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Preface 

The interest in the use of shipborne aircraft is widespread among NATO countries. Major weapons systems like aircraft carriers 
with conventional fixed-wing aircraft, VSTOL aircraft or helicopters embarked, are operated by the United States, the United 
Kingdom, France, Italy and Spain. Nearly all NATO countries employ various classes of smaller ships as helicopter platforms 
for amphibious assault, anti-submarine warfare or search and rescue. 

The deployment of aircraft on board ships presents unusual and difficult technical and operational problems! Considering the 
multi-national interest in aircraft/ship operations it was considered meaningful~and timely for the Flight'Mechanics Panel to 
sponsor a symposium on this topic:This symposium considered problems of mutual interest<,'connected with fixed and rotary 
wing aircraft operations from ships, and the application of n,ew technology to enhance such operations. 

The Symposiumzeviewed and assessed the current problems and possible future progress in: ' ,. . 

- The ship environment in terms of wind, temperature, precipitation, turbulence and deck motion,' 

-Guidance, Controls and Displays, primarily in the approach and landing phase.' 

- Flight Test and Simulation Techniques. 

-Launch, Recovery and Handling Systems Developments. 

- Operational/Pilot Views and Future Developments. 

This Technical Evaluation Report evaluates the presentations and discussions in each session, draws relevant conclusions and, 
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makes rccommendations for future activities in this area. 1 . I  

! $  

. .  
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La mise cn oeuvre d'aironefs embarques suscite un vif interet dans les diffirents pays membres de I'OTAN. Les systemes 
d'armes majeurs que sont les porte-avions dotes soit de chasseurs conventionnels B voilure fixe, soit d'avions VSTOL, soit 
d'h8icopteres embarquis, sont en service aux Etats-Unis, au Royaume-Uni, en France, en Italie et en Espagne. La quasi- 
totaliti des pays memhres de I'OTAN utilise divers type de navires de moindre tonnage en tant que porte-helicopthes pour 
I'assaut amphibie, la guerre anti-sous-marine et les missions de recherche et sauvetage. 

Le diploiement d'avions embarques i partir de bitiments de guerre pose des problimes techniques et operationnels 
specifiques et difficiles. Etant donne l'intirit multi-national manifest6 pour les opirations aeronef-navire, le Panel a jug6 
opportun et positif d'organiser un symposium sur ce sujet. Le symposium a cxamini certains problemes d'interit mutuel 
concernant la mise en ouevre de aeronefs embarque i voilure fixe et i voilure tourante, ainsi que les applications possibles des 
nouvelles technologies pour accroitre I'efficacite de telles operations. 

Le symposium a examine et evalui 1es problimes actuels qui se posent et une evolution future possible dans les domaines 
suivants: 

- I'environnement navire, sous les aspects vent, tempirature, precipitations, turbulence et mouvements du pont. 

~ le guidage, les commandes et la visualisation, principalement 101s des phases de d'approche et datterrissage. 

- les techniques de  simulation et d'essais en vol. 

- le diveloppement de systemes de lancemeot, de recueil et de manutention. 

- les aspects operationnels/points de vue des pilotes, et les diveloppements futurs. 

Ce Rapport d'Evaluation Technique evalue les presentations et les discussions qui ant eu lieu lors de chaque session, en tire les 
conclusions qui s'imposent et soumet des recommandations concernant des activitb futures dans ce domaine. 

iii 
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Introduction 

The combination of ships and aircraft 
into a war fighting system may be the best 
oossible exemulification of the word 
synergism. Ceri 
the use of shi 
weapons system 
countries opera 
ships. By 198t 
the Aircraft 
planned, the Un 
an Italv all hac 

inly, worldwide interest in 
3orne aircraft as a major 
s very broad. Many NATO 

2 fixed wing aircraft from 
as the AGARD symposium on 

hip Interface was being 
ed States, England, France, 
fixed wina caoable aircraft 

carriers. Since then Spain has been added 
to the list with the completion of the 
Principe de Asturias and France has laid 
plans for both new carriers and new carrier- 
based fixed wing aircraft. 

Additionally, the use of ships as 
helicopter platforms is extensive in the 
NATO community and brings another import 
dimension to the aircraft/ship interface 
issue. The helicopter is fast approaching a 
half century of service as a weapons system. 
From humble beginnings in World War 11, 
largely in the roles of observation 
platforms and search and rescue vehicles, 
rotorcraft have evolved to a principal force 
in the modern battle scenario. In the war 
at sea, the helicopter forms an integral 
part of a task force capable of launching 
devastating firepower at surface and 
subsurface targets. Aided by communications 
and data 1 inks, the he1 icopter effectively 
becomes the extended sensor of the task 
force itself. Technology has made the 
helicopter into a tank killer, troop 
transport and night observation platform. 
In the most unlikely arena, air-to-air 
combat, modern weaponry has shown the 
helicopter to be effective against even high 
performance tactical aircraft. Certain 
weapons and tactics have permitted the 
exploitation of the helicopter’s unique 
ability to point and aim rapidly. These 
factors coupled with the low comparative 
cost of the helicopter, has given it a 
significant role in many national arsenals. 
Thus, it seemed that both fixed wing and 
rotary wing aviation deserved equal billing 
in the Aircraft/Ship Interface Symposium 
which is the subject of this Technical 

Evaluation Report. This symposium was held 
in Seville, Spain, from 20 to 23 May 1991 
and was the first symposium sponsored by the 
AGARD Flight Mechanics Panel devoted to this 
topic. 

Review of the Technical Proqram 

The symposium contained twenty-fi ve 
under the following presentations grouped 

six session topics: 

Session I - 

Session I1 - 

Session I11 - 

Session IV - 

Session V - 

Session VI - 

Keynote Addresses 

Ship Environment 

Guidance, Controls, 
and Oisplays 

Flight Test and 
Simulation Tech 
niques 

Launch, Recovery, 
andHandling Systems 
Development 

Operational Views 
(from the pilot) and 
Future Developments 

The welcoming remarks by ADM Martin- 
Graniza and the keynote addresses by ADM 
Parcells and ADM Burn set the stage for not 
only this symposium but for the future of 
naval airpower. These speakers reflected on 
common issues. Instability and turmoil are 
growing throughout the world and the 
decrease in superpower confrontations with 
the attendant decline in defense budgets 
will make it hard to maintain an essential 
defense posture. These issues are further 
compounded by the suspicion that the Soviets 
will not change their military posture very 
much, very quickly and will be driven to 
sell Soviet weaponry to third world nations 
in a search for hard currency. It is likely 
that it is a neutral environment in which 
crises will most likely develop. It is also 
likely that combined airpower and seapower 
will provide the cost effective solution. 
These conditions point to the importance of 
a naval air force. As budgets decline, the 
highest order of imagination and scientific 



a p p l i c a t i o n  w i l l  be r e q u i r e d  t o  develop t h e  
a p p l i c a b i l i t y  and a v a i l a b i l i t y  o f  naval  a i r  
power i n  an a f f o r d a b l e  manner. As r e f i n e d  
as t h e  s t a t e - o f - t h e - a r t  i s  c u r r e n t l y ,  much 
remains t o  be done. 

E f f o r t s  a re  needed t o  p rov ide  

- A i r c r a f t  des ign  p e n a l t i e s  
e x t r a c t e d  by t h e  need t o  opera te  
f rom ships.  

- A i r  v e h i c l e  a g i l i t y  i n  t h e  
l a n d i n g  and t a k e o f f  phases o f  
f l i g h t .  

- Landing a ids  t o  pe rm i t  a l l  
weather opera t ions ,  i n c l u d i n g  
f u l l y  automat ic  l a n d i n g  systems 
f o r  a l l  c lasses  o f  a i r c r a f t .  

- A i r c r a f t  capable o f  m u l t i -  
f u n c t i o n s  t o  pe rm i t  a r e d u c t i o n  
i n  t h e  number o f  a i r c r d f t  t h a t  
must be c a r r i e d  t o  mak? a sh ip  
combat capable. 

- L i g h t e r ,  cheaper and less l a b o r  
i n t e n s i v e  s h i p  hardware, 
p a r t i c u l a r l y  c a t a p u l t s  and 
a r r e s t i n g  gear. 

The t e c h n i c a l  program i t s e l f  was 
represented by Sessions I 1  through V I .  A 
l i s t i n g  o f  t h e  papers presented i s  conta ined 
i n  Appendix I .  Several observa t ions  are  
poss ib le  from an overv iew perspect ive .  It 
i s  c l e a r  t h a t  t h e  terms f i xed- w ing  and 
ro ta ry - w ing  do n o t  s imp ly  represent  a 
f u n c t i o n a l  d i s t i n c t i o n ,  b u t  a t echn i ca l  
m a t u r i t y  d i s t i n c t i o n ,  as w e l l .  

By t h e  t ime  o f  t h e  World War I1 B a t t l e  
o f  Midway, a benchmark i n  t h e  h i s t o r y  o f  
f i x e d  wing m i l i t a r y  opera t ions ,  t h e  
h e l i c o p t e r  was s t i l l  one yea r  away f rom i t s  
f i r s t  t r a i n i n g  d u t i e s  i n  t h e  m i l i t a r y  and 
n e a r l y  two years  away f rom f i r s t  combat 
opera t ions .  Desp i te  a h a l f  cen tu ry  o f  
progress, such a profound t e c h n i c a l  m a t u r i t y  
schism s t i l l  p e r s i s t s .  The papers 
desc r i b i ng  f i xed- w ing  naval  a v i a t i o n  
techno log ies  presented a t  S e v i l l i ?  were 
impressive.  Topics i nc luded  deck mot ion  
c r i t e r i a ,  deck mot ion  p r e d i c t i o n s  and 
c o n t r o l ,  automated deck- land ing  c o n t r o l  
systems, advanced d i sp lays ,  t e s t  and 
eva lua t i on  techniques, s t r u c t u r a l  modeling 
techniques, advanced V/STOL designs and 

improvements i n  t h e  f o l l o w i n g  areas: 

r e l a t e d  sh ips  cons ide ra t i ons ,  and f u t u r e  
sh ip  designs.  It i s  reasonable t o  desc r i be  
these papers as rep resen t i ng  an eng ineer ing  
s t a t e - o f - t h e - a r t  which i s  c o n s i s t e n t  w i t h  
t h e  c u r r e n t  sc ience and technology base. 
Fur ther ,  i t  i s  c l e a r  t h a t  systems 
eng ineer ing  i s  more than a euphemism i n  
f i x e d  wing c a r r i e r  a v i a t i o n .  Good examples 
were easy t o  f i n d ,  i?.g., t h e  i n t e g r a t i o n  o f  
t h e  automat ic  c a r r i e r  l a n d i n g  f u n c t i o n  i n t o  
t h e  F-18 f l i g h t  c o n t r o l  system, t h e  design 
o f  t h e  P r i n c i p e  de A s t u r i a s  f rom t h e  keel  up 
as an AV-8 suppor t  ship,  e t c .  

A h i g h l y  r e f i n e d  s t a t e  o f  systems 
eng ineer ing  does n o t  e x i s t  i n  t h e  rea lm o f  
seaborne r o t a r y - a i i i g  a v i a t i o n ,  however. 
Obvious d e f i c i e n c i e s  were ev ident .  
Probably, t h e  most d ramat ic  i s  i n  t h e  area 
o f  t h e  aerodynamic i n t e r a c t i o n  o f  sh ips  and 
h e l i c o p t e r s .  Al though o f  concern i n  several  
areas (e.g., r o t o r  engagement, t a k e - o f f ,  
e tc . ) ,  such i n t e r a c t i o n  i s  p a r t i c u l a r l y  
troublesome and l i m i t i n g  i n  t h e  case o f  
l and ing  ope ra t i ons .  Th i s  area does no t  
rece i ve  s u f f i c i e n t  des ign  p r i o r i t y  i n  sh ip  
c o n s t r u c t i o n  o r  does i t  b e n e f i t  from modern 
a n a l y t i c  o r  exper imental  t o o l s .  I n  so f a r  
as sh ip  des ign  i s  concerned, t h e  sh ip ’s  
airwake i s  bo th  c r i t i c a l  and l a r g e l y  unknown 
i n  t h e  view o f  severa l  symposium authors .  
I t  i s  i n t e r e s t i n g  t o  no te  t h a t  one o f  t h e  
few sh ips  i n  ex i s tence  which has an airwake 
t h a t  f a c i l i t a t e s  h e l i c o p t e r  ope ra t i ons ,  t h e  
Sov ie t  K i rov ,  achieved t h a t  c o n d i t i o n  by 
co inc idence.  I t  was s imp ly  t h e  by-product  
o f  sh ip  r a d a r  s i g n a t u r e  r e d u c t i o n .  Another 
s t r i k i n g  f e a t u r e  o f  t h e  symposium was t h e  
l a c k  o f  papers d i scuss ing  modern f l ow  
c h a r a c t e r i z a t i o n  techno log ies  i n  t h e  
a m p l i f i c a t i o n  o f  f u l l - s c a l e  sh ip  airwake 
measurements. Techniques i n v o l v i n g  l a s e r  
and i o n  f l o w  ve loc ime t r y  h o l d  g r e a t  promise 
f o r  t h i s  problem and t h e r e  a r e  n o t  doubt 
o t h e r  techno log ies  t h a t  cou ld  be e x p l o i t e d .  
The r e l i a n c e  on i n e f f e c t i v e  techniques such 
as smoke s tud ies ,  t u f t i n g ,  n e u t r a l  buoyancy 
bubbles, e t c . ,  i s  u n s a t i s f a c t o r y .  Also, 
w i t h  t h e  except ion  o f  a s i n g l e  paper and a 
few o b l i q u e  re ferences,  no d iscuss ion  o f  
sub-scale wind tunne l  i n v e s t i g a t i o n s  
e x i s t e d .  

Both f u l l - s c a l e  and model- scale measurement 
s tud ies  a r e  r e q u i r e d  t o  d e f i n e  and so lve  
a i r c r a f t / s h i p  opera t ions  problems caused by 
t h e  sh ip ’s  airwake. The enormous phys i ca l  
s i z e  o f  an av ia t i on - capab le  s h i p  i s  the  
reason why model s t u d i e s  are  r e q u i r e d  t o  
comple te ly  document a i r f l o w  phenomena and 
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this is also the principal reason why wind 
tunnel model studies of this problem are so 
difficult. Previous experiments have been 
limited to collecting point-by-point 
velocity and turbulence measurements at a 
few locations in the wake in small wind 
tunnels. It took years to report the 
results. There are indications from 
existing data that the flow field structure 
and frequency content are significantly 
dependent on Reynolds number. Accordingly, 
any model experiment must be conducted at 
the highest Reynolds number possible. 
Reynolds numbgrs based on ship deck housing 
height of 10 or larger are recommended. 
The structure of the overall unsteady 
separated flow and the dynamics of the 
separated shear layer must be measured by 
techniques using multiple-point simultaneous 
mapping of the entire unsteady flow fields. 
The measurements should provide the strength 
and track of the vortices shed from the 
superstructure/deck and the associate 
turbulence fluctuations in the shear layer, 
and the frequency content and length scales 
of the fluctuations. It is important to 
identify the dominant unsteady separated 
flow structure which affect the safe 
operation of aircraft and helicopters on the 
ships. 

A final area related to the aerodynamic 
interaction of ships and helicopters is 
flight control technology. This area is 
highly developed, as we have seen, from 
fixed-wing carrier aviation and may be the 
single most important area for near-term 
gains in improving the performance of 
rotorcraft in close proximity to a ship. 
Although a single paper was originally 
selected for the symposium, none were 
presented. 

I wish to conclude the matter of 
ship/rotorcraft aerodynamic interface by 
suggesting that the Advisory Group for 
Aerospace Research and Development, F1 ight 
Mechanics Panel, form a working group to 
treat this topic. This workin group should 

technical sub-areas and develop a plan for 
cooperative research and development efforts 
that would extend essential technologies to 
a point where ship and rotorcraft designs 
could be enhanced. I believe that the 
Seville symposium showed such a working 
group to be needed. The participation must 
include, of course, the surface ship 
community and might logically be conducted 
in consort with the Fluid Dynamics Panel. 

assess the state-of-the-art o 9 all relevant 

It is likely that a plan of action could be 
a reasonable outcome from the working groups 
considering the normal two-year time span of 
the group. 

Ship motion represented another area 
where rotorcraft were severely penalized at 
sea. Typically deployed from a variety of 
smaller ships, deck motion dramatically 
influences the design of these vehicles. 
The presence at the symposium of a number of 
naval engineers and architects led to the 
development of technical interplay between 
the NATO Naval Armaments Group, Ship Design 
Group (Group # 6), and the Flight Mechanics 
Panel. It is recommended that this 
interface be formalized by charter as soon 
as possible, so that the momentum of the 
conference will be preserved. 

Conclusion 

The value of the conference will surely 
be in the direction that we choose to take 
from it. The advancement of sea-borne air 
power is essential in the future and the 
conference pointed to several obstacles. 
These deficiencies should be viewed as an 
opportunity to develop the technologies with 
a focus on military effectiveness. 

Recommendations 

1. Form a Flight Mechanics Panel 
Working Group on the Aerodynamic Interface 
of Ships and Rotorcraft in order to 
influence cooperative technical ventures 
aimed at developing this area. 

2 .  Formalize the relationship between 
the NATO AGARD Flight Mechanics Panel and 
the NATO Naval Armaments Group, Ship Design 
Group (Group # 6). 
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APPENDIX I 
FINAL PROGRAMME 

FMP SYMPOSIUM 
AIRCRAFT/SHIP OPERATIONS 
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Chairmen, R. Russel l  (US), 
J .  Van Doorn (NE) 

1. F ixed  Wing/Carr ier  Operat ions Perspec t ive  
RADM P. W .  Pa rce l l s ,  Commander, T a c t i c a l  Wings US A t l a n t i c  F l e e t  (US) 

2 .  He1 icopter/STOVL/Ship Operat ions Perspec t ive  
RAMD R. Burn, MOD (UK) 

SESSION 11: S H I P  ENVIRONMENT 
Chairmen, J .  Lope;! Ruiz (SP) ,  S .  B a i l l i e  (CA) 

3 .  Deck Mot ion  C r i t e r i a  f o r  C a r r i e r  A i r c r a f t  Operat ions 
J .  H. Pa t t i son ,  NAVSEASYSCOM 
R. R.  Bushway, NAVAIRSYSCOM (US) 

The Aerodynamics o f  Ship Supers t ruc tu res  
J .  V.  Healey, Navy Postgraduate School (US) 

4 .  

5.  Carbon D iox ide  Laser Veloc imeter  Measurement o f  Ship Airwake f rom t h e  
He1 i c o p t e r  
D. Car ico  &. E .  Reddy, NAVAIRTESTCEN 
C. Dimarzio, Nor theas tern  U n i v e r s i t y  (US) 

6. Measurement o f  t h e  Flow D i s t r i b u t i o n  Over t h e  F l i q h t  Deck o f  an A i r c r a f t  
C a r r i e r  
M. Mulero & F. Gomez Po r tabe l l a ,  I N T A  (SP) 

7. A New Method f o r  S imu la t i ng  Atmospheric Turbulence f o r  R o t o r c r a f t  
A p p l i c a t i o n s  
J .  Riaz, J.V.R. Prasad, I). P. Schrage, School o f  Aerospace Engineer ing,  
Georgia I n s t i t u t e  o f  Technology (US),  & G. H. Gaonkar, Department o f  
Mechanical Engineer ing,  F l o r i d a  A t l a n t i c  U n i v e r s i t y  (US) 

SESSION 111: Guidance, Con t ro l s  and D isp lays  
Chairmen, F. P,bbink (NE), 
A.  Woodf ie ld (UK) 

8. Enhanced Displays,  F l i g h t  Con t ro l s  and Guidance Systems f o r  Approach and 
Landing 
G .  K. Kess le r  & R. W .  Hu f f ,  NAVAIRTESTCEN (US) 

9. I n t e g r a t i o n  du P i l o t a g e  let des Systemes d’Aide a 1 ’Appointage pu r  l e s  
Operat ions Embarquees ( I n t e g r a t i o n  o f  F l i g h t  and Landing A i d  System f o r  
Shipboard Operat ions)  
B.  Dang Vu & P. Costes, ONERA (FR) 

(Automated Deck-Landing Guidance us ing  A i rbo rne  Image Processing)  
M. Y .  Le G u i l l o u x  & R.  F e u i l l o y ,  SAGEM (FR) 

10. Approche e t  appontage a s s i s t e s  pa r  t r a i t e m e n t  d’image embarque sur  aeronef 



11. Approach and Landing Guidance 

SESSION I V :  F l i g h t  Tes t  and S imu la t i on  Techniques 
Chairmen, J. Appleford (UK), M r .  R.  H i l de rb rand  (US) 
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