  a c ompe t it i ve posture wi th the rap iUy expand i ng and nat iona l ly 
suppor t e i  he licopter  indus tries  o f  Europe . 
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FREE WORLD HELICOPTER MARKET 

1971-1 980 

Uni t s  21 , 000 

Value of new 
Hel i copter Product ion 
(1 980 Dol l ar s )  $ 1 5  B i l l ion 

Average 
Annual 
Growth 

1 981-1990 Rate 

29 , 000 3 . 2% 

$29 Billion 7 . 0% 

Average Uni t Value $0 . 7  Mil l ion $1 . 0  Mil l ion 

TABLE 1 

FREE WORLD HELI COPTER MARKET DISTRIBUTION 
OF CIVIL & MILITARY MARKETS 

1 9 71-1980 1 981-1 990 

Mil i t ary 11 , 600 8 , 000 

Civil 9 , 400 21 , 000 

To tal Unit s  21 , 000 2 9 , 000 

TABLE 2 
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Uni t s  

Value 

C IVIL MARKET GROl-lTH 

1 9 7 1 - 1 980 

9 , 4 00 

$4 . 7 B i l l i o n  

1 98 1 - 1 9 9 0  

2 1 , 00 0  

$ 1 3 . 6 B i l l io n  

TABLE 3 

TM 
FIGURE 1 S iko rsky SPIRIT 

1 14 

Average Annual 
Growth Ra t e  

8 . 5 %  

1 1 . 0% 
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FIGURE 2 Sikorsky UH-60A Black Hawk 

BLACK HAWK 

Military At tributes  Civil Market Penal ty 

o Threat Survivability o Weight 
Irrelevant Features 

0 Rapid Maneuverability 0 Exce s s ive Ins talled Power 
Opt imized for Low Speed 

0 World Wide Capabi l ity 0 Exce s s ive Ins talled Power 
Dynamic s-Heavy Des ign 

0 Ease o f  Air Transportation 0 Design Cons trained 
Cabin Size Unacceptable  

0 R & M 0 None 

0 Crashworthiness  0 None 

TABLE 4 
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21,000 Units 

Heavy � < 2% ' 

$1 3.6 Billion 

FIGURE 3 CIVIL MARKET FORECAST BY WEI GHT CATEGORY 1981- 1990 

30,000 I 

.,; I .c 20,000 - / � 
J: I e, / 
w / 3: / 
(I) / 
(I) 1 0,000 0 Sikorsky Spirit 
a: 
e, 

Bell 47 

1 945 1 950 1 960 1 970 1 980 1 990 
F I RST F L IGHT 

FI GURE 4 EVOLUT ION OF C IV IL DE S I GNS 
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1970-1974 1 975-1979 

$6.68 

$7.58 

FIGURE 5 GROWTH OF EUROPEAN COMPETITION (1980 Dollars ) 

NASA RESEARCH SPENDING VS . MARKETS 

Fixe d  Wing Transport 

Rese arch ( 19 71-1980) • $ 7 . 0 Billion 

Marke t (1981-1990) • $103. 0 Billion 

Rotary Wing 

Rese arch (1 9 71-1 980 )  • $ 0 . 25 Billion 

Marke t (19 81-1990) • $ 1 3 . 6 Billion 

TABLE 5 

1 1 7  

Ratio 1 : 15 

Ratio 1 : 5 4  
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HOW NAS � CAN ASS IST THE FAA 

Charle s R. Fos t e r  
ry t rec to r ,  No rthwe s t  Reg ion 

Federal Av iat i on Admini s t ra t ion 

Nea l  S lake and I wi l l  both a-J .J re s s  the i s sue of a s s i s t�nce f rom 
NASA as f a r  as t he FAA i s  c onc e rned . I t hought l t  m ight be w i se f o r  
m e  t o  i i scuss  t he b�ck� ro:1 ni f o r  thi s pre se nt a t  L o n ,  bo t h  m i ne and hi s ,  
start ing wi th the m i s s i on o f  the F AA ,  what we are about , and whe re and 
how we a re goi ng . 

As you know , one of  the ma j o r  a reas  whe re NAS A  c an part ic ipate 
wi th t he FAA dea l s  wi t h  our c harte r f o r  t he deve lop�e nt a nd g rowth of  
c ivi l avi a t i o n ,  a s  we l l  a s  f o r  p rovi d i ng and �ai nta ining t he h ighe s t  
leve l o f  saf e ty l n  a i r  t ransport a t ion.  We c an break that 
re spons ibi l i t y  into a c oup le �f d i f fe rent a rea s ,  one iea l i ng wi th  t he 
manageme nt of  t he nav igable a i r  s pac e , o r  the a i r t raf f ic s ide--and 
Neal w i l l  be J i scus s i ng more of tha t  t han l--and the o ther s id e  of t he 
is sue havi ng to  do wi t h  t he a l rc raf t and the a i rc raf t ope ra t ions . I 
would l ike to  s peni my t ime ieal ing p r imari ly wi th  some o f  the i s sue s 
relat ive to  t hose two e l ement s . 

F i rs t , ln  t he a i rc ra f t , we s t art wi t h  t he ac tual :i e s ign o f  the 
vehic l e , how i t  i s  manufac tured , and how l t  i s  mal nt a l nei . We g roup 
t he se t hree tog e t he r , and we ident i fy a l l  o f  them wi th the 
a i rwo rt hine ss of t he vehic l e . S o ,  we have a maj or ro le in t he 
a i rworthine s s  o f  t he vehic le , bo t h  ini t ia l ly as we l l  a s  on a 
cont i nu i ng bas t s .  In the ope rat ional  a rea  we a re deal i ng wi th  the 
f ly ing of  the veh i c le .  �hat inc lude s the p rocedure s tha t  we use , t he 
t ra i n i ng o f  t he c rew members , the types  of  people we 

·
have abo a r i  the 

a i rp lane , the numbe rs we have , the human fac tors , how t hey 
i nt e r re la t e , t he lniividual , and the machi ne i t se l f . Thi s we lump 
into  our opera t iona l s i de o f  t he house . So , � i rwor t h i ne s s  �n:i 
ope ra t ions �re t wo ma j o r  a reas whe re N�SA has been  able to  co n t r i but e 
t o  t he FAA ' s overa l l  m i s s ion i n  t he past  as  we l l  a s  t oday . 

I t  l s  intere s t i ng to note that NA�A, wh i ch c ame i nt o  be i ng i n  
1 91 5 , had a budget of  $ 5 000.  In NASA,  t oday , the bu:iget i s  a bout 
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$ 5 bi llion .  That i s  qui te a j ump f rom 5000 t o  5 b i l l i on in  t hi s  t ime 
span . I am sure that in 1 9 1 5  i f  anyone had pro j ec ted the mos t  you 
would eve r  see in any budget for any gove rnment agenc y  t he wor:i 
"bill ions " wou ld not even have been use1 . A person ' s  j udgme nt wou ld 
have been que s t ioned if he had p red ic ted  as �uch a s  a mi l l ion do llars 
for an agency engaged i n  ae ronaut ical re search . 

One of the i ssue s i s  how and whe re t he ae ronau t i c a l  pa rt of  t hi s  
budget s hould be spent . I have hea rd seve ra l people he re d i scuss  t he 
i ssue o f  f undamental , or pure , resea rc h .  The re are some who que s t ion 
whe ther NASA shou l d  go beyond t ha t  l nto  the :ieve lopment of technology , 
eve n  into operat  tona l  feas ibili t y ; in  o t her wo r:i s , wha t part o f  t he 
spec t rum of aeronaut ic al  re search shou ld be done by NASA? 

In address ing thi s  i s sue f o r  t he 1 9 80s , we should not f ocus 
s t r ic t ly on NASA and NASA alone a s  lf the re , and the re a lone , is whe re 
the re searc h  ls go ing to be :ione . In my deal i ng s w i t h  the O f f i c e  o f  
Management and Budget many t ime s i n  the pas t , when we woul d  ask  f o r  
fund s  f or researc h ,  the gene ra l  que s t ion w e  would get  would be whethe r  
t h i s  i s  no t  something that NASA shoul d  b e  :io ing .  So , we wou ld have t o  
j us t i f y  why i t  wa s something that t he F AA  or some o ther part of  the 
Depa rtment of  Transpo rtat ion should be d o i ng , even though the gene ric 
te rm may apply ac ross the boa rd to  NASA,  the Department o f  De fense , 
and othe rs .  

So , i f  we are no t c a re fu l  we c an wind up having the research 
ident i f ied wit h  one organi zat i on such tha t  there may be , because of 
adminis t rat ive procedure s and processes , an i nabi l i t y  to  get t he f und s 
o r  resources  e qui tably d i st r i buted accord i ng t o  the priori t i e s  tha t we 
see as f a r  as the va lue o f  the re search p ro:iuc t s .  

I wi l l  addre s s , f i rst o f  a l l , t ransport a i rc raf t . You have hea rd 
some exc e l lent speeche s  deal ing wi th  our ro le in the t rans port 
a i rc ra f t bus i ne s s , whe re we stand today , the cha l lenge s we have , the 
leadershi p we have had i n  t he pas t , what we need to  do , and whe re we 
should go to  ma i nt a i n  t�e leadersh i p  f o r  t he futu re . I think that the 
a rea of  rot o rc raf t i s  one that has no t rec e ived the at tent i on i t  
shou ld have in the pa s t . I n  the FAA I think t hat  we have a l l  too 
o f ten dea l t  wi th  the f ie ld of a i rc ra f t ,  and 9 9  p e rcent of  the t ime we 
t h i nk of  a i rplane s .  We have put out regulat i ons tha t , onc e they we re 
i n  t he f i e ld , peop le have que s t i oned whethe r  we real l y  meant f o r  them 
to app ly  to  he l i c opter s .  The answer was ,  goodne s s  no , �o�e we re not 
thinking about he l ic op ters , we we re thinking about a i rplane s . We have 
no t addres sed t he re qui rement s f o r  ro torcra f t  wi th the sa:ne prior i ty 
and re sourc es t ha t  have been given to  a i rplane s .  For example , i n  t he 
a rea of  ic l og ,  I think i t  i s  unfortuna t e  o r  worse than unfo rtunate 
tha t  we have f ore ign gove rnment s tha t  have c e r t i f icat ion c r i teria f o r  
ic  L og of  rotorcra f t  and we d o  not have them l n  the Uni te:i  S ta t es . 
Thi s  i s  a c a se , I think ,  where we have no t done the kind o f  re se arch 
t hat  we should have done in  t he past  or we wou ld have had the 
informa t ion necessary f o r  us to  deve lo p  these ki nd s  of  ce rt i f icaton 
c r i te r i a .  

Commuter a i rc ra f t .  As you may know , the F AA  c e rt i f icate a i rc ra f t  
acc o rd i ng to  t yp e .  We have t he catego r ies broken iown i n  wh ich  we 
have spec i f ic Federa l  Avi a t i on Regula tions . They are d ivided into  
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d i f f e rent part s f o r  Hf f e rent categor i e s  of  a i rc raf t .  For example ,  
Pa r t s  2 7  and 2 9  deal  w i t h  rotorcraf t .  Pa rt 2 3  dea l s  wi t h  ut i l i t y , 
ac robat ic , and l ight a i rc raf t .  Pa rt  2 5  deal s  wi t h  t ransport c a tegory 
a i rc ra f t . We have been worki ng f o r  '!bout 4 o r  5 yea rs  t o  dete t"'ll l ne 
whe t he r  or  no t we need t o  put out a new part , a Part 24 , f o r  a i rc raf t 
tha t a re between the sma l le r  gene ra l  aviat ion cat ego ry and t he heavy 
t ransport cat egory . Why have we been spend i ng this  t ime on Part 2 4 ?  
Because we f e e l  t he re i s  a requi rement  to  j eve lop an a i rc raf t t hat  i s  
realty des ig ned t o  sa t i sfy t he commuter :na rket . Unfortunately , mos t 
of t he ai rc raf t t hat a re des igned f o r  the commuter  ma rke t and sold  in  
t he Uni t ed States  are not manuf ac tured here  nor a re t hey designed 
he re . The a i rc ra f t  tha t  f i t  int o  t h l s  market  a re t hose t hat have bee n  
d eve loped f o r  bus ine s s  execut ive avi a t i on or  general aviat ion a nd have 
been expanded or mo d if ied to f i l l  t he gap .  He re i s  an a re a  whe re , I 
think ,  we could get some input f rom NASA into the bas i c  f undamenta l s  
necessary t o  p u t  togethe r  a t ruly e f f e c t ive commute r  a i rc raf t .  

The gene ra l  aviat ion s ide  of  t he p i c t ure . I think Mal Ha rned made 
some good po ints  iea l lng wi t h  t ha t . We a re k i l l i ng t oo many people 
st a ll i ng and sp i nning a i rc raf t .  Ai rc ra f t  do  no t have t o  have t hose 
kind s of cha rac t e r i s t ic s . We can bui l d  a i rplane s  tha t  w l l l  not s p i n ,  
tha t  wi l l  not stall , and t hat wi l l  s t i l l  perform the m i s s i on f o r  which 
mo s t  people buy a p r iva t e  ai rplane . 

Las t ly ,  I have to t ouch on my p revi ous a s signment i e lving into 
governme nt dea l i ng s  with t he env i ronme n t . S l nce  I spent mant yea r s  in 
tha t  area , I would l l ke to touch on a c ouple of thing s  t hat  I think 
NASA can as s l st us wi th  l n  our deal i ng w i t h  env i ronment a l  l ssu<! s , 
part icularly as  f a r  as  no i se i s  conc e rne d . 

Acros s  the spect rum o f  types of a i rcra f t ,  one of  t he areas that 
has been d i scussed he re and wi l l  cont inue t o  be d iscussed at  some 
leng t h  has to  do wi th c ompo s i t e  ma ter i al s .  We are developing 
i nf o rmat ion about compos i t e  mater i a l s  and a re employing compos i t e  
mat e ri a l s  ln  some o f  our a i rc ra f t  t oday . I t  was i n t e res t i ng to  hea r  
Ge rry Tobias '  comment regartJlng the percentage of  the S p i r i t  he li­
cop t e r  t hat actua l ly i s  c ompo s it e ,  even t he primary s t ruc ture s .  We 
need to know :nore about how we are g o l ng to c e rt i f icate c ompos i t e  
mat e r ia l s .  We ne ed to know more about the damage tole rabl l i t y  o f  
compos i t e  materials . What are the e f f ec t s on the e nvi ronment i n  which 
the se ma terials  wl l l  opera te ?  Wha t happe ns a f t e r  5 yea r s ,  10 years , 
or 1 5  years ? What ki nd of  nonde s t ruc t ive t e s t ing can we have ? How 
can we be sure , bo t h  i n  t he i ni t i a l  deve lopment t es t i ng and  l n  the 
p roving of t he p roduc t , that  it is safe  and mee t s  t he c r i teria  as  we l l  
a s  t he cont i nue j a i rwor thine s s  of  vehic le s us l ng compo s i t e  ma t e r i a l s ? 
I th l nk t hat  we have no t  p rope rty add re s sed a l l  o f  these areas , and I 
t h l nk rnany t l!ne s we spend too much e f fort , a s  f a r  a s  the FAA l s  
c once rned , on ident ifying uni que charac t e ri s t ic s  o n  too smal l a scale . 

Obv l ous l y ,  we wou ld l l ke t o  see the wo rk ln  aerodynamic s and 
cont ro l of  a i rc ra f t  cont inue d . One of t he conc e rns we have t oday has 
to do wl t h  t rans sonlc f lu t t e r  ana lys t s ,  pa r t i cularly s hock-i nduced 
f lut t e r  that  can be deve loped on some of  our superc r i t ical  wing 
ai rf o i l s .  

Ac t ive cont rols . We are maki ng some progre ss i n  ac t ive cont ro l s . 
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We f e e l  tha t  furthe r  re sea rc h  needs to be done i n  this  a rea . 
One of  t he la rge s t  area s i s  t he huna n fac tors work . We a re mov i ng 

in  t he a rea whe re we are hav i ng mo re and more things done in a 
cockp i t , e i t he r  through mechanica l means an;i /o r e lec t ronic s . As the 
a i rplane cockp i t  bec omes mo re complex we are able to  handle mo re 
thing s  automa t i c a l l y .  The big que st i o n  i s  how to  re so lve t he work 
load problem to  make sure that we do  not put so much in  the cockp i t , 
so many d i f f e rent kinds of ins t rument s ,  raHo s ,  wha t have you , tha t  
the c rew wo rk load i s  no t i nc reased . 

It i s  i nte re s t ing to  no te that  we have gone f rom c rews w i t h  as 
many as 4 and 5 membe rs , 1 0 to 1 6  years  ago , :iown to 2 and 3 t oday . 
The important thin� i s  be i ng able to  qua nt i f y  how we can red uce this 
work load by the deve lopme nt and interface of va ri ous e l ec t ronic and 
mechanical  pieces of  e quipment . 

Anothe r a rea t ha t  we need  to  improve i s  the propul s ion system , 
pa rt icula rly fo r t ranspo rt a i rc raf t .  We have had qui t e  a few 
d i s cuss ions d ea l i ng wi th  var i ous types of  mod i f icat ion and improvement 
of exi s t i ng turbo machine r s , deve lopme nt of new type s , new and 
i i f f e rent kinds of  f ue l s , ani new means of p ropul s io n .  

I would  l i ke t o  throw o u t  one subjec t tha t ha s n o t  bee n  cove red-­
that is t he re l iabt t i t y  of  our new p ropuls ion sys tems . In the ea rly 
·lay s of  t he OC-4s , OC-6s , Cons te l la t ions , ani S t ra tocrus ie r s , we had 
ai rp lane s  t ha t  had four rec i p roc a t i ng eng ine s .  In those days , the 
e ng i ne f a i l ure ra t e  was running a round 400 and 500 f l ight hours  per 
engine shutdown . Along come s t he t urbo j e t  and we hardly ever have an 
e ng i ne f a i lure . 

Actua l l y , mo st  of  the turbo j e t s  a re removed because of t ime 
l imi t s .  In t he d ays of  predominant l y  four-e ng i ne a i rp lane s , we had 
a i rc raf t land wi t h  one eng i ne shut down--some t imes two eng ine s shut 
down . I think t he 7 4 7  wi l l  be t he la st  la rge four-eng i ne a i r c raft  
bui l t . We  are movi ng more and mo re towa rd two- and three-eng ine 
a i rc ra f t . Our newe s t , late s t  a i rc raf t a re coming out  wi th  two large 
high-bypass-ra t io eng ine s .  

So , a s  we delve into the means o f  improving the spec i f ic s ,  
reduc i ng the we ight and ma ny othe r  factors  that deal  wi t h  the 
propulsion system ,  we mus t  a l so make sure that we provide adequa te 
at  tent ton and t ime t o  t he re l i abi l i t y  of  t he se machine s . Two-eng i ne 
fa i lure of a twin-e ng i ne a i rp lane i s  ent i re ly d i f fe rent f rom 
two-e ng i ne fai lure on a t hree - or four-eng ine a i rp lane . 

La s t ly , I would like to  comment on t he envi ronmental conc e rn .  We 
have moved f rom the a rena in no i se where we we re , I gue ss  1 5  yea r s  ago 
or so , really t rying to f ind the f undamenta l s  of how no i se wa s 
generated ; what we re t he mechani sms involved par t icula r ly i n  the j et 
exhaust ?  We we re deve loping means of  supp re s s i ng the no i se or 
modi f yi ng the de s ign s o  tha t  the no i se was not  �ene ra t e d . An:i we have 
made t remendous p rogre s s . Unfortuna t e ly , we s t i l l  have a lot  of  
a i rc ra f t  wi t h  o l d  e ng ine s  tha t wt  1 1  be f ly i ng ove r the next 5 o r  10  
years t hat wi l l  no t inco rpora te a lot  o f  t he t echnology that  we have 
developed and a pp l i e d  t o  the newly produced ai rplane s . 

As we have moved f rom conc ent ra t i ng on the source of  the noi se in 
our p ropu l s i on sys tems , we are now in t he a rea of  maj o r  legal i ssue s , 
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and people a re g o i ng to c ourt bec ause o f  t he no i se exposure t hey a re 
rec e i v i ng .  In Ca l i f o rn i a , the a i rport s a re now pay i ng compensa t i on  
for  no i se nu i sa nc e ,  ani i n:l icat i ons � re t ha t  the rec i pient s -: a n  go  
back an·i back t f  the nui sanc e  is  no t remove·i . As t h i s spread s ac ros s 
the c ount ry the impac t c ouli be ievas tat i ng on our who le t ransporta­
t i on sy s t em .  

One o f  the problems that I see in  this  i s  the method f or ie ter­
:ni ning what the no i se exposure l s .  We have so11e  ve ry sophi s t i c a t e d  
noi se map or no i se c ontour model ing proce dure s bo t h  w i thin  t he Depart -
11e nt , the �i r Fore � , NASA, and othe r place s . NASA ha s a large f ac i l i ty 
at Lang ley that  l s  wo rk i ng on t h i s  part icular problem . The c omput e r  
�rogram wi l l  io  a n  exc e l le nt j o b  o f  tak i ng the i npu t an i ir�wi ng out 
a l l  the se contours . The c ourt s take the c ontours ani ·i eterm i ne wha t 
t ,e noi s e  may be o r  s hou ld  be . qut , i f  you go out ani s t � r t mea sur i ng 
around these contours to va l idat e t he c ontours through measurement s ,  
you f l ni one o f  t he funda'llental  pro blems we have and that i s  our 
abi l i t y t o  t ruly pre d ic t wha t t he sound p re s sure leve l i s  �oing t o  do , 
the content of  t he souni , a s  i t  propagates  over long d i s tance s .  Th i s  
is a long t ime ,  I think ,  for  an expens ive type o f  re searc h t ha t  nee d s  
t o  be c omplete tl .  W e  st i l l have l imi t ed resul t s  f rom re s e � rc h  deali ng 
wt h thi s long-range propagat ion o f  s ound . Ove r t he last  1 5  years , I 
think we have made t remendous prog re s s  in a i rc ra f t  no i se rei uc t i o n .  

So , dealing wi th  the a i rc ra f t  a n d  i t s  opera t i ons , I have indicated 
the types of  a i rc raf t ( t ranspo rt , he l i copters , commute r ,  and genera l  
avi a t ion)  f or  whi c h  I f eel  we nee i  i nput f rom NASA t o  as s i s t  us i n  
mod i f y i ng our regulat i ons and deve lop i ng new c r i teri 3 .  Compo s i t e  
mate r i al s , ae rod ynam ic s ,  human fac tors , propuls i on ,  ani t he envi ron­
ment are t he f i ve are a s  that I f e l t  would be wo rthwhile  11ent i onl ng and 
highl i g ht ing at t h i s  t ime . I would l i ke to  say , in c onc lus i on,  t hat 
the s e  t h i ng s  are not a l l  tha t  we are i nt e re s t e d  l n .  
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HOW NASA CAN AS S IST THE FAA 

Nea l 1J lake 
Deputy Ass oc iate  Adm ini s t rator  for 

Eng ineering ani Oeve lo pment 
Fe 1eral Av iat ion  Admi n i s t ration 

Although pred i c t i ng the  f uture i s  an  i nexac t sc ienc e at  bes t , I 
thi nk c e r t a i n  t rends have been i de nt i f ied that have he l p ed us t o  
assemble a scenari o for  t he shape of the a i r  t raf f i c  cont rol system o f  
the future . Thi s  scena r i o , i n  t urn , has been used t o  ident i fy 
deve lopment ac t iv i t ie s  that we need  to complete t o  p rovide a highe r  
capac i ty ,  mo re aut omate d , more fue l-e f f ic ient sys t em f o r  1990 and 
beyond . 

Today , I wi l l  give you a ve ry brief overview of  some o f  the 
impac t s  of t ra f f i c  g rowth , our deve lopml!nt p rogram goal s ,  our future 
ai r t ra f f ic cont ro l system scena r i o ,  and pre sent and p lanned 
ac t i vi t i e s  i n  the ieve lopment area to  support that scena r i o  and I w i ll 
try to  ident i f y  some of  the key areas f o r  NASA support in t h i s  program . 

In hi s paper ,  B i l l  Wi lki ns i nd ic a t ed that we s t i l l  expe c t  
cont i nued signif icant  g rowth in  the number of  a i rc ra f t  reque s t i ng FAA 
separat i on servic e s  ove r the ne� t  decad e .  The forec a s t  of g rowth i n  
a i rc ra f t  opera t ions under inst rument f l ight rule s hand led by o u r  a i r  
t ra f f ic cont ro l cent e rs i s  expec t ed t o  be approxima t e ly 60  percent by 
1990.  The g reat est  percentage o f  g rowth i s  expec ted in gene ral 
avia t i o n ,  a i r  taxi , and c ommute r  ope rat i ons . Air carr i a r growt h ,  a s  
no ted yesterday ,  wi l l  be slowe r ,  and mi l i ta ry operat ions are expec ted 
to s t ay about the same . 

The f o recast g rowt h  i n  a i r  t raf f ic hand led by the i ndividua l a i r  
traf f ic cont ro l cent e rs wi l l  range f rom about 3 5  to  6 7  pe rcent dur i ng 
thi s t ime per iod . Opera t ions at towe r-equi p ped ai rport s a re expec t ed 
to increase abo ut 44 p e rcent dur i ng th i s  same t ime per iod--aga i n ,  the 
big g rowth wi l l  be in general aviat ion , a i r  taxi , and commuter  
ope rat ions . 

Th i s  f o recast g rowth and achievement of  s ignif icant ga ins i n  e ach 
of  the f i ve maj or FAA goa l  a reas p rov iie  mo s t  of the bas i s  for our 
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e ng i nee r i ng anJ d eve l opme nt p rogram . 
The f i r s t  goal i s  sa f e t y . Our h i ghe s t  pri o r i t y  ha s a lwa y s  been 

� i ven to improvi ng sys tem s a f e t y  a nd reJuc l ng f light r l s k .  Th i s �oa l 
area encompasses  t he deve lopment  ac t iv i t i e s  needed to p revent a i rc ra f t 
c o l l i sions wi t h  te rrain  and othe r a i rc ra f t , t o  reduc e  fat a l t t l e s  f rom 
inf l i ght and post c rash  f i re s ,  to detect  and reduce the c onse quenc e s  o f  
human erro r ,  ani t o  detect  and avo i d  severe weathe r  pheno�ana . 

The second goa l  i s  system perfor'lla nce . Improvi ng sy s tem 
pe rformance by inc reas i ng capac i t y , re�uc l ng i e lays , and improvi ng 
wea the r  and p ilot  bri ef ing s e rvices  ha s been a goal of  many of  the 
recent deve topme nt programs tha t  a re just now pro v ld l ng f le U  
implementable sy stems . Th l s  area i nc ludes p rograms to inc rease  
a i rport  c a pac i t y ,  provi de more :i l rect  a i rc ra f t  rout i ngs  wi t h  
f ue l -e f f ic ient p ro f i le s , and provide improved f low management 
pa rt icula r ly iuri ng adve rse wea t he r  cond it ions . 

The t hi rd goa l , inc reas i ng system p roduc tivity  by provi d ing 
improved service wh i le reduc i ng the cos t of p rovid i ng these sevice s ,  
i s  bec oming an eve r inc rea s i ng ly more important goal area . The 
ac t ivity  t o  improve both  the weathe r  and p i lot  b r i e f i ng servic e s  wh l le 
simultaneously reduc ing the cost  of  providing those s e rvices i s  
al ready we l t  under way . 

Add it ional :leve lopment programs a re a imed at  reduc ing t he 
ope rat i on , 'Ua lntenanc e , and cert i f icat ion cost s of  t he a l r  t ra f f ic 
cont rol sys t em .  

As B i l l  Wi lkins ment i one d , fue l  c onserva t i on ha s be come an 
i ncrea s i ng ly impo rt ant goal a rea !lnd a number of p roc e iura l an1 
fac U l ty improvement s de s igned to conserve fue l  are a l ready entering 
t he sys tem .  AH i t  tona l automat Lon  ac t lv l t le s  a re unde r  way , wh l c h  we 
expec t wi l l  furthe r  reduce the excess  f ue l  burned i ue to a i r  t ra f f ic 
cont ro l  and weather  de lays . 

The las t  goal , pro t ec t ion o f  the envi ronment , i s  an  a rea re la t ed 
to  t he reduc t ion of  a i rc ra f t  no l se �nd con t ro l  of  e ng l ne em l s s lon both 
through p rocedura l  changes  t o  the air t raf f ic c ontrol s y s t em and 
i mprovements  to  ai rc ra f t  and a i rc ra f t  eng i ne s . Thi s  goal ls heavi ly 
supported by a numbe r o f  FAA and NASA prog rams . 

Now , i n  looki ng ahead to  t he a l r  t ra f f ic cont rol sys t em of  t he 
1 9 90s and beyond , we see cont i nued g rowth in t he demand f o r  servi ce s ; 
a need t o  p rov i d e  t he highe r  leve l of  automated coor:l i nation requ i red  
t o  permit cont ro l le rs to i ssue d i rec t-route , fue l-e f f ic ient , 
conf li c t -f ree c learances  in mo re of  ou r a i r  space ; a cont i nuing need 
to  achieve the most  e f f icient use o f  the nat i on ' s  ex i s t i ng ai rport s ; 
and a pre s sing need to cont ro l  t he g rowth i n  the c o s t  of  prov i d i ng the 
se rvice . 

So , wi thin t hi s  general context we see t he future t re nd s  f o r  the 
va rious element s of  our system a s  fo l lows . In the a i rport a rea we do 
not believe t ha t  there wi l l  be a s igni f icant numbe r of new a i rports  or 
even new runways at ex i st ing ai rport s ,  part icula rly in the maj o r  
te rminal a reas . Our current p rog ram t o  equip  sate l l i te ai rpo r t s  wi t h  
approach and land i ng a i d s  and cont ro l  service s "Day provide some added 
commerc ial c a pac i ty at  t he se a i rports  i f  such improvement s ln  f a c t  
c au se a mig rat ion  o f  gene ral avi a t ion ac t iv i t ie s  to t he sate l l i t e  
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f a c i  l l  t i e s .  
He nce , our p ro g ram s i n  t he a i r po rt a r e a  w i l l  c o n t i nue t o  f oc u s  on 

inc re a s i ng the l i f e o f runwa y s ,  re i uc i ng pa veme nt t e s t  t i me ,  p rov i i i ng 
imp rove i a i rp o r t  su rve i l lanc e  s y s t em s , and , la t e r  l n  t i me ,  au t oma t e d  
surface t raf f ic cont ro l sy s t em s  and imp roved ha za r i o us we a t he r  an:i 
wi nd s he a r  i e t e c t io n  f o rec a s t i ng and avo i d ance sy s t ems . The s e  new 
s y s tems , ope ra t i ng in conjunc t ion wi t h  a mo re automa t ed a i r  t raf f ic 
c ont ro l system ,  wi l l  pe rmi t us to ma ke the most  e f f ic ient use of  our 
a i rpo rt re source s ,  pa rt icularly i n  t he hig h-dens i ty t raf f ic a re as . 

Ai rport c apac ity . Cong re s sman Ha rkin brought t hat  one up  
yes te rday . The ai rpo rt capac i ty p rog ram i nc ludes  stud i e s  o f  e a c h  of 
the na t ion ' s  hi gh-dens i t y  a i rport s ,  tha t a re c on i uc t e d  t o  d e t e rm i ne 
t he improvement s that a re feasible  at  eac h a i rpo rt  and to a ss e s s  the 
bene f i t  o f  implementat i on o f  eac h  o f t he p o s s i b l e  imp roveme n t s . � i s  
program cove rs  a wide spec t rum of  imp rovement s ,  i nc lui ing a i :i  i t i ona l  
runways , short  runways , runway exi t s , taxiways , proc eiura l  c ha nge s ,  
and s y s t em s  t hat  wi l l  pe rm i t reduc ed long i t udina l  s pa c i ng be t we e n  
a i rc ra f t  on t he f ina l ap p ro ac h .  The lat ter  inc ludes  vo r t ex wake 
detec t ion , pred ic t io n , and avoidance and vortex allevi a t i on on 
ai rc ra f t ,  aut oma t e d  t e �ina l met e r i ng ,  and s pac ing sys t ems . 

Imp roved automa t i on and navig a t i on sys tems on the a i rc ra f t  w t l l 
i nt e rf a c e  :i i rec t ly wi th  the g roun:i me t e r i ng and spac ing comput e r  t o  
o f f e r  s t i l l  g rea ter  prec i sion i n  t he de live ry of a i rc ra f t  t o the 
runway . 

Navi ga t ion . The nav iga t i on syste!U today i s ba sed pri11a r i ly on 
Vo r t a c  for s ho rt -range navi ga t i on and Omeg a and Ine r t  La l Na v i g a t  l on 
Syst em ( INS ) f o r  long-range navi g a t i on . Othe r a i d s  are us e d ,  but 
these a re t he primary one s .  INS , wi t h  ext e rnal upia t i ng f rom o ther 
a l d s , is used in  the cont inent a l  u . s .  a s we l l  as  ln oceanic a re a s  ani 
cur rent ly perm i t s  Air Tra f f ic  Cont ro l ( ATC ) to i s s ue i i rec t  c learanc e s  
t o  e qui pped a i rc ra f t ,  par t i cularly in the area  we s t  of  the Mi s s i s s i ppi  
�ive r .  W i t h  t he imp le�ent a t i on o f  aut oma t ed a s s i st ance to  the 
cont ro l l e r  ln c oo rd ina t i ng d i rec t-route c learanc e be tween c ont ro llers , 
we expec t t hat  mo s t  h igh-a l t i t ude f lights  ove r the U . S .  could be 
conduc ted via d i rec t rou t i ng wi t h  t he p roper e qu i pment i n  t he ai rc ra f t .  

The demand f o r  ATC se rvice  for l ow-a l t i tude IFR he l icopt e r  
ope ra t i ons L s  i nc rea s i ng ra p id ly , and development and t e s t  e f f o r t s  
have been inc reased w i t h  a view towa rd early c e rt i f icat ion o f  Lo ran-e 
as a supp lement a ry a i d  to  Vo r tac and Omega to meet t hese  spec i a l  u s e r  
re qui rement s i n  a reas whe re t he Loran-e cove rage i s  ade quat e .  

Now , looking t o  the somewhat longer  term , the Globa l  Po s i t ioning 
Syst em ( GPS ) may p rovi de the ba s i s for naviga t iona l servi c e s  in  some 
ai r s pace . �olhi le many que s t i ons conc e rning t h i s  sys tem a re ye t to be 
answe re i , s uc h  as i t s  acc uracy for  c i vi l use , t he numbe r of s a te l l i t e s 
to be used , t he redundanc y needed for sate l l i t e  fai lure backup , and 
i ts vul ne rabi li t y to ho s t i le ac t i o n , we be l i eve t ha t  GPS may o f f e r ,  i n  
the 1 990 t ime per ioi , a g loba l  navi gat i on s e rv i c e  suppor t i ng t he nee d s 
of avi a t i o n ,  p a rt icu la rly i n  the oce an ic and low-de nsity  t ra f f i c a re a s  
throughout t he wo r l d . Al t houg h u s e  in  d ome s t ic  areas wi l l  d e pend t o  a 
la rge e'Ct ent on dec i s ions yet  to be t ake n , a deve l opme n t  p r og ra!U L s  
under  way t o  e x p l o re the use o f  t h i s  s y s t em i n  a l l  � i r  spac e . 
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We be l leve t ha t  a i rborne navigat ion systems wi l l  cont a i n  a rea 
naviga t ion c omputers  t ha t  can accept navigat ion s i gna ls f rom a var i e ty 
of  sourc e s , inc lud ing INS , Omega , Lo ran , Vortac , GPS , and t he 
�ic rowave Land i ng Sys t em ( MLS )  and aut omat ica l ly a d j ust to  t he 
charac t e r i s t i c s  o f  the se lec t ed system and provide ou tput s to a 
va riety of systems and d i splays , i nc luH ng g raphic d i s p lays . The se 
new sy stems can ;>rovide t he pi lo t wi th guidance in  reaching 
checkpoi nt s  a t  t imes and a l t i tudes e it he r  gene rated int e rnal ly by 
a i rc ra f t  f ue l  performance compute rs o r  by the g round a i r  t raf f ic 
cont ro l sys tem.  

The F AA  i s  nearing the end of  the deve lopment cyc le on a number of 
t he sys t ems needed t o  provide the base on which the mo re e f f ic i e nt 
automated sys t ems of  the future wi l l  be bu i l t . These sys t ems i nclude 
the d i screet add re ss beacon system ,  t he MLS , automated f light service 
stations , and ai rc raf t se para t ion a ssuranc e  systems . The las t  
include s conf l ic t  a lert  and conf l i c t  re solut ion t o  wa rn the cont ro ller  
o f  impend ing loss  of separa t i on ,  the automat ic t raf f ic advi sory and 
resolut ion servi c e , and t he beacon colli s ion avo i dance sys tem to warn 
t he p i lot of impend ing d i sas te r .  The se systems are a l l  scheduled for  
implement a t ion dur ing the  1 980s .  

Maj o r  deve lopment ac t ivit i e s  have a l ready been started t o  produce 
the improvement s needed to  support  t he sys t em of  the 1 990s . S ome of  
t he major  e f f ort s inc lude : 

o Replacement of the pre sent a i r  t raff ic cont ro l comput ers , 
s ta rt i ng wi th t ho se ins tal led i n  our a i r  rou te t ra f f ic 
c ont rol cente rs , wi t h  comput ers p rovi d ing the g reatly 
i nc rea sed capac i t y  and re l iabi l i ty needed for the future . 
Thi s  i s  planned for the late 1 980s . 

o Upg rad i ng of  t he c ommunicat ion system t o  p rov ide  f o r  more 
ef f ic ient , more re liable , and lower cost  services . 

o Development and imp lement at ion of a rea l-t ime seve re weather 
detec t ion , process ing and d i splay sy stem to  provide accurate 
ident i f i ca t io n  of  t he haza rdous area s o f  storms t o  p ilot s  and 
cont rollers . 

o Cont i nued h igh empha s i s  on improving a i rc ra f t  a i rworthiness 
and pos t -c rash f i re safe t y . 

o Ai rport and a i rspace capac ity  and d e lay prog rams wi ll  be 
expanded to p rovide a more e f f ic ient t raf f i c  f low management 
system .  

o Inc reased empha s i s  i s  be ing placed on the human factors 
programs to reduce t he number of acc ident s a t t r ibutable to 
human e rror .  

F AA  eng ineering and deve lopment has looke d  t o  NASA f o r  some o f  the 
ba sic  re sea rch and techno logy deve lop�ent needed in a rea s whe re the 
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curre n t  t echnology ba se i s  not adequa t e  to  support our p rog ram goal s ,  
as we l l  a s  f o r  some d i re c t  p rog ram support ln  c r i t ical  p rog ram a reas . 
The output f rom t he NASA program p rovBe s the data ba se neeied t o  
formula te  advisory c i rculars , regulat ions , and new a i r  t ra f f ic  cont rol 
sys t em improvement s .  I be l i eve t ha t  t he re lat ionsh i p  between NASA and 
t he FAA has been an ex t remely produc t ive one , and s t ep s  are be ing 
taken cont i nua l ly  to f ur t he r  st reng then i t .  

The c oo rd ina ted p rog rams a l ready cove r  a number o f  import ant 
area s , a f ew of which i nc luie a i r c ra f t  safety , cove r i ng f i re saf e t y  
technology , t he e f f ec t s  o f  us ing ant imi s t i ng kero sene o n  j e t  eng ine 
pe rfo rmance and l l fe ,  gene ra l  aviat io n and t ranspo rt a i rc ra f t  c rash­
worthine s s , vortex a l levi a t ion , and land i ng dynam ic s . 

The second area , a i rc ra f t  avion i c s  s y s t ems cove r s  advanced i nt e ­
grated f l ight c ont rols , t he t e rmina l  conf i gured vehic le p rog rams , the 
MLS , head s-up d i splays , coc kp i t  d i sp lay of t raf f ic i nformat ion , 
automated t e �ina l  se rvi c e , automated pi lo t advi so ry servi c e , 
l i ght n i ng e f fec t s  on avionic s ,  the low-cos t  GPS rec e i ve r ,  and gene ra l  
aviat ion t ec hno logy prog rams . 

The ma t e r i a ls and s t ruc ture s  area , which wa s cove red by Mr . 
Fos t e r , i nc lude s the advanc ed compos i te ma t e ri a l s  and s t ruc ture s  and 
lightning e f fec t s  on c ompo s i t e  mat e r i a l s . 

There a re a lo t of othe r  a reas , such a s  search and re scue equip­
ment , he l i c o p t e r  a i r  t raf f ic cont ro l opera t ions , p i lo t  t ra ining , and 
mea surement t ec hn i que s .  

Now , f rom t hi s  qui c k  ove rvi ew o f  the a reas o f  the c oord i nated  
programs , you can see tha t much of  t he bas t e  re search and technology 
needed to  support our f ut ure a i r  t ra f f ic  c ont ro l sy stem development  
a re a l ready we l l  unde r way .  We  be l ieve , however , that  augment a t ion of  
seve ral of  the se a reas i s  needed because of  t he high payof f  in  terms 
o f  sys t em improvement  that would  re su l t  f rom successful  techno logy 
deve lopment . I have l i s t e d  f our . 

Ce rt a i nly , vortex a l levia t ion i s  nea r  the top of  the l i s t .  The 
i ntroduc t i on of t he wHe-bod i ed a i rc ra f t  int o the f leet highl ighted 
t he p roblem o f  we ight vo r t i c e s  and re su lted  i n  i nc reased a i rc ra f t  
sepa rat ion  minima . Thi s ,  i n  turn , reduced the capac i t y  of  o u r  maj o r  
termina l  fac i l i t i e s  b y  1 5  t o  20 percent . Now , some capac i ty gai ns c an 
be and have been ac hieved from p roc edu ral c hange s and imple111e ntat ion 
of our future automated systems , bot h  a i r and g round . The t echnical  
problems a s soc i a t ed wi th vor t ex al l ev i a t ion ,  I real ize , a re ve ry 
d i f f icult  but some encourag ing re su l t s  have come out of past  t e st s . 
The payo f f  f o r  succes s s  is  ve ry h i g h  i n  t e rms of  a i rport capac i t y .  We 
would urg e  a cont inuing high leve l  of  e f fort  i n  this  a rea to i d ent i f y  
technique s  that wou ld a l levi a t e  the s t reng th o f  vo rt ice s . 

Human fac t o rs . In t he human fac t o rs a rea , ba s i c  re search i s  
nee d ed o n  the cause s  o f  human erro r  and the e f fec t s o f  p i lo t  boredom 
on performanc e , part icularly i n  emergenc y  cond i t ions . Clo sely re lated 
to  t he s e  fac tors  is  t he nee d  t o  develop  improve 1 wa rn i ng sys t ems t ha t  
can p r i o ri t i ze and present t he key ac t i ons a p i lot  must  take when an 
eme rge ncy e xi s t s  and eve ry s econd i s  pre c i ous . 

The f i re safety  a rea . Muc h  prog re ss ha s  been made in  the 
deve lopme n t  of an ant i m i s t ing ke ro sene add i t ive , a nd some e ncourag i ng 
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large-sca le t e s t  re sul ts  have been achieve d .  Prog re s s  in the 
ieve lopment of  improved cabi n  materials  has been somewha t le s s  
d rama t ic , ani susta i ned h igh emphas i s  o n  new mater i a ls deve lopme nt 
cont inue s t o  be needed . 

The use o f  s i mulators for  p i lo t , a i rc raf t ,  and ro to rc ra f t  
cert i fi ca t i on i s  ano the r a rea . While much prog res s  has been made i n  
the u s e  o f  s imulat o rs f o r  p i lot  cert i f icat ion and t ra i ni ng , cont i nued 
act i v i ty is needed to determine the ext ent to which s imula tor s can be 
used in t he c e r t i f icat ion process for a i rc ra f t  and rotorc ra f t .  NASA 
a s s i stance i s  needed i n  t he development of  met ho d s  of ve rif i ca t ion and 
validat ion of computer models  used by the manufacture rs in the 
ce rt if icat ion process . 
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HOW NASA CAN ASS IST THE 
DEPARTMENT OF DEFENSE IN AERONAUTICS 

Ge rshom R. Makepeace 
Di rec tor , Enginee ring Technology 

O f f ic e  of t he Under Sec retary for De fense Re search and Eng i neering 
Department of  Def ense 

During the next f ew m i nute s  I wi l l  t ry t o  g ive you a bri e f  
ove rview o f  how NASA can and doe s a s s i s t  t he Department o f  De fense 
( DOD ) i n  ae ronau t i c s  and particular ly in aeronaut ics  techno logy . I am 
sure that I do no t need to describe t o  this  g roup why ae ronau t i c s  
techno logy i s  of  c ri t ical importance t o  the DOD . You may be 
inte rested , however ,  in a quant i t a t i ve measure--dollars--of j us t  how 
important it i s .  Table 1 shows data f rom our FY 1 9 81 budg e t . More 
than $ 2  b i l l ion a re a l locat ed t o  Re sea rc h ,  Deve lopment , Te s t , and 
Evalua t ion ( RDT&E)  on aircra f t  and re lat ed e quipment . Nearly $ 300 
mi llion wi l l  go to sys t em-oriented ae ronautic s techno logy , i nc lud i ng 
a i rc ra f t  eng i ne t echnology as  we l l  a s  a i r f rame t echnology . 

The ope rat ional use s for the DOD a i rc raf t now i n  se rvice , and for 
the t echno logy o f  intere s t  to thi s g roup , a re l i s t ed i n  Table 2 .  Some 
of the new techno logy requi red to p rovide these  capabi l i t ie s  i s  
clo se ly re la ted t o  that needed by commerc ial ai rcraf t--fue l e conomy , 
for i nstance--even though the reasons f o r  need i ng i t  may not be 
ent i rely t he same . We need inc reased range for log i s t ic a i rcra f t ,  
wi th reduced fuel cost  a secondary benef i t . Comme rc i a l  a i rc ra f t  need  
lowe r ope rat ing cost s , wi th g reat er range a secondary bene f i t . But 
the techno logy in thi s ca se is the same . In quite a f ew othe r  area s ,  
of course , 000 needs are no t para l l e l  t o  any commercial demand . In 
many of those case s ,  too , NASA provide s d i rec t suppo rt to us . 

Aa ind icated in Table 3 ,  000 does no t do all  o f  i t s  own ae ronau­
t i c a l  techno logy wo rk , or even the princ ipal f rac t ion of i t .  We have 
always re l ied upon a st rong , complementary techno logy base in NASA,  
indus t ry , and academia .  000 cannot and should not support a complete  
technology base ac t ivity  cove r i ng all  aspec t s  of  the app l i c a t ion o f  
a i r  powe r t o  t he 000 mi ssion .  
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Table 4 i t emi ze s t he princ ipal aspec t s  o f  our re l at ionshi p with 
NASA.  Bot h agenc ies  have statutory authori t y  to  conduc t ae ronaut ical 
re search unde r the Spac e  Ac t of  1 9 58 .  NASA has extensive expe rimental 
fac i li t ies  and c oncent rates  on the sc ient i f Lc d i sc i p line s  that form 
t he ae ronaut ic s t echnology base  for  a l l  deve lopment whe the r c i vi l  or 
mi l i t a ry .  DOD , on t he othe r  hand , i s  more sys t ems o riented ; howeve r ,  
t he Department conduc t s  suf f i c ient bas i c  research t o  maintain  
c ompetency , does  e xploratory deve lopment pert inent t o  its  opera t i ona l 
need s ,  and carries out t ec hno logy d emonst ration a s  needed t o  reduce 
system risk.  

NASA technical personnel current ly as s i s t  DOD in a l l phase s  of  
ai rc ra f t  deve lopme nt , inc lud i ng pre l imina ry des ign i n  which NASA he lps 
wi th perfo rmance p red ic t ion a s se s sment . For example , manufac ture rs 
may be requi red to  submi t wind tunne l mode l s  to  NASA for independent 
evaluat ion , so lving problems occurr i ng i n  the f l ight t e s t  phase of 
deve lopment . NASA expert i se is of  immeasurable value when signi f icant 
opera t ional problems occur wi th mi litary a i rc ra f t  i n  se rvice . For 
examp l e , we re l y  on NASA ' s  he lp i n  derivi ng aerodynamic mod i f icat ions 
needed when external carr iage of  o rdnance is required on opera t ional 
a i rc ra f t  that was not ant i c ipa ted i n  the origina l  a i rc ra f t  design 
( Figure 1)  or when changes  i n  f l ight regime are  requi re:! by  changed 
operational  needs --such as low-a l t i tude pe net rator f l ight pat terns for  
t he B-5 2 .  

DOD and i t s c ont rac tors make extens ive use o f  NASA experimental 
fac i l i t ie s . NASA ha s ove r 30 ma jor  aeronaut ical re sea rch fac i lit ie s , 
some of  which a re unique in the Western world . Noteworthy examples  
are the 40- x 80-foot wind tunnel at  the Ames Research Cent e r  i n  
Ca l i f o rnia and t he t ransonic ae rodynamics  tunne l a t  the Re search 
Ce nte r  in  Langley , Vi rg ini a .  The DOD account ed  for ove r 1 5 , 000 hours 
of  NASA wi nd tunne l t ime duri ng FY 1 9 7 9 . The cost  of mi l i tary 
a i rc ra f t  deve lopment ' wou ld i nc rease signif icant ly i f  NASA fac i l i t ies  
we re not ava i lable , and some c r i t ical  work could  not be  done at a l l .  

A ve ry impo rtant j oi nt DOD-NASA ac t ivity , now we l l  alo ng i n  
imp lementat ion ,  i s  the cooperat ive deve lopment of  maj o r  new 
ae ronaut ical  resea rch fac i l i t ie s . Example s of the se a re the Nat iona l  
Transoni c Fac i l i ty locat ed a t  NASA ' s Lang ley Cente r ,  the 
Ae ropropu l sion Te s t  Fac i l ity locat ed at the USAF Arnol d  Eng ineering 
Deve lopment Ce nte r  at  Tul lahoma , Tenne s see , and the 80- x 1 20-foot 
tunne l a t  the NASA Ames Ce nte r  in Cal i f o rnia . 

NASA ha s unique f l ight s imulat ion capabi l i t ies that have been and 
a re of great he lp  to the DOD . The Di f f e rent ial Maneuver i ng S imulator  
at Langley i s  used for eva lua t i on and deve lopment of  new 
fighte r /i nterceptor concept s .  S imi lar ly , the Flight S imulator  for  
Advanced Aircra f t  at  Ames i n  inva luable in the 1 evelopment of short 
takeof f  and land i ng ( STOL) and large a i rc raf t .  The new Vert ical 
Mot ion S imulator  at  Ames wi ll be immense ly important l n  deve lopment of  
V/ STOL ai rcra f t  and advanced he l icopte r  concept s . 

NASA/DOD j o int p rog rams in ae ronaut ical  techno log ies  a re in  ful l  
and produc t i ve f lowe r .  Current ly , the re a re mo re t han 4 6  forma l  ani 
informal joint  p rog ram ag reements to deve lop and d emonstrate  
ae ronau t ic a l  t echno log ies of mut ua l int e re s t . Recent example s o f  such 
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programs include t he KC-1 35  wing l e t s  deve lopment , which reduce s 
ai rc ra f t  dra f t  by 5 percent and inc reases range by reducing range 
consumption proportiona te ly ; s hipboa rd STOL demons t ra t ion conduc ted by 
the Navy , ut i l i z i ng the NASA-deve loped STOL demons t rator , the Quie t 
Sho r t  Haul Re sea rch Ai rc raf t ;  and j o int NASA/Army deve lopment o f  XV-1 5 
Ti l t  Rotor Research  Ai rc ra f t .  

NASA i s  the sole developer o f  techno logy f o r  u t i lity  and t ransport 
type a i rc ra f t .  DOD re l i e s  on NASA f o r  this t echno logy i n  the 
development o f  ca rgo t ransport and , to some extent , bomber a i rc raf t .  
It should be noted t hat recent act i ons by the Of f ic e  of  Manageme nt an� 
Budget curtai ling NASA ac tivi ty in the deve lo pment of pr imary 
compo s i te a i rc raf t s t ruc t ures for  large airc raf t  wi l l  have an adve rse 
impact on t he deve lopment of  the next  a i rc ra f t--the ex . There are 
insuf f i c ient re sourc e s  i n  t he mil i t a ry a i rc raf t DOD program to take up 
the slack in this  important effort . 

Table 5 l i s t s  several ways in which  it i s  important t hat  NASA 
ass i s t  DOD i n  t he future . In part icula r ,  we would urge t he fol lowing : 

1 .  NASA should maintain high intere s t  in adva nced aeronaut i c s  
technology and cont i nue t o  b e  the leading edge of  techno logy o riented 
toward mi l itary a i rc ra f t  deve lopment . The c apabi l i t y  t o  explore and 
develop advanc ed t echnology when no f o rmal " requi rement "  exi s t s  i s  
vital to mai ntaini ng superior mili tary a i rc ra f t .  Examples  of the kind 
of wo rk we have i n  mind a re t he HIMAT Re search Vehicle  t o  demonst rate  
highly maneuve rable f ighter a i rc raf t conf i gurat i ons and t he F-1 6 XL ,  
the j o i nt NASA/Gene ral  Dynamics  effort to develop a wing wi th 50 
percent inc rease in supersonic l i f t /d rag rat io ,  inc reasing it f rom 4 
to 6 at  mach  1 .  6 ,  whi le  mai ntaining good t ransonic maneuver 
performance . 

2 .  NASA should c arry techno logy deve lopment through the 
val idat ion phase . Thi s  is  nec es sary to  ensure adequate  technology 
readine ss  for new deve lopment s and to  provide feedback to t he 
techno logi s t ;  t echnology cannot be �evel oped ope n-loop . 

3 .  NASA should expand f l ight s imula t i on ac t ivi t ie s  and 
capabi l i t ie s ,  part icu larly those re lated t o  def ense need s .  

o Inc reased sophi s t ication of  aircraf t and weaponry i s  causing 
paper ana ly s t s  t echnique s to be of reduc ed value . The need 
for good s imula t ion te s t ing has inc reased to the point  of 
ind i s pensabi l ity . 

o NASA current ly lead s  the Uni t ed S tates  and Western world in 
simulat ion c apabi lity  and should ma intain that lead . NASA 
s imula t ion fac i l i t ie s  and erpert i se should be cons idered a 
nat ional asset  and supported acc o rdingly . 

4 . The pre sent DOD-NASA re lat i onship s  in aeronaut ic s  should be 
continued a s  a ba sic  i ng red ient f o r  a suc ce ssful  m i l i tary capabil i ty .  

In summary , a s  noted i n  Table 6 ,  i t  i s  c onc luded that NASA 
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ae ronautics  techno logy development s  are vital  t o  DOD . Thi s  i s  the 
case in development and use of  RQT&E fac i l i t ies as we l l  as in 
technic al expe r t i se in  al l aspect s  of  ae ronaut ic s .  There are seve ra l  
reasons for  thi s :  

o Advanc ed t echno logy wo rk mus t  beg in  be fore requi rements a re 
c learly ident i f i ed .  To wai t  keeps us behi nd t he " power 
curve " in t e rms o f  t ime and money and may ult imately af fec t 
the securi ty of  our count ry . 

o Fl ight val idat ion of  new techno logy g ives us  the inf orma t i on 
we need befo re we r i sk taki ng i t . Furthe rmo re , i t  p rovides 
t he f eedback needed by the techno logist  t o  ref ine and improve 
hi s techno logy . 

o Jo int prog rams provide the s t imulus needed to  " force " 
t echno logy t o  move f o rward . Spec L f ically , they enable NASA 
technical  personne l to become aware o f  DOD need s and at the 
same t ime provide nece ssa ry t echnical expert i se to DOD . 

o Civi l a i rc ra f t  techno logy i s  and wi l l  rema in ve ry important 
to 001) , e spec ially  in t he log i st i c s  aircraf t f i eH . We a re 
totally  dependent upon NASA f o r  t h i s  techno logy . 

o Final ly , we would encou rage suppor t  for NASA to  expand i t s  
f light simulator capabi l i t y . It  is  a l ready excel lent and 
ind i s pensable to our neei s , and as aeronaut ical technology 
continues to ieve lop it wi l l  become even more c ri t ical to us . 
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A E RO N A UTICA L TEC H N O LO G Y  
CRITICA L T O  DO D 

I N  FY 1981 : 

e $2232. M I L L IONS W I L L  B E  SPENT ON RDT&E FOR 
AI RCRAFT AND R E LATED EQU I PMENT 

THIS IS 13.5% O F  T H E  R DT&E BUDG ET FOR DOD 

e $283. M I L L IONS WI L L  BE SPENT ON AE RONAUT ICS 
TECHNOLOGY 

THIS IS 1 2 .6% OF THE R DT&E BUDGET FOR 
AI RCRAFT 

IT IS  1 .7% OF T H E  TOTAL RDT&E BUDGET 

TABLE 1 

M I LITARY AIRCRA FT U S E D  IN 
W ID E  RAN G E  O F  M ISSIO N S  

• GAI N AI R SUPE R I O R ITY I N  T H E  BATTL E  A R EA 

• I NT E R D ICT MOV E M ENTS O F  E N EMY T ROOPS AND 
MATE R I E L  

• AUGMENT AND D I R ECT G ROUND AND SEA BASED 
F I R E  POW E R  

• FORWARD A R E A  SUPP LY 

• QU ICK R EACTION , LONG R AN G E  TROOP 
R E I N FORCE M E NT AND SUPPLY 

• MAI NTAI N SEA LAN ES OF COMM U N I CAT ION AND 
SUPPLY 

• STRATEGIC DETE R R ENCE 

TABLE 2 
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D O D  R E LI ES U PO N  A 
CO M P LE M E N TARY T E C H N O LO G Y  BASE 

ACT I V I T I ES I NVO LVED AR E :  

• DOD LABORATOR I ES AND CONTRACTORS 

• NASA LABORATOR I ES AND CONTRACTORS 

• PR IVATE I N DUSTRY TH ROUGH I R&D 

• U N I V E RSITY R ESEARCH 

NASA HAS A V E R Y  LARG E  ROLE I N  M E ETING 
DOD N EEDS 

TABLE 3 

PR ESENT R E LATIO N SH IP 
BETW E E N  DO D A N D NASA 

A. BOTH AGENC I ES CONDUCT AE RONAUT ICAL R ESEARCH 

B. NASA PERSONN E L  ASSIST DOD IN ALL PHASES O F  
AI RCRAFT DEVE LOPMENT 

C. DOD MAK ES EXTENSIVE USE O F  NASA EXPER I MENTAL 
FAC I L I T I ES 

D. COOPERATIVE DEVE LOPMENT AND USE OF MAJOR 
N EW A E RO R ESEARCH FACI LIT I ES 

E. DOD R E LI ES UPON U N I QU E  NASA F LIGHT SIMULATION 
CAPABI LITI ES 

F. MANY NASA/DOD JO I NT PROGRAMS I N  AERONAUTICAL 
TECHNO LOG I ES 

G. DOD USES NASA C I V I L AI RCRAFT TECHNOLOGY FOR 
UTI L ITY AND TRANSPORT AI RCRAFT 

TABLE 4 
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F IGURE 1 F-1 6 wi t h  Ordnance 

W AYS FO R N ASA TO CO N TIN U E  AN D 
IN CREASE ASSISTAN CE TO D O D  

A. SUSTAIN H I G H  I NTEREST AT THE LEAD I NG 
EDG E O F  M I L ITARY AE RONAUTICS 

B. CAR RY TECHNO LOGY DEVE LOPMENT 
TH ROUGH THE VALI DATION PHASE 

C. EXPAND F LI G HT S IMU LATION ACTIVIT I ES 
AND CAPABI LITI ES 

D. CONT I N U E  PR ESENT NASA - DOD 
R E LATIONSH IPS 

TABLE 5 
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SU M M ARY A N D  CO N C LU SIO N S  

A .  NASA AE RONAUTICS TECHNO LOGY D EVE LOPME NT IS 
V I TAL TO DOD 

B. ADVANCED TECHNOLOGY, POTENT I A L LY APP LICAB LE 
TO M I L ITARY AI RCRA FT, MUST BE UNDE RTAK E N  BE FOR E 
OBVIOUS R E QU I R EMENTS APPEAR 

C. F L I GHT VAL IDATION OF N EW TECHNOLOGY IS N ECESSARY 

D. JO INT PROG RAMS O F  MUTUAL INTER EST MUST BE 
PURSUED 

E.  C IV I L  AI RCRAFT T ECHNO LOGY IS IMPORTANT TO DOD 

F. EXPANSION OF NASA F LI G HT SIMU LATOR CAPABI LITY 
WOULD H E LP DOD 

TABLE 6 
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THE EVOLUTION OF THE ROLE OF NACA AND NASA IN AERONAUTICS 
AND NASA ' S  AERONAUTICS CAPABILITIES 

Dr . Walter  B .  O ls tad 
Act ing Assoc iate Admini s t rator for 

Aeronaut i c s  and S pace Techno logy 
Nat ional Ae ronaut ics and Space Admini s t rat ion 

The re are two set s  of inf ormat ion t ha t  I am going to t ry and leave 
with you . The f i rs t  has to do wi th the evo lut ion of the role of NACA 
and NASA in aeronau t i c s  f rom t he beg inni ng of NACA up to t he p re sent 
time . The second has to  do with NASA ' s  aeronaut ic s  capabi li t y . I am 
going to t ry and g ive you an apprec iat ion for t ha t  capabi l i t y .  I 
think I was helped to a great extent by the p revious speaker , who made 
some flattering remarks and talked about some of our capabi l i t ie s . 

I am go ing to  spend a bit of  t ime wi th F igure 1 ,  which  i s  a kind 
of t imel ine . 

Prior  to  1 91 5 ,  the focus o f  aviat ion p rogre ss shi f t ed f rom the 
u . s . t o  Europe after  t he early successes  o f  the Wright brothe r s , 
Curt i s , and othe rs . The u . s .  ac tually lost  i t s  lead in t hat t ime and , 
in fac t ,  some research centers we re e s t ablished i n  Eng land , Ge rmany , 
and Franc e , for examp le .  Fortunately , the u . s .  government became 
aware of thi s s i t uat ion and dec ided tha t  something ought to be done . 
So , i n  1 9 1 5 , t he Nat ional Advisory Commi ttee  for  Ae ronaut i c s  wa s 
forme d , with i t s  membe rship composed of  leaders f rom government and 
unive rs i t ie s . The re were no indus t ry rep re se ntat ive s  o n  the c omm i t tee . 

F igure 2 shows the c harte r for NACA . The empha s i s  i s  on the 
sc ient i f ic s t udy of  the problems of f light and also on the i r  p rac t ic a l  
solut ion .  The commi t tee was also  asked t o  determine which problems 
should be expe r imentally a t tacked and how to  arrive at  solut ions and 
prac tical  appl icat ion.  Tho se we re the prima ry a spec t s  of  tha t  NACA 
charter .  

When Wo rld War I came a long and t he NACA wa s just  a c omm i t t e e  i n  
Washi ngton , the i r  f i rs t  budget  was somet hi ng l i ke $ 5000 , and they were 
unable t o  use a l l  o f  i t .  We have learned be tter  s i nc e . 
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The c ommi t tee , f rom what I have read , really d id not make any 
major cont ributions to the war e f fort , with  one excep t i on .  They 
convened a mee t ing of  a l l  the e ng ine manufac ture rs and the p rocurement 
o f f icers  of t he servic e s  to d i scus s the problems of a i rc raf t power 
p lant s .  The mee t i ng brought into sharp f ocus the problems involved in 
obtaining more powe rful a nd mo re rel iable eng ine s  for  mil itary air­
c ra f t  and ieve loped an arrangement whe reby the Soc iety o f  Aut omo t ive 
Enginee rs became invo l ved in providing ass i s tanc e  i n  s o lvi ng airc raf t 
powe rp lant problellls . A year late r ,  the NACA rec ommended t he e stab­
l i s hme nt of t he Ai rc raf t Produc t ion Board . A maj or u . s .  cont r i bution 
t o  aviat i on during World War I wa s the deve lopment of  the Li berty 
eng i ne .  

Much  o f  the e f fort o f  the comm i t tee a t  that t ime wa s d i rec ted 
towa rd t he es tabli shment of the f i rs t  re search cent e r .  Ori g ina l ly it 
was t o  be co located wi t h  the Army and wi th the Navy , all t o  do R&D at 
the same p l ace . They chose  Lang ley F ie ld as the locat ion and then  the 
Army dec ided no , we rea l ly want to do our R&D at  McCook Field , which  
later  became Wright -Pat terson . The Navy dec i ied no , they wou ld s t ay 
ac ross Hampton Roads l n  Norfolk .  There was an Army a i r f i e ld at  
Lang ley , of  course . 

On June 1 1 , 1 9 2 0 ,  the �ng ley Memorial Aeronaut ical  Laborat ory was 
forma lly d e J icated . The re we re three bui ld ing s  at  t hat t ime--one 
hous ing a t unne l ,  one an eng ine dynamometer , and ano ther a re search 
lab . 

Immediately a f t e r  Wo rld War I ,  the re wa s cons ide red t o  be two 
maj o r  pro blems in ae ronaut ics . The f i rs t  was aerodynamic s ,  and the 
second was powe r p lant s .  NACA chose t o  work i n  ae rodynamic s , and the 
Nat ional Bureau of  S tandards took on the role i n  power  p lant s .  
Ac tua l ly , they already had t hat ro le prior t o  t he e stabl i shment of 
NACA . Al s o , t he comm i t t ee felt that the indus t ry had exce llent 
fac i l i t ies  and so it really wasn ' t  neces sary for the c omm i t tee to 
concent rate on airc raf t powe r p lant s at t hat time . 

In 1 921 , Max Munk j o ine d  Lang ley and brought t o  i t  his  scient i f i c  
expe rt i se and h i s  agg ressivene s s . He was a ve ry pro l i f ic  re searcher , 
authoring o r  coauthoring some 5 7  repor t s  i n  a pe riod of 5 years . 
Pe rhaps more impo rtant ly , he was the driving force  behind the deve lop­
ment of the Variable-Dens i ty �Hnd Tunne 1 ,  which was a ma jor advance in 
wind tunnel capabi l i ty at  t ha t  t ime . It gave the Langley re searchers 
a capabi li ty for cont ro l l ing Reyno lds  Numbe r and led to  the deve lop­
ment of  the NACA ser i e s  of a i rfoi l s , which was one of  the major 
cont r1 but ions . 

In 1 9 2 6 , the Ai r Commerce Ac t wa s passe d . Th i s wa s a result of  a 
g reat deal of  debate start ing in 1 91 9 .  The Air Commerc e  Ac t es tab­
l i shed t he na t iona l  avi at ion pol i cy an-i also formed t he Bureau of 
Aeronaut i c s  within the Commerce Department . It kep t  NACA separate  
f rom and i ndependent of  any othe r  department and kep t  it  a s  primari ly 
a re sea rch organi zat ion . There was qui te a b i t  of  pre s sure to  bring 
NACA under  the Comme rce Department at  that  t ime . It  wa s really a lack 
of  agreement on how to do that that kept  it f rom happe n i ng and ret ained  
NACA ' s  i ndependent status . 

In 1 927 , Lind be rgh c ro ssed the At lant ic in the S p i r i t  of S t . 
Loui s .  Thi s event rea l ly brought aviat ion t o  the fore i n  the u . s .  and 
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made peop le aware o f  i t  and p rou·1 o f  i t  and wi l l ing to spend money on  
i t . The Prop e l le r  Re search Tunne l wa s also  deve loped a t  Langley that 
s ame year , which 'l l lowed the i eve lopment of the NACA cowl ing . Thi s  
c owl i ng work had been reque s t ed f i rst  b y  the m i l it a ry and then by the 
indust ry .  I t  turned out t o  be a ve ry i nt e re s t i ng example o f  
government-industry  c ooperat ion in whi c h  NACA i id the res earch and 
developed c owling de s igns . However ,  they sent the b lue print s out to  
i ndu s t ry for  t he i r  comment s and recommend a t ions and the n worked rathe r  
c losely w i t h  the i ndus t ry .  

Tha t  ac t iv i t y  led  t o  a f l ight d emons t ra t ion . It  was certainly not 
p rototyping , but i t  was a f l i ght demonst rat ion  of  cow l i ng technology 
and a l lowed it t o  be rathe r  e a s i ly and q•J ickly i nc orporated into actual 
ai rc ra f t . 

The cowli ng wa s a ma jor  succe s s  and t he commi t tee c a p i t a l i zed on  
that succ e s s . As  a re sult  they we re able to advocate  suc ce s sf u l l y  the 
Full-Sca le Wind Tunne l and the Seaplane Towi ng Tank , which we re bui l t  
at  Lang ley i n 1 9 30 .  

In the l a t e  1 9 20s , i ndust ry rep re se ntat ive s began t o  s e rve o n  NACA 
technical  subcom11 l t tees  ani annua l i ndus t ry confe rence s we re he ld  at  
Lang ley . They used to  ge t on the boat  in '-la shing ton , come iown the 
Che sapeake , s t op a t  o ld Point Comfort , spend t he night , go  into  La ng ley 
for the day , and t hen ge t  back on  the boat  to  return to Wa shi ng t on .  
Tho se confe renc es la t e r  came t o  be ca l l e i  inspec t ions and bec ame qui te 
a regular thing . 

Howeve r ,  NACA genera l ly re fused t o  t e st  i ndust ry mode l s  i n  t hei r 
faci l i t ies . Iniu s t ry wou ld c ome wi th  a reque s t  and NACA would 
re sponi , " No ,  we jus t d on ' t  wi sh to  show favori t i sm to  any one 
company . Almo s t  a l l  of  the i r work wa s done a t  the reque s t  o f  t he 
mi l i t a ry . The re wa s a ve ry s t rong m i l i ta ry re la t i onshi p t hen . 

Howeve r ,  i n  1 9 3 1 , a f t e r  t he Ful l-Scale  Tunnel was bu i l t and 
opera t i ng ,  a po l i c y  wa s e s t abl i shed so that  i ndus t ry mod e l s  could be 
tested on a fee basi s and wit hout any gua rant ee regard i ng p rop rie tary 
right s .  Al l the data we re ava i lable to t he · gove rnment and to 
eve rybody e l se .  

Thi s  tended t o  favor the large , e s tabli shed  c ompan i e s , because i t  
could c o s t  qu i te a b i t  to  get  to  the point whe re a mode l could be 
bui lt  for  t e s t i ng .  In f ac t ,  a lot  of the way that NACA and , i n  f ac t , 
NASA works wit h  the indus t ry does  tend t o  favo r t he la rg e ,  e s tabli shed 
companie s . It  is d i f f icult  not t o .  It  is c e r t ainly d i f f ic u l t  to f i nd 
the i nnova t i ve i nHvHual .  NASA c e rt a i nly c an ' t  locat e him . He ha s 
to f i nd NASA,  and somet imes i t  i s  ra the r  expens i ve f o r  h im to t ake 
advantage of our c apabi l i ty . 

In 1 938 , the re was anothe r ac t ,  the r.ivi l Ae ronaut i c s  Ac t ,  which 
sp l i t  t he Bureau of  Ae ronaut i c s  in  the Conrnerce Depa rtme nt i nt o  t he 
CAB and t he Civi l Ae ronaut i c s  Admi ni s t rat ion , whi ch later  became the 
FAA . A�ai n , NACA rema i ne d  i niepenient and aga in the re wa s p re s sure to 
bri ng NACA in w i t h  the se other  o rgani za t ions anti put them under  some 
ot he r  i epa rtme nt ,  but t ha t W"lS re s i s ted . At tha t t ime t he vo ice  o f  
c omme rc ial  avi a t i on a s  opposed t o  m i l i tary avi a t ion wa s s t reng the ne d  
o n  the comm i t te e  because the hea i s  o f  the s e  two newly formed o rgani za­
t ions became members . 
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In the late  1 9 30s , t he re wa s a g rowth of  Ge rman avi at ion ac t ivi ty ,  
a l so some Soviet  ac t i vi t y . The Ge rmans we re rapidly bui ld i ng f ac i l i­
t ies . They emp loyed more sc ient i s t s  a nd eng ineers  i n  the i r labo ra­
tori e s  t han d i d  NACA, and in gene ral  they we re be t t e r educated  than 
t ho se emp loyed by NACA . This lei to  a g reat deal of c oncern , a nd t he 
Spec ial  Commit t ee on Future Re search Fac i l i t i e s  was es tabl ishe d to  
look into t he s i tua t ion .  The spec i a l  c omm i t tee came up with  wha t t hey 
cal led a �obt l i zat i on plan i n  1 9 39 ,  i n  which it recomme nded the e stab­
l i shment of  a second NACA labo ra tory . The reasons were , f i rst , to 
re lieve t he workload at Lang ley ; seconi , to ii sperse the fac i l i t ie s i n  
the event of at t ack ; thi rd , t o locate c lose t o  a ma jor  segment o f  in­
ius t ry that was now on the We s t  Coa st ; ani  fourth , to loc �t e  � lo se to  
ava i lable powe r .  The Ame s Ae ronau t i c a l  Labo ratory was approved and 
began re search i n  Oc tobe r 1 94 0 .  

Also in  1 939 , NACA expanded i t s  subcommi t tee s t ruc ture a d ding a 
g reat many i ndust ry repre sentat i ve s . So , as  t ime went on the i nf luence 
of i ndust ry on the c ommi t tee was s t reng thening , al though the re we re 
s t i l l  no indus t ry rep re sentat ives on t he mai n  commi t te e . 

In 1 940 , the Ai rc ra f t  Eng ine Research Laboratory wa s approved , 
which was to bec ome Lewi s .  It  wa s s omething o f  an a f t erthought . NACA , 
a s  I ment ioned , had no t  been i n  t he eng i ne game . They had , back in  t he 
beg inning , opt ed out of i t . The rec ogni t ion came tha t  NACA rea lly 
needed t o do something and tha t  it  needed a laboratory . I t  was dec ided 
t hat  it  wou ld be in Cleve land in o rde r to  be c lo se t o  the e ng i ne indus­
t ry .  Research began the re in June 1 9 4 2 . 

During Wo rld War I I ,  the g reat bulk of  the NACA e f f ort was devoted 
to  c leanup and t e s t ing of  p rototype mi l i t ary a i rc raf t .  Every a i rc raf t 
and engine used in  Wo rld War II wa s t e s t ed and /o r  approved in NACA 
fac i l i t ies . The re was l i t t le fundamenta l  re search goin� on due to  t he 
pre ss o f  the work of the day . NACA worked d i rect ly wi th indust ry .  
There we re many indust ry re pre sentat ive s  �n-s i te . The idea o f  working 
through the mi l i t a ry f i rs t  to get  t o  the i ndu s t ry j u s t  d idn ' t mat te r .  
The re wa s a war go i ng on ; the re wa s a war  e f f ort . So , the 
relat ionship among t he i ndus t ry , the mi l i t 'i ry ,  and the NACA rea lly 
g rew c lose . 

The NACA manpowe r quadrupled during t his  period , and t he i ndust ry 
and t he m i l i t a ry g rew even faste r .  

At the end o f  t he war ,  the Admin i s t rat ion put t ogethe r  a Nat iona l  
Ae ronaut i c s  Re search Po licy i n  which i t  was stated t ha t  NA�A was 
re sponsi ble  for  fundamenta l  re search ,  indust ry f o r  deve lopment , and 
mi l i t ary for  evaluat ion . The re was general ag reement  on t ho se point s  
a l t hough the re wa s no genera l  ag reement on what those thing s  meant and 
whe re the boundarie s we re . Al s o ,  three i ndu s t ry repre sent at i ve s  we re 
named t o the main  comm i t tee  f o r  the f i rs t  t ime . 

In t he late 1 940s and 1 9 50s , the cha llenge of supe rsonic  f l ig ht 
wa s a rea l  impetus to  the u . s .  aeronaut ics  program . It  was ?art ial ly 
based on a u . s . re sponse to German prog res s  made iuri ng the war , a l so , 
I thi nk ,  par t i a l ly ba sed on perce i ved p re s t ige a nd securi ty i s sues 
assoc i ated with  aviation leade rshi p .  It  led to  t he re search a irc raf t 
p rog ram , o r t he X-series  of a i rc ra f t , which was a joint  NACA-mi l i ta ry­
i ndust ry ef fort . It worked very much l lke the wa rt ime e f fo r t --very 
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close cooperat ion among the three partners on tha t  ac t ivi ty .  Aga i n ,  
i ndust ry peo p le at  the centers--it  rea l ly i i in ' t ma t t e r  who the 
sponsor o f  the ac t ivity  was --eve rybody wa s working on t he same t eam .  

In 1 9 4 9 , the NACA Hi�h-Speed Fl ight Re sea rch Ce nt er wa s o pe ne i . 
Of course , t ha t  has s i nce become Dryden .  Al so i n  1 949 , the Uni tary 
Wi nd Tunnel Plan Ac t  was enac ted with two t i t les . Ti t le I was f o r  the 
bui ld ing of three wind tunne l s  f or NACA--supersonic tunne l s  a t  Langley , 
Ame s ,  and Lewi s . That �ot  changed somewhat because Ame s ended up wi th 
more than one . According to the intent o f  the Ac t ,  those wind tunnels  
we re p rimari ly f o r  i ndust ry use . The indus t ry had a ve ry powerful 
inf luenc e  i n  tha t  Ac t and the word i ng o f  i t .  Ti t le II led to the e s ­
tablishment o f  the Air Engi neering Deve lopment Cente r ,  la t e r  to  become 
the Arnold Eng i nee ring Development Cent e r , in �ul lahoma , Tenne ssee . 

In t he early 1 9 50s , t he f ir s t  transoni c  tunnels  were deve lo pe i . 
Rocke t s  were used for  t ransonic re searc h .  The f i rs t V /STOL demonstra­
t ion ai rc ra f t  was deve lope i .  There was quit e  a b i t  of act i v i t y  go i ng 
on a t  that t ime , wi th  a l l  kind s  o f  f ac i l i t ie s . 

In 1 9 5 8 ,  of  c ours e ,  the S pace Age i awned and NASA wa s f o rme '.i . 
Thi� e l im inated the commi t t e e  s t ruc ture and led t o  a ve ry d i f ferent 
ki nd of organi zat ion than what was the NACA o rgani za t io n .  The 
admini s t rator  now wa s an i nd ividual who was rea l ly p reoccup ied with  
space ,  because that became the key thi ng i n  the program . Howeve r ,  the 
o rg anizat i on wa s st i ll independent . It  s t i l l  played no regulatory 
role . 

The NASA cha rter i s  shown i n  Figure 3 .  Al Love lace spoke about 
this the other day . The re is st i l l an empha s i s  on t he f undament a l s  of 
the scient i f i c  aspec t  of  the p roblem o f  f li ght , as  we ll  a s  an  empha s i s  
on the prac t ical  applicat ion . The re i s  a l so , now ,  an empha s i s o n  
p re se rvi ng U . S .  leadership in avi at ion and also a l i nk with  the 
mi l i ta ry .  

As a resul t  o f  ent e ri ng the Space Age and the concent rat i on on 
that ac tivi ty , both the manpower devot ed to ae ronaut i c s  a nd the 
ae ronau t i c s  budget wi thin NASA we re cut t o  hal f  the i r  previ ous 
leve l s . Also about thi s t ime , the divergence between c i v i l and 
mi li tary re qui remen t s  for a i rc raf t began to show up , which  is an 
int e re s t i ng factor  in t he ro le  tha t  NASA now p l ay s . 

In the mid-1 9 60s and early 1 970s , the NASA ae ronaut i c s  capabi li t y  
was bui lt  back t o  about two-thirds o f  the p revious peak manpower .  

In 1 968 , NASA hagan some long -range stud ie s  o f  commercial a i r  
t ransportat ion .  The se we re taken on i n  coopera t ion with  the FAA and 
wi th indus t ry and led to an empha s i s  on technology for  c ommerc ial 
t rans port . 

In 1 9 7 5 , the Airc ra f t  Ene rgy Ef f ic iency , or  ACEE , prog ram wa s 
approve1 , and in some respect t h i s  rep re sented a d i f fe rent ro le . 
Formally , the Senate  reque sted NASA to p rovide a p lan for i mp roving 
the e f f ic iency of  c omme rc ial  t ranspor t a i rcraf t . O f  course they we re 
interested in fue l economy , but they were a l so intere s t ed in  the 
economic and c ompe t i ti ve wea l th of  the commerc ia l t ransport i n iu s t ry .  

NASA and indust ry test i f ied that NASA should go beyond t he t rad i­
t ional R&T bounls i n  this  ac t iv i ty and extend to  the po i nt whe re 
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re su l t s  can be reai i ly appl iei  by i ndu s t ry  wi th re lat ive ly  sroa l l  ri sk 
i n  terms of deve lopment c o s t  ani schedule . Some element s  of  ACEE , but 
c lear ly not a ll of them , rep re se nt proiuc t  imp roveme nt ac t iv i t ie s ,  s uc h  
as  the Eng i ne Component s Improvement p rogram . Mos t  eleroent s of  ACEE 
rema in we l l  wi thin  the t rai i t ional a reas . 

We are about halfway through the ACEE prog ram now , and I f e e l  t ha t  
i t  i s  a l re a iy p rovi ng to be highly succ es s ful . �le c'ln  a l rea iy  poi nt 
to  qui te a f ew accomp l i shment s .  The payback f rom ACEE wi l l  be ma ny 
time s  t he inve stme nt . Howe ve r , I wou ld note  that  the Aimi ni s t ra ­
t i on--you c a n  read OMB the re --cons iders ACEE a one-of-a-kind solut ion 
to  a pa r t ic u h r problem t hat  c ropped up a nd not nece s sa r i ly a prece ­
dent . 

Figure 4 shows some slow ,  early g rowth in  manpowe r and the n ,  just  
prior  to  the 19 40s , or right '! round 1 9 4 0 , Ame s got  go i ng ,  a nd i n  1 9 4 2  
Lewi s got go i ng .  The re wa s ,  o f  course , the t remendous inc rease i n  

manpower iur i ng {olorld  War I I . Then ,  there was furthe r  g rowth a f t e r  
the wa r as  NACA got into the supersonic program .  Wi th the beg i nning 
of t he Space Age , i n  the late 1 950s , the manpower d ropped roughly t o  
half  i t s  pre vious level . Then , there was a recove ry ove r  an  8 - t o  
10-year pe r i od t o  the current leve l ,  which i s  about two-thi ri s of  t he 
peak. 

I might po i nt out that NASA now has more f ac i l i t ies . The re i s  a 
g reater  d i ve r s i ty in  the kind s  of  t hi ngs we i o , the number o f  
d i s c ip line s  we d e a l  wi t h .  As a re sult , NASA manpowe r i s  thin . We are 
ce rtainty s p re ad mo re thi n ly than we were at the peak , obvious l y .  

Th e  fund i ng hi story shown i n  Figure 5 looks l ike a spec trum o f  
some ki ni . Tho se a re 1 9 80 1ol lars ; so , thi s ha s been ai j us t ed for  
i nf lat ion.  There we re maj o r  i nc reases during \lorld \olar  II  a nd tiuring 
t he commi tment t o  the supe rsonic f l i ght progra'll . The s p i ke at  about 
1 950  repre sent s the Uni ty  Plan Wind �unne l Ac t .  Duri ng the late  1 95 0s 
a nd e a r ly 1 960s , t he budget i ro pped to  abou t one-ha lf the p re vious 
leve l . 'luri ng t he lat e 1 960s , it began g rowi ng aga in to  where it has 
even pas sed the previous  peak . 

There are a numbe r o f  thing s going on , o f  course . Our manpower i s  
less . We a re de pe n :l l ng mo re o n  i ndus t ry ,  mo re o n  cont ract i ng our 
ac t i v i t i e s . As I ment ioned , there is a greater  d i ve rs i ty  of  d i sc i ­
p l i ne a re a s .  The re i s  mo re eropha s i s  on systems ki nd s  of ac t ivi t ie s 
and the use of  more sophi s t icated  too ls .  Those tools cost  more and 
a l s o  co st  mo re to  operate and mai nta i n .  The re i s a need to bri ng 
t ec hnology c lo se r t o  app licat ion for  reasons that  have been d iscussed 
by othe r  speak� rs . And prog ram co st s have i nc reased faster  than the 
infla t i on rate . 

The forego i ng provides a backg round on how we go t to  today . Now, 
I would l i ke to t a lk some about t he NASA capabi l i t y  i n  ae ronaut ic s .  

Unfortuna t e ly , we have some numbers o n  Figure 6 t ha t  a ren ' t  a s  
meani ngful as  they should be . Wha t these numbers re present i n  terms 
of t he s ta f f  a re the total numbers a t  those centers . We had meant to 
g i ve you the numbe rs devot ed to  the ae ro naut ics  p rograms only . I am 
going to read the prope r numbe rs to  you and a l so p rovide  them to you 
in a separate  handout . 
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The Civ i l Serv ice s t a f f  1evo t ed to ae ronaut ic s at  Am� s is  6 5 5  out 
of a total  of 1645 . At Lang ley , it i s  1 4 8 2 .  So , rou�hly half  of the 
Lang ley Civ i l  Se rvice st aff  i s  i i rec t ly i evot ed to ae ronau t ic s .  At 
Lewi s i t  i s  211 1 ,  and at Dryden it i s  301 . 

The re i s  so-ne add i t ional manpower i n  the aeronaut i c s  p rogram not 
locate1 at those four centers . There are , o f  course , people a t  head ­
qua rte rs and a number o ve r  at  Wal lops . The total  worki ng i i rect ly on 
the ae ronau t ic s  prog ram i s  37 7 2  in FY 1 980.  

The numbers i n  the ri�ht co lumn are correc t .  Tho se a re what we 
call  the R&D 1o llars .  They 1o no t i nc lude cons t ruc t ion of f ac i l i t ie s , 
and they do  not i nc lude salar i e s  and overheai . 

NASI\ wo rki ng re lat i onship s  are shown in Figure 7 .  �-le wo rk wi t h  
othe r  gove rnme nt organi zat ions a s  shown . The re are many int erface s ,  a 
lot of  interact i on ,  informa l ly . There i s  a lot o f  f ormal interac tion.  
The re are coo r i i nat i ng c omm i t t ee s  of many d i f f erent ki nd s .  The re a re 
several way s  tha t  we wo rk wi th  i ndus try : the advi sory commi ttees , 
tec hnica l sympos i a ,  workshop  conf e rence s ,  c ontrac t s ,  obvious ly a very 
important way we work wi th i ndust ry .  We a l so work wit h  t he uni ve r s i ­
t ie s .  I shoa H have sa id  111ore abo ut that earl ier . The re alway s has 
bee n ' a  t ie wi t h  the unive rs i t ie s .  :be f i rs t  cha i rman of  the NACA was 
Bri g .  Gen .  George Sc r ive n ,  u . s .  Army . S i nc e  then a l l  cha i rmen were 
c i vi l i ans . The second cha i rman was Professor Durand of S tanford and 
i t  i s  inte re s t i ng t hat he also  rec e ive d the f i rst  contrac t .  No one 
wo rried about a conf lic t o f  intere st because he was obvious ly the most  
qua l i f i e d  i ni ividual . 

Now , I want to  talk about the i nd ividual  centers . We wi l l  start 
with A111e s . Somewhat a rb i t rari ly we ha ve grouped the i r  capab i l i t i e s  in  
the four areas shown i n  Figure 8 .  The same f our areas a re shown on 
the l e f t  of t he mat r ix i n  F i � u re 9.  The column hea H ngs  repre sent 
applicat ion a reas --gene r i c , gene ra l aviat i on ,  e t c .  Where the re i s  a 
sol i d  s ymbo l ,  obv i o us ly , the re i s  a ma jor  empha s i s . Whe re the re i s  an 
open symbo l the ac t iv i t y  is  applicable but is  not the major  role o r  
maj or  empha s i s  at that cent e r .  

Figure 1 0  i l lus t ra t e s  wo rk i n  t he theore t ical a n i  computat ional 
ana ly s i s  area . This par t icular i l lust rat ion shows both w i nd tunne l 
and ca lculated  f low f i e H s .  The se are c alcula t i ons performed on the 
I l l i ac IV . Comput at i ona l f low s imulat ion i s  a real st rength  at  Ame s .  

In the win i  tunne l exper imenta l  i nvest igat ions area , Figure 1 1  
shows an example of V/ STOL conf igurat ion wo rk wi th a mo Je l t e s t e d  i n  
the 11-Foot , 40- b y  80-Foot , and 1 2-Foot Wind Tunne ls . Add i t i ona l 
a c t i vi t i e s  i n  the 1 1 -Foot tunne l a re shown i n  the lowe r hal f  of the 
figure . One of the rea l ly nice  feature s  about the ma jor Ames 
fac i l i t ie s  i s  that the same mo de l can be through the speed range f rom 
low subsonic to  supersonic . Al so the power c o s t s  a re less  at Ame s 
t han at  ot her cente rs . 

Figure 1 2  i l lu s t rates  the s imulat ion and human factors a rea wi th  a 
p ic ture of t he F l ight S imulator for Advanced Airc ra f t . It  rep resent s 
only a port i on of the s imu lat ion capabi l i t y  of Ames . 

ln the f l ight s y s t ems re search and o;>e rat ions a rea 
numbe r of e f fort s ,  some of which  a re shown in F igure 1 3 .  
i s  t he t i l t rot or re se arch a i rc ra f t  pro� ra111 . The re a re 
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a i rc ra f t . One of  them i s  be ing refurb i s hed a f ta r  be i ng te s t ed i n  t he 
40- by 80-Foot Wind Tunne l .  The othe r  i s  t o  be de l ive red short ly t o 
Dry i e n ,  whe re i t  wi l l undergo add i t iona l  enve lope expans ion f l i ght s . 
There a re othe r  f li ght f ac i l i t ie s , l i ke the quie t , short -haul , research 
a i rc raf t  ( QSRA) and t he rotor-sys t ems re sea rch a irc ra f t ( RSRA) , a s soc i ­
ated wi th Ames as  we l l . 

At Dry den the re are a number of  areas  of ac t ivi t y ,  a s  shown i n  
Figure 1 4 .  The act i vi t ies /app l i ca t i ons ma t rix f o r  Dryden i s  shown i n  
Figure 1 5 .  

Flight test  techn i que s a re i l lust rat e :l i n  F i gure 1 6 .  Th i s  shows 
o ne of  the ca l i brated cone s mount ed on the no se o f  an a i rc ra f t ,  u s e d  
to obtai n  f l i ght data  to c ompare wi t h  t he wi nd tunne l d a t a  i n  terms o f  
t rans i t ion Reynolds  number ;  jus t one o f  many examples  of  f l i ght t e s t  
t echni que s ac t ivi t ie s  tha t  go on a t  Dryde n .  

The f l i ght t e s t  i nst rumentat ion a rea i s  i l lustrated  i n  F i gure 1 7 .  
Thi s  i s  an example of the HIMAT ( Highly Maneuverable Ai rc raf t 
Techno log y )  ve hic le in  t he f l ight s t ruc tural loads rig  te st e qu i pment . 
The HIMAT i s  a part icularly intere s t i ng vehic le because ae roelas t ic 
t a i lor ing wa s used i n  i t s  design i n  a n  a t tempt to  a r rive a t  the optimum 
conf igura t ion under deflec t ion iue t o  f light loads . It i s  a remotely 
p i loted vehic le a nd i s  one of  a couple of  remote ly p i loted  vehi c le s  a t  
Dryden ; the HIMAT and the DAS T ,  ( Drone for  Aeroe last i c  and S t ructura l  
Test s )  ( Figure 1 8 ) .  We wo rk wi th the s e  so that w e  �an  d o  higher-r i sk 
f light te s t i ng .  

Lang ley Research Ce nt e r  capabi l i t ie s  a re shown i n  Figure 1 9  and 
the mat rix i s  shown in F i�ure 20 .  

Aerodynamic s  and f l i ght mecha n i c s  a re i l lustra ted  in  F igure 2 1 . 
Thi s shows some ac t i vi t i e s  to  furthe r improve wi nd tunne l f ac i l i t ie s , 
mag ne t i c  ba lanc e wo rk , and c rygenic wind tunne l techno logy . Under  
this  category are the many ma jor  wind tunne l fac i l i t i e s  a t  Lans ley . 

The area o f  ae roe last i c i t y  i s  shown in  Figure 22 . We use tunne ls 
l i ke t he Transonic �ynamic s TUnne l ,  which wa s mentioned  a s  the 1 9-Foot 
Transonic Freon Tunne l .  It provides  a ve ry uni que c apabi l i t y  for 
doing f lu t t e r  re searc h .  Flutt e r  suppre s s ion work a s  a mi l i ta ry moie l 
i s  i l lust rated here . 

Figure 2 3  i l lust ra t e s  the mat e ri a l s , st ruc ture s ,  ani dynamic s  
a rea . The se a re examp le s o f  t he kini s  o f  thi ng s  tha t g o  on--contro l ,  
envi ronment a l  e f f ec t s , which a l l  feed into safety , re labi l i t y ,  and 
economy . 

The e le c t ronic s ,  avioni c s ,  and cont rols area i s  shown in  Figure 
2 4 . Shown here is the new a i rlab fac i l i t y .  Ot he r examp le s of the 
ac t i vi t i e s  in thi s a rea are s imulators and the TCV ( Terminal Co nf i g ­
u red Vehicle ) ai rc raft . 

Figure 25 provides an example of  e f for t s  in  a i rf rame pro puls i on 
integrat ion . The 8-Foot Transon ic P ressure Tunne l i s  shown . The 
1 6 -Foot and V/STOL Tunne ls are also used . 

Acoust ic s and no i s e  reduc t ion ac t ivi t ie s  a re sh:>wn in F igure 2 6 .  
Th e  Ai rc ra f t  Noi se Reduc t ion Labo ra tory and seve ra l scene s  wi thin tha t  
fac i l i ty a r �  i llus t rated . 

The f i na l  capabi lity  area at  Lang ley i s  in  veh i c le systems t echno­
logy . Shown in Figure 27 i s  the D i f f e rent ial  Maneuver i ng S imu la to r . 
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It  i s  a uni que f ac i l ity  tha t ha s c e rt a i nly  got ten a tot o f  use i n  sup­
port o f  the mi l i t ary . I shou H a t so ment i on an import ant capabi l i ty 
� t  La ng t�y that i s not l i s t e i  l n  F i gu re 1 9 ,  a nd tha t ls  Lan� ley ' s  capa­
bi l i t y  i n  compute r-aided design .  

The four primary capabi l i ty a reas f o r  the Lewi s Re search Ce nt e r  
a re shown i n � igure 28 . They a l so appe a r  agai n i n  the ma t ri x  p re s en­
ted in Figure 29 . 

The f i rs t capabi l i ty a rea  i l lustrated  i s  theore t ica l and computa­
t iona l ana ly s i s  ( see Figu re 30) . This is  an a rea o f  g reat  p ro� i se a nd 
recent growth .  Co'llpute r s  are now get t ing powerful e nough and we are 
get t i ng smart  e nough in our use of  t he compute r to work on  the very 
d i f f icult  internal f low p roblems . Shown is an experimental  se tup and 
a compari son of ana ly s i s  against  expe r iment . 

Fundamenta l re search i s  i l lu s t rated i n  Figure 31 . Th i s  l s  a n  
examp le o f  adva nced d i agnost ic s us i ng a laser  ve loc ime t e r .  Agai n ,  a nd 
thi s applies  to a l l  the centers , the re has been a breakthrough i n  
measureme nt techni que s i n  the l a s t  f e w  years with improvement s i n  
elec t roni c s  and lasers , which al low nonint rusive iiagnost i c s  and 
111easqrement s ln the f low f ield ra ther than j u s t  on the surface of  a 
mode l . Thi s i s  very important in propuls i on re search . 

Advanc ed turbi ne work i s  shown a s  an eKamp le o f  component R&T i n  
Figure 32 . There are compre ssor ri g s , combuster r i g s , power 
t ransmi ssion  f ac i l i t ie s , high-p re ssure hot sec t ion  f ac i l i t i e s , and t he 
l i ke f o r  doing component techno logy R&T at  Lewi s . 

The eng i ne and propul s io n  system R&T example shown ln F i gure 33  i s  
o f  the deve lopment and t e s t  o f  a n  advanced  contro l theory f o r  the 
F-1 00 eng i ne . The sta t ic eng i ne t e s t  s tani s ,  a l t i tude f ac i l i t y ,  
propulsion tunne l s , and i c i ng re search f ac i li ty , among othe rs , are 
used i n  t hi s  kin i of  ac t i vity . 

So , the re i s  qui t e  an ove ra l l  capabi l i t y  ava i lable i n  NASA.  A 
rough e s t imat e  i s  that  the re i s  a $3-$4 b i l l ion rep lac ement value for  
the �ASA ae ronautical  fac i li t ie s . The re i s  i n-house expert i s e  in all  
of  the H sc i p l t ne s  ment ione i  f rom funiame nt a l  re search up  to  systems 
techno logy . 

F igure 34 d isplays the capabi l i t y  i n  a n  ove ral l  mat ri x  tha t  shows 
a ra the r comp le t e  coverage in c r i t ical  a rea s . 

Thank you . 
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