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ABSTRACT 

This paper summarizes some European overviews on the 

role which could be devoted to a transportation system 

based on the tilt-rotor. and on the conditions of 

Introduction of this aircraft within civil community : 

As regards these Issues. the Eurofar approach Is based on 

aircraft design activities. and on studies related to 

marketing. Infrastructure and airspace system. 

1 • THE AERIAL CML TRANSPORTATION SYSTEM 

1. 1 - A dramatic evolution 

At the turn of the century. the transportation function wlll 

have considerable polltlcal, economic. social and cultural 

Impacts. both In developed countries and underdeveloped 

WESTLAND HELICOPTERS 

and widespread costs. The proportion of flight delayed by 

more than 15 minutes almost doubled between 1986 and 

1989. The cost of these delays to airline and the travelling 

public has been estimated at 1.5 bllllon S annually. The 

total annual loss due to delays, Inefficient routings arising 

from poor route structure and military airspace restrictions. 

non-optimal tllght profiles. low ATC system productivity and 

other Inefficiencies has been estimated at 5 billion S 
(Ref. 3). 

Moreover. It Is forecast by European studies (fig. 1) that by 

the year 2000. the number of passengers wlll be twice 

today figure. 

BILLIONS OF PAX x KM 

0000..----------,-----------. 

Ill OTHERS 

0 EUROPE 

0 USA 

areas. Within this framework. the aerial system Is already 1000+-----

faclng a travel demand growth which Is causing airport 

capacity problems and congestion effects throughout the 

world. 

II we consider the typical U.S. situation. the F.A.A. listed In 

1988 16 major airports as ·congested· I.e. having an annual 

cumulative delay of departure exceeding 20,000 hours. 

Among them the ·top ten· airports saw In 1988 

590.000 hours of delays which represents a loss of over 

25,000 man years of labour (Ref. 1). Moreover. a dramatic 

Increase in movements for air travel Is expected In the USA 

with a 74 % Increase In passenger and a 32 % Increase In 

the number of Jet transports by 2000, resulting In 42 airports 

forecast to exceed 20.000 hours of annual air carrier delays 

In. 1998 (Ref. 2). 

The same type of evolution Is expected In Europe and Far­

East. as a result of the political move. economic situation. 

new. life-styles. general professional demand and finally 

airline deregulation. In western Europe. congestion already 

produces unacceptable levels of delay, Inconvenience, 

42% 

1970 1175 19!0 1915 1990 1995 2000 2005 

SOURCE: ICAO ( USER EXCLUDED I+ PREVISION 

Figure 1 : Civil traffic evolution 

1.2 - The V.T.O.L. aircraft role 

One of the major points Is that short haul transport plays an 

Important part In congestion. consuming air slots and 

ground spaces. The records for 1988 current New-York traffic 
(three airports combined) showed that 44 % of departures 

carry 18 % of the passengers less than 300 miles (Ref. 1). 

A similar situation exists In Europe, with, for Instance. a 

traffic concentration within a relative reduced area. 

between some hubs llke London, Paris. Francfort. Brussels 

and Amsterdam. 
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Therefore. considering that Mure problems are related to 
terminal operatl~ns and short haul demand. It can be 
anticipated that rotorcraft could play a larger role In the 
Mure. provided that a dedicated air and ground transport 
system could be established. but outside from the crowded 
airplane system and serving It. 

Nevertheless. It has to be considered that the classical _ 

helicopter has up to now failed to be accepted as a 
regular scheduled · civil transport air-vehicle. The main 

concerns CJgalnst the helicopter are the operating cost. the 
environmental Intrusion. and the lack of comfort. speed 
and range. 

Therefore. a VTOL vehicle must be provided which 
overcomes these limitations. Studies conducted over many 
years In the past have shown the tilt-rotor concept to be 
the best solution for the mission spectrum of Interest here. 

European researches launched by the GARTEUR. Including 
operators survey and parametric studies assessed the 
Interest for the tilt-rotor aircraft (Ref. 4). 

For these reasons, the Phase · 1 of the Eurofar Program has 
been launched within the framework of the Eureka 
Program. with the participation of France. Germany. Spain 
and U.K. 

2 • THE EUROFAR PHASE 1 GOALS 

The Eurofar Phase 1 Is a Feasibility Phase. approved as an 
official Eureka project during the fifth European Minister 
Conference In Madrid (15th September 1987). This phase 
started January 1988 and ended officially In December 

1990. 

The necessity of this phase was based on the need : 

to provide the appropriate government and public 
authorities with the opportunity to consider the 
establishment of such a new air transportation 
system 

to ensure that a subsequent development program 

could be launched with minimum technical and 
financial risks 

to Improve the European position. when considering 
International activities related to advanced V.T.O.L. 
aircraft and future civil air transport systems 

to achieve further and more detailed substantiation 
of the commercial opportunities. 

To reach these goals -In an optimum way, the study 
included: 

Technology evaluation selection and Integration 
within the pre-design of a "Baseline Aircraft".· 

Including experimental activities on critical 
components and systems 

Infrastructure and airspace requirements. and 

operational analysis 

· Certification and procedural aspects 

Marketing research and economic evaluations. 

Since these four elements are strongly Interrelated. It was 
necessary to perform the Feasibility Phase within a 
concurrent and highly Interdisciplinary study process. 
Including the active participation of European helicopter 
and alrplane manufacturers, research organizations and 
Aviation Agencies. 

3 • TECHNOLOGY AND VEHICLE DESIGN 

3. 1 • Requirements and design process 

A main part of the work done during the Feaslbllity Phase 
was dedicated to the aircraft technlcal characteristics In a 
broad sense. Technical studies concentrated on Identifying 
and understanding the physical fundamentals of the tilt 
rotor concept. The technical Issues Included aerodynamics, 
dynamics. performance, handling qualltles. loads, noise 
and vibration. Substantial effort was spent to select the 
basic aircraft technologies and to work out the conceptual 
solutions for the various systems and subsystems and 
components. 

Design guidelines for the European Clvll TIit-Rotor studies 
were developed as based on (Ref. 5) : 

The concept having been demonstrated by the 
U.S.A .. mainly through the XVl 5 Program 

The available T/R basic know-how existing In the 
European companies and Research Agencies 
participating to the Eurofar Program 

The utilization of the advanced technological 
background coming from rotary wing and fixed 
wing European Industries. to be applied on T /R 
aircraft to demonstrate and optimize the 
transportation system efficiency 

The specific requirements for civil application 
deduced from civil airworthiness codes which may 
be Issued by relevant National / International 
Agencies by the end of the century. and with the 
hypothesis that these codes could be harmonized 
with the code presently In preparation In the USA by 
the F.A.A 

The specifications established by Eurofar teams. 
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For the later. size and mission spectrum for the baseline 
11/ehlcle ""'.8re selected from early marketing studies (the 
later results supported these assumptions). The basic 

requirements were : 

30 PAX + 2 pilots + 1 flight attendant 
Min 300 ·kts cruise speed 

High cruise altltude (about 25 OOO ft) 
Range ot 2 x 300 Nm (mid landing) 
category A takeott 
Comfort similar to modem jets 
High safety and attractiveness 
Environmental acceptablllty. 

3.2 - Aircraft sizing and performance 

Design studies conducted to a Baseline Aircraft having the 
. following main features (Ref. 6) 

DGW - 13 650 kg 
(rooftop cat. A at 500 m ISA + 10. max. fuel 

capacity) 

Power plant - 2 x PW 300 TS engines 
maxi continuous SUISA - 3185 W.J 

Cruise speed - 335 lets 
(7500 m ISA) 

Aircraft length - 22,4 m 

Wlng span - 14.6 m 

Rotor diameter - 11.2 m 

Composite 
Pressurized Fuselage 

! 

Advancod Flight Deel( with 
Digital Avioftica and Flight 
lll~SY5ffl1I 

Flgu,a 2 : Three-side Viewing 

3.3 - Technology Htghlights 

lrhe,requlrement for high performance led to technological 
Innovations with "fresh solutions· on a broad front. The most 

Important features are (Figure 3) : 

a four-bladed. composite glmbal rotor system with 
homoklnetlc torque transfer (via a ·membrane· hub 

design) 

flexbeam type rotor blades with specially tailored 
alrfolls for high performance 

composites for the wing. the fuselage and the tall­
plane sub-structures 

a quadruplex fly-by-llght control system with smart 
actuators and decentralized Intelligence 

an advanced flight deck with dlgltal avionics and 
flight-management system. 

""\f1._.,. .... ......... Engln,.,o Oplimlzltd tor 
Tlltrotor Oper&llon 

t ....... ,.. Ad~anced Ae«Xlynamlc 
B1adeDasi11n 

Digital Fly-t,y-Wire/Ll9flt 
ConlrOI Syatem 

F/gu,a 3 : Technology Highlights 
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The Feaslblllty Phase also Included a comprehensive wind 

tunnel model testing and concept valldatlon/ 

demonstration program : 

W.T. Model l : 

Configuration development model tested to support 

configuration selection and to produce aircraft 

characteristics for flight mechanics and performance 

(Scale 1/10) 

W.T. Model 2 : 
Isolated rotor (Scale 1/2.7 0 - 4.2 m) tested on 
ground rig and In wind-tunnel to obtain rotor 

aerodynamics. aeroacoustlcs. loads and control 
laws In hover. conversion and cruise 

W.T. Model 3 : 
Half-span Froude scaled (1/6) model. dedicated to 

Rotor/Nacelle/Wing aeroelastlc stablllty 

Composite pressurized fuselage test specimen 

(0 - 2.5 m. L - 2.5 · m) : dedicated to conceptual 

design and manufacturing assessment In the actual 

environment 

PIiot In the loop simulations : dedicated to control 
laws preliminary assessment and first evaluation of 

man/machine Interface 

Different display models and mock-up : Intended to 

give a comprehensive Image of the tilt-rotor 
concept. 

4 · THE CONDITIONS FOR CML TILT-ROTOR 

Introduction 

4. 1 - The main lnterveners 

The acceptance of the tilt-rotor as a new clvll 

transportation system Is related to the positive reaction of 

three main lnterveners : the users. the operators and the 
"Aviation Agencies· (representing roughly speaking the 
·general public" Interest). 

The users 

The users wish a convenient. well located and scheduled. 

cheap. safe and comfortable system of transportation. 

The vertiport localization depends on the type of 

commuter mission : city centre/city centre. urban 

area/urban area. congested hub feeder. 

uncongested hub. The Interest of users Is related to 

door-to-door transportation time reduction Including 

proper connection with other systems (ground and 

large/long range ·air carrier). Typical situations have 

been examined by Eurofar teams 

· The schedule · Is related for a given route. to the 

mean flow/peak demand with local restrictions 

related to environment. and economic aspects for 

the operators. These considerations confirmed the 
aircraft size choice for Eurofar (30 Pax) 

The affordable ticket price has been assessed by 

Marketing simulations through the ·value of time 

saving", taking Into consideration the competition of 

other ground and aerial systems (level of ticket 

price : from alrplane business class to first class 

according to the routes). 

The safety. for non-technician people, Is related to 
the "public Image of an aircraft", with. presently. a 
good status for alrplanes but a "psychologlc reject" 

of the hellcopter. The tilt-rotor. appearing as a 
classical alrplane with VTOL capabllltles. could have 

a better Image than the helicopter. as already 

perceived. 

The tilt-rotor has a good level of comfort (Figure 4). 
related to aircraft architecture (correct seat pitch. 

galley. toilet. fuselage diameter). 

Oll Oll C:llHJll Oll Oll Oll Oll 

ENTRY DOOR 

TIIOLUY (MIRGENCY EXIT 

Figure 4 : Cabin Internal arrangement 

The high cruise speed of the aircraft (335 kts for Eurofar) 
reduces the practical mission time to l hr/1.5 hr for the 

greater part of the missions. 

Finally. the cruise mode (representing at least 95 % of a 

clvll mission time) gives the aircraft an acceptable vibratory 
level and an Internal noise equivalent to turboprop 

alrplanes. which Is mainly related to the reduced rotor tip 

speed In cruise (Figure 5). 
IDUllll) rRUSUR( UVEL IDIAJ 
H 

,._ 

II• 

... 
--~--· (l1~H H~M.1.:0121 

--- } AIRIUS 'A 110 INTERNAL Nam 

"+--..---,--f--,r----r---r--r---,----! 

-· 
_, 

~ I I\ 

DISTANCE FROM PROPlLUR PI.AH( 1111 

Figure 5 : Internal noise level prediction 
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The operators 

The major problem of the return on Investment for 
operators. has been studied through aircraft expected 
economics and their Impact on the market, as examined 
within following chapters. 

For the operations themselves. on Important problem 
Identified Is related to MMI (Mon/Machine Interface) molnly 
during toke-off/landlng when safety Is crucial. 

PIiot workload reduction has to be achieved through proper 
aircraft design features, Including advanced cockpit 
dlsplays, "fly-by" controls, efficient NAV/COM systems, and 
fllght/landlng aids. Proper pilot training will have also to be 
considered. 

It appears obviously that a clvll tllt-rotor development wlll 
hove to Include Intensive plloted slmulatlons and 
demonstrator aircraft flights, with the active participation of 
potentlol operators. Successful and promlsslng preliminary 
piloted slmulotlons were conducted during Eurofor Phase 1 
(Figure 6). They were molnly devoted to the assessment of 
the aircraft control lows, but they gave also valuable 
Informations on symbology. cockpit architecture and more 
generally M.M.I. problems. Therefore. It Is Intended to 
conduct. during Eurofor Phase 2, plloted slmulatlons using 
on optimized cockpit, In actual environment. These 
simulation compolgns related to typlcol clvll operations wlll 
hove to Include operators portlcfpotlon. 

Figure 6 : Toulouse Epopee 

Fllght simulator cabin 

The aviations· agencies 

These agencies acting on on lnternotlonol/Natlonal/Locol 
basis prepora and Issue regulations related to the aircraft 
airworthiness and operating rules. They take also charge of 
Infrastructure and aerlol system management. 

Thera Is prasently no airworthiness regulatlon for the tllt· 
rotor. So, the Eurofor design activities 'N8r8 molnly based on 
the FAA Interim Criteria for Po'N8red Lift Transport category 
Aircraft (Port XX), This code Is on Interim set of rules and Is 
not specific to tllt rotors but covers other types of powered 

11ft aircraft. Due to this level of generollty o conslderoble 
amount of Interpretation Is necessary. For this purpose. FAR 
Port 29 (Hellcopters) and FAR Port 25 (fixed wing olrplones) 
should be used. 
The other airworthiness requirement which should be 
referred to Is JAR 25 for large fixed wing aircraft. which 
exists but In a different form to FAR Port 25. 
There Is no JAR for hellcopters. The only other notional 
helicopter code, apart from FAR Is BCAR 29. 

Some other oppllcable documents ore related to proposed 
rules for turboshoft engine rotor burst protection. and to 
structural requirements for · pressurized cabins and 
comportments In transport category olrplones. 

For the operating rules. FAR Port 121 • Domestic, Flag and 
SUpplementol Air carriers and Commercial Operators of 
Large Aircraft, FAR Part 135 • Air taxi Operators and 
Commerclol Operators • should be used. These ore US 
operating rules only and are not oppllcoble In Europe. The 
European operating rules ore presently a complex set of 
notional standards. oppllcoble within lndlvldual states and 
ore not transferable. The European Authorities, acting within 
the JAR system ore moving towards the us methodology, 
but could well deviate from the US rules. 
Therefore the European situation cannot be used as a 
design guide, and the decision to work with the US rules 
should be taken with full knowledge of the situation. 

4.2 - The critical Issues 

To secure acceptance of the tllt-rotor clvll Introduction. It 

wlll be necessary to evaluate crltlcol Issues related to 
transportation system cost/efficiency, safety and 
environmental Impact. 

Cost efficiency 
The cost/efficiency Is not only related to the aircraft. 
according to the usual aeronautical process (D.O.C .. return 
on Investment ... ). but Is also deallng. with the global 
transportation system. Including for Instance the 
Infrastructure cost. The efficiency hos to be appreciated 
through the economic Impact of the T/R Introduction In. 
terms of transportation function entrancement (Including for 
Instance the help to solve large airports congestion and air 
carrier utlllzatlon). 
this wide and very complex approach starteo during 
Eurofor Phase 1 and wlll hove. to be pursued during the 
following phase. · 
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During Eurofar Phase 1. It has been considered that safety 
must be a leading activity. It was stated that by 
Introducing hazard assessment as a design tool and by 
considering the overall transportation system. I.e. taking 
Into account the safety of the operational procedures, It 
should be possible to meet both the regulatory and the _ 

customer's needs. 

The main aircraft design features related to safety 
enhancement Include : 

A stationary engine concept llmltlng the effect of 
engine rotor burst. and providing a larger margin In 
case of roll lnstablllty near the ground 

A connecting shaft between the two nacelles 

ONE-ENGINE-OUT CLIMB ~ATH 

ENGINE FAILURE ABOVE COP 

CRITICAL DECISION POINT COP "" 

ENGINE FAILURE BELOW COP "" 

"~ ---

REJECTED TAKE OFF PATH 

Figure 7: Cat. A take-off (one engine Inoperative) 

Environment 

It has been recognized that the environment (mainly 
external noise) was. as for the helicopter. an Important 
element against a "free utlllzatlon· of the tilt-rotor. 
The noise abatement could be conducted either through 
aircraft design features and through adapted operational 
procedures. 

HELICOPTERS CERTIFICATION 
( ICAO ANNEX 11, CHAPTER 11 

'"" 

In each nacelle a mechanical actuator. driven by 
two hydraulic motors, with a redundant ball spindle 
arrangement and an electrical back up drive 
system 

A flight control system based on a quadruple 
redundancy 

A redundant hydraulic system with three 
Independent circuits 

A pressure fuel system with crossfeed capability 

An electrical power distribution to equipments 
achieved via new technology breakers (a single 
failure has no consequence. a double failure lets a 
safe flight. a triple failure lets a safe landing) 

Finally a One Engine Inoperative rooftop categorle A 
capablllty. up to 4,100 feet at the maximum VTOL 
design whelght (13 650 kg) (Figure 7). 

ENGINE .FAILURE ABOVE CDP ~~ (!!!!3 NORMAL CLIMB PATH 
CRITICAL DECISION 

POINT (COP) ....__ '"\. -- DNE-ENGINE·DUT v DIVE-AND-CLIMB PATH 

~ 
.• GAINING FORWARD SPEED 

.. :::;;::,1 ~ 'i'"" 
For the aircraft. the rotor aeroacoustic source treatement Is 
achieved through blade tailoring and tip speed reduction 
In alrplane mode. It has been demonstrated that the tilt­
rotor does not exhibit specific problems. having the same 
acoustic level. as good equivalent helicopters or alrplanes. 
when used In corresponding modes. according to current 
regulations specifications (Figure 8). 

ICAO•LNlff 

'"_i_l ~ ... 
II 

[JJ Sll(ORSKY UH II A 

o .. ,,, 
• EUROFAR >O PAX 

I 
no.....:,.~.':"'., .~,,--~.L .. YO:-'v, .... -_,...... •• ,.. ..... , -

+AIRPLANE MODE 520 km/h 

110 ICAO•llMITS 

-
. .....__ . .....__ 

AIRPLANES CERTIFICATION 
( ICAO ANNEX 18, CHAPTER I I 

Figure 8 : Noise levels /CAO conditions 

. .....__ 
........ 

·:J-1 ~ 
>· 
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However. strong research actions will be needed to comply 
with local noise limits which ore generally significantly 
below certification criteria. 

For the operational procedures on environmental 
Justification for a vertlport would depend largely upon 
superimposition of the anticipated noise footprint upon the 
surrounding area. 

In this regard. the longer that tllt-rotor can be kept at 
altitude before necessarily commencing descent or. 
conversely. the sooner It can climb out to on uncontentious 
altitude, the better. 

steep approach/take-off gives the tilt-rotor the unique 
capablllty to reduce dramatically the cumulative noise· 

· footprint. as regards current turboprop alrplanes. (Figure 9). 

The practical achievement of s~h steep trajectories will 
have to be assessed using piloted simulations and 
demonstrator aircraft. 

Comporison or noise proleclion ..,eo II of Ecroror wllh the noi!e 
Protection ..,eo II ot on oirpcrt wllh fixed wing troffic. 
(noise protection ..,eo II : 67 dB (A) 5 leQ 5 75 dB (A)). 

AllplOno MOdo Convcnion 

EUROFAR NOISE PROTECTION AREA II 
1100 FLIGHTS/DAYS) 

Htllcoplor Mode 
Cunvcrsion 

Figure 9 : Comparison of noise protection areas 

5. THE CML TILT-ROTOR UTILIZATION 

5.1 • Vertlports and ground Infrastructure 

Alrplono Mode 

The optimum location for a vertlport Is undoubtedly In close 
proximity of the potential demand. 
The closer. the better. Indeed, on original maketlng 
concept for the civil tllt-rotor was Its theoretlcal door-to-door 
capability. made possible by Its versatile flight 
characteristics. 

These partlcularltles could be widely accommodated by 
virtue of the dramatlcally reduced space (and cost) 
required for Its operational Infrastructure compared with 
that of more conventional aircraft. A single pad VFR 
vertlport together with Its essential structures and functions 
may be contained within a space not greater than 2 acres 
(8 OOO sqm). whilst an_ IFR double pad with comprehensive · 
loglstlcal support and high Intensity activity needs occupy 
not more than 10 acres (40 OOO sqm). 

An Illustrative comparison Is achieved With classical airport · 
(llke Munich new airport) covering 3 700 acres (14 800 OOO 
sqm). giving .a ground occupancy ratio about 370/1 with 
large vertlport. 

Considering on annual passenger capacity around 14 · 
MIiiions for the airport and 600 OOO for the vertlport (15 Pax 
x 40.000 movements representing around 100 
movements/day). It finally appears that a large airport 
represents 1 passenger/year/sqm against 15 passengers/ 

year/sqm for a vertlport. 

However. apart from the likelihood that urban land will be 
both scarce and costly. the vertlport operability will arise. 
llke for airports. from environmental objection and lack of 
obstruction-free airspace around Infrastructures. 

The Issuance of operational regulations giving the tilt-rotor 
the ability to execute steep operational approaches will 
bear heavily upon the success of Its acceptance. 

In seeking to minimize environmental Impact. Eurofar 
examined typical vertlport geographical location. Including 
coordination/connection with ground transportation 
systems. 

Finally. for feeder-line services and regional hub/spoke 
missions. Eurofar demonstrated that provisions regarding 
ground and airspace could easily be dedicated to vertlport 
terminals within large airports. 

5.2 • Airspace system 

Eurofar examined the vertlport airspace with the obstacle 
clearances and the related surfaces for VFR/non precision 
approach and departure (primary approach and 
departure. transitional surface). 

Also comprehensively examined was the Important 
problem of the !FR/precision Instrument approach. with the 
approach/departure surface slope presently lowered to 
10 % (5.7·). which Is considered as an approcah without 
difficulty for on average pilot. 

SUch a restrictive application to an urban vertiport would 
render It fundamentally unpractlcable. Eurofar considered 
that the use of new systems like MLS gave the technical 
opportunity to perform steeper approaches (Figure 10) 
whose practical affordablllty will have to be assessed by 
piloted simulations In realistic environment. during the 
Eurofar Phase 2. 

-40 deg 

+40 deg 

Centerline 
Extended 

O deg . 

20 nmi 

+40 deg_ 

Figure 10: M.LS. spatio/ coverage capability 

91.24.7 



The concept of tilt-rotor performance, coupled with 
dedicated vertlport Infrastructure. envisages substantial 
Independence from the potential debilitations which beset 
Integration with conventional air traffic. The achievement of 
such desired Independence hinges upon formulation of 
discrete procedures and establishment of specific airspace 
tailored to the performance capabilities of tilt-rotor so as 
not to conflict with other demands upon Air Traffic Control . 
but rather to seek practicable extension of the system. 

The following elements are proposed (Figure 11) 

Institution of circumscribed terminals of controlled 
airspace at low altitude above the ground for 
rotortrafflc only, to Include one or more entry/exit. 

Institution of controlled rotorways assigned to 
rotorcroft traffic at low altitude (and, If necessary 
limited airspeed) for the connection of the 
obovementloned terminals with the existing 
controlled airspace. 

Institution of navigational data for transition from the 
existing controlled airspace to the newly conceived 
rotorways directed to or coming from new terminals 

Institution of low altitude. short distance VFR corridors 
linking. when practicable, non IFR equipped 
vertlports. 

Figure 11 : Low level rotor controlled 

airspace proposal 

6 • THE TRANSPORTATION SYSTEM INTRODUCTION 

THE CML MARKETING ISSUES 

6.1 • The worldwide civil tilt-rotor market 

Eurofar has adopted to the tilt-rotor market study on 
advanced simulation model called ·systems Dynamics· 

_ describing the aeronautical market In an economical 
homogeneous area as the result of the general economical 
situation In this area (Ref. 5). This method takes care of a 
large number of parameters (technical. regular. 

economical, floonclal. soclaD leading to the market 
establishment and evolution. 

The studies mainly Included : 

A geographical segmentation : USA, Europe. "Asia 1 · . 
(Industrialized countries). rest of. the world (Figure 
12). 

The larger market (40 %) Is located In the USA and Is 
mainly related to aerial congestion problems. 

0 EUROPE 

El ASIA1 

tJ USA 

61 REST THE WORLD 

Figure 12 : 30 Pax cMI T/R world market 

A mission segmentation : The largest market Is 
related to commuter missions. Including mainly 
urban area/urban area and hub feeder missions 
(Figure 13) 

0 COMMUTER 

FIi OFFSHORE 

93% 

Figure 13: 30 Pox T/R world market mission segmentation 

An aircraft size segmentation : The study Included 19 
Pax. 25 pox. 30 Pax. 50 Pox and 75 Pax aircraft. The 
30 Pox aircraft achieves the best simultaneous 
penetration on the commuter and offshore markets. 
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6.2 • The operators and the tilt-rotor economics sensltMty 

One of the most Important parameter Is the D.O.C. A basic 

range for this parameter Is between 20 US cents/NM x seat 

and 25 US cents/NM x seat. for a 30 Pax tilt-rotor. 

Simulation results suggest that the commuter market Is 
extremely sensitive to a variation of D.O.C. value. especially 

In the case of a reduction of this parameter for US qnp 

European market (Figure 14). 

T/R NUMBER (INDEX) 

185 

0 
-20 % -10 % BASE CASE +10 % +20% 

~USA 

D.0.C. 

~ EUROPE ll!IIASIAl 

Figure 14: Effect of direct operotlng cost 

Eurofar 30 Pax commuter 2000 - 2012 

The offshore market Is absolutely not sensitive to the value 

of D.O.C.. due to the competitiveness of the tilt-rotor for 
long-range missions as compared to the helicopter. 

6.3 - The users and the transportation system attributes 

The most Important parameters Is the V.T.S. (value of time 

saved) which represents the additional ticket fees that 
passengers are ready to pay to gain one hour tor the door­

to-door transportation (the basis being full economic ticket 

price for commuter and seat cost for offshore). 

In the basic distribution adopted for the commuter. It is 

considered that 40 % ot the travellers would not accept to 

pay more than 1/6 USS tor l hour time saving and only 40 

% are willing to pay more than 30 USS tor one hour time 

saving (mainly business travellers). Variance of the value of 

time saving around the base case Indicate that. when the 

value of time saving Is Increased by 10 %. then the 
potential commuter market Is changing with the same rote 

(Figure 15). 

The offshore market Is absolutely not affected by a 
variation of this parameter. 

T/R NUMBER ( INDEX ) 

0 
-20 % -10 % BASE CASE +20 % 

VALUE OF TIME 

~USA ~ EUROPE liiiiil ASIA 1 

Figure 15: Effect of value of time saving 
Eurofar 30 Pax commuter 2000 - 2012 

6.4 • The resistance to tilt-rotor establishment 

The evaluation of this phenomena Is very difficult and has 

been summarized through the airport and vertlport 

development time. 

These ratios reflect the environmental pressure : the 

stronger. the pressure. the longer It takes tor planners to 
develop and build airports and vertlports. On the opposite 
the stronger the market demand (Including congestion 

problems related to airplanes utlllzatlon). the shorter It takes 
to develop vertlports. 

Three scenarios are shower there (Figure 16). 

The base case (25 years to develop and build an 

airport In 2010. 10 years tor a vertlport) 

Smaller development time for both airport and 

vertlport (13 years tor an airport. 7 years for a 
vertlport In 2010) 

Increased development time for both airport and 

vertiport (34 years for an aiport and 13 years for a 

vertiport) 

On the (Figure 16) the evaluation of the market for the tilt­

rotor covers the years 2000 to 2012 (12 years). This period of 
time explain why the market Is not so much reduced by a 

reduction of the time to develop airport and vertlport. It 

appears Indeed that t~ airport capacity would not be so 
much changed In the year 2000 - 2010 If It takes less time 

to build new runways or terminals. 

Contrarily. If the development time for building new airports 

Is Increased from 25 years to 34 years. then the likely 
congested situation of airports In the ·USA during the years 

2000 - 2010 would worsen. creating a likely Increasing 
demand for tilt-rotor. even If vertlport development time Is 
Increased from 10 to 13 years. 
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Figure 16: Variance of airport and vertiport development time 
Eurofor 30 Pax 2000 - 2012 

Concluding remarks and recommendations 

Three years of wide ranging activities conducted at 
the European scale. by several major· aeronautical 
companies of this continent Indicated that a new 
clvll transportation system based on the utlllzatlon of 
the tllt-rotor was basically feasible. The general 
conditions for Its successful worldwide Introduction 
and development were determined ; therefore. 
Mure ways of action serving the public general 
Interest were defined. 

The basic philosophy of the Eurofar program. 
dedicated not only to technical studies on the tllt­
rotor aircraft but also to the global evaluation of a 
new clvll transportation system has been fully 
assessed. and will be .followed In the Mure. with the 
active cooperation of helicopter and airplane 
manufacturers. research agencies. National/ 
International Aviation agencies and operators. 

It has been demonstrated that the European 
Industry can be confident In Its capability to design 
a high performance tilt-rotor aircraft. However. the 
achievement of high goals related to the system 
cost/efficiency. safety and environmental Issues. will 
need continuous research actions. on an 
International basis; Including Intensive piloted 
simulations and demonstrator aircraft. prior to any 
decision of program launching 

Clvll operational success Is strongly related to the 
establishment of vertlports. appropriate airspace 
system and advanced air traffic control speclflcally 
dedicated to rotorcraft with special procedures 
allowed by tllt-rotor high characteristics and 
advanced approach aids systems. with enhanced 
safety and acceptable environmental Intrusion. 

Finally. It \VOS considered that the other efforts 
related to the enhancement of alrplane clvll 
utlllzatlon. through economics (short-haul transport. 
large Jet carrier) and through speed (2nd supersonic 
generation and hypersonic Mure aircraft) .could be 

largely negated by terminal and airspace 
congestion. 

Consequently. the relevant authorities are seriously 
recommended to consider the tllt-rotor as a 
necessary Ingredient of the future civil transportation 
system. Therefore It should be Introduced within 
long-term plans taking advantage of 
Natlonal/lnternatlonal Incentive policy 
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