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Recommendations:

Develop a National Plan for a tiltrotor transportation
system, including:

Civil Tlitrotor Technology Development

® Reduce risks and costs through design concepts,
materials, and production methods.

* Optimize aerodynamics and configurations.

* \alidate key technologies.
* (Canard configuration
* Pressurized composite fuselage
* Rotor/wing interaction

Infrastructure Planning and Development
* \ertiports conveniently located in metropolitan
areas.

* New terminal instrument procedures to take
advantage of precision navigation equipment.

* Integration into the National Aerospace System.

* Certification criteria for powered lift.
¢ Continued development of airworthiness
criteria

Filight Technology Demonstration Plan

* Identify key technologies.

* Identify vehicle candidates.

e Support certification criteria.

* Define relationship to infrastructure needs.
¢ Develop financial options and schedule.

Near-term Actions

¢ Continue FAA/NASA/DOD/Industry cooperation
for civil tiltrotor development.
¢ Follow-on work on civil tiltrotor technology
development
*  Work on infrastructure and flight demonstra-
tion development plans

¢ Key civil tiltrotor development to V-22 program.
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Cruise

Transition

Takeoff

XV-15 Tiltrotor Research Aircraft
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Organization

Government Executive Steering Group

Because of the broad interest by industry and gov-
FAA NASA boD ernment in this study, a government steering com-
Craig Beard (CHR) John Burks Bill Schaefer mittee and a company executive council were
Larry Andriesen Ray Whitten LTC Lou Herrick established; both met frequently. Their functions
were to monitor progress and ensure effective com-
| munication of conclusions.
NASA ARC The organization of the tiltrotor study team is dis-

played to the left; general functional area responsi-

J. Zuk - Study Director o . ; . ,
. bilities {marketing, engineering, fin
C. McKeithan - Study Manager S_A__“SHMQ. 'ng. engineering. financej are

T. Galloway - Tech. Monitor

Boeing Commercial Airplane Company (BCAC) was
designated as contract lead and provided stddy

Executive Council team management and marketing management.
Boeing Commercial Boeing Vertol Bell Im:no_uam_‘ Boeing Vertol and Bell Helicopter provided technical
R. Albrecht J Mallen J Horner and marketing input. NASA Ames Research Center
’ : ' ’ was in overall charge and provided guidance and
C. Longridge direction to the study team through coordination
meetings and correspondence.
Management Committee | The study was broad in scope. Because of the
Boeing Commercial Boeing Vertol Bell Helicopter breadth of topics examined, several could not be
CW.Cl S. M R Reb examined in detail m_:n are proposed for further,
- V. Llay - Mayer - neber more detailed, analysis.
(Study Manager)
Team | .
Boeing Commercial Boeing Vertol Bell Helicopter
P. Baumgaertner (Eng) D. Balzer (Eng) L. Balchunas (Fin)
C. Carpenter (Eng) F. Bergnen (Mkt) D. Cannon (Eng)
J. Foster (Eng) R. Gabel (Eng) J. Dubon (Mkt)
B. Goben (Fin) B. Hazlett (Eng) W. Joiner (Eng)
A. Hoshino (Mkt) 2. Jasnoff (Fin) P. Lestie (Fin)
~ M. Jahnke (Eng) J. Kennedy (Mkt) G. Marr (Eng)
B. Lee (Mkt) S. Mayer (Mkt) R. Reber (Mkt)
G. Nihart (Eng) G. Sherwin (Eng) W. Sirota (Eng)
B. Norwood (Mkt) J. Wilkerson (Eng) R. Spivey (Mkt)
J. Thomas (Mkt) M. Wilt (Eng) R. Taylor (Eng)
P. Thompson (Mkt) D. Woodley (Eng)
D. Underwood (Mkt) D. Wu (Mkt)

Organization of Study Team
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Deregulation

20
15|
Number [
of 10 F
Studies [
[
5F Fuel
” Crisis
O..»L....._.F PP
1960 65 70 75
Year

80 85

VISTOL Studies (1960 to 1985)

15.0

10.0
Cents
Per
Revenue
Passenger
Mile
5.0

0.0

1973: Domestic Trunks
Plus Locals

1986: Majors Plus

Nationals (Domestic)

Source: DOT Form 41 Data

Current
Dollars
6.62
33%y 444
Constant //A
1973* Dollars /
*Using CPI /
Deflator N

1973

Decline in Fare Revenues

Candidate Markets (continued)

A number of government and industry studies
performed before the 1973 fuel crisis addressed the
role of VV/STOL aircraft in improving regional
transportation systems. With the fuel crisis—and
government funding being directed toward aircraft
fuel efficiency—the number of V/STOL studies
declined. While this study addresses markets that
have been evaluated previously, it does so from the
perspective of the current environment:
deregulation, high fuel costs, declining fares.

Inputs were consolidated into a set of design
objectives that formed the basis of the configuration
development discussed later.

The approach used—waorking from market
requirements, through design, to a market
assessment—simplified problems to basic
components: the physical and operational features
important for strong market acceptance and the
economic level required to achieve competitive
viability of the new civil tiltrotors.

The BCAC, Bell and Vertol, working agreement

with NASA reflected this philosophy; the team
would:

.. .determine where tiltrotor makes sense. . .show
how it makes sense. . .explain what it takes to make
it commercially attractive. . "’
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CTR 800

CTR 1900

CTR22A/B

CTR 22C

CTR 7500

XV-15 Size
(8 Passengers)

New Tiltrotor
(19 Passengers)

V-22 Min Change
(31 Passengers)

V-22 Derivative
(39 Passengers)

New Tiltrotor
(75 Passengers)

¢ New Low-Wing Design

Tiltrotor Configurations

Civil tiltrotor configurations developed for the study
are shown to the left. One configuration, the CTR-
800, is based on the XV-15 tiltrotor size; two config-
urations, the CTR-22A/B and CTR-22C, are
derivations of the \-22 military tiltrotor; and two
configurations, the CTR-1900 and CTR-7500, are all-
new civil tiltrotors. An additional derivative of the
military V-22 tiltrotor, the CTR-22D, was developed
to evaluate higher capacity and a more efficient
fuselage cross-section.

The design technology of the V-22 military tiltrotor
drove the preliminary design of all the configura-
tions. Guidelines for civil tiltrotor design were devel-
oped by BCAC, Bell, and Vertol based on V-22 and
commercial design experience. Specific modifications
were based on federal aviation regulations and
input from commercial operators.

The structural design concept and propulsion sys-
tems used on all the configurations are the same as
the V-22 military tiltrotor; these include the twin-
engine arrangement, rotors, controls, gearboxes,
and driveshaft cross-shafting. Some modifications
were needed, depending on the location of the
auxiliary power unit and whether a high or low
wing was used.
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Equal Value Fare

K?.ov includes $20 value
of time saved)

120

Equivalent Fare
100 KA@ g Equal Fare plus $37
ground access)

Operator Cost
of Capital
(10% ROI)

Ticket 80 I Cost To
Price ¢Eaual Fare Build
Required 60 [~ (e.g.Shuttle Fare) (300 Units)
(%)
40 -
Cash Oper.
20 I Cost
0
Model CTR-228B CTR-22C CTR-7500
Seats 31 39 75
Ticket Price Required—High-Density Market (NYC/BOS Example)
! _
-NH._\.. -32% -39%
Cost
Per Cost of Capital
<Mo;2 (10% ROI)
3) | Cost to Build
| (300 Units)
Cash
Oper. Cost
Model EH101 CTR-1900 CTR-22B CTR-22C
Seats 30 19 31 39

Note: Worker Salary in Transit is Excluded

Crew Transportation Cost—Resource Development (North Sea Example)

Study Results (continued)

High-Density Market. Tiltrotors could capture 1/3
to 2/3 of the high-density, short-haul air travel mar-
ket; however, ticket price may be higher to include
ground transportation and/or surcharge for time
saved. The key to tiltrotor acceptance is the reduc-
tion of portal-to-portal trip time, minimizing the time
and expense of the ground segments of the trip,
and avoiding time-consuming airport/airway conges-
tion. This requires the use of VTOL capability at one
or both ends of the trip. Tiltrotor service will attract
principally business travelers.

Corporate/Executive. Tiltrotor offers great advan-
tages in this market: operational flexibility, comfort,
convenience, security, speed.

Resource Development (offshore oll). Tiltrotor
economics are clearly superior to helicopters in this
market. The substantial time-savings advantages of
tiltrotor become even more important as resource
development moves farther offshore.

Cargo/Package Express. Tiltrotor’'s low noise and
VVTOL capability are well-suited to nighttime express
operations in metropolitan business centers. Eco-
nomic justification will be difficult if the industry’s
traditionally low aircraft utilization rate also applies
to tiltrotors.

Low Density/Developing Reglon. A broad
spectrum of opportunities exist. Governmental
support of startup and operation is likely to be
required. A ‘‘quick-change’’ capability (passenger to
cargo to passenger) would add to market
adaptability.

Public Service. A wide range of missions were
identified. In most cases, the two smaller tiltrotors
would be the vehicles of choice. The minimum
change version of the V-22 (CTR-22B) is also well-
suited for some applications.
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Recommendations:
Design Improvements

Additional civil tiltrotor configuration analysis needs
to be done to optimize performance and improve
economic efficiency. Refinement of the most promis-
ing sizes (50 seats or more and 20 seats or less)
needs to be expanded. Tradeoffs need to be done
on three-abreast versus four-abreast fuselages, con-
sidering optimum fuselage design and V-22 wing
compatibility. Canard/rotor/wing interactions need
further study and wind tunnel analysis to determine
controllability and airflow interactions. Engine ar-
rangements with more than two engines need to
be explored and the interrelationship between oper-
ational and certification standards understood. Fi-
nally, the design needs to be studied to optimize
production, weight, drag, and ride comfort

Design improvement studies should be conducted
based on commercial requirements in order to re-
duce investment and operating costs. Fuselage and
wing design, materials, and manufacturing tech-
niques need to be addressed. The \-22 wing is
designed to military requirements, for example,
which dictates bladder cells and ballistics tolerance
Commercial designs carry fuel in wet wings

As stated in the previously cited ““National Aeronau-
tical R&D Goals’* there are highly constructive syner-
gies that can be brought into play to effect better
affordability. For example, military advances stress
improved performance and combat survivability.
Commercial developments, on the other hand, tend
to emphasize lowered production costs, improved
vehicle operational efficiencies, and increased aircraft
availability with lowered maintenance costs—all of
which are also attributes vital to the quest to reduce
military costs. This close interrelationship of military
and civil enterprise should be viewed and used as a
strong positive force for operational progress, partic-
ularly to achieve affordability.
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Study Elements






CTR-22A/B

CTR-800 | CTR-1900 | CTR-22B | CTR-22C | CTR-22D | CTR-7500
No. Passengers 8 19 31 39 52 75
Overall Length (ft) 415 46.6 57.3 68.6 71.7 83.7
Wing/Rotor Span (fuft) 32.2/26.0 | 37.0/28.0 | 45.8/38.0 | 45.8/38.0 | 48.0/38.0 | 63.0/46.0
TOGW (OEl Hover) (ib) 15,750 22,800 45,120 46,230 49,260 79,820
Cruise Speed (kt) 273 283 240 282 282 300
Range (nmi) (OEl Hover) 600 637 600 600 280* 600
Engine RTM 322 | Scaled T406 T406 Growth | Growth

+14% RTM 322 T406 T406

Takeoff Engine Rating (HP) 2100 3440 6805 6805 7312 12,883
30 sec Emergency Rating (HP) 2625 4300 8506 8506 9140 16,100

* 600 nmi with 39 passengers

Characteristics

Configurations:
Overview

Configurations were developed to meet the study’s
design objectives. A summary of analysis follows:

Derivative Designs:

e The minimum change V-22 (CTR-228B) provides
seating for 31 passengers and includes typical
amenities {lavatory, galley, baggage, etc.). To
achieve the 600 nmi design range, the V-22
transmission is uprated for higher horsepowver.
The CTR-22A does not meet the civil design
range requirements (OEI hover takeoff and IFR
reserves).

e The CTR-22C uses the V-22 wing and propul-
sion system and a new pressurized fuselage to
carry 39 passengers for 600 nmi, without en-
gine growth. The CTR-22D expands the CTR-
22C's 3-abreast fuselage to 4-abreast to hold 52
passengers. Fully loaded, the CTR-22D’s range
is 280 nmi. With increased gross weight and
approximately 15% increased engine thrust, the
600 nmi range requirement can be met with 52
passengers.

“All-New’’ Designs:

e The CTR-800 is approximately the same physical
size as the XV-15. A 600 nmi range is achieved
with 8 passengers in an executive interior. The
fuselage is pressurized and uprated RTM322
engines are used.

e The CTR-1900's all-new design is the result of a
trade study comparing the V-22 configuration
(high-wing, ""H" tail) and new configurations
{low-wing, conventional tail and low-wing,
V" tail, canard). The CTR-1900 with the "V
tail and canard had the lowest drag and
weight.

* The CTR-7500 is the largest configuration
studied. 75 passengers are carried, 5-abreast.
The largest projected growth version of the
T406 engine is used. Additional study is needed
to optimize the propulsion system design.
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CTR-22A/B

e =

CTR-22C

Comparison

.,: —

84.6 ft —— _
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CTR-22C and D
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Emergency Exit (Type 1)

Emergency Exit (Type 1)

‘rm<m8_,< No. 1] =

._.m<m62 No. 2} __J

CTR-7500

L

CTR-7500 Drive System

Neither the CTR-1900 nor the CTR-7500 use tilting
engines; because of the low-wing arrangement,
only the main rotor assemblies rotate for vertical
takeoff and landing. The engine thrust component
is therefore lost during vertical flight, but certain
advantages also accrue. A continuous wing torque
box beneath the main transmission and engine is
used, and the main transmission gearboxes are
interchangeable between sides—for commonality.
Additionally, exhaust is vented rearward, eliminating
potential damage to runway and taxiway surfaces.



JZzZ-yld

~

ol

101011 JIA 3Yl pue zz-A ayl—sweiboud

10Qq Ul pauieb wniuawow 3yl uigluiew o3}

buiag 1eob ay1 yum ‘'0mi ay1 usamiaq saitbojouydal
JO JajsuBn WNWIXeW 343 103949 01 S abuajjeyd ayy
"UOJWOD pUE S3IIOU0I3 Ja1eaib 03 buipea) saim
-e3y aziseydwss [lim Abojouydal so1oun A Aljige
-AIAINS pUB AMIGRISANIUBW Ul S9IUBAPE JzIseydwa
Inm Abojouydal Jojonn Aeapw buibiaws ApeadA |

‘sbuines 1502 jenualod Ul bunNsas IUSWUONAUS
[e12JaWwwWod up piing/ubisap uo siseydwa Aoy e

(1219 'uONDas-ssOLD 1aNaq ‘abelors sbebbeq
apIsul ‘uonezunssaid “uojuwod apu) spasu
13buassed punose pasauad ubisap sbeasny e

"("219 *92ueI9I01 J1SINeq ‘syuel
19nj Jappelq) AMIqeAIAINs MIEq JOj PaaU ON e

J00p
0bied 13l e J0J PIdU 3Y) JO SUCISUSWIP I3
-18D 1YRIDIIE JO S3ILIP AQ PaIdLISaI 10U INOAET e

:sabeiueape Jo saquinu

B J3JO pup Sauas Zz-31D 9yl wouy Ajjenueisqns
124Ip OP 00S£-¥1D PUB 006 1-31D U1 Ing ,, Mau
-l1e,, 10U a1e A3y) ‘3su3s 1Byl Ul ‘sadueape [edbojou
-Ud31 ZZ-A 4O asn aew osie subisap | mau-jie,, 3yl

"SI9YI0 pue ‘'swalsAs j0auod pue sAeidsip
pasuenpe ‘aim-Ag-Alj ‘saasoduwiod (Zz-A 34l ul U3
-Iayur sadueape [e1bojouydal pue ‘syaap 1ybiy pue
‘SI0NUOD ‘SUQISSILISURI] ‘SJI010J ‘WAISAS uoisindoid
ZZ/\ AUl asn Aay] asn A 1oy payipow Alreud
-oudde ‘ubisap bunsixa ue asn SaANRALSIP ZZ-A dY L

"SIDIBW HI3Y? PUB—SIIUSQ JISYI IABY ylog ¢subis
-9P MU U] 10 SIANBALIIP ZZ-A 94l 49113q ale
ydiym (uonsanb ayy 03 samsue dwis ou s1 a1ay |

subisag ,, MaN-IIV., “SA ZZ-A
:suoneinbyyuod

144




25

—— T —

Stowage

Flight Deck Seats

/,,

Type 3 Emergency Hatch
Toilet

Baggage (46.5 ft%)

yd
N

Galley Bar

Attendant’s Folding Seat

Entrance Door

BTES

-~

Toilet
y Hatch I//

LB~ COODODCDODCD
- <«
Airstair
ECU Baggage (20 ft3)
) “\N—Type 3 Emergency Hatch
AT
AN
Type 3 Emergenc
Entrance Door
F— - -

CTR-1900
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Markets:
mOﬁ Overview (continued)

7% Legend Total market potential is very large: tiltrotors could
50 ] Total Percent of Seats perform the mission of more than 16,000 units of

74 Total Percent of Units existing fixed-wing and helicopter inventory. Bulk of
market is in North America (65-75%].

N

Percent

of Replacement
Potential

in Size
Category

To identify and provide a focus for the study of
candidate markets, three perspectives were used:
32 e Survey of prospective users of tiltrotors.

* Existing inventories of fixed-wing and helicopter
aircraft.

18 e Extensive look at past surveys and studies to
14 place this study in proper historical perspective.

m 7 7 mlml.m 1 _ 8 _ Market design criteria are listed below. A range of
wcicd sizes is needed. VTOL is preferred to STOL. Cabin
16 16-25 2650  51-100 pressurization was believed necessary for operational

flexibility and passenger comfort (competitive fea-
tures) and for longer range economy.

> MMM

n

8

AMMIIIININN

v
~N

Potential Tiltrotor Replacement of Eligible Existing Equipment

Study Size | Corp/Exec Gov't Low Resource Cargo/ High Potential
Category Public Density Develop- | Package Density Total
(Seats): Service ment Express Units ® 600 N. Mile Range with OEI Hover Takeoff
610 15 475 75 0 P - 570 e 800 N. Mile Range with 750 ft. STOL
® Cabin Pressurization-
16 to 25 175 75 50 325 625 ® Noise - Equal or Less Than Current Aircraft
e e Utilization Objectives: Minimum - 2000
26t035 L 35 85 110 80 310 hr/yr at 98% Dispatch Reliability
G Gl ® All Weather Operation
¥1eés 2 - : g #5 - B He ® Wing Stow not Required (V-22 Feature)
46 10 55 120 700 870 ® Rotor Blades Designed with Manual Folding
@ Ramp Self Sufficiency - Air Stair; APU;
56 to 100 400 400 Power Back

‘ - - . e ® FAR Certification 1995
Note: Size Categories Are Mutually Exclusive; Totals Cannot Be Added.

i Minimal Demand

Demand: “All New"’ Designs Market Design Criteria
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20-29 Passengers 40-49 Passengers
Inventory Aircraft Inventory Aircraft
18 HS-748
25 DC-3 LR DC-6
5 CN-235
22 C212 4 F27)
Caribbean Aircraft Inventory
From To Passengers/Year | Distance (Miles)

1. St John St. Martin 79,475 108
2. St. Martin St. John 79,475 108
3. Port of Spain Bridgetown, Barbados 77,143 208
4. Bridgetown, Barbados Port of Spain 77,143 208
5. Santo Domingo, Dom. Rep. |San juan, Puerto Rico 64,536 234
6. SanJuan, PuertoRico Santo Domingo 64,536 234
7. St. Lucia Bridgetown, Barbados 44,676 120
8. Bridgetown, Barbados St. Lucia 42,132 120
9. Bridgetown, Barbados St. Vincent 36,599 120
10. Panama San Jose, Costa Rica 34,658 350
11. St. Vincent Bridgetown, Barbados 31,938 120
12. San Jose, Costa Rica Panama 31,126 350
13. Port Au Prince Santo Domingo 31,730 170
14. San Salvador, El Salvador San Jose, Costa Rica 30,939 440
15. San Jose, Costa Rica San Salvador, El Salvador 29,546 440
16. Santo Domingo, Dom. Rep. | Port Au Prince, Haiti 25,931 170

Carribbean Passenger Routes

Markets:
Low-Density Market

The low-density market is difficult to analyze be-
cause of the diversity of the market and the lack of
specific market data. It is a large market, geographi-
cally, consisting of such regions as southeast Asia,
Oceania, Alaska, northern Canada, and the Carib-
bean. The lack of ground infrastructure is one com-
monality in this market. Opportunities could include
tourists, light, high-volume industrial products, and
foodstuffs.

There is also a potential market in low-density areas
for resource development applications; these are
discussed in the resource development market sum-
mary on the next page.

The Caribbean archipelago was examined as a low-
density market case study. Many political entities are
present in the region, transportation between popu-
lation centers is relatively undeveloped, and econo-
mies are generally poor. For these reasons. tiltrotor
service could increase the quality of life, but govern-
ment support would be needed.

Alaska merits special mention as it represents a
somewhat atypical low-density market. Environmen-

- tal conditions are extreme and the population is

very small. Smaller settlements are widely spaced
and air travel is well-established as the only: feasible
method of year-round transportation. The tiltrotor
could replace many of the fixed wing STOL aircraft
now in service and reduce the need for snow re-
moval or regrading of frost upheavals. The tiltrotor
has particular advantages in serving new destina-
tions, and it could eliminate the need for extensive
fleets of float/ski planes.

In all of the low-density markets examined, eco-
nomic development is essential to the success of
tiltrotors. Until light industry (or resource develop-
ment) increases—and with it the demand for new
air transport—the potential for tiltrotor in this market
will remain limited.
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Alaska/Canada

. . @, (Arctic)
P c*r = Total = 6

Canadian East Coast
Total = 9

North Sea ) g . s
Total = 106 R_wu_zm:“w%mm: d Alaska West Coast
otal = -
Western Europe = @ o © Total = 3 U.S. West U.S. Gulf of Mexico
— . Far East Coast L
Total = 8 Middle East Total = 30 Total = 6 iTotal = 210
Total = 74 p - - Noa Caribbean/Central America
z Southeast Asia Total = 11
West Africa v { Total = 37
Total = 23 v v
Southern Asia % &ﬂ X i
Total = 22 <= e, South America
. (Other)
Africa (Other) Q Total = 28
Total = 5 o South America-Brazil
. Oceania © V4 .._.Qm_ =51
Total = 6

World’s OIl Platforms
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Disaster Relief

An additional public role is disaster relief. Tiltrotors
for this role would be drawn from available fleets in
an area (police, fire, drug enforcement, even
military)

For moving large numbers of people from the scene
of man-created or natural disasters, the tiltrotor’s
speed and VTOL capability make it ideal. The tiltro-
tor could also move supplies and machines into
stricken areas rapidly.

Market Size—Public Service

Predicting market penetration is difficult. A conserva
tive estimate was made that between 35 and 75
tiltrotors would satisfy demand by the year 2000,
depending on the size of configurations available
There are more than 2,500 helicopters now in pub-
lic service; about 1,100 of those are estimated to be
eligible for replacement by tiltrotors (i.e., are large
single-engine or twin-turbine models)

Markets:
Corporate/Executive Market

The corporate/executive transport market is very
large (see table to right). Over 11,000 aircraft are
now in use in this market, about evenly split
between fixed-wing turboprops and helicopters.

Several important points about this market need to
be stressed. Corporations are very cost-conscious
and aware of the importance of making effective
use of business aircraft. They also understand that
corporations making effective use of business aircraft
are more profitable and have higher productivity
per employee than those who do not, as reported
by Business Flying magazine in 1985.

Executive security is an increasingly important factor,
as well. Cabin pressurization is essential. Speed,
efficiency of operation, low maintenance, and mis-
sion flexibility are also important attributes of busi-
ness aircraft

The smaller versions of the civil tiltrotor offer benefits
on all counts. They are fast, efficient, and flexible
Their VTOL capability offers substantial savings in
time at both ends of the flying journey, and their
high speed cruise allows them to replace airplanes
as well as helicopters

Executive transport remains the prime mission of
business aircraft, but other uses are becoming more
important; transpQrt of critical skills and shipping of
high-value equipment and information contributes
to overall efficient utilization of aircraft

The CTR-800, the pressurized 8-passenger, XV-15-
sized tiltrotor, 1S particularly attractive in this market
By the year 2000, the CTR-800's market share could
be 450 to 500 units. The larger CTR-1900 (19 pas-
sengers) would account for a market share of about
150 to 200 units, if it were available instead of the
CTR-800

Helicopters | Turboprops

Africa 120 100
Asia 350 50
Central America 70 90
Europe 840 300
North America 3,740 5,020
Oceania 80 50
South America 130 300

Total: 5,330 5,910

Incumbent Market
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Note: @ Cash cost does not include investment
e 31-seat aircraft
® 200 nmi mission

$58
Per
Seat

+
$22
Per
Seat
Base _
Maintenance = b
Fuel
Crew
kKO.C
T Tiltrotor

Aircraft Portion of Trip (Block Time):
.97 hr. .92 hr.

Total Trip Time (Portal-to-Portal):
4.0 hr. 2.0hr.

Helicopter

1.62 hr.

2.7 hr.

Cash Operating Cost Comparison

Economics:
Overview

A number of important conclusions were reached
during analysis of the economics of the civil tiltrotor.
They are listed below and discussed on the follow-
ing three pages.

The civil tiltrotor halves the difference in cash oper-
ating costs (non-investment costs) between fixed-
wing and helicopter aircraft. This is shown in the
figure to the left.

Compared to multi-engine helicopters, the eco-
nomics of the tiltrotor are clearly superior.

Considering that the true cost and time of a trip IS
from portal-to-portal, the tiltrotor can be competitive
with fixed-wing conventional aircraft. Stated another
way, using only a modest dollar value for time and
convenience, the tiltrotor provides better service to
passengers at competitive fares.

More work is needed in technology and design—as
well as in more finite market analysis—to reduce
operating costs and cost to build and make the
tiltrotor even more economically viable.
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[l Derivative Designs
. All-New Designs
Dollars
Per Unit
(+26%)
cT x-woo CTR-1900 CTR-22B CTR-22C CTR-7500
Seats 8 19 31 39 75
(+166%)
B Il Derivative Designs
All-New Designs
Dollars
Per Seat
(+36%)
CTR-800 CTR-1900 CTR-22B CTR-22C CTR-7500
Seats 8 19 31 39 S

Cost-to-Build Comparisons (Average Cost per Unit Over 300 Units)

Economics:
Cost to Build

Shown to the left are several important conclusions.
The relative cost to build each of the five principal
tiltrotor configurations, including nonrecurring costs,
are indicated by the upper bar graph. This analysis
is based on V-22 estimates and, in the case of \-22
derivatives, reflects benefits from the \-22 learning
curve in the 1995 time frame. It should also be
noted that the costs to build shown are exclusive of
manufacturer’s profit, an element that must be con-
sidered in completing any analysis of economic
feasibility.

The cost to build of each major configuration—on a
per-seat basis—is shown in the lower bar chart.

This study and other general cost studies have
shown that a tiltrotor should be expected to cost up
to 50% more than a turboprop of equal capacity,
where each is designed to the same commercial
criteria, utilizes common material and construction
standards, and reflects equally mature technology.
More analysis is needed, however, and it is consid-
ered essential to include detailed cost-to-build studies
in any follow-on tiltrotor work.
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Vertiport Over Freeway

Other Issues:
Facilities

To predict vertiport facilities needed to support the
high-density commuter market, the New York mar-
ket was examined as typical. For that market, using
a 39-passenger tiltrotor as an example vehicle, 18
vertiports would be needed within a 300 nmi radius
of New York City, including 6 within the NYC metro
area. Each NYC vertiport would serve, on the aver-
age, 3000 passengers per day each way.

Each vertiport would be custom designed for its
unique location and traffic.

Several possible designs were postulated and two
are shown to the left. The view at far left shows a
possible vertiport above a freeway. Such a vertiport
would take advantage of available airspace, which
is generally free of obstructions, and would make
use of property already used for public purposes.

Another possible design shown is the floating verti-
port. Waterfront property, while usually expensive,
has a large advantage in having unobstructed air-
space available in at least one direction.

\ertiport construction costs will vary widely, depend
ing on the location (urban or suburban), size (5
acres for urban and 25 or more for suburban), and
the costs of land. Excluding site costs, vertiport con-
struction cost estimates ranged from $11 million for
a suburban location to $80 million for a floating
design. It is noted that a regular airport is reported
to cost $4—$6 billion (Aviation Week; 5/4/87).

It is expected that initial tiltrotor service will be parti-
ally provided from existing airport facilities. As full
service is established, it is expected that specialized
vertiports—beginning in metropolitan urban areas—
will be required for achieving the maximum tiltrotor
benefits in reduced transport time and reduced air
and ground congestion.



$j0J3U0)D) JO10JI{L

(srepad)
JOJOH ¥a1 Jojoy by
ME,
211949 (eutpnyibuon \/ 1'_ A
[enuaseyq

\ \

911949 [eia)e

(1ana Jomoy)
apon
uone|suel
Jesaje

| | aA1199]10D
" fenuasayig

(19Aa7 2119AD)

Yolld Mwlv liod

PUBWILIOD yold BAOBII0D |

(1an87 Jamod)

ml' sniyl

(1ana7 211249D)
@%\ ﬂ H @nv youd

o]ITe1%o) _mc_u::mcoJ

101A

|0J}u0)

sjuswasinbais jany slewANe Y41 e

dduewnopsd (130} asnesadour suibus 3uQ e
3PNPUE YIIYM ‘sanss| [euonelado/uonedyiuad
214123ds ssNIsIp 01 pawuoy aq i sdnosb Apnig
L8611 Ul PI3Y SBM M3IAIL ANSNPpuUlyY4 Ue ‘Apnis
Siy) Buunp JUBWIWO) 10§ PAIBINID SEM | 1INy
uodsuel] Y paIdamMod 10§ B SSIUIYLIOMIIY
wialu|,, YBIP SW¥v4 V4 Yyim anbojerp

Butobuo jo 123fgns a3 st uoneayad Jolo |

UOJIBI1J1343D) :$3aNSS| JDYIO

‘uonnadwod

1Je1210101 10 Buim-paxy su ueys adojaaua

b1y Japeoiq ey e sey J0104N U3 ‘UIIS 3q UBD Sy
ybu sey auy 18 umoys se ‘aduewopad §[-AX AQ
paiepilea uaaq sey adojaaus by s,J0100010 IAD Y|

‘UMOUYS JOPIIOD

dll9deu/paadsie panoidde syl apISINO SUOISINIX3
IUSUBAPEUI WO 1eidne 3yl Ssiuaaaid waisAs
u0N310id UOISIDAUDD v "LIBYD IOPILIOD UOISISAUOD
3yl Ul UMOYS SB ‘paads YliM paziuoiyduAs

st 9ibue afedeu ayr pue ‘saaibap /¢ Jo abues e 190
3N wasAs uorsindoidioios sy Yy auogbuim o)
19A0Y WOy uonisuesl saysiidwodse uonelos aladeN

‘Bunpuey wnwndo

JoJ AljIgeIs pue asuodsas 130 Isayl ‘SWiaIsAS
Aeidsip pasueape yum pajdnod) "waisAs souoine
19INAWOD UOISSIW B pue “WaIsAs j01au0d by
Jnewoine ue ‘waisAs jonuod Wby Aewnd e jo
SISISUOD 18Y3 |013U0D aNm-Ag-A)j 1eabip Aouine jny
JO asn Bupew yuepunpas-3idul a1 SWIISAS [01U0D)

ybu ayi 03

pakeidsip ase asayy (i 2124 |enusIayp U A
‘'9AI1DII0D (ENUAIIYIP) 101U 1eIDI0I0) WSPpUE] pue
(uosaddey sappnu 1018A319) S3dBUNS [0AUOD Sueidle
JBUONUSAUOD 35N A3U) 'S9210) JiweuApoise pue

Y pasamod yiog Aoidws Aaua aduss “sanipgeded
1022U0D ¥33p by Le-ayl-Jo-31e1s yum pajdnod
'SSAUSAISUOdSas pue AlIjIgeIs JUa|IadXa IABY SI010N]! ]

sonsddeIRY) jeuopesado 1030l
:53aNss| 13Y10

1017




41

Airplane

Elevator

Throttle Command

—

100

90

80}

70

Nacelle 60}
Incidence 50}
Angle, 40
deg 30}
201

10

O 11 [ | - | 1 2} )
20 60 100 140 180 220
Calibrated Airspeed, kn

Flaperons
\\ : / / //
.\ ) \L

/(\

Conversion Corridor

— —Rudder

- ]

Speed Envelope Comparison
Standard Temperature
32,0001

28,000F  yy.15
24,000
20,000}
16,000}
12,000

8,000

4,000

0 1 I 1 I ]

50 100 150 200 250 300 350
True Airspeed—Knots

Turboprop

Pressure Altitude—Ft

Helicopter

Flight Envelope

e Composite manufacturing quality control and
field inspection

* Fly-by-wire and multiplex bus controls

Other Issues:
Technical Issues

Pressurized Composite Fuselage. Pressurizing a
composite fuselage should be structurally no more
difficult than pressurizing a metal fuselage. However,
questions arise concerning the material failure
modes, including tear resistance and sudden
decompression characteristics.

Aerodynamic Improvement. Interference drag at
the wing/fuselage and wing/nacelle joints must be
improved to allow high cruise efficiency. Likewise,

the basic wing thickness ratio puts a limit on cruise
speed and efficiency, and should be further studied
and refined for optimum performance.

High Performance Configurations. New
configurations such as canard designs appear to
offer substantial performance gains. These need to
be quantified in terms of performance, development
costs, and operational advantages. Similarly, higher
cruise speeds are readily achievable for the tiltrotor,
but need further study to evaluate the costs and
operational advantages.

Emergency Power Ratings. A 30 second
emergency power rating was assumed for this
study. Engine manufacturers need to trade off
temperature, fatigue damage, and engine life
associated with such a rating. Technical studies
must determine development costs and impact on
the engines’ cruise performance, if any.

Technical studies and simulations are also needed to
evaluate the emergency landing and takeoff
performance associated with single engine
performance under the assumed emergency rating.
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Location Rule j:...oaoﬁ BV-234 DHC-8-102
Estimate Actual Actual

FAR 36 Takeoff 89.0 60.0 - 80.8
Stage 3 Sideline 94.0 74.0 - 86.3
(EPNdB) Approach 98.0 77.0 - 948
(Fixed Wing)
FNPRM Takeoff 101.6 78.0 96.2 -
14CFR Sideline 102.6 84.0 97.2 -
(EPNdB) Approach 103.6 77.0 102.1 -
(Rotary Wing)

Community Noise Levels

—— Flightpath

418 ft
Distance

From
Takeoff Liftoff
Vertipad
Approach

Noise Profile (80 dBA Contours)

Other Issues:
Ride Comfort and Vibration

Tiltrotors have inherently lower vibration levels than
helicopters because the majority of their flights are
conducted in the airplane mode. Even in the hover
mode, the location of the engines and rotors ar the
end of short wings attenuates rotor-induced
vibration.

Noise

Community noise estimates show the tiltrotor to be
less noisy than either helicopters or turboprops.
Noise that is produced is well within levels permitted
by current federal rules. Furthermore, noise gener-
ated by a tiltrotor will tend to remain within the
vertiport itself (see noise profile of 80 dBA contour—
acceptable residential level).

Interior noise levels of the minimum change V-22
are somewhat higher than acceptable for civil certifi-
cation because of the close proximity of the rotor
blades to the fuselage. However, acoustic treatment
of the fuselage can reduce the cabin noise to ac-
ceptable levels. For the all-new fuselage designs,
increased rotortip-fuselage separation allows much
lower noise levels inside the aircraft, well below
today’s standards.

Emissions

Aircraft emission levels were also found to be ac-
ceptable. The only potential concern is the tilting
nacelle; if engine exhaust is too close to the ground,
the heat could cause deterioration of the landing
surface over time. This can be remedied with a
nozzle mixer or deflector, however, and there is no
problem at all with the CTR-1900 and CTR-7500,
since these models do not have tilting engines.
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Composites. By far the most significant \-22
contribution to the aircraft industry is the dedicated

¢ Fly by Wire use of composites for reduced weight and increased
* Flight Management System performance. Shown on the chart below is the

« CRT Displays impressive amount of structural composites used on
L

Laser Inertial System the \-22, compared to other civil and military

aircraft.

Alloys. New generation aluminum-lithium alloys
offer better strength, lighter weight, greater elasticity.

Flight decks. Flat-panel displays, color CRTs, and
multi-function displays reduce crew workload,
reduce manufacturing and maintenance costs, and
improve safety. The V-22 makes extensive use of
these new technologies.

‘3\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\'

\

Laser inertial systems. Simpler, more dependable,
less expensive. The USAF special operations version
of the V-22 uses one such system, ring laser gyros.

Ada software. More formal and less ambiguous
definition of semantics allows improved correctness
and compatibility as well as better code portability.
This DOD-promoted language is now being consid-
ered as the standard for civil applications.

Data bus. Fewer independent circuits, reduced
weight and cost, and increased data for pilots, main-
tenance monitors, and ground personnel.

¢ Thrust Power Management Signal/power-by-wire/light. Better safety, de-
9 Metal (20%)
¢ Engine and Transmission creased weight, maintenance, and costs of
Health Monitoring Fiberglass and ownership.
» Variable Speed—Constant other composites v-22 Rotorcraft &
Frequency Generators (20%) 80 prr—=—— 001 Mﬂﬁmns
. O.m_‘Uo: Brakes . Percentage Lear Fan 2100 a~2:..xx
e High-Pressure Hydraulics Graphite-Epox of 601 starship | Fighter &
2 Py Structural Attack
Composites Weight Aircraft
(60%) in Adv Fighter
Advanced 407
Composites Large Com’l|
& Military
201 Aircraft
0
g 0
V-22 Technology Year of First Flight
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Imports | Exports
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Trade Balance

Market Share: U.S. Versus Non-U.S.
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