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Executive Summary 

INTRODUCTION 

The Pa ne l on the Implicat ions of Advancing Technology for 
Nava l Aviat ion was e stabl ished at the reque s t  of the Ch ief 
of Naval Operat ions (CNO) on Ja nuary 16, 1 9 80. The task 
of the Pane l wa s to cons ider the Navy ' s cur re n t  patterns 
of naval warfare involving naval aviat ion toge ther w i th 
evolvi ng re levant technology , and to derive from thi s : 

o Recommendat ions concerning the most impor tant tech
n ical t rends to ass i st the Navy in deve lop i ng i t s  
futu re R&D prog r ams , 

o Suggest ions for new systems concepts made pos s i ble 
by expected technolog ical advance s  that wou l d  en
han ce the e f fect ive ne s s  of t he Navy . 

The Pane l conf ined itse l f  to the extrapolation of ideas 
and capabi l ities now known , and r e f r a ined from forecast ing 
future scie nt i f ic d i scove r i e s  or invention s .  

The CNO a l so a s ke a the Pane l t o  a ddre ss t hree more 
speci f ic que s t ions : 

o What shou l d  be the f uture forms of the car r ier ? 
o What might be the impact of V/STOL on t he car r ier 

and the form of the Navy ? 
o Wh at mig ht be the imp act of cru i se mi s s i le s  on the 

Navy ?  

I n  sp ite o f  the f act that nuclear , biolog ical a n o  chemical 
war fare technolog ies are not normally con s idere o in " ae ro
nau t ics , " the impact of such technolog ies on ae ronaut ical 
systems wa s  of such importance that the Panel probe d th i s  
f ie ld as we l l. 
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In approaching the general and epecific questions the 
Panel has not attempted rigorous analysis, but rather has 
concentrated on developing and examining the technological 
trends it believes are sound, and on describing system ill
plication& so that the Navy can better focus ita future, 
more rigorous studies and investigations.* In addition 
to analysis efforts the Panel believes that there are im
portant, experiaental develo�nt programs that are essen
tial to carry these new concepts further and to put them 
into practice. 

NAVAL AVIATION MISSIONS 

The missions of naval aviation which were addressed are 
those already defined and accepted a to assist in the 
u.s. and allied use of the seas, control of the seas in 
wart:Lae, and the projection of military power ashore. 
These broad mission areas include the following specific 
military tasks in which aviation participateaa acquisi
tion and distribution of intelligence' attacking eneay 

·surface ships and sublaarinea, attacking targets on land, 
defending friendly assets (of all kinds) at aea1 landing 
ground and air forces from the aea1 and defending friendly 
forces and related assets ashore or over en.-y territory. 

These ailitary tasks may be carried out against a spec
trua of opposition varying from third countries to Soviet 
forces. Thus, although the Navy may operate against less
er threats, it auat be designed with the aaxiaua threat in 
view. 

THE THREAT 

The aain, and growing, threat to the Navy at sea is from 
aiaailea. Missiles can be launched froa the air, from 
the surface, and froa under the sea. Future missiles can 
be expected to have longer ranges and to approach their 
targets from unexpected angles, at high speeds with short 
intercept times, utilizing saturation tactics. The Soviet 
Navy is now supported by a worldwide information and tar-

*This report represents a SUJIIIIIary of the findings produced 
by some five task groups. Por those who are interested, 
the working documents are available in the office of the 
Naval Studies Board. 
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g e t i ng system , which wi ll inevitably improve i n  the fu
ture . De l i very pl atforms w i ll be able to approach u.s. 
ships f rom 360° az imu t h ,  whe reve r they are . The long 
re ach of the threat and the sho r t  t ime ava ilable to r e ac t  
w i l l  mean that o u r  cur rent long -r ange defense s ,  such a s  
F-1 4/PHOEN I X, w i l l  no longer be able t o  reach the launch 
p l atforms , and shorter range defense s in heavy ECM envi
ronments c an potent ially be saturated . Longer defense 
reach and shorter re sponse t ime a re essentia l .  

Th e  Pa nel be l ieve s  that the pre sent m i s s i le threat has 
al ready forced the Navy to bias its aeronau t ical resou rce s 
t oward defense of the bat tle group to the detr iment of i t s  
offe ns ive capabi l i ty .  I f  new techno l ogi e s  and the resu l t
i ng  s ystems con cepts can a s s i s t  the de fense of the f leet 
and free more aviat ion asse t s  for o ffens ive m i s s ion s ,  a 
major co ntr i but ion to Navy e f fec t i vene s s  w i ll h ave be en 
ach ieved . 

Ashore , a t tack a i rc r a f t  w i l l  f ace i nc reasing ly capable 
missi le-f i r i ng a i r  defense s tha t ,  if unde feated , w i l l  
c au se more attr i t ion of at tac k i ng a i rc r a f t  than i s  tole r
able . These defense s may be Sov iet , o r  furnished by the 
USSR, or even by the u.s. or i t s  a l l ies , to t h i rd coun
t r ie s .  Thu s ,  any land-a ttac k m i s s ion concept mus t  i nc lude 
e leme nts to f ind and d e feat defenses i n  the t arget area.  

WHERE COULD AVIATION TECHNOLOGIES LEAD THE NAVYJ 

To fulf i l l  i t s  task the Panel found i t  nece ssary to con
s ide r technolog i e s  and ope rat ional func tions beyon d " naval 
aviat ion" as str ictly de fined . The s trong systems natu re 
of evolving techno logy mak e s  i t  imposs i ble to cons ider 
aviat ion w i thou t examining the ways i n  which i t  is embed
ded in the larg e r  Navy . Indeed , the Pane l concludes tha t 
i t  i s  the nature of the embedd ing that be s t  de f i nes the 
technolog i e s  that w i l l  shape the futu re Navy . 

Naval avi a tion i s ,  by i t s  ve ry na ture , a d i sper sable 
force . Advances in nea r ly all tr ad i t ional aeronautical 
technolog ies now re quire a s ystem st ruc ture that t ake s 
better advantag e of i t s  d i sper sabi l i ty than cur rent Navy 
systems do . The evolving t hreat ma kes this disper s al 
essential ; i t  i s  prop i t ious that evolving ne two r k  and 
s uppor t i ng tec hnolog ies make i t  pos s i ble . 

Impl ic i t  i n  succes s  of such a d i spe r sed force of ships , 
a ircraf t ,  and m i s s i le s  i s  the e f fect i ve flow of s ig n al s  
w i th i n  and f rom wi thout the battle g roup and the abi l i ty 
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of this command structure to be disguised and made more 
difficult to find and attack effectively. 

R'D in those technologies which promise significant 
advances in naval aircraft is important and should be 
continued. However, the major contributions of technology 
to •naval aviation• in the broad sense will not be in the 
traditional technologies of aircraft, airframe, propul
sion, etc. Existing and planned naval tactical aviation 
airframes, the P-14, A-6, and P/A-18, continue to provide 
adequate platforms for the tasks envisioned. The leverage 
of technology will accrue in the application to surveil
lance, sensors, communications, computation capability, 
new and improved weapon systems and weapons guidance and 
control. Even more essential will be the demand for total 
system integration and control which will require advanced 
data handling and presentation for effective command. 
Thus the 

·
key technologies are in electronics and elec

tronic systems rather than the traditional fields support
ing engine and airframe development. 

There is, however, an important caveat. The Panel ful
ly expects the emergence of airframe and engine advances 
which from time to time will permit significant advances 
in existing airborne assets. This same technology may be 
applied to offensive and defensive missiles to produce 
operational ranges of hundreds rather than tens of miles. 
Similar traditional technology growth will make feasible 
sensor-carrying aircraft that can stay aloft for days. 
Finally, the operating radii and payload capability of 
V/STOL aircraft will continue to increase. 

TO support both missiles and specialized aircraft, the 
Panel is convinced that substantially smaller surface 
ships can be built with rough-water stability and speed 
comparable to a big-deck carrier. The ship concept which 
appears most suitable for support to the carrier battle 
group appears to the Panel to be the Small Waterplane 
Area Twin Bull (SWATH) ship. The surface effect ship 
(SES) also appears to have capabilities that could augment 
independent Surface Action Groups or over-the-beach effec
tiveness including capabilities as a launch platform for 
V/STOL assets in support of landing operations. 

Thus, the Panel found it impossible to think about the 
core of naval aviation--the carrier and its aircraft-
without also thinking about the missiles that are becoming 
the primary warhead delivery vehicles, the platforms they 
are launched from, the information network that ties all 
these components into a functioning whole, and the air
craft, spacecraft, sensors, and communications links that 
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make up the phy s ical components of that ne twor k .  Al l 
these we re treated as pa r t s  of naval aviat ion in the 
study , and they are so treated in this repor t .  

THE BROAD CONCEPTS 

The Pane l i s  convince d that technology is avai lable , and 
the developi ng threat make s i t  imper at i ve that the Navy 
pu r sue operat ional concepts in w hich there is a wider 
d i sper sal of car r i e r  battle g roup assets than would be 
f eas ible w ith currently planned sur f ace and ai rborne e le
ments .  The d i rect ions for deve lopment that will both 
c ontrol th i s  evolut ion a nd capi tal i ze on the oppor tuni
t ie s  it offe r s  are l i sted he r e .  

1. Most impor tant i s  t he information ne twor k ,  i n
clud i ng inte l l igence , on which the ent i re n av al 
structure wi ll depend . Th i s  inc lude s se nso r s , 
communication s ,  command structu r e ,  data hand l i ng 
and pre sentation to the command (w i th emphas i s  on 
real-t ime presentat ion) , and provi s ion for de nial 
o f  i nform at ion or confus ion of enemy force s .  Th i s  
i s  the •nervous system • of the naval •corpu s , "  
w i thout wh ich i t  w i l l  not be able to f unc t ion. 

The Pane l furthe r emphas i zes that decept ion , 
j amming , t hi r d- pa r ty c ommunicat ions l inks , an o 
othe r m ea ns of fo i l i ng enemy target i ng and gu idance 
w i l l  be a n  e s se nt ial pa r t  of t h i s  i nformat ion ne t 
wor k .  Mainta ining a dec i s i ve i nforma tion a dvan ta ge 
i s  as important as obt ai n i ng and u s i n g  i nformat ion 
per se . 

2. Nex t  in importance i s  the de sign an d deve lo pnent 
of fami l i e s  of mi s s i le s  of much longer range than 
pre sently planned sy stems . '!'here should be longer 
range miss iles for all pu rposes (AAW, ASW , A SUW, 
a n d  la nd target at tac k) • Because of t he e xte nde o 
r ang e of the se m i s s i le s ,  a •forwa rd-pa s s •  mode of 
gu idance should be u t i l i zed in which target local 
i zat ion i nformat ion and even f i re control s ignals 
c an be passed to a mi s s i le by a •thi r d  pa r ty ,  • 
probably a i r borne or spaceborne , regardle s s  of the 
launch platform for the m i s s i le .  The potent ial 
thi rd-pa r ty sources for control or u pdate of these 
weapons can be w idely di str i buted over the force 
engaged i n  any act ion . 
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3. Given the above systems,  provision is needed for a 
heavy ammunition (mi ss ile) load , distributed among 
many surface and subsurface elements of a task 
force . These missiles would be called up and con
t rolled bY the •ne rvous system , • through various 
a i rborne systems uti lizing a multiplicity of tar
get intelligence sources i n  the eli loop . The 
missi le s  themselve s ,  of course , should be capable 
of prec i s ion delive ry .  S imply adding to the number 
of any inaccurate weapon i s  of little value . 

4. In add i t ion to missile complements on ex i st i ng  
c a r r i e r  battle g roup ships ,  the re i s  both need and 
opportunity for provision of d ive rse new platforms 
that can be small enough to be economica l ,  yet 
maneuve r  with the carrie r  i n  heavy weather . These 
include : 

a .  SWATH, missile-carry i ng  ships,  some of which 
may be a i r  capable . 

b.  SES ships to act as ai r-capable auxiliary ships 
suitable for rapid ove r-the-beach and roll-on
roll-off deployment and othe r  support opera
t ion s .  

c .  V/STOL a i rc r aft able t o  operate as sensor and 
mi ssile control platforms f rom the above ships, 
and other s  suitable for combat and transport 
missions i n  amphi bious operations.  

d.  Long-endurance sensor-carry i ng  a i rc raf t ,  which 
may or may not be manned or even ship-based , 
to compr i se a part of the Navy's total i nfor
mation and control networ k ,  along with othe r 
a i r borne and space-based assets.  

From the above development s ,  naval task force struc
t ure (and the avi at ion within it) is vi sualized as evolv
i ng  not only towa rd g reat e r  d i st r ibution of i nformation 
and combat assets over all e lements of the f leet , but 
also towa rd cove ring much la rg e r  geographic a reas, i nclud
ing ocean and land, than has previously been operat ionally 
feasible . FOrce s ize and ship spac i ng wi l l  be highly 
var iable with the c i rc umstances of the battle and the 
character of· the oppos it ion. The force spac i ng  should be 
determi ned bY the i nformat ion umbrella, the reach of the 
offensive and defensive weapons ,  and the span of control 
ove r these weapons and the i r  launch platforms. The tech
nology i s  and wi l l  be avai lable to d i sper se the task 
forces as f a r  as appears to be optimum for f leet ef fec
t iveness.  
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ANSWERS TO THE ORIGINAL SET OF QUESTIONS 

The preced i ng  out li ne of technical deve lopments and op
po rtunitie s lead s to the followi ng answe r s  to the mo re 
spec i f ic CNO que st ions : 

o What wi ll be t he f uture form of the Na vy, e �ec i a l
l y  wi th re ga rd to aviation ? I t  wi l l  have many o f  
the same component s we know about today . For the 
for seeable future the c a r r ie r s  themselve s and the 
tact ical a i rc r aft (F-14' s ,  A -6' s and F/A-l 8' s )  
they are prog r ammed to car ry wi l l  remai n  essen
tially the same . Howeve r ,  as desc r i bed above , 
technolog ical idea s  on the ve rg e of exploitat ion 
are l i kely to add new component s and to make i t  
poss i b le for •the Navy •  a s  a collect ion of ships,  
a i rc raf t ,  m i s s i le s ,  sensors,  and connec t i ng  l i nks 
to funct ion qu i te d i ffe rent ly ,  in an operat ional 
sense , than it does today . In ef fec t ,  a c a r r i e r  
battle g roup wi ll i nc reas i ng ly operate a s  an i nte
g r ated , d i str i buted weapon system supported by 
maj or c3I assets,  some o rg anic and some exte r 
na l ,  and can have a substant ially larg e r  radius of 
e f fec t i vene s s  for approx imate ly the same number of 
su rface e lements that now const i tute a car r i e r  
battle g roup . 

o What of the l a r ge c a r r ie r ?  we have conc luded that 
i t  need not chang e muc h,  if a t  al l .  Unde r the 
d i spe r sed concept we have d e sc r i bed ,  the c a r r i e r  
concentrate s ,  a s  i t  shou ld ,  more on i t s  c lassic 
f unc t ion as a f loat i ng  a i rbase for high so rtie 
rate of fens i ve aviation ope rations i n  a reas whe re 
land-ba sed tac t ical aviat ion i s  not ava i lable , 
tasks for which the la rg e -deck car r i e r  and i t s  
mult i-role a i rwi ng a re e spec ially e f f icient .  The 
most mar ked change in naval ships that we see would 
occu r  in combat ships othe r  than c a r r i e r s .  The se 
ships would be p r ima r i ly mi s s i le c a r r i e r s  that can 
keep up with the big dec k s  i n  hea vy  seas--an e s sen
tial requ i reme nt i f  the c a r r i e r  batt le g roup i s  to 
survive hig h-speed t r ans i t  while unde r threat . 
Some of these shi ps cou ld be a i r -capable to lau nc h  
sensor-c ar ry i ng  a i rc raft for t a rget l ocal i zat ion 
and forwa rd control of long-range m i s s i le s .  New 
ship design concepts, part icularly SWATH, can pro
vide thi s capabi l i ty . S imilarly , ship concept s 
suc h  as the improved high length-t o-beam ratio SES 
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wi ll be able to provide fast-deployment , a i r
c apable amphi bious assault and combat a i r  support 
more effectively than current convent ional designs .  

o What o f  V/STOL? Thi s  capabi lity will not d r ive 
the form of the naval aviation system , but the 
evolving technology offers an opportunity ,  i n  com
bination wi th othe r developments i n  i nformation, 
ships, and weapons, to fulf ill an expanded tacti
cal role . 

The ability of a V/STOL-capable a i rc raft to 
f ly of f various battle g roup combatants in ei the r  
a based o r  a stag i ng  mode , highe r ,  faster and f ar
the r than helicopte r s ,  could provide a car rier
i ndependent surve i llance , target i ng ,  and f i re con
trol capabi lity for AAW, ASW, ASUW, and overland 
targeting applicat ions. The capabi lity to base 
such ai rc raf t on new SWATH or SBS ships enhance s 
the offens ive powe r of larg e  a i rc raft carriers by 
reduc i ng  the traf f ic demand s of suppo rt a i rc raf t 
on the scarce dec k  f ac ilities and space. The se 
advantage s  should be agg ressively explored and 
quantif ied i n  the near te rm to provide the basi s  
f o r  long-te rm planning . 

o The impact of c r u i se mi ssile s .  The impact of p re
c i se ly guided c ru i se missile s  in attac k  on ships by 
both sides demands u.s. defens i ve reac tion ag ainst 
submarine and BACKFIRE launch threat s .  Range im
provements in a i r  defense , ASW mi ssiles,  and land 
and ship attac k missile s  lead to the d i spersed and 
d i str i buted operat ional concepts described .  M i s
s i le s  for land attac k pe rmit destruction of de
f ense s and high-value f ixed targets so that manned 
a i rc raf t can see k out and attac k  mobi le land forces 
that may be the main e lements of concern i n  a con
f l ic t .  The possibi lity of usi ng  such missile s  
enhances i nte rest i n  the pe rformance potential of 
new ship type s .  The resulti ng long reach adds 
emphasis to the need for the expanded informat ion 
netwo r k  desc ribed . Thus ,  in many way s ,  c ruise 
missiles prove to be one of the main agent s  of 
change i n  the Navy and spec if ically i n  naval avia
t ion--indeed , the c r u i se missile concept i s  the 
reason the Pane l had to def i ne •naval aviation• a s  
broadly as i t  d id .  

The Panel also notes that convent ional-warhead 
ballistic missiles may become simi lar agents of 
change and conce rn i n  the latte r part of the pe riod 
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we are conside r i ng . The Navy shou ld c losely moni 
tor deve lopment s i n  t h i s  area, part icu larly with 
an eye towa rd ear l i e r  i ntroduc t ion. 

NBC AND DIRECTED ENERGY WARFARE 

soviet d oct r i ne lay s g reat stre s s  on these areas of wa r 
f a re ,  and the Navy , for dete r rence and for survival i f  
dete r rence fai ls ,  must prepa re to mee t  the Soviet threat . 
The " i nfo rmat ion war , " e spec ially i nc lud i ng  i nformation 
deni al and confusion, appe a r s  to u s  to of f e r  the best 
defense ag ainst nuc lea r  attac k s i nce the chance i s  high 
that at least one attac k i ng weapon can reach a maj or ship 
whose l ocat ion, movement and ac t i vi ty are known. Beyo nd 
thi s ,  the followi ng measu re s a re s t rong ly i ndicated : 

o As se ss and cor rec t a s  approp r i ate or requi red the 
EMP vu lne rabi l i ty of nava l a i rcraf t ,  combat sy s 
tems , and v i ta l  cl. 

o Ensure the ex i stence of an appropr i ate nuc lear and 
bi na ry chemic a l  retaliato ry c apabi l i ty . 

o Ensure that e lectro-optical /opt ica l sy stems are 
provided wi th protec t ion ag ainst d i rec ted-ene rgy 
weapons. 

o De ve lop and provide approp r i ate per sonal protec
t ion gear and decontam i nation equ ipment to permit 
f l ight -deck ope rat ions subse quent to CW contami 
nat i n g  attac k .  

o Provide f lig ht c rews with protec t ion aga i nst f lash
blindne s s .  

o Provide for chemical protect ion of othe r ships by 
such measu re s a s  scru b-down and po s i t i ve-pre ssu re 
venti lation, to t he extent feasible . 

o Incorporate such prot ect ion measu re s fully i n  any 
new ships to be conside red . The cost of complete 
re trof i t  is recogni zed a s  prohibit ive , bu t i nco r 
porat ion o f  such features i n  new designs i s  be 
lieved to be both e s sential and affordable . 

IMPORTANT APPLICATIONS OF NEW TECHNOLOGY 

Thi s  review of naval aviation need s and pro spec t s  has 
highlighted many a reas of technology applicat ion re qu i r i ng  
attention o r  of fe r i ng oppo rtun i t i e s  f o r  future exp lo i t a 
t ion . The Pane l h a s  t r i ed t o  se lec t t h e  most effec t i ve 
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o f the se broad concepts and h as listed th em in the o r de r  
o f  impor t ance to the futur e Navy . 

Each of these concepts , i f succe ss fully pu r sued , wi l l  
d epend o n  ba sic programs of sys t em  an d subsyst em stud i e s  
and develo pment that shoul d  be a n  essent i a l  par t  o f  the 
Navy ' s  cont i nu i ng  IU.D e f fort along wi th bas ic re search 
and eng i nee r i ng  e xplorat ion to bu i ld the total techn ical 
base . The Pane l ' s  sugge st ion s for empha si s i n  support i ng  
system prog rams and R&D follow t h i s  pr ior i ty l i st i ng of 
appl ica t ion s. 

1. A ne twor k of dive rse sensor /i n format ion source s  
and interconnec t i ng c ommun icat i on s, to ma inta i n  
f u ll knowledge of enemy force s' whereabouts and 
act i v it i e s  and to se nd g u id ance and f i re cont ro l  
s ignals to long- range mi ssi le s, should be bu i l t . 
ITSS i s  a lready in the plann i ng  stage s  ana could 
provide a ba si s  to r t h i s  ne twor k .  Of spec ial 
impo r tance a re the fol lowi ng : 

o Sea- , a i r- ,  space- , an d land-ba sed sensor s, 
platform s, and integ ration /pr oce s si ng cente rs. 

o Low-probabi l i ty-of- i nte rcept among those c om
mun ica t ion s node s .  

o Reduc t ion o f  vu lne rabi l i ty to enemy j ammi ng 
an d e xplo i tat ion , increased attent ion to 
hid ing /sp oof ing /ma s k i ng signature s, i . e . , e lec
t ronic wa rfare in the b roade st sen se .  

o Reduct ion ot se n sor and seeker vu lne rabi l i ty 
to d i rected -ene rgy weapon s from space ,  a i r 
borne , or su rface sy stem s. 

o The sa me attent ion to su rve i l lance and targ e t
ac qu i s i t ion sy stem s for land at tack and AS W a s  
i s  g iven t o  a i r  de fen se and surface attac k .  

Pa r t icular empha si s should be placed on meth oos of 
target ac qu i si tion and communicat ion that will not 
d i sc lose the pre sence of platforms that may be 
othe rwi se sh ie lded f r om  observat ion . FOr thi s 
re a son, as we ll a s  the a dvantages of clo se r 
approach to the targets for l oca l i zat ion , the 
forwa rd-pa ss mode of targeting and g u idan ce of 
long -range mi ssi le s i s  ind icated . 

2. Impl ic i t  in the succe ssf u l  creation o f  such a c3x 
netwo r k  i s  the ava i lab i l i ty ot su itable pla tfo rm s  
for acqu i si t ion and re lay i n str umentat ion . 1-li l i
tary satel l i te sy stems w i ll be impo r t ant a n d  per -
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haps p r imary element s ,  but ai rborne systems will 
cont inue to provide platforms to support these 
func t ions .  Airborne platform s ,  pa rticularly those 
which are organic to or under the control of the 
carrier battle g roup are generally more read i ly 
available to task force couunand . High-alt itude , 
long-duration a i rcraf t ,  ei the r land- or f leet
based , also appear to the Panel to be essential.  
Land-launched platforms wi th days-of-f light endur
ance appear feasible . 

3 . New kinds of ships othe r than carrie r s ,  to f unc
t ion prima r i ly as missile ships able to keep up 
with carriers i n  heavy seas, and designed to ex
pand the combat radius of the car rier battle group 
(AAW, ASUW, ASW , and some land attack) . 

o The Pane l believe s that SWATH designs of fer 
the best combinat ion of characteri stics for 
thi s pu rpose . 

4. Surface-launched , a i r-ta rgeted (SLAT) missi le sy s
tems of several hundred miles range should be de
s ig ned for i nstallat ion on these ships for anti-a i r  
warfare and f o r  ASW , extend i ng the range o f  fleet 
defense . 

o The SLAT concept for missile guidance can also 
apply to subsu rface-launched weapons .  I t  i s, 
therefore , recommended that such missiles be 
capable of submarine and subsurface launch. 

5. Long-range (e . g . , 3 00 to 1 000 mi , depend i ng  on 
payload) cruise mi ssiles for attacking sea targets,  
land-based tact ical air defenses ,  and other land 
targets should be developed that are sma rte r (i . e . , 
more effective i n  a counte rmeasures envi ronment) , 
cheaper ,  and more numerous than cur rently planned 
systems for these purposes , i ntegrated with the 
above i nformat ion and control networ k, and capable 
of launch from d i ve r se Navy ships. These long
range mi ssiles w i l l  also benef it f rom target in
formation from both a i r bo rne and space platforms 
and should be capable of accepti ng thi rd-party 
target i nputs or guidance . 

6. Long-leng th, nar row-beam SES ships appear to off er 
major gains i n  capabi lities for roll-on-roll-of f 
and othe r assault dut i e s .  Such ships appea r  to 
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offer substantial improvements in support of air 
elements for across-the-beach support. 

ESSENTIAL PROGRAMS TO SUPPORT APPLICATIONS 

1. Operational concepts, tactics, and strategy for using 
these new systems should be developed and tested. 
This implies a new look at operational concept eval
uation utilizing modern analytical methods coupled 
with operational simulation of new weapons and sys
tems. 

2. The Navy must be concerned about nonnuclear ballistic 
missile attack on our ships and about special risks 
of NBC warfare, with collateral or even primary ef
fects such as EMP, and begin planning to meet these 
threats with special emphasis on incorporating coun
termeasures in new ships, aircraft, and systems. 

3 .  Emerging technology for greatly increased--in fact, a 
whole new concept of--reliability must be consciously 
developed and used. The cost of doing so will be 
more than returned by the gains in decreased logis
tics tail, manpower, reduced system failures, and 
actual lowered cost of individual weapons if adequate 
control of initial specifications is included as an 
essential part of the Navy's search for reliability. 

4. The same technologies that make possible the network 
suggested as •priority one" offer new practical op
portunities to develop advanced control systems, and 
automation for drastic reduction of manpower in oper
ating new ships and combat systems. 

5. Advanced electric propulsion (drive) subsystems for 
ships offer design advantages that can capitalize on 
item 4, above, and provide other inherent efficien
cies. 

6. Exotic fuels for extra-long-endurance aircraft and 
ships, e.g., liquid hydrogen. 

7. Ballistic missiles designed to attack enemy ships and 
other targets should be continually studied to seek 
advantageous applications and clues to defense systems 
should the potential enemy deploy them. The concept 
of MIRV'd warheads for such missiles must not be over
looked. 
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BASELINE TECHNOLOGIES 

The sy stem concepts and support ing prog rams enumera ted 
above a re all based on an ade qua te and sound found a tion 
of suppo r t i ng R&D. Th i s  must be cont inued at a cons is 
te n t  pace i n  orde r to ma ke the se new concepts fea s i ble 
a nd should be done as neces sary R&D even i t  c u r rent c i r 
cumstances ind icate delay i n  pr ocuremen t. S pec i f ically : 

1 .  Gene ral weapon gu idance R&D, includ ing mid-cour se 
and terminal gu idance for sea ,  undersea , and land 
a ttac k ,  mu st be con tinued along w i th technology 
deve lo pment to suppo r t  some form of the forwa rd 
pas s  con cept expl i c i t ly recommended . 

2. The bas ic ae ronaut ical technolog ie s ,  ae rodynamics , 
control-s tabi l i ty ,  s truc ture s ,  and propu ls ion which 
now make advances in V/S TOL feasible and which 
would pe rmit inc reases in the endurance of h igh 
alt i tude a i rcraft mus t  be fully suppor ted . 

3. More e f fective warheads for a ll purposes .  
4. Gu idance concep ts for d i rec t a i rcraf t-to -a i rcraf t 

c omba t. 
5. Be tter s h ip and ship system desig n  for damage con 

tro l and seconda ry damage ame l ioration .  
6. Prog ress ive improvement i n  s h ip des ign concepts for 

ves sels smaller than cur re n t  car r ie r s  to improve 
rough-w a ter stabi l i ty at ca r r ier e scort speed s , 
thus provid i ng reasonable -cost mi s s i le and a i rcraf t 
bas ing for spec i f ic m i s s ions . 

1. Sturd i ne s s  and adaptabi l i ty gf a ll e lect ron ic e le 
men ts a nd  sys tems to achieve " i ron box " r e l iabi l i ty 
and " hands of f "  long l i fe and constant read i ne s s .  

THE TRANSITION FROM HERE TO THERE 

Technology w i l l  show st rong i nd icators but will not , of 
i ts e l f, cause the major c hanges i n  naval a vi a tion envi 
s ioned by the Pane l .  The Navy must dec ide to fol low 
those ind icator s and g£ that way . The Pa ne l believe s  
that i f  nava l aviat ion doe s no t evolve t o  ta ke a dvan tage 
of i ts inherent capabill.ty for a broader d i spersal of 
force it wi l l  not be se rving the nat ion as we ll as i t  
could . The Pa nel does not suggest that i t  i s  possible to 
de s ign a sy stem such as the one desc r ibed in on e step: 
procure it all , f ield i t  all s imu l taneously , ana expec t 
to have it wor k .  Such a total system mu s t  be approached 
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as a planned evolution, using explorato ry operat ions i n  
which e lements o f  the se concepts a r e  i ntroduced , tested 
i n  the ope rat ional f ield , and then i ncorporated , whe re 
reasonable , i nto ex isting assets or new sy stem designs . 
The Navy should reevaluate its capabi lity and organiza
t ion to expe r iment and explore sy stem possibilities to 
develop advanced requ i rement s ,  and test the i r  uti lity by 
the operators in an operational envi ronment . Once sati s
fied that the technolog ies wi l l  be avai lable and the ope r
at ional concepts rat ional , a f i nal commitment can be made 
for new systems and approache s .  It will be espec ially 
important to develop ,  bY expe r iment , the sturd iness of 
the i nfo rmat ion and control network and the potential 
effectiveness of deceptive techniques and tactics ,  to 
make ce rta i n  that the ultimate system concept can with
stand seve re host ile action. Graceful deg r adation of the 
networ k  unde r stres s  i s  a vital desig n consideration. 

Th i s  explorat ion can be done at a reasonable cost . 
Full ITSS capability , SWATH ships,  and V/STOL or day s-of
endurance a i rc raf t are not e ssential for exploring some 
of the concept s  for forwa rd-pas s  operat ions' s imulat ions 
with E-2C' s, he licopte rs,  and temporary e lectronics in
stallat ions a re possible . A few missiles can be devised 
for use with separate control a i rc raf t for simulat ion and 
trial s .  By thi s  proces s  the Navy can beg i n  to see the 
promise and the d ifficult ies and expe riment with possi ble 
solutions , thu s ref ining the concepts while bui ld i ng  
rat ional requ i rements.  A parallel program can explore 
super reliabil ity concepts and evaluate possible log i s
t ic s ,  product ion, dolla r and manpowe r savi ng s .  

It must be emphasized that the ent i re evolution cannot 
be accompli shed with s imulat ion alone . It will be neces
sa ry to build and ope rate some new conceptual equ ipment 
as part of the operational f leet in order to gain expe r i 
ence and bui ld conf idence i n  the Navy and supporting com
munities.  Thi s  e lement of the evolut ion will necessa r i ly 
take t ime and money but i t  should be init iated soon o r  
the total system will be delayed even furthe r  than the 
decade s i t  wi ll take unde r the best of c i rcumstance s. 
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Elaboration of Main Concepts 

CONCEPTUAL OVERVIEW 

The eme rging technolog ies summa rized in the Executive Sum
mary have clear and signif icant implicat ions for the way 
the future Navy can look and operate . We see an inc reas
ing capabi lity and usefulness to the physical separation 
of functions such as target acquisition, launch of weap
ons , g u idance of weapons ,  f i nal targ eting ,  and command 
dec i sion s .  Thi s separation demand s the connection by an 
information transfer net so that the total system become s 
much more dominated by what the Pane l has come to call the 
" i nformation war. • Thi s  wa r i s  a contest to acqu i re and 
d i stribute i nformation whi le denying such i nformation to 
the enemy . It requ i res acquisition of su rveillance and 
t a rgeti ng i nfo rmation f rom a va riety of systems,  made 
available in the prope r form ,  to the commanders of a mul
tiplicity of attac k and defense systems .  

Once the integ rity , value , and durability o f  the in
formation network are establi shed and maintained , weapons 
may be deployed aboard and launched f rom any platform, 
based on ta rget information available in the networ k  f rom 
any reliable source.  Weapon control may be in the weapon 
itself or f rom a pe rson, compute r ,  or even robot control
ler somewhe re in the network.  A i rcraft can function a s  
surveillance and communications platforms,  as weapons 
launche r s ,  as weapons controlle r s  for weapons that a re 
launched f rom ship s ,  as ta rget de sig nator s , and as attac k  
and f ighter airc r aft. The ope rators o f  airc raft may be 
in them or elsewhe re , depending la rgely on whe re the human 
c apability for decision can have the maximum impac t .  The 
best location for decisions to strike changi ng or fleeting 
targets in a chaotic envi ronment is likely to remain in 
the aircraft . In many othe r situations ,  man can be more 
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effective aboard ship or ashore depending on availability 
of data for decision and operation. 

Advancing aerodynaaic, structures, and propulsion tech
nology is bproving the perfor:aance potential of aircraft 
designed for basing on a.aller ships r�te froa the big
deck carriers, or froa land bases at very long ranges. 
This i.Jiplies that very long-endurance aircraft and various 
foras of V/S'l'OL capability for specialized purposes can 
now be considered in coabination with new ship concepts 
(i.e., SWA'l'B or SBS) for dispersed basing or for staging 

to perfora expanded range aissions. Soae of these ais
sions could provide essential or eaergency lines of in
for:aation sources for the •inforaation war. • These new 

ship foras, besides providing stable decks for aircraft, 
proaise carrier�oapatible speeds in rough seas. They 
also offer efficient packing of aissiles for stationing 
and use at the outer periphery of the coabat foraations. 

This concept of using aultiple air- or aissile�apable 
a.all ships is � that of a lot of little carriers, but 
rather a capability to disperse support aviation tasks 
away froa the big-deck carriers, aaking their •real es
tate• available for high-perfor:aance aircraft to expand 
classical o ffensive aviation aissions. It should be noted 
that saaller air- and missile�apable ships aake possible 
a wide variety of task group configurations including 
relatively siaple integrated forces, in which the local 
net could use V/S'l'OL aircraft or possibly RPV's to provide 
the saae elements of inforaation acquisition and control 
as larger coaplex. forces. These saaller systeas could 
provide an effective lower�ost capability for tasks not 
requiring a aajor carrier force, such as local protection 
of sea lines of supply. Incorporation of such elements 
in a aajor task force would also provide for graceful 
degradation in the event of successful enemy action. 

This pattern of naval force evolution is not revolu
tionary in the Panel's view. It is a rational use of 
evolving systea technologies which provide a cOIIIIunica
tions and inforaation network for ships, aircraft, and 
weapons using source inforaation froa national, regional, 
space, and locally controlled data-gathering systeas. 
Once the expanded intelligence and coaaand network is 
established, ·the creative distribution of people, comput
ers, and the ship, missile and aircraft elements of the 
fleet is essential to maximize the efficiency, flexibili
ty, effectiveness, and retained capability of the force 
in the face of inevitable enemy penetration and disrup
tion. With these tools at the Navy's command, the oppor-
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tunities for decept ion of the enemy by a "battle g roup 
plus" are leg ion, and the systems flexibility provides a 
fe rtile arena into which the newe st decept ion , counter
measures , and masking technology can be selectively in
troduced . 

THE INFORMATION NETWORK 

The information network is not only a •support system , • 
it is also the essential core of any combat force and , in 
some phases of combat , can become the pr imary element of 
the battle . 

The USSR is implementing space-, a i r- , and sea-based 
i nformation systems and is expected to continue to develop 
such systems . In some important re spects it cur rently 
leads the United State s . 

The Navy, with its ITSS concepts coupled with MILSAT, 
is planning to develop and deploy a large-scale , wide
area, space-ass isted information system connecting many 
dec ision makers , data base s , sensor s , and weapons systems , 
thereby provid ing high-quality information in real time . 
Developing the u.s. "naval information system• properly , 
assuring its survivability ,  endurance , and g r aceful degra
d ation during wartime , exploiti ng its potent ial , and pro
vid ing for informat ion denial to and deception of the 
enemy are of utmost importance to the future of naval 
aviation. The technolog ies supporting these deve lopments 
deserve f i r st pr ior ity in the appl ication of resources to 
the evolution of naval aviation. It is expected that 
futu re information subsystems of ITSS will cover extreme
ly large areas--oceans, or essentially the globe, when 
that is needed--and will provide information close to 
t argeting quality on a irc raft and ships of interest to 
any point around the globe in near real t ime . ITSS would 
a lso provide data on friendly a i r  and surface act1vity 
for purposes of command and control of combat . 

The augmentation needed to complete the information 
and control networ k should include the following: 

o Surve illance assets provid ing f i ne detail  for re
acqu i r i ng and localizing the threat for d i rect 
attack by aircraft or missile systems, includ ing 
elements of gu idance assoc iated with SLAT (surface, 
e tc . ) and analogous m id-course correction concepts. 

o A similar system for detection , trac king , acqu isi
tion, and weapon de livery ag ainst submarines.  
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Jiklch of this system exist s ,  but must be expanded 
and renewed . Detai led study in th is area was 
beyond our scope , but the link with aviat ion sys
tems as we have de fined them is apparent since 
enemy subma r i nes can f i re long-range missile s ,  but 
c an also be attacked by them . 

o A system for acqu i r i ng  targets in land at tac k , 
espec ially a i r  de fenses , and he lping to g u ide e i
ther land-attack cruise missiles or car r ie r -based 
avi at ion w i th standoff weapons to them . 

o The appropr iate , mult iple redundant interconnec
t ions among all these systems . 

Once these systems have been added , the Navy will be 
a ble to use current weapon systems much more effic iently 
and ef fecti ve ly7 e . g . , the F-14/PHOENIX, the A- 6 , t he 
F/A-1 8 ,  AMRAAM, and TOMAHAWK. 

The detec t ion (potentially identif icat ion) , track i ng , 
and targeting data provided by futu re space or h igh
altitude a i rcraft supported informat ion systems will 
eventually demand the development of new missi le systems 
of ranges much greater than the current systems . The se 
may be e i the r cruise or ballistic missile s , and they may 
be based on land or at sea u s i ng  a i rcraf t ,  surface ships ,  
o r  submar ine s  a s  launchi ng platforms.  

Deception, EM:ON , jamming ,  th i rd-party COIIDIIunications 
l inks , and other means of foiling enemy targeting a nd 
g uidance w i ll be an e s sential pa rt of th is informat ion 
war .  The deve lopment and deployment of systems des igned 
to degrade , d i srupt , aestroy , or exploit the naval in
formation systems being developed by the USSR are thus 
equally important and must be cons idered part of the u.s. 
Navy • s overall informat ion networ k .  Mainta ining a dec i 
s ive information advantage is as important as obtai n i ng  
and usi ng information per se . 

WEAPONS 

The Panel bel ieves that near ly all futu re av iation-relate d  
weapons w i ll b e  "i ntelligent , •  i . e . , gu ided . Mo s t  of the 
gu idance systems requ i r i ng new deve lopment and appl icat ion 
are needed for long-range weapons which reach beyond e nemy 
attack weapon launch points or to penetrate enemy defenses 
from beyond the i r  reach . Because of this long reach and 
the eff ic iency of car ry i ng such weapons on surface ships , 
the concepts almos t  all involve lock-on-afte r-launch . 
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Achievi ng thi s capability aay requ i re aid-cou rse guidance 
i nto a self-recogni zable •basket• f ro11 which area-type 
warhead s without te rminal g u idance can be effect ive ( use
f ul against a i rc r af t ,  ships, or g round targ ets) 1 coarse , 
thi rd-party mid-course guidance with fu rthe r ,  nea r-target , 
thi rd-party correction , or terainal g u idance for warheads 
wi th e i the r of the above aid-cou r se scheae s .  I n  the sense 
c onside red here , an attack a i rc r aft with a bombing/navi
gation systea s imilar in concept to that now carried by 
the A-6 or the F/A-1 8  launching e ithe r  ROCKBYE or MAVERICK 
i s  consi stent with the se g u idance principle s,  but such a 
system concept can extend to long-range surf ace- or sub
su rface-launched inte rceptor missile s or long-range ship 
or ground attack cru i se missiles.  Obviously , a f ully 
ope rat ional Global Positioning Systell (GPS) will be a 
v aluable a id to weapon delive ry accuracy . 

TWo kinds of weapons are conceived to be of p rimary 
importance for the f uture . S i nce weapon and launch plat
form const i tute the systea , it is impossible to d i scuss 
thea enti rely i ndependently . 

"FORWARD PASS" TECHNIQUES 

The expanded defensive and offensive rad ius of the threat 
and of the task fo rce will demand range augmentation of 
both attack and defensive mi ssi le s .  I t  would appear that 
i nte rceptor mi ssile s ,  eve n  if based on ships at the edge 
of the battle g roup , should be designed for ranges of 400  
to 600 11i and that crui se missiles for offensive use 
should be capable of at least an aoo- to 10 00-mi r ange , 
although rang e-payload tradeoff s  are possible and ra�e s 
a s  low as 300 mi for the latte r will be useful. The 
g u idance technolog ies for aaking such long-range missiles 
effect ive will be well demonstrated within the next 
decade . 

capability to target and control weaponry launched 
from remote platforms, be they su rface or ai rborne ,  will 
y ie ld 11ajor enhancements in both defensive and offensive 
effect iveness and f lexibility . The SLAT concept i s  rep
resentat ive of the a i r  defense and ASUW case , whereas the 
ANSACS, PAVE MOVER ( now JSTARS) 1 and PLSS approache s a re 
a ir-to-ground analogues. 

The SLAT concept pe rmits a i rc raf t from the carrier or 
a i r-capable ship to se rve as target-track/weapon-gu-idance/ 
fire-cont rol assets with e ssentially unlimited f irepowe r .  
F-l4's and F-l8's carry f i re-control systems which might 
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(perhaps i n  combination w i th AEW) be adapted to handle 
e ight or more ant i-a i r  missiles s imultaneously , and to 
cont inue to target addit ional miss iles as long as t he 
a i rcraft can rema in on stat ion. They are limi ted in the 
cur rent concept of operation to the f irepower they can 
carry under the ir wings ("-4 radar m issiles) . By launching 
the miss iles f r om  a surface ship , the airbor ne car r iage 
capac i ty becomes less c r i t ical and the endurance of the 
a i rcraft can be max imized by substituting fuel for mis
s i les . In a var i ant of this  technique , a i r-to-a i r  or 
a i r -to-sur face miss iles could be car r ied by f ighte r or 
attack a i rcraft serving as weapons "trucks" and launch 
platforms , with g uidance provided by the surve i llance/ 
targeting SLAT a i rc raf t .  In e i ther case , the opportun i ty 
i s  gained to reduce complexi ty and cost of the (d i spos
able) missile by locat ing the bu lk of the compl icated 
avionics--the intell igence of the system--in the target
ing a i rcraf t .  

Fur thermore , the carrier magazine would then not have 
to conta in large number s  of large , long-range PHOENIX-type 
m i s s i les.  The SLAT mis s i les can be carr ied in ve r t ical 
launcher s  on a large var iety of auxil iary surface combat
ants. Wh i le ex isting ships could accommodate these m i s-
s i le s ,  the Panel focused on the desirability of the SWATH 
type . SWATH would provide a platform which could mainta in 
its stat ion in all sea states at car r ier cruising speed s . 
SLAT miss ile ships could be located cons iderable distances 
away from the car rier battle group center to provide a 
forward launch point for a 400 nm i  SAM , w i th gu idance 
cor rect ion (localization) provided by the target i ng a i r 
craf t .  

A s imilar SLAT concept appears feas ible and desirable 
for ASW. It could employ a long-range , ve rtical-launched 
ASW missile to be g u ided and targeted by helicopter s  or 
other V/STOL a i rcraft from the air-capable ship. The 
weapon g u idance platform could be the LAMPS I I I  or some 
futu re ASW localization platform. This relieves the 
localiz ing platform from carrying the f i repower necessa ry 
to reliably sink submarine s .  Th i s  is part icularly impor
tant as Soviet suanarines become ha rde r ,  deeper-d iving 
targets which may requ ire a number of la rge weapons to 
achieve a high probability of k i ll .  Th i s  SLAT ASW con
cept of operat ions can also ove rcome inc reasing standoff 
of suanar i ne-launched anti-ship c r u i se missile s .  

For attack operations aga inst s h i p  or land targets , 
i ntroduc t ion of remote ta rgeting and gu idance capab1lity 
as typif ied by the AWSACS/PAVE MOVER/JSTARS/PLSS approach-
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es will yield unprecedented f lexibility , as well as ful
fill the pressing requi rement for standoff capability 
with weapons more affordable than ultra-sophist icated 
cruise missiles.  It would also open the possibi lity of 
employing multiple a irborne •trucks" with a few •smart• 
airborne platforms at standoff ranges.  

CRU ISE MISSILES IN T H E  ATTACK MISSION 

The re is a spectrum of scenarios and attack missions i n  
whi ch cruise missile s can and would be used differently ,  
depending on level of defenses and costs. Assuming that 
the nuclea r-nonnuclea r  ambig u i ty with the soviet Union 
can be solved, or that the combat environment i s  clearly 
nonnuclear,  the Panel see s the se primary targets: 

1 .  High-value targets on land and at sea tend to be 
heavily defended target s .  They war rant the use of 
effective , expensive cruise mi ssile s because they 
are "high value , • and once such targets a re de
stroyed they tend not to have to be struck again 
(e . g . , major ships ,  unique tunne l througn rugged 

mountains , major bridge) . High-value , fixed tar
gets on land can be p relocated prior to any con
f lictr those that must become active to warrant 
attack can be observed and h ighlighted when appro
priate by the information network. 

2. Some "high-value• target s ,  such as a rmie s on the 
move , may be distributed and time:..cr i tical. Tiley 
can best be struck by manned aircraf t car rying 
suitable weapons. They could be attacked with 
crui se missile s with appropriate , probably local, 
last-minute targeting . The targ et acquisition 
system and missile cost problems need careful 
analysis and t radeoff in te rms of numbers and 
g uidance complexity ( e . g . , a car rie r air wi ng at 
low attr i t ion can delive r a few thousand warheads 
in a wee k) . If i t  i s  the case that cru i se missi le 
uni t  cost cannot be reduced below $500,000 to 
$700,000 (in 198 2  dolla r s) pe r missile , the prob
able preferred use of the cr uise missiles would be 
to reduce the defense s so that car rie r-based attack 
aviation with shorte r-range ,  less-expensive weapons 
can reach and hit these targets with acceptable 
att rition. Many fewe r mi ssiles would thus be re
qu i red than if they we re used to at tack prima ry 
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distributed targets such as maneuvering land 
forces. 

Any of the above applications for cru i se missiles in the 
attack requ i re missile-launching capability for thousands 
rather than hundreds .  Thi s , plus a prudent standof f  for 
a car rie r , suggests the use of ships other than car rie r s .  
Provision of launcher s  to fulf ill a total campaign cou ld 
be accompl ished by a combination of refitted conventional 
"e scorts• and a few tens of ships and sut:ma r i nes newly 
designed for the purpose . If planned proper ly ,  this 
should be both physically and economically feasible . 

AIRCRAFT CARRI ERS OF CV /CVN TYPE
"LARGE-DECK CARRIERS" 

Af ter rev i ewing the va rious alternat ives,  the Panel con
cluded that the large aircraft car r ie r , anci part icularly 
the nuclear-powered aircraft car rier w i th its air g roup, 
will continue to be the Navy's most versatile anci power
ful surface warfare force element . The large aircraft 
car r i er prov ides economy of scale , employs enough air
craft for sustained str ike operations, and cons iderably 
enhances safe ty of operation for high-pe rformance a i r
cr af t .  Evolvi ng technologies will lead to chang es in 
embarked aircraft ,  weapons , distribution of functions , 
and part icularly c3I capabi lities.  However , it would 
be dif ficult to sugge st a more apt system with refuel ,  
re furbish, rearm , and damage control for the same number 
6f aircraft , and to ach ieve the same re sponsivene s s  and 
time on s tat ion. The battle group centered on the large 
car rier will have greatest leverage for conventional l im
i ted wars , includ ing the leading edge of threat scenarios 
with the Soviet union. 

However ,  the Pa nel also recognized the growing impos
sibility of operat i ng a total offensive or defensive 
m iss ion where all the e s sential •network" functions are 
suppl ied by car rie r -based asset s ,  i� view of the changing 
capabi l ity of the opposing force s .  Also , i t  was obvious 
that such l imitat ions have forced the Navy into an exten
s ive ass ignment of its carrier assets to a defensive role . 

The main pu rpose of attack carriers should be to act 
as float ing a irbases for launching aircraft on offensive 
miss ions , pa rticularly in geographic locations where the re 
are no usable a irbases on land w i thin striking distance of 
important 

·
oppos i ng force s that may be on land or at sea . 

Carrier-based aircraf t have grown in s ize ,  capabi l i ty ,  and 
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dive r sity for target acquisition, attack, e scort , and 
defense in parallel and in inte ract ion with the size of 
the carrier. The carrie r's onboard ASW and AAW defenses, 
and the defensive natu re of it s acc011pany i ng  ships,  have 
g rown as the oppos ition, mainly Soviet,  has become more 
capable . The consequence of having to provide defenses 
for such threat potent ials is a reduction in the offen
sive powe r of the car rie r's aviation assets in relation 
to their cost . Thi s  i s  even more dramatic if the cost of 
accompanyi ng  defensive ships is included . The g rowth of 
land-based and shipboard defense s  at and around targets 
has f u rthe r d imini shed the capability of the offensive 
a i r  powe r that remains on the c a r r ie r .  

In concrete te rms, the battle g roup cost i s  now spent 
to br i ng  approximately 70 attack a i rplanes wi thin range 
of target s.  The target complex includes naval force s ,  
land armies,  supporting enemy air forces,  i ncluding those 
attacking the car rie r force , and all supporting inf ra
structure and logistics assets.  In any but the most minor 
conf lict , 30 to 4 0  attac k a i rplane s pe r car rie r ,  using 
the simple ballistic weapons that cu rrently constitute 
the bulk of ou r a i r-delivered weapon i nventory , can do 
little damage to the opposing target complex unless they 
revisi t  it many time s ,  with cumulat i ve att rition that 
could be fatal in the case of adequate enemy defenses.  
I n  present circumstances the car rie r is the refore at ris k  
f o r  periods that a re t oo  long , the attack aircraft are 
likely to be lost to target-area defense s before their 
mission is completed , and the political consequences of 
long war and collateral non-tactical damage a re likely to 
be seve re . 

I t  appeared rational to the Panel that attention be 
paid to relieving the carrie r of as much of the bu rden as 
possible of performing its own defensive role and f reeing 
its assets for offense . No new concepts of the car rie r 
itself we re persuasive in the course of the study. The 
technology that is and will be available makes it possible 
to chang e these adverse and i nefficient t rends in two 
way s : by of f loading defensive •overhead• f rom the car rie r 
to inc rease the size of its offens ive air arm ;  and by 
i ncreasing the offensive powe r of that air a rm .  The 
car rie r and its attack aircraft do not have to change to 
u se this technology . The refore , we believe that the 
large-deck, conventional carrie r will continue to be the 
p rincipal ship for offensive naval aviat ion, and because 
of car rier costs and ship life t here probably will not be 
a sig nificantly la rg e r  number of them than there are 
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today . The si ze and conf ig uration of the carrie r do not 
appear to be driven by the potential of V/STOL o r  any of 
the othe r possible new systeas bei ng desc ribed .  

COMBAT SHIPS OTHER THAN CARRI ERS 

Recogni zing the advantag e s  of a more d i spersed and f lex
i ble task force and the proai se of a major advance in the 
survei l lance ho r i zons ,  the Panel g ave extensive attent ion 
to the task force support ships. A revised d i st r ibut ion 
of tactical respons i bilities can relieve the carrie r of 
aany of its support ai ssions in o rder to provide leeway 
for expandi ng  its offensive c apabilities.  

Combat ships othe r  than carriers have evolved as e s
corts to provide sens i ng , screeni ng ,  and forwa rd defense 
of c apital ( i . e . , highest-f i repower)  ships. They have 
also unde rtake n independent missions where the f i repowe r 
of capital ships was not needed . They have continued a s  
conventional-design combat ships because that has been the 
known technology , it was convenient , and there was no com
pe lling reason for mod i fyi ng hab itual operat ions.  As the 
carrier  has become the main capital ship , the other ships 
have becoae mai nly sensor and defense aissi le car ri e r s .  
They have also attempted to become aviation-capable t o  
the extent o f  operat i ng  he licopte r s ,  thus modestly extend
ing the reach of the i r  sensors,  priaa rily for ASW. Thi s  
evolution has lef t the carrier  a s  both the primary target 
and the center for defense , with the advent of the bOIIlber , 
subma r i ne and su rface ship with standof f guided weapons 
as the pr ime threats.  

Cu r rently ,  these convent ional support ships suffer the 
d i sadvantag e that even i n  modest sea state s ( 3  or 4) they 
c annot keep up with t he carriers  they support . Those 
that have the capability are often precluded f roa operat
ing the i r  aviat ion complement for ASW mi ssions in e ither 
the c a r r i e r-escort mode o r  for i ndependent assignaents. 
Moreove r ,  the reach of opposi ng  forces using cruise m i s
s i le s  now make s these ships suf f ic iently wlnerable to 
a ttac k  f r om  land or by submarines that independent opera
t ion outside the rad ius of carrie r based a i rc raft becoaes 
quest ionable�-larg e ly due to the lack of over-the-hori zon 
survei llanc e .  The Panel recognized that the possibilitie s  
of desig ni ng  ve ry long-range missiles f o r  attack and de
fense , and the advantages of separat i ng  sensors f rom 
weapon launche r s  by using the i nformat ion network,  might 
expand the missions of ships othe r than carriers  and aight 
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suggest renewed interest i n  othe r design concepts f o r  such 
ships. The Panel pursued several promising new ship con
cepts and commend s the following for major early attention 
by the Navy : 

1 .  Addition o f  the very long-rang e  missiles t o  pre sent 
conventional escort ship s .  These may be air de
fense SLAT missiles,  long-range ASW missiles ,  or 
land- and se a-attack cruise missile s .  These ships 
would obtain information needed and cOIIIDand for 
weapon launch f rom organic aircraft assets o r  the 
information network. 

2. Pre sent ASW support ships might s till operate heli
copte r s  as they do today . Howeve r ,  the radius of 
effectiveness could be extended by third-party 
targ eting and the installation of longe r-range ASW 
weapons. The third-party platforms could be RPV's,  
or a i rcraft from new-concept air-capable ships ,  or  
f rom land-based air a ssets. The extent of  missile 
car riage on these ships may be limited , but because 
the main sh ip construction cost is •sunk, • the cost 
pe r miss i le may not be hig h.  A 61-aissile VLS bay 
would repre sent reasonable firepowe r if reloadable 
after engagement s.  Some cur rent escort ships may 
be too small for even this modest load . 

3. New ships of conventional desig n specialized for 
the long-r ange m i ssile ca r riage/launch role could 
be built . If of monohull desig n, they might suffer 
ope rational limitations i n  moving with the carrier 
in rough sea s .  They could be designed to car ry  
many more miss i les than the refitted , conventional 
escort s--e . g . , some amphibious-type ships could 
car ry many standard VLS bays. 

4. For seakeeping and stability at car rie r speed s ,  
new designs such as SWATH or SES could be built 
for these expanded missions .  The Panel was im
pressed by the original work done by the David w .  
Taylor Naval Ship R&D Cente r ,  Naval Ocean Systems 
Cente r ,  and the Naval Sea Systems Command in ex
ploring new hull concept s  that show promise of 
providing stable platforms in high sea states, 
capable of speed s compatible with car rie r task 
force operations, but at substant ially smalle r 
tonnag e s  than mode r n  de stroye r s .  The configura
t ions of these ships of fer more than adequate space 
for i nternal stowage of missile s and launching 
systems for ASW , sea and land surf ace attack, and 
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ANtf a issions. They also offer the potent ial f o r  
the use o f  hel icopte r s  and othe r V/STOL and STOL 
a i rc raf t .  Thei r  relat ive prope rt ies a re desc r i bed  
i n  Table 1.  Som e  o f  the se ship designs also off e r  
spec ial advantages i n  t e eD s  o f  reduced vulne rabil
ity to ce rtai n  kinds of attack. The need for a i r  
capability aay der ive f roa the requ i reaent for 
se rvic i ng  ASW helicopte r s ,  RPV' s for • scout i ng •  
purposes,  or f o r  basi ng  and se rvicing o f  a i rcraf t 
to car ry senso r s  and he lp g uide SLAT inte rceptor 
or land-attack mi ssiles if for some reason the 
long-range , long -endurance land- or car rie r-based 
aviation i s  unavai lable or unacceptable for t h i s  
task. Ship caaplexity , s i ze , and cost will o b
viously i ncrease a s  aviat ion capability increase s ,  
s o  that careful system desig n would be needed to 
choose conf igurat ion, numbe r of ships, and re la
t ionship to the car r ie r .  

O n  balance , with all f actors taken i nto account , the SWATH 
design appears clearly preferable for the missi le-ship a nd  
AS W  surface sensor car r i e r  missions and a i rc r aft-capable 
support missions ( STOL) . The SBS design may lend it se lf 
bette r to aissions such as aJDph ibious assault where the 
densities of the load s ,  the potential for launching sup
port a i rcraft and the shallow d raft all cont r i bute to 
potent ial mi ssion succes s. 

In  all concepts where ships other than carriers operate 
far from othe r ships ( inc ludi ng  car riers) , they would be
caae vulne rable to •rollback• by saturation attacks. Thi s  
would be less true for a i r  attack i f  the ships were de
s ig ned for ANtf in coord i nat ion with the i nfoDDat ion net
wor k, but vulnerabi lity to submarine s  aight be i ncreased . 
Such ships, i n  the i r  •i ndependent• or task force •pe r iph
e ry• role might then ope rate in g roups of two or more for 
mutual support . W i th prope r  overhead i ntelligence , a 
s i ng le ship could car ry both ANtf and ASW SLAT mi ssile s.  
Attention to denial of i nfoCDat ion about the i r  pre sence 
through various technique s ,  some of which have bee n d i s
c ussed , becomes i ncreas i ng ly important as the i r  ope ration 
becomes more i ndependent . 

SHIP SELF DEFENSE 

Not unde r deve lopment , bu t needed , is a new concept of 
self-defense weapon system for the defense of major fleet 
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TABLE 1 S H I P T Y P E 

SES 
Cha r ac te r is t i c  Conve n t i onal Mod e r a te -Speed SWATH 

Mono h u l l  ( h ig h  leng th/beam) 

Speed in smoo th Sea I n te rmed i a t e  H i g hes t  Lowe s t  
( 5 0 - 6 0 ) 

Speed a t  Sea S ta t e  5 wo r s t  ( 1 5  k t  I n te rmed i a te Be s t  
max i mum p r ac t i ca l )  ( Roug h  • aide • l 

Ra nge ( nm i )  All compa rable i f  SES a t  comp a r able speed ( o rd e r  of 
4 0 0 0 - 8 0 0 0  nmi , depend i ng on cond i t i on s )  

Maneuve r a b i l i ty f o r  Le a s t  f o r  speed i n  Compa r able ove r a l l ; d i f f e r e n t  i n  d e ta i l  
s ta t ion - k e e p i ng i n  h ig h  seas ; be s t  f o r  
d i spe r s ed CBG t u r n s  

Vo l ume Ut i l i z a t ion Wo r s t  if d e s t roye r hu l l ; C 0 M P A R A B L E 
f o r  Mi s s i le Load be s t  if amph i bi o u s  

a s s a u l t  s h i p  h u l l  

Av i a t i on-c apable 1 helo , i f  d e s t r oye r he lo/V/STOL ; CTOL helo/V/STOL 
( i f so des igned ) hu-l l ; helo/V/STOL i f  a t  h i g h  speed 

amph i b i o u s  a s s a u l t  
s h i p  hu l l  

M i s s i les A L L C O M P A R A B L E 
Vulne r a bi l i ty 

To rpedoes Vu l n e r able Le s s  Vu lne r able Vulnerable 
i n  near term 

Cos t/Ton f o r  Ba s i c  Lea s t  Mo s t  ( c o s t  compa r i so n  I n te rmed i a te 
Hu l l  a nd Mac h i n e ry w i t h mono h u l l  co n f u sed 

by i n t roduc t i o n  o f  n ew 
s h i p  typ e )  
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e lement s ,  i . e . , carriers and particularly major combat 
ships other than carriers.  The targets in this defense 
mode are •leaker s•--those weapons that have been launched , 
have avoided or penetrated the long-range defenses, and 
are clos i ng  the ta rge t . Sinc e  these may include subma
r i ne-launched balli stic weapons, much complexity can ente r 
the overall defense concept from thi s sourc e .  The Panel 
bel ieves that technology will be available to solve t h i s  
p roblem, but the ship se lf-defense systems avai lable today 
bear l ittle resemblance to what wi ll be requi red . Expan
sion of these new technologies should be supported . I t  
i s  recognized , howeve r ,  that pr iorities and economy of 
resou rce s  may f irst d ictate the development of expanded 
long-range defenses against the platforms launching such 
weapons .  Defense against the unde r-kee l torpedo--not 
spec if ically conside red in this report--falls in t h i s  
category .  

AIRCRAFT PLATFORMS 

In general,  the f irst-line combat naval a i rcraf t as they 
a re today , a re l i kely, within the concepts examined , to 
cont i nue in the same or quite similar forms for the fore
seeable future . These include attack aircraf t ,  f ighte r s ,  
and sensor-car ry i ng  ai rcraf t such a s  the E - 3 ,  E-2, P- 3 ,  
and S- 3 .  A s  desc r ibed above , some o f  the onboard subsys
tems, payload s, and f unct ions of these ai rcraf t are l ikely 
to change as new system components, weapons, and opera
t ional concepts evolve . A few nove l a i rcraft type s,  some 
of them de r i ved d i rectly f rom a i rc r aft known today and 
some wholly new, wi l l  be of interest , and they me rit spe
cial ment ion. 

1.  It has always been u seful to have • scout • a i rc raft 
aboa rd ships for spec if ic reconnaissance . Recent 
e vents in the South Atlant ic have again served to 
dramatize the ind i spensabi lity of high-quality air 
and sea surve i llance ; preferably org anic to t he 
forc e .  The f loat plane s of World Wa r I I  have been 
replaced by helicopte rs on ships other than car
r i e r s �  �r such ships,  RPV's might serve thi s  pur
pose--e . g . , the range/payload/response-t ime char
acte r i stics of such a craf t may wel l  just ify the 
add itional expense and ope rat ional problems of 
launching and recove r i ng  such ai rcraf t .  The mis
s ion would be a •gap f i lle r •  for uncertaint ies in 
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the main inforaation network resulting f roa spot 
f ailu res or enemy ac tion. 

2 .  New V/STOL aircraft analogous to helicopters prom
ise range/payload/speed characte ristics that war
rant conside ring them as helicopte r replaceJDents 
for such dive rse missions as ASW localization, ASW 
SLAT, amphibious assault , and CX>D . TO be truly 
useful,  such concepts should be mated with new 
stable-deck ship concepts such as the SWATH (or 
SES for assault) . 

3 .  Technology potentially available i n  the near f uture 
would appea r to make feasi ble aircraf t with operat
ing altitudes in the vicinity of 70, 000 ft and 
durations on station f rom two to three days over 
most of the ocean a reas of inte rest , using land 
base s accessible to the United State s.  The advent 
of such aircraft could have a major impact on f leet 
effec tiveness if used as sensor and relay ca r rier s ,  
t o  augment and provide redundant ( f ailure-resis
tant) capability for ITSS and MILSAT and re lated 
missions of targ et localization (e . g . ,  as PLSS-type 
platforms for attacking air defense s on land or on 
enemy ships) . Such airc raft could become links to 
the combat f leet fo r convoy command , car rying in
struments and communications for target sensing 
and location and weapons call-up , and assistance 
in third-party g uidance . These f unctions, along 
with direction of the platform ,  can be automated 
or commanded f rom the surf ace , requiring minimal 
or no onboa rd crew. They would not car ry weapons .  

The characte ristics o f  these airc raft ( low 
speed , light structure , outsize dimensions) JUke 
them generally unsuitable for car rie r operations .  
Th e  t ime t o  reach station i n  ope rations f rom land 
could be an undesirable "force multiplier" where 
ove r-ocean distance s are la rg e .  It may well be 
desirable to configure some suitable ships, such 
as SWATH's or SBS' s with clean decks,  to launch 
and recove r these airc raft as staging bases. 

As pa rt of its review of future technologies 
the Panel addressed the potential of f uels other 
than synthetic JP- 5 .  One fuel that promise s maj or 
pe rformance advantages is liquid hydrogen (LH2) • 
It can enhance the altitude and duration pe rfor
mance of the high-altitude platform in a· major 
way , and , since this system is conceived as mainly 
g round based and needs few bases worldwide , it may 
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be profitable to devise a program of re search and 
demonstration to confirm the promise of this appl i 
cation. It appears that high-alt itude duration on 
station could be increased up to 50 percent by t he 
u se of LH2 due to its high energy density pe r 
pound and the potential of achieving laminar flow 
over major areas of the airplane by surface cool
ing . The use of cryogenic temperatures for elec
tronic elements was not explorea but would also be 
possible and beneficia l .  

4 .  Continuation o f  • conventional "  V/STOL combat air
craft developments such as the AV-88 for support i ng 
amph i bious operat ions will also offer f leet opera
t ional flexibility for such thing s as independent 
operation of ships other than carrie r s ,  and should 
not be neg lected . 

N BC AND DI RECTED ENERGY 

The naval advantage in a nuclea r, biological, or chemica l 
(NBC ) war at sea goes to the side whose aim is sea denial ,  
rather than sea contro l .  Because the United States and 
its allies must rely on sea control to support specific 
interests and objectives while the interior l ine s of the 
USSR make pu re sea aenial a viable strategy for them , 
preventing Soviet success in NBC war at sea becomes a 
vital task of the Navy in accomplishing its wartime mis
sion of sea control . If we are to prevent NBC war o r , 
indeed, any wa r at sea, we must employ technolog ies that 
ensure a cred ible deter rence in the tactical as we ll a s  
the strategic arena .  

One can speculate o n  the possibi lity o f  purely tactical 
employment of nuclear weapons , i. e . , employed only against 
targets at sea of recognized military importance with 
minimal collateral damage to land area s .  It i s  also quite 
possible that chemical weapons could be di rectea toward 
Ame r ican force s at sea . The circumstances under which a 
biological agent might be employed against u.s. naval 
forces are le ss clear, but intelligence estimates recog 
nize biological wa rfare as a ve ry real threat . ou r pres
ent postu re of vulnerabi l i ty to the NBC environme nt doe s 
not support c redible dete r rence, but rathe r  may tena to 
invite the situation ou r policy wi she s to deter. 

It is also very clear that the Soviets are making eve r y  
effo r t  t o  achieve a n  operat ional capability with a f i r s t
g enerat ion, space-based, high-energy laser weapon system 
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able to destroy satellites tha t  may be key to the sur v ival 
of ITSS and Navy communicat ions . Intell igence estimates 
g i ve the Soviets the capabil i ty of deploy ing d i rected
ene rg y  sate l l ite weapons in space by the 1 9 9 0 ' s .  The se 
cou ld put u.s. sate l l ites at r i s k  and potent ially pose a 
th reat to a i rc r af t .  At lowe r levels , a i rborne and ship
bor ne laser weapons of modest powe r can destroy senso r s  
and seeke r s  o n  m i ss i le s  and a i rc raft unless protect ive 
counte rmeasures become pa r t  of the sys tem des igns . ( The 
De fense Sc ience Board has recently stud ied th i s  problem 
for land wa r fare , with results that are d i rectly appl i
cable to Navy systems . )  

On the othe r s ide of the co i n ,  one of the most impor
tant requ i rements of the next maj o r  wa r--and ce rtainly 
one of par amount importance to the Navy--w ill be to se lec
tive ly destroy enemy surve i l lance and communications sat
e l l i te s .  

I t  i s  appropr iate t o  note that an inc rease in the leve l  
o t  conf lict i s  accompanied by an inc rease in the proba
bil ity of employment of nuclear , biolog ical , or chem ical 
weapons .  Intent ions cannot be de te rmined , but capabi l i 
t ie s  can f r e quently be asse ssed . The Soviet Un ion h a s  a 
relat ive ly g reate r capabi l i ty to ope rate i n  an NBC envi
ronment and to wag e of fens ive nuc lear or chemical wa rfare 
(CW) • Consequently , we mu s t  do wha t i s  reasonable and 
feasible to reduce the vulnerabi l i t ies of the surface 
platforms , a i rcraf t ,  and pe r sonne l .  Ships , l i ke all othe r 
" t a rgets , "  cannot survive a d i rect h i t  trom a nuc lear 
weapon . Howeve r ,  succe s s  in the i nformation wa r ,  a s  we 
have de f i ned i t ,  can go a long way in reduc i ng the proba
b i l i ty · of such a a i r ec t  h i t  on any ship.  In add i t ion , 
act ions can be taken to improve sh ips ' ha rdness to the 
"che ap k i l l "  ( ne a r  misse s and a rea-wide ef fects such as 
EMP) • Li kew i se , i t  i s  d i ff icult to protect the ships and 
men in the fleet today from the ef fec t s  of d i rect h i t s  of 
chem ical or biolog ical proj ec t i le s .  Steps can be take n ,  
howeve r ,  t o  m i t igate t h e  e f fec t s  of chemical warfare and , 
to a larg e  extent , to reduce the dang e r  of near m i sse s  or 
ind i rect attac k s .  The deve lopme nt of at least minimum 
protect ive measu re s ,  includ ing posit ive-pre ssure ve nt i la
tion systems for new ships , decontaminat ion technique s ,  
tac t i c s ,  and train ing , i s  impor tant . 

Of pa r t icula r  importance to naval aviation , the Navy 
mus t : 

o As sess and cor rect as appropr iate or requ i red the 
EMP vulne r ab i l i ty of weapons , naval a i rcraf t ,  com
bat systems , and v i tal c3 . 
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o Ensure the exi stence of an appropriate nuclear and 
chemical retaliatory capabi lity .  

o Ensu re that electro-opt ical/optical systems a r e  
provided with protection ag ainst low/med ium-energ y 
d i rected-ene rg y weapons.  

o Develop and provide appropri ate pe rsonal protec
t ion gear and decontamination equipment to pe rmit 
f light-deck operat ions subsequent to CW contami
nati ng  attack.  

o Provide f l ight crews with protection against f lash
blindnes s.  

o Ta ke othe r defensi ve measu res i n  retrof it or new 
ship design, such as posi t i ve-pressu re vent i lat ion 
systems and decontaminat ion techniques,  that w i l l  
he lp ship su rvival i n  a radioactive or  chemical
release e nvi ronment . 

BALLISTIC MISSILES I N  NAVAL WARFARE 

The capabi l i ty obviously exists today to launch balli s t ic 
miss i le s  f rom surface ships and subma rine s  against tact i
cal targ e t s  having reasonably pred ictable locat ion s .  
CEP' s f o r  unguided traj ectories a re st i l l  suff icient ly 
large that a unitary ballistic warhead with convent ional 
explosive s is unlikely to hit and damage a ship . Bomblet 
warhead s  may achieve hits, but with few enough bomblet s  
f rom the patte rn that damage may be minimal . The problem 
becomes e ven more d iff icult for the attack if the target 
move s and can maneuve r when a launch i s  detected . For 
example , a ship at 2 8  kt can move a mile i n  an e ssent ially 
random d i rection i n  about two minute s .  Given the l imited 
missile loads on ships, expenditure of those loads in 
thi s manne r would not be viable . 

Thi s  picture changes, of cou rse ,  if the warhead can be 
g u ided so that each of one o r  two missile s  i s  l i kely to 
hit the targ e t .  Then the attack will have the advantag e  
o f  sho rt re sponse t ime , complicat i ng the defense , and the 
combinat ion of high explos i ve (which can be d i st r i buted 
in submuni t ions against ta rgets l i ke car r ier s) and kinet ic 
e ne rgy can be especially destruct i ve .  The USSR is known 
to rely on command g uidance for many of i t s  missile sy s
tems . For terminal g uidance of TBM warheads at sea, the 
g u idance vehicle--ai rcraf t ,  ship , or submarine--would 
have to approach close enough to the carrier battle g roup 
to come unde r its defensive a i r  umbrella, which would not 
be pract ical.  (Te rminal g uidance by satell i te would , of 
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course , avoid thi s  problem. )  Howeve r ,  i t  appears reason
able that over the next 10 to 20 years both the u . s .  and 
the USSR could develop radar or e lec tro-optical tecainal 
haling systems that could withstand the reentry envi ron
.ant . In that case , ballist ic aissile attacks against 
high-value surface ships could becoae a aore realistic 
threat . The defensive systeas described he re for use 
against cruise missiles could be adapted to meet such 
attac ks--e . g . , success in the i nfocaation war would pro
vide early warning of launch, deny target infocaation, 
and confuse tecainal g uidanc e .  I t  may also be found 
desirable to give an A'JM intercept c apability to ship 
self-defense aissiles,  a capability which is achievable 
today . 

The main point is that for these defenses to work the 
Navy aust be alert for signs that they are needed so that 
they can be brought into being . It will also be worth 
assessing the ballistic missile technological opportuni
ties periodically to asce rtain when weapon capability and 
economics justify adoption of the technology into weapon 
systems. 

RELIABILITY 

An important technology , eme rging pa rticularly from in
teg rated circ uit computer technology , is the increasing 
ability to make complicated systems work, and to continue 
to work with little or no attention, in severe environ
aent s, for long operating periods. The combination of 
c arefully designed and built systems incorporating redun
dancy , automatic fault detection and self correction, and 
aethods for t he manageme nt of system diversity in case of 
degradation will make it possible to operate the kinds of 
systems described here with high states of readiness and 
effectiveness.  This will not happen accidentally J the 
technology for re liability management must be developed 
fu rthe r and must be used . The high costs of unre liabil
ity ( logistics costs, manpower costs, and mission f ail
ure)  aust consciously be faced in the lig ht of potential 
saving s and operational enhancement accruing from super
reliability . The necessa ry costs in design and manufac
turing time , effort , and money will,  of course , have to 
be paid to ensu re super reliable ( •we lded shut") systems. 
The choices between re liability and maintainability must 
be aade in terms of ope rating system cost s, and must be 
tested not only to prove that the goals have been 
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achieved , but to develop conf idence in the constant readi
ness of such systems. Thi s  conf idence is e s sent ial to 
the commande r depending on such systems and it  i s  also 
e ssential to prevent normal but costly logistics and 
maintenance planni ng and hand ling . 

MAN POWER REDUCTION 

The developing technologies of elect ronics, sensor s ,  com
puter control, and robotics can be u sed to reduce d r asti
cally the need for continuous human monitor i ng  and i nter
vention i n  ope ration and maintenance of naval machine ry 
in engine rooms and elsewhe re aboa rd ship . 

Many continuous watch-s tand i ng  operat ions can be re
placed by automatic control and ala rm machine ry . Such 
systems can be more reliable , and can cope more effec
tively with damage , than those with human i ntervention. 
De signs which remove the necessity for f requent human 
intervent ion also reduce operating costs substantially . 
Regular maintenance and moni toring of the need for main
te nance can be done by instrumentation, and , thus pin
pointed , the maintenance can be done with few people of 
high skil l s .  Re lieved o f  the necessity f o r  onerous watch
standing , these jobs will attract the interest of skilled 
specialists and each individual can hand le many more sy s
tems. The obj ective should be ve ry l ittle attent ion to 
machine ry , with light majo r  overhaul for those systems 
which instr umentat ion indicates a re approaching f ailu re . 
Human moni to r i ng  can rare ly predict i nc ipient f ailu re 
whe re inst rumentation can. 

The damage control problem should be reexamined i n  
te rms o f  modern mate rials and desig n  f o r  failure and main
tenance technology , with analysis of modes of damage and 
f ailu re . Careful desig n and p repositioned mater i al s  and 
replacement system elements can cope w i th l i ke ly f ailu re 
and damag e event s .  Designs for damag e technique s a re 
well developed . Redundancy, alternate cable rout i ng  
paths, fire control measure s ,  robotics, etc . ,  will reduce 
the possibility of major deg r adat ion f rom minor damag e ,  
and can maintain essential f unct ions i n  the f ace o f  major 
damage . 

Combat systems are becomi ng  more automat ic and compute r 
managed J thi s t rend should be encouraged so that the max
imum of combat ope rations can be r un with the minimum 
numbe r of people .  The mode s of operation under deg raded 
conditions, whethe r f rom battle damage or other f ailu re , 
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should ,  to the extent possible , be designed in. If care
f ully done , a s  the syste• deg rades it should be capable 
of being operated by fewer and fewer people , so that the 
reduced crew remai ns adequate for the dec reased capabi l i
ty of the combat sy stems. Automat ic ope rat ion and under
standable warni ng s  of potent ial malfunction can cut down 
t he necessity for 24-hr watches, thus furthe r reducing 
manpowe r .  

SHIP PROPULSION ELECTRIC MACHINERY 

Even though most of the u . s .  Navy ' s f leet of su rface wa r
ships w i ll be, in the near f uture , g as turbine propelled , 
the advantages i nhe rent i n  usi ng gas turbine s  i n  the de
s ign of warships have yet to be f ully exploited . 

New powe r transmi ssion technolog ies could f ree the 
ship's most desi rable real estate--the midships area--f rom 
havi ng to be re served almost exc lusively for machine ry 
spaces, i ntakes,  and uptakes.  Today, the need to have 
the propulsion plant ' s  prime move r in line w i th the shaf t 
and propellor means that the pr ime move r i tself must be 
posit ioned fa i r ly low in the ship . Because the unde rwater 
hull form of a typical warship has to be s lende r and gent
ly r i sing f rom the kee l amidships to the stern, the powe r 
plant also requ i res a location f airly forward in the hull. 
These two requ i rement s combined mean the powe r plant of 
today must be both low i n  the ship and cons ide rably for
wa rd of the stern.  That combi nation was conside red ac
ceptable with steam propulsion plant s because the i r  we ight 
and space demands forced location amid ship , and low for 
prope r weight d i stribut ion. Gas tu rbi nes are light by 
traditional powe r plant standa rd s .  The LM 2 5 0 0 ,  for ex
ample , weighs only 11, 0 0 0  lb. Because of the habitual 
powe r plant locat ion, today' s gas turbi ne is f u rthe r 
penalized because the enormous quant ities of a i r  it con
sume s  must be brought in,  and later exhausted, through 
large ducts that u se up valuable hull volume and cause 
the deck s of a warship to look li ke Swi ss cheese whe re 
the structural integ rity should be maintained . 

It seems clear that , to take full advantag e of the 
i nherent characte r i st ics of a i rcraf t-de r i vative g as tur
bi ne s ,  technolog ies that are known should be applied to 
decouple g as turbines f rom the t rad itional shaf t dr ive 
line ,  and locate these uni ts whe re volume for intake and 
exhaust i s  minimized and noi se suppression simplif ied . 
One promising poss i bility is the deve lopment of electric 
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gene rato r s  and d r i ve un i t s  which explo i t  the eff ic iency 
and nea r-ze ro el-ec t r ical resi stance of sy stems cooled to 
ext reme ly low tempe rature s .  

Because o f  the i ncreased e f f ic iency o f  supe rconduc t i ve 
sy stem s ,  the we ight s and volume s of plant s inco rpo rat i ng 
such systems need to be only 2 0  to 25 pe rcent the we ight 
of convent ional e lec t r ical machine ry ,  and the i r  use would 
allow g a s  turbine s  to reach the i r  full potent ial as naval 
ship propuls ion pr ime move r s .  

De velopment o f  suc h  plants wou ld undoubted ly lead to 
maj o r  be nef ic i a l  chang e s  in naval ship conf ig u ration. 
The reduc t ion gea r ,  most of the propulsion shaf t i ng , and 
a s ig n i f icant po rt ion of the a i r  i ntake and uptake duc t
wor k  could be e l im i nated . Pre sent CRP (controllable re
ve r s i ble p i tch) propello r s  cou ld be replaced with f ixed 
p i tch prope llo r s .  Ma i n  propuls ion g a s  turbines would no 
longe r  have to be in l i ne with the propellor , but cou ld 
be moved to the ship ' s stern,  ma k i ng  the mid ships area 
avai lable for bigg e r ,  and mo re convenient ly posit ioned , 
e lect ronic and weapon payload s .  I t  should be noted tha t  
the separat ion of the pr ime d r i ve r  ( t u r bine) f rom the 
d r i ven machine ry  ( shaf t and prope lle r )  is ideally suited 
for new concept ships l i ke the SWATH or SES . 

SUMMARY, CONCLUSIONS, AND RECOMME N DATIONS 

The Pane l commend s the Navy , the othe r milita ry ser vice s ,  
DOD , and NASA for t he steady support ove r the year s o f  a 
bas i c  resea rch,  deve lopment , and demonstration prog r am 
provid i ng  steady improvements i n  ae rodynamic s , ship de
s i g n ,  analy t ical method s ,  control s  and control sy stem s ,  
mate r i al s ,  s t r ucture s ,  and propulsion systems.  Thi s  pro
g r am  make s i t  pos s i ble to real i ze the vision of the f utu re 
Navy we have pre sented . I t  must conti nue and should be 
augmented i n  the demonst rat ion of new sens i ng , communic a
t ion, g u idanc e ,  and cont rol technique s ,  st ructural mate
r i al s ,  the use of alternate f ue l s ,  the technique s .for 
VTOL , and new ship desig n s  for rede f i ned naval avi at ion 
m i s s ion s .  The Navy i s  u rged t o  see k joint prog rams within 
DOD and with NASA i n  support of the se technolog ies,  and 
to ma ke max imum use of development s by ou r allie s .  

Mo re spec i f ically ,  the Panel recommend s  that the Navy 
init iate these effort s : 

1 .  Exp lore and g r adually 
ITS S  concept , total 

deve lop , 
ne two r k  

bu i ld i ng  on the 
de signs f o r  eli 
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uti lizing space and a i rcraft links in support of 
majo r  tas k force s for sea control ,  land attack, 
convoy missions, and land-based Navy systems 
designed for surve i llance or ASW , strateg ic com
municat ions, and task force support . RiD should 
be initiated for the elements of such systems that 
are not in cur rent programs. Part icular emphasis 
should be placed on methods of target acquisition 
and communicat ion that will not identify the pres
ence of otherwi se ha rd-to-f ind platforms . Thi s  
latte r ef fort combined with ove r-the-horizon tar
geting need s suggests emphas i s  on th i rd-pa rty tar
geting concepts and the forward-pass handling of 
longe r-range guided weapons .  

2. Ma jor concept def init ion efforts should be initi
ated to def ine the ae ronaut ical subsystems that 
will match the expanded horizon made possi ble by 
total network concept s .  The Pane l believe s that 
the following platforms and weapons wi ll emerge: 

a . A subsonic V/STOL a i rcraft to provide organic 
air surveillance and targeting of mi ssiles in 
the •forwa rd pas s• mode .  Such ai rcraf t should 
also have autonomous a i r-to-ai r  m i ssile capa
bility and might car ry alte rnative elect ronic 
complements for e lectronic warfare or possibly 
ASW (SLAT) missions.  

b.  A long-duration, land-based , minimum (or no) 
crew, high-altitude clx platform to supple
ment space systems and act as a ta rget locali
zation and g uidance e lement for smart weapons 
launched from othe r platforms and as a communi
cations link to othe r units of the force . Such 
a platfo rm should also be useful in land-based 
ASW missions and for communicat ions with sub
me rsible s .  Thi s  platfo rm would be an appro
priate vehicle for expe r imentat ion with exot ic, 
high-ene rgy fuels such as liquid hydrogen. 

c .  Long-r ange surf ace-to-ai r and su rf ace-to
subsu rface mi ssiles (4 0 0  nmi and much longer 
as necessary and possible) for use f rom ships 
othe r than ca r r ie r s ,  d i s t r i buted ove r  the area 
dominated by the task force , called up by 
co111Dand through, and guided by ,  information 
acqui red by d ive rse ai rborne platforms . 

d .  A long-range •intelligent• cru i se mi ssile 
(pe rhaps up to 1 0 0 0  nmi range, depend i ng  on 
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payload) , a l so for launc h  f rom su rf ace ships 
othe r than car r ie r s .  Th i s  weapo n, too , will 
be targ eted and part i ally g u ided throug h a i r
bo r ne o r  spaceborne platfo rm s .  Th i s  missile 
is  for anti- s u rf ace ship targ et s  and for high
value land t a rget s ,  probably with a va riety of 
te rm i nal g u idance sy stems and wa rhead s .  

e .  Othe r applicat ions that have be e n  mentioned i n 
t he preced i ng  d i sc u ssion, such as the u se of 
convent ional f ig hte r or V/STOL a i rcraft to 
g u ide m i s s i le s  in the SLAT mode , and RPVs f o r  
spot reconnai ssance and f i l l i ng of i nformation 
g ap s .  

3. I t  appeared to the Panel that new ship concepts i n  
the of f i ng c a n  g reat ly enhance the pe rformance of 
the network/f o rwa rd-pass mode s  of at tac k  and de
fense now made pos s i ble by expec ted technolog ie s .  
The se prog r ams appeared t o  be feas i ble t o  d e f i ne 
now and a r e  recommended : 

a .  A SWATH ship f o r  c a r ry i ng and launc h i ng  the 
weapon s  of i tems 2c and 2d above . Such a ship 
platform could a l so be useful as an ASW senso r 
ope rat i ng eleme nt of t h e  battle g roup AS W  e f 
fort . The SWATH hull form also appea r s  t o  be 
the ideal approach to mode st-s i ze a i r-c apable 
ships . It is sugge sted that such ships could 
be base s for ASW ai rborne asset s and cou ld 
se rve as a refue l i ng stag i ng  base for the a i r
c raf t desc r i bed i n  item 2a above . 

b. The surface ef fect ship state of the art also 
appears ready to suppo rt conceptual and p robab
ly larg e-scale test and demonstrat ion prog r ams. 
I t  appea red to the Pane l that application of 
t h i s  hull form with i t s  low d raft requi rement 
i s  nea r ly ideal for assault role s whe re V/STOL 
a i rc r aft a re needed and pe rhaps roll-on-roll
of f dut i e s  whe re V/STOL a i rcraft suppo rt could 
a l so be u sef ul.  

c .  To obtai n  p lann i ng  data to he lp design for the 
most e f f ic ient aviat ion applications of the 
SWATH hu l l  forms, a concept def init ion e f fort 
should be i n i t i ated to dete rmine the i r  ut i l i ty 
a s  stag i ng  ships or bases for V/STOL and p i lot
le s s  a i rc raf t .  Such dec k s  wi th i n  the task 
force wou ld r e lieve t he c a r r i e r s  of some sup-
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port and defense duties a nd  allow a n  increased 
car rie r complement of combat aircraf t .  This 
is independent of the application of the SWATH 
as a platform for long-range missile s ,  which 
the Panel firmly recommends. 

4 .  Attention i s  needed to streng then ship self defense 
within the ove rall network/long-range defense um
brella, to mee t  the threat of hostile weapons leak
ing through.  

5 .  The system complexity implicit in the • networ k •  
concept will require special •make it work•  pro
g r ams for system hardware e lements and to assist 
in a smooth transition f rom today's Navy to the 
one we have visualized . For the f i rst purpose , 
the Navy can,  for example , select component s and 
subsystems f rom present o r  newly des igned elec
tronic and compute r units to redesign into •welded 
shut iron box• form ,  whe re the concept is to de
sig n,  test , instal l ,  and neve r touch ag ain--a sys
tem element requiring no more attent ion than basic 
structure . Such an expe rimental prog ram could 
point the way to f uture system programs . It is 
not intended to l imit this welded shut i ron box to 
clr elements of the ove rall system. 

More generally , the Pane l suggest s that the 
transition to the new system designs can be a ided , 
and their chance s of successful implementation 
g reatly enhanced , if the Navy begins early experi
mentation with var iou s concepts usi ng ex i sting 
component s ,  for part s  of the informat ion networ k 
and to test system concept s such as forwa rd cont rol 
of weapons to ove r-the-horizon targets. Ult imate
ly , it will be nece ssa ry to build operational ve r
sions of the information, missile , and ship systems 
to gain real expe rience in actual fleet t rials and 
ope rat ions. As we have i nd icated throughout, there 
is g reat f lexibi lity in the use of platforms for 
sensors,  communications , and long-range missiles, 
so that gradual and reasonable incorporation of 
the more efficient and effective ships and airc raft 
we have described is possible in paralle l with 
adaptation of ex isting ships and aircraft to the 
new mode s of ope ration. 

Additional comments on se lective application of othe r  
classified technologie s are contained i n  a n  appropriate ly 
c lass ified annex to this report . 
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Terms of Reference 
PANEL ON THE IMPLICATIONS OF ADVANCING 

TECHNOLOGY FOR NAVAL AVIATION 

CU r rent Navy plans i nclude a pr011inent role for carrier
based a i rc raf t extending well into the next centu ry . These 
plans a re accompanied by a recognition that developaents 
a long a variety of technolog ical line s  aay signif icantly 
i nf luence the operational viability of the platform and ita 
a i rc raf t .  I n  o rde r bette r to · unde rstand these developaenta 
a nd  the i r  implications, to ident ify aeans by which the per
formance of the car rie r and the effect iveness of its a i r
c raft can be enhanced , and to a ssess those technical trends 
which individually o r  i n  coabination will serve to define 
n aval aviat ion of the 21 st Centu ry , the Naval S tud ies Board 
p ropose s to conduct a study beg inning i n  the early fall of 
this year.  

Spec if ically , the Board propose s to establi sh a Panel 
on the Iaplications of Advancing Technology for Naval Avi a
t ion to conduct an evaluation of those technolog ies l i kely 
to def ine o r  i nfluence the characte r i st ic s  of naval aviation 
in the pe riod beyond the yea r 2000.  The study will focus 
on those technolog ies affecti ng  aviation baaed at sea ,  and 
will concentrate on the following a reas of concern a 

o Ex i st i ng  or eae rg i ng  technolog ies which hold 
promise of iaproving the ope rational viability 
and utility of the carrier  and its ai rcraft , or 
providing alternat ives.  The operational envi ron
aent to be conside red wi ll include the presence 
and possible use of theatre nuclear weapons. 

o An asse ssment of those sc ientific and technical 
trends which may contr ibute to a def inition of 
the gene rat ion of naval aviat ion which will follow 
present and developing ship and ai rc raft designs. 

o The role of command , control , and communications 
(Cl) ,  and i ts potent ial for enhanc ing the oper
ational pe rformance of naval aviation. 

The study will adopt a systems approach i n  which the 
rei nforc i ng  effect of combinat ions of eleaenta ( e . g . , sat
ellite surve illance in conj unction with tactical a i rc raft 
and/or tactical cruise missile s) are conside red . 
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