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FOREWORD .i
Goodyear Aerospace Corporation [GAC] under a jointly sponsored .-

NASA/Navy Contract [NAS2-8643] has conducted a Phase II inves- ..
tigation into the feasibility of modern airships. The Ames Re-
search Center and the Naval Air Development Center were the re-
spective NASA/Navy sponsoring agencies. The Phase Il investi-
gation has involved further study of mission/vehicle combina-

tions defined during the Phase I portion of the aforementioned
contract, NASA Contractor's Report NASA CR-137692 summa. .zes

the GAC Phase I investigation. o

Volume II of the Phase II final report summarizes the work per-
formed relative to the Airport Feeder Vehicle/System Concept.
Contract funding for this portion of the effort was $60,000.

Dr. Mark Ardema, the NASA Project Monitor, provided valuable
technical guidance and direction to the entire study effort.
Mr. Ralph Huston was the GAC Program Manager. Jon Lancaster
was the Project Engineer/Principal Investigator for the Airport

Feeder [A/F] Study effort. Other principal personnel include:

Configuration/Design Sam Karipides
Cost/Weights Don Block
Operational Procedures J. Wolfersberger
L. Cermak
Propulsion/Noise Frank Pake
Stability and Control D. W. Lichty

Subcontractors supporting the GAC study team include:
Aerodynamics/Stability & Control
Nielsen Engineering & Research

Institutional/Operational Constraints
Battelle Columbus Laboratories

Propulsion Systems
Hamilton Standard, Division of
United Technology

i1
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1.0 SUMMARY

The Airport Feeder is one of the mission/vehicle con-
cepts specified by NASA for further study during the second
phase of the Modern Airship Feasibility Study. An overview

of the two phase program is shown in Figure 1.

The Airport Feeder vehicle is a VITOL, semi-buoyant el-
lipsoidal airship capable of transporting passengers or cargo
to major CTOL hub terminals from suburban and downtown de-
pots. One concept of operations is shown in Figure 2. The
Phase II study effort was comprised of six tasks: 1) Ve-
hicle Design Definition, 2) Operational Procedures Analysis,
3) Cost Analysis, 4) Comparison with Alternate Transporta-
tion Modes, 5) Mission/Vehicle Feasibility Assessment, and

6) Technology Assessment.

The vehicle design definition task resulted in the base-
line vehicle shown in Figure 3. Principle vehicle/design

characteristics are:

Pressurized metalclad construction
Volume = 12,135 M? 428,500 Ft?)
Gross Weight = 30,618 kg [67,500 Lb]
B = Static Lift/Gross Weight = 0.35
80 Passenger design capacity

Modularized cargo/passenger design

Operating characteristics identified for maximum speci-
fic productivity [payload x velocity/empty weight] within the
NASA study guidelines include:

< U i P e
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VTOL capable

Cruise speed = 67 m/s [130 kts]

Normal cruise altitude = 610 m [2,000 ft])
Maximum range = 741 km [400 n.mi.]

Operationally, the vehicle is envisioned as a "Feeder"
system capable of transporting passengers and cargo from sub~
urban or downtown terminals tc major CTOL hub airports. Nor-
mal stage lengths would range from 27.8 km [15 n.mi.] to 278
km [150 n.mi)] with an average stage length of 74.1 km [40 n.
mi.]. Terminals would be located on roof-tops of parking

garage type facilities in suburban and city center regions.

An innovative tether/winch landing system was conceived
which offers substantial improvements in ground handling ope-
rations. Both VTOL and on-ground operations appear possible

with a one-man "ground crew".

Substantial analysis is required to define the passenger
demand and market size for the Airport Feeder system concept.
If the market is sufficient to justify 125 production units,
Direct Operating Costs, DOC are estimated to be approximately
50%Z better than current technology rotor craft. Cargo opera-
tions in off peak and night time hours may significantly im-
prove the overall economic viability of the Airport Feeder

System concept.

Areas requiring further effort include hover, transition
and cruise stability, control, and turbulence response, air-
frame/propulsion interference, low cost manufacturing methods

and processes, and detailed market analysis,

N AN e 0 oo g 2 0
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Overall, the Airport Feeder System/operational concept
is sufficiently promising to justify continued NASA support
of this modern airship concept. The combination of buoyant
1ift with propulsive 1lift results in a vehicle with VIOL cap-
ability, which can satisfy stringent noise constraints 1in an

energy efficient, economically competitive manner.
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2.0 INTRODUCTION AND BACKGROUND

Today's concern for the environment and for energy con-
servation has generated new interest in a means of flight
older than the airplane. Airships were once a siynificant
element in world-wide transportation providing the cnly means
of non-stop rapid travel across the world's oceans. Lacer,
during and after World War II, they were a bulwark ¢ . 1is
Nation's anti-submarine defense as well as a signif. -
element of the U.S. Airborne Early Warning System. ..< wonly
role of airships during the last decade has been the Goodyvear
advertising airship fleet. However, new requirements for
military applications, transporting heavy loads over short
ranges and providing economic, quiet and energy conservative
intercity transportation are reviving interest in modern

lighter-than~-air vehicles.

As a result of the resurgent interest in lighter-than-
air, the NASA Ames Research Center contracted with Goodyea~
Aerospace to perform a two-phase study of modern airships.
As a part of the Goodyear Aerospace Phase I Study, the history,
potential mission applications, ard designs of modern lighter-
than-air [LTA] vehicles were researched and evaluated to de-
termine if there were combinations of transportation missions
and airship concepts that were sufficiently attractive on the
basis of the NASA specified figure of merit, productivity
[payload ton-miles per hour], to warrant a more detailed study
in Phase I1. The results of the Phase I Study are documented

in NASA CR 137692 entitled "Feasibility Study of Mo arn Air-
ships - Phase I".

As a result of the Phase I Study, Goodyear recommended

that further study during Phase II be directed toward the
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investigation of a sheit-haul, heavy-1lift cargo airship, a
short-haul passenger/cargo airship and a large Navy Sea Con-
trol Airship [Reference 1l]. This report documents the re-
sults of the Phase II Study of the short-haul passenger/cargo
feeder concept which could be used to transport passenger and
cargo from outlying areas [suburbs, downtown city centers, or

seconcary airports] to major hub airports.

This system concept is particularly attractive today
because of its potential to reduce grouund congestion at najor
hub airports, to reduce take-off and landing noise to lev=als
acceptable for operations in urban and suburban areas, and
to reduce fuel consumption and operating costs to levels be-
low existing helicopter systems and competitive with concept-

ual heavier than air VTOL z2ircraft systems.

2.1 Phase 1 Overview

The Phase I study consisted of three principal task ef-
forts: A Historical Overview, A Mission/Applications Analysis,

and A Parametric Performance Analysis.

As a part of the historical overview task, the history
of lighter~than-air [LTA] vehicles was reviewed to provide a
background for the missioun aralysis and parametric analysis
tasks. 1In addition, data from past airships and airship opera-
tions were analyzed and documented for use during the Phase
IT Study.

The following areas ire detailed in Reference 1 for past
LTA vehicles and operations:

a. Parameterization of design characteristices
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b. Overview of historical markets, missions, costs,

and operating procedurec

¢, Definition of the 1930 state-of-the-art [SOA],
both technically and economically

d. Development of indices of efficiency for compari-

sons with 1975 SOA performance characteristics

e, Identification of critical design and operational

characteristics.

The Mission Analysis Task consisted of a comprehensive
investigation and screening of potential uses for modern air-
ship vehicles. Thne missions included not only conventional
cargo and passenger applications but also unique applications
which could capitalize on the unique performance characteris-
tics of LTA an. Modern Hybrid or Semi-~Buoyant LTA vehicles.

.. concurrent analysis was made of potential Department of De-
fense Missions. A survey of curren: transportation systems
was made and potential areas of competition were identified
as well as potential missions resulting from limitations of

present systems,

In addition to tne three missions recommended to NASA
for further study in Phase II, the Mission Analysis Task
identified many additional promising potential LTA applica-

ions. Many of the promising missions were in the category
of unique or unconventional applications, wherein productiv-

ity, per se is not the dominant figure of merit.

As a part of the Pha- I Parametric Analysis Task, vari-

ous types of lighter-than-air {LTA] vehicles frcm fully buoyant



to semi-buoyant hybrids were examined. Geometries were opti-
mized for gross lifting capabilities from 1360.8 kg to
2,721,600 kg [3000 1bs to 6,000,000 1bs]) for ellipsoidal air-
ships, modified delta planform 1lifting bodies, and a short-
haul hkeavy-1lift vehicle concept. Propulsive 1lift VTOL and
aerodynamic 1ift augmented cruise flight was shown to signifi-
cantly improve the productivity of low to medium gross weight
ellipsoidal airships.

Furthermore, at low gross weights, the parametric ana-
lysis task results indicated that very low buoyancy ratios
[static lift/gross weight] beta would maximize productivity.
It was recognized, however, that several key mission related
vehicle design and/or performance requirements had not been
included in the generalized Phase I results and needed further
analysis during the Phase II study. The three most important
factors were the requirements for one engine out VTOL capabil-
ity; the structural, design, and weight implications associ-
ated with the passenger accommodations and for cargo transport

capability; and the requirement for low community noise.

Combining the results of the mission analysis and the
parametric analysis tasks resulted in the recommendation for
further study of an Airport Feeder [A/F] vehicle-system con-
cept during the Phase II study.

In addition to specific mission related vehicle design
and performance requirements, the Phase II study emphasized
the operational aspects, acquisition costs and operating econ-

omics of the A/F system concept.

10



S LI, T o

The Airport Feeder operational concept is schematically il-
lustrated in Figure 2. This concept envisions a hybrid air-
ship with VTOL capability for use as a feeder to major hub
airport terminals from suburban and downtown terminals. The
focus of the Phase II study has been to investigate the po-
tential of hybrid [semi-buoyant] airshiy technology to im-
prove performance, improve operational capability, reduce en-
ergy requirements, enhance operating economy, and reduce unde-

sirable environment effects such as noise and air pollution.

2.2 Phase 11 Scope

The scope of the Phase II study of the Airport Feeder

concept consisted of six major tasks:

I. Vehicle design definition
II. Operational procedures analysis

III. Cost analysis

IvV. Alternative transportation mode comparison
V. Mission/vehicle feasibility assessment
VI. Technology assessment

The vehicle design definition, Task I, was a mixture of
point design type of analysis and parametric vehicle sizing
and performance optimization. The objective of this task was
to define the optimum vehicle characteristics for the short-
haul airport feeder vehicle with emphasis on two mission re-
lated factors not considered during the Phase I study: The
design requirements associated with the {"™ passenger payload
capability and the propulsion system design and performance

characteristics associated with one engine out VIOL capabil-

ity. In addition to these two considerations, the major para-

meter of interest was beta,

11
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The objective of the operational procedures task was to
define operational procedures which would result in signifi-
cantly improved ground handling operations over past LTA ve-
hicles. A concept of operations for the short haul passenger
transportation system was postulated and the vehicle/system
related operational requirements defined. The postulated con-
cept of operations was used to assess the Institutiomal and
Operational Constraints which could affect the viability or

success of the Airport Feeder Concept.

The objective of the cost analysis, Task I11, was to
utilize the vehicle design and concept of operations defined
in Tasks I and II to develop estimates of the acquisitionm and

operating cost of the A/F system concept.

Task IV provided a comparison of the Airport Feeder ve-
hicle concept with alternate air transportation modes. The
comparison, both on the basis of economics and fuel efficiency
provided one of the wmajor inputs to the Mission/Vehicle feasi-

bility assessment effort in Task V.

The final activity, Task VI, consisted of an overall
assessment of the technology developments required for the

successful development of the Airport Feeder system concept.
The NASA Ames Research Center provided the mission speci-~
fications, study guidelines, and overall study objectives for

the Phase I1 Study Effort.

2.3 Phase II Study Guidelines and Objectives

Due to the limited scope of the Phase II study effort,

a detailed market analysis was not made. The A/F mission as

12
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defined by N\ASA overlaps what has traditionally been defined

as the Intra-urban and Inter-urban passenger and cargo market,
with the major emphasis on the passenger mission application.
In contrast with the short-haul heavy-1lift airship study, the
A/F study effort was mech more or a conceptual level of analy-
sis. The fundamental objective o>f this study was to answer

the question "Can buoyant lift be employed tc provide a VTOT

¢ :pability which can meet stringent noise conctraints with no
major adverse operational problems and with economics and fuel
consumption competitive to existing or proposed air frraunsporta-
tion systems?" The NASA Study guidelines summarized in Table

1l include the specification that the vehicle shall have a 80-
passenger capacity with a 740 kilometer [400-nautical mile]
design range and an average stage length of 74 kilometers [40
nautical miles]. The criteria for the airport feeder vehicle
design study was maximum specific productivity, PV/E [payload

x velocity/empty weight] subject to a noise constraint at take-
off of 95 perceived noise decibels at take-off power, 152

meters (500 feet] from the vehicle centerline.

As further guidance to the Phase II Study, NASA pro-
vided the following mission rationale and guidelines.

2.3.1 Stage Lengths

The vehicle cruise speed and other factors probably
limit the practical stage lengths for passenger applications to
a range of from 28 kilometers to 280 kilometers [15 nautical
miles to 150 nautical miles]. Most of the trips would be at
the low end of this spectrum and thus 74 kilometers [40 n.mi.)
was selected as the average stage length at which performance

and economics would be computed. The vehicle was specified to

13



Table 1. Feeder Mission Specification for "Feasibility
Study of Modern Airships"

Passenger Capacity - 80
Unpressurized Cabin with All-Economy Seating at 34" Pitch

400 n. mi. Design Range (Maximum range at maximum payload with
reserves)

Reserves - 40 n. mi. at most efficient cruise plus 20 minutes at
most efficient loiter

Noise - goal is 95 EPNdB at 500 ft from centerline of airship -
noise to be calculated at takeoff power on the
ground and at 300 ft altitude

Missions - airport feeder and cargo

Speed, Buoyancy Ratio, and Geometry selected for best pro-
ductivity-to~-empty weight ratio

VIOL Power - for sea level, standard day, free air conditiouns
the following minimum thrust-to-weight ratios are
required:

1) 1.05 at takeoff power

2) 1.03 at maximum power with one engine out

Cruise altitude selected to maximize productivity-to-empty weight
ratio subject to a minimum of 2000 ft (community
impact limit) and a maximum of 8000 ft (cabin
comfort limit). Pressure height to be 2000 ft above
cruise altitude.

Performance and economic calculations to be made at a stage
length of 40 n. mi.

Acquisition costs to be computed for production quantitites of 1,
25, 100. Technology levels and costs appropriate
to the early 1980's shall be assumed but all costs
shall be expressed in 1975 dollars. An avionics
price of $250,000 per aircraft will be used.

NOTE: 1 n.mi = 1,853 km, 1 inch = ,0254 m

14
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have a design range of 740 kilometers [400 n.mi.] for reasons
of route and scheduling flexibility. Thus, constant refuel-
ing would not be necessary and the occasional longer trip

could be accomplished. Also, cargo operations would tend to

have longer stage lengths than passenger operations,.

2.3.2 Markets

The market for a vehicle with stage lengths as de-
scribed above is not well defined at present. The situation
is complicated by the fact that the airport feeder system/
operational concept overlaps the markets traditionally called
Intra-urban [stage length less than 40 n.mi.] and Inter-urban
[stage lengths from 40 n.mi. to 400 n.mi.]. Thus, a definit-
ive estimate of the market for the feeder vehicle was beyond

the scope of the Phase II Study.

2.3.3 Passenger Amenities

For a stage length of 280 kilometers [150 n.mi.],
lavatories and beverage service would be appropriate while
for 28 kilometers [15 n.mi.] neither would be needed. 1In
view of the relatively lov penalty for extra volume on an air-
ship, it was assumed that provisions for lavoratoires and
beverage service would be allowed for in the nominal design.

In any case, food service would aot be needed.

2.3.4 Noise

Any vehicle proposed for the feeder mission must be
quite, The noise goal as specified in Table 1, 95 pNdB must

be closely met or would be improved upon if possible.

15



2.4 Summary of Phase Il Results

The vehicle design task, Task I, was the major area of
study during the Phase II program. Principle results include
the selection of a pressure stabilized metalclad vehicle il'-
lustrated in Figure 3 with a beta of 0.35 and a gross weight
of 30,600 kg [67,500 pounds]. The metalclad construction con-~
cept was selected on the basis of maximum specific productiv-
ity, PV/E, or payload times velocity divided by empty weight.
The payload subsystems for both passenger and cargo operations
will be modularized into modular payload compartments to en-
able either all passenger or all cargo operations or a com-
bined passenger and cargo mode. The engines are fully cross
shafted enabling one engine out VIOL and cruise capability.
The propulsion systems are turboprops with conventional Hamil-
ton Standard propellers. A noise level at take-off power of
86.5 pNdB, achieved by utilizing large diameter low tip speed
propellers, is below the NASA Study objective by 8.5 pNdB.

Cruise altitude for maximum PV/E is 610 meters [2000 ft]
which was the lower limit specified by NASA. Cruise speed
for maximum PV/E is 67 m/s [130 knots]. In an all cargo mode
of operations, the payload capability is approximately 8150
kg [18,000 pounds].

The Phase I results showed that productivity continued
to increase as beta approached zero, the Phase II results in-
dicated that productivity will be maximized at about a beta
value of 0.35. Two mission-related vehicle requirements re-
sulted in the difference between the Phase I and Phase II
optimum productivity/beta trends: (1) Propulsion System De-
sign for one engine out VIOL and cruise capability, and (2)

16
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Incorporation of the modularized passenger module with 80

passenger seating capability,.

The second task, Operation Procedures Analysis, resulted
in a conceptual mode of operation in which the feeder could
operate from downtown, parking garage type VTIOL ports or
other suburban pickup facilities with a minimum of ground
support equipment and personnel. A unique tethered landing
system has been conceived to improve the vehicle's operational
characteristics at both outlying facilities and at major hub
operations., The "one man ground crew" take-off and landing
operations, made possible by the combination of the semi-
buoyant, vectored thrust vehicle design and the "winch down"
tether landing concept offers significant improvements in the
A/F operational flexibility relative to previous fully buoy-
ant airships.

This operational capability eliminates ballast transfer
requirements for payload/cargo transfer operations and mini-
mizes problems associated with winds during on-ground opera-

tions.

In fask III, the Cosc Analysis Task, cost estimating
relationships developed by the NASA Ames Research Center for
conventional aircraft and short-haul, passenger air trans-
portation systems were used as the reference point for develop-
ing both the acquisition cost and operating economics of the
airport feeder system. Acquisition and operating cost esti-
mates were calculated parametrically as a function of RDT&E
costs, annual utilization, fleet size, stage length and load
factor. The Direct Operating C: it, DOC element of the total

operating cost was the primary parameter of interest. Results

17



indicate a DOC per available seat statute mile of approximate-

ly six cents over a wide range of operational variables,

In Task IV, a brief comparison was made with alternative
air transport modes. The results indicate that the airport
feeder hybrid LTA vehicle concept is competitive both in terms
of economics and fuel consumption per unit available seat
statute miles with existing and proposed VIOL passenger trans-

portation systems,

Task V, the mission vehicle feasibility assessment,
several specific items were identified which will require re-
search and technology development prior to successful develop-
ment of the airport feeder vehicle. The primary area needing
further work centered around the market for such an alr trans-
portation system and the stability and control and flying
qualities of such a vehicle operating in downtown regions or in
the turbulence environment associated with CTOL airport opera-
tions. In Task VI, a technology assessment was made of the
various technologies required for a successful introduction of
the hybrid LTA airport feeder vehicles and several areas for

further work have been identified.

The areas requiring further effort can be loosely grouped
into three general categcries: (1) Aerodynamics/Stability
and Control, (2) Mission/Market Operational Analysis, (3)
Other General Research and Development areas. Research and De-
velopment items in each of the three areas are itemized in
Tables 3, 4 and 5.

Finally, the overall conclusions resulting from the

Phase I and Phase II Study of the Airport Feeder vehicle

18
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Table 3. Aerodynamics/Stability and Control/Flight

Dynamics R&D Areas

Hull/Rotor Interference Effects (Hover and
Cruise)

Gust Environment/Vehicle Response in Airport
and City Center Regions

Ride Quality During Cruise at Low Altitudes

Stability and Control in Transition and
Hover Flight

Application of Active Controls Technology

Aerodynamic Configuration Modifications for
Improved Lift/Drag

Table 4., Mission/Market Analysis R&D Areas

Market Analysis vs Vehicle Design and Performance
Capability

Passenger Acceptance of Low Altitude Ride Quality
Design Optimization based on Return on Investment

Design Optimization at High Fuel Cost

Table 5. Other/General R&D Areas

Operational Development/Verification of Tether/
Winch Landing System

Propeller Interference during Transition
Low Cost Materials Handling/Manufacturing Approaches
Passenger Compartment Noise Level Reduction

Environmental and Operational Limitations of Minimum
Gauge Metalclad Hull Structurve

Design Implications of High Ground-Air-Ground Cycle
Operations

Applications of Advanced Materials

19




concept indicate that the A/F concept appears to be a poten-
tially promising option for short haul passenger transporta-
tion systems of the future. Recommendations for further
study are made which could ultimately result in a research

vehicle similar to the tilt rotor research aircraft.

20
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3.0 TASK I - PARAMETKkIC ANALYSIS AND VEHICLE DESIGN DEFINI-
TION

3.1 General

The Parametric Analysis and Vehicle Design Definition
Task was one of the major efforts of the Phase II Study.
Task efforts were conducted in three general phases in order
to arrive at the final point design baseline configuration.
The first phase consisted of a preliminery parametric analy-
sis utilizing the methodology employed in the NASA Phase I
Study. The primary tool employed for this study effort was
the Goodyear Airship Synthesis Program, GASP. The GASP
Methodolegy is shown in Figure 4.

It was recognized during the Phase I Study that several
key mission related vehicle requirements had not been con-
sidered in the generalized Parametric Analysis: Two of the
most significant factors being the passenger accommodation re-
quirements and the capability for one engine out vertical
take-off and landing. Thus, the second phase of Parametric
Analysis and Vehicle Design Definiticn Task consisted of point

design analyses of critical areas not considered during Phase I.

The results of the poilnt design analyses were used dur-
ing the third and final phase of Task I to perform the final
vehicle optimization and design definition. Key study results
for each phase of the Task I Analyses are described in the
following sections.

3.2 Preliminary Parametric Aaalysis

The primary objectives of the preliminary parametric

analysis study effort was to investigate further some of the

21
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data trends identified during the Phase I study, particularly
the effects of altitude and the type of construction concept.
This preliminary analysis was performed at a gross weight of

21,500 kg [47,500 pounds].

Conclusions resulting from the preliminary analysis
were consistent with the Phase I results. That is, the un-
compartmented pressurized metalclad construction concept
maximized specific productivity with the Kevlar non-rigid a
close second. Although the conventional rigid also appeared
competitive, the lack of minimum gauge constraints in the
Weight Estimating Relationships was considered to result in
an underestimate of the vehicle structural weight. Hence,
it was not considered further during the Phase II Study.
The Sandwich Shell Monocoque construction concept was also
briefly examined for the Airport Feeder Vehicle. Weight Esti-
mating Relationships were developed based on the Phase I Analy-
sis [Volume IV, Reference 1] utilizing component WER's from
the non~rigid and metalclad construction concepts. Results
indicated that the size of the Airport Feeder Vehicle concept
is much too small for structurally efficient application of
the sandwich shell monocoque construction concept. These re-~
sults are in agreement with the results of Reference 20,
wherein it is shown that the sandwich monocoque type of con-
struction concept will probably be limited to a very large
size airships. Thus, based on the preliminary analysis, major
emphasis was placed on the pressurized metalclad construction

concept with a lesser level of effort on the Kevlar non-rigid.
The second major parameter of interest during the preli-

minary parametric analysis was the altitude for maximum PV/E

and the effect of altitude on the productivity vs beta trend.

23
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Altitude was one of the parameters which had been fixed dur-
ing the Phase I study to simplify the analysis and reduce the
study scope. Results for the metalclad vehicle concept are
shown in Figure 5, showing the effects of both altitude, cruise
velocity and beta on PV/E.

Figure 6 summarizes the effects of altitude on PV/E at
the cruise velocity for maximum PV/E. As noted, the lower
limit altitude maximizes PV/E for all beta's considered with
the lowest beta configuration least sensitive to altitude
over the ranges considered and the higher beta's slightly more
sensitive, This variation can be traced to the larger volume

required for a given beta at higher altitudes.

An additional parameter of interest in the preliminary
parametric analysis was the length to diameter ratio [£/4d]
for maximum PV/E, Figure 7 illustrates the sensitivity of
PV/E to %/d. At this short range, the lower limit value of
fineness ratio maximizes PV/E which is consistent with the
Useful Load X Cruise Velocity/Empty Weight figure of merit
results obtained during the Phase I study. However, it should
be noted that other study efforts have shown higher fineness
ratios to be optimum for endurance oriented figures of merit.
Thus, this low £/d optimum should be recognized as peculiar
to the short haul, low gross weight Airport Feeder vehicle

based on a PV/E figure of merit.

Figure 8 summarizes the beta trend for maximum product-
ivity utilizing the GASP Metodologies from the Phase 1 Study.
This trend is of course similar to the Phase I study conclu-
sion that low beta's maximize productivity for low gross weight

vehicles,

24
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The primary objective of the preliminary parametric
analysis effort, however, was only to determine general ve-
hicle configuration preferences and operating conditions

[altitude and velocity] for use in the point design efforts.

3.3 Point Design Analysis

In order to proceed with the parametric design and op-
timization effort required for the Phase II Study several
critical vehicle design factors were analyzed on a point de-
sign basis to assess their structural weight and performance
implications. These factors included the car structure and
passenger accommodations required for the 80 passenger seat-
ing capacity and the propulsion system characteristics dic-
tated by the one engine out VTOL and cruise capability.

Other investigations were also made in the areas of the aero-
dynamic configuration and the interaction of the vehicle con-

struction concept and the passenger accommodations structure.

3.3.1 Car Structure/Passenger Accommodations Analysis

The payload requirements for the 80 passenger car
structure were defined based on the data of References 2 and
3 and are summarized in Table 6. 1In the initial stages of
the parametric design optimization task it was realized that
there was a considerable interaction between the type of ve-
hicle construction, [conventional rigid, pressurized metal-
clad or pressurized non-rigid] the car structure and passenger
accommodations requirements and the propulsion system char-
acteristics. Several alternate car structure/passenger accom-
modations were investigated. The concepts evaluated included
4, 5 and 6 abreast seating in both single or modular passenger
compartments with 2, 4, 6 and 8 entrance/exit door configura-

tions. Several factors were found to be related to the
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Table 6. A/F Payload/Passenger Accommodations Requirements

Passenger (PAX) Wt.:
(160#/PAX) + Baggage Wt (20#/PAX)
Crew Wt and Gear (2 @ 190)
Attendants Wt and Gear (2 @ 140)
Seats and Belts 80 @ 16
Beverage Service and Cart
Crew Seats and Belts
Lavatory

TOTAL PASSENGER PROVISIONS

Flight Instruments (Incl. APU)

TOTAL A/F VEHICLE DESIGN PAYLOAD

Note: 1 Lb = 0.4536 Kg

14,400 Lb
380
280

1,280
100
142
300

16,882

_1,200

18,082 Lb
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acceptable car structure arrangement. These factors included
the noise associated with the engine and propeller, the num-
ber of engines, whether or not the engines were cross shafted,
propeller slipstream interference, the integration of the
envelope and the car, the total car structure weighc, the
flexibility with cargo operations, and the potential flexibil-
ity with future system concepts such as the door to door short

haul and other integrated inter-modal systems concepts.

Two basic types of payload compartment/car structure
configurations were investigated; single module and double
module configurations. Various seating arrangements were de-
fined and the resulting overall car geometry evaluated.
Figures 9, 10, and 11 illustrate three of the single module
arrangements examined. Figures 12 and 13 illustrate two of
the double module arrangements. As noted in the figures a
seat pitch of 0.865 meters [34 inches] and a seat width of
0.533 meters [21 inches] was used for the seating arrangements.
Double width doors 1.22 meters [48 inches] were incorporated
in all designs to expedite passenger loading/ unloading opera-

tions.

The preliminary analysis of the critical design factors
associated with the car structure/passenger accommodations and
seating arrangement configuration indicated that the two most
significant interactions would be: 1) the integration of the
large car with the envelore/hull structure, and 2) the re-
quirements imposed on the propulsion system capable of one
engine out VTOL. Based on this assessment two configurations
were selected for a point design analysis in conjunction with
the propulsion system trade study discussed below. The two

configurations were both modular concepts, one with six abreast
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seating and one with four abreast seating. These two configu-
ration concepts are illustrated schematically inr Figures 12
and 13, respectively. The modular concept selection was based
on the rationale that the vehicle would be more flexible,
hence offer potentially wider market applications if it could
operate in an all passenger, all cargo, or combined mode of
operation., Furthermore, these two configurations satisfied
the design requirements associated with the key propulsion
trade studv question tc be addressed: e.g., whether a six
engine configuration without cross shafting was preferrable

to a four engine fully cross shafted configuration.

The six engine configuration, Figure 14, satisfied
the following design requirements., First, the separation be-
tween the propeller planes was approximately equal to two
propeller diameters. Secondly, the internal passenger seat-
ing arrangements were clear of the "prop noise cone" for both
the fore, aft and mid body engines. The six engine configura-
tion, or "LONG CAR" configuration presented several envelope/
hull integration problems and would likely require a higher
length to diameter ratio hull than the "SHORT CAR" configura-
tion.

The four engine fully cross shafted, "SHORT CAR" con-
figuration also satisfied the preliminary design requirements
for a separation between the fore and aft propeller planes of
two prop diameters, Figure 15. Also, the passenger seating
arrangements were clear of the "prop noise cone" while mini-

mizing the overall total separation of the propulsors.
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As noted previously, the interaction between the car/
passenger arrangement and the total propulsion system char-
acteristics was one of the primary design interactions in the
airport feeder configuration selection process. Thus, the
final configuration selection required a propulsion system
point design type of trade study which could be integrated
with the results of the car structure/passenger arrangement
results. The propulsion system point design trade study .e-
sults which support the final configuration selection are

discussed in the following section.

The final car structure concept which was selected
was a modular concept with two-forty ~assenger modules and
six abreast seating which would enable either all passen-
ger, all cargo, or combined operations. The rationale for
the selection was that this concept resulted in the lowest
total structural weight, minimized the engine cross shafting
requirement, and provided adequate propeller slipstream se-
paration for minimum propeller interference. [NOTE: The
initial estimate of prop separation requirement was made at
slizhtly higher cruvise disk loadings than the final baseline
configuration and should be re-examined in subsequent study
phases.] The results of the weight study of two conceptual
car structure concepts, a short, four engine, six abreast
seating concept, and a longer, six engine, fcur-abreast seat-

ing concept are:
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Long Long Short Short

Item Passenger Cargo Passenger Cargo
Basic Structure 4,943 4,943 3,893 3,893
Modules [2] 7,640 6,700 6,850 6,000
Total Car Structure 12,583 11,643 10,743 9,893

Weight ~ Lbs.

NOTE: 1 Lb = 0.4536 Kg

3.3.2 Propulsion System Trade Study

The second major point design tradeoff study area was
in the propulsion system requirements. The concept investi-
gated consisted of three basic options: A four engine fully
cross shafted configuration, a six engine totally uncross
shafted configuration, and finally a four engine cross shafted

incorporating ducted propellers,

The variables which were investigated included pro-
peller tip speed, propeller diameter, number of blades per
propeller the cross shafting requirements, and weight associ-
ated with each configuration option. The primary requirement
was to satisfy the noise level constraint at take-off. The
primary areas of concern included the total propulsion system
weight, one engine out performance capability, prop wash in-
terference and the geometric relationship between the VTOL
thrust moment, the center of gravity and the center of buoy-
ancy. The propulsion system point design performance trade-
off study was supported by Hamilton Staadard, Division of the
United Technology, Inc. and was performed based on a prelimi-

nary baseline vehicle sized at 47,500 pounds and a beta of

39



Ao _

0.2, Factors considered were the emergency sizing require-
ments, free air versus shrouded propeller, tip speed and the
weight studies of the various configurations. This point

design study is briefly summarized below.

3.3.2.1 Emergency Sizing

Schematic arrangements for both four and six en-
gine configurations were defined from the car structure/
passenger arrangement analysis as shown in Figure 14 and 15.
Both configurations were sized to achieve a total thrust
level of 39,100 pounds based on the preliminary baseline comn-
figuration characteristics [GW = 47,500 and beta = 0.2].
Static operations with a T/W [Thrust/Weight] - 1.03 in an
emergency condition with a loss of one engine was a NASA
specified requirement. The six engine configuration has no
cross shafting and shuts down a second engine for VTOL pitch
and roll thrust moment stability requirements. The four-
engine configuration is cross shafted and will operate with
three engines uniformly powering four propellers. The four-
engine configuration requires a larger size engine to meet
this condition. The engines for both configurations util-
ize an estimated 157 increase in power over the normal rated
power for a five (5) minute period in the engine-out condi-
tion.

The power summary for the two configurations is:
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Configuration 6 Engine 4 Engine
SHP/Propulsor [5 Min] 1840 1840
Total SHP [5 Min] 7360 7360
Number of Operating Engines 4 3
SHP/Engine [5 Min] 1840 2453
SHP/Engine [NRP] 1600 2133

3.3.2.2 Free Air vs Shrouded Propeller

Weight is an important factor when comparing free
air and shrouded propellers. Thus, minimum size was a prime
objective. For the comparison, a three (3) bladed, 20.5
foot diameter, 120 activity factor,0.7 integrated design 1lift
coefficient, free air propeller was compared to a three (3)
bladed, 13.5 foot diameter, 133 activity factor, 0.5 inte-
grated design 1lift coefficient, shrouded propeller. Both
operate at 800 feet per second tip speed. The 800 feet per
second was selected as a reasonable point of compromise be~
tween noise and performance. Tip speeds can be reduced with
increases in diameter and/or activity factor, resulting in
an increase in weight but a reduction in noise level. An in-
crease in tip speed wouid reduce weight but the associated

increase in noise level was assumed undesirable.

The three-bladed propeller was selected because of
structural advantages. Although a four-bladed free air pro-
peller would reduce the diameter slightly, it would be heavier.
On the shrouded configuration, the three-bladed propeller
offers minimum weight since increasing the number of blades
at the same total activity factor is heavier and does not in-

crease performance.
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The results of the free air vs shrouded selection
study comparing thrust vs blade diameter is shown in Figure
16. For this curve the diameters were rounded off to the

next half foot.

An additional study comparing thrust vs shaft horse-
power for the cruise condition between the free air and
shrouded configuration was made. The results of this study
are shown in Figure 17. For this study the configuration of
each, as described above, was maintained. A 150 knots true
airspeed at 2000 foot altitude was used. A tip speed of 700
feet per second was selected because it was determined that
the noise level could be reduced at this speed with no
noticeable degradation in performance. Note that this figure
shows that there should be no problem meeting the estimated
cruise thrust requirements of 2445 pounds per propulsor with

partial power and one engine out.

3.3.2.3 Six Engine vs Four Engine Noise Level

A brief investigation was conducted of tip speed vs
power and the associated take-off noise for the 47,500 1bs,
beta = 0.2 preliminary baseline vehicle. It was first de-
termined that fo>r normal operation, with all engines operat-
ing, both the four-engine and six-engine configuration could
be operated at a reduced tip speed, meet the thrust require-
ments of both static and cruise conditions and operate at
less than normal power. Figure 18 {llustrates power as a
function of tip speed for both modes of operation illustrat-~
ing the power capability at reduced tip speeds. Note how-
ever, that for the four~-engine cross-shafted configuration,
available normal rated power limits the tip speed reduction

to 650 feet per second. Figure 19 provides an estimated
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noise level at various tip speeds for both modes of operation.

As shown in Figure 18 the power per propulsor is
higher for the four-engine cross-shafted configuration. As
a result, the noise level for the same configuration, as
shown in Figure 19, is higher. For the final configuration,
a brief design optimization analysis was made to achieve lower

noise levels.

As an additional area of brief investigation in the
propulsion system tradeoff study the separation requirements
for negligible aft propller propwash interference was defined
for the disk loadings associated with the airport feeder con-
cept during cruise. Preliminary indications were that a se-
paration of approximately 2 propeller diameters would be an
acceptable compromise between performance, cross shafting
weight and the overall length requirement for the car struc-
ture. This conclusion was based on cruise disk loadings
which were higher than the final baseline design and should

be re-examined in subsequent study efforts.

3.3.3 Propulsion System Weight Tradeoff Studies

Based on the propeller/propulsion system analysis and
car structure/passenger arrangement study results, a weight
study was conducted for the six~engine, four-engine and four-
engine cross-shafted configurations. The study was made on a
preliminary basis to establish first order weight trends. In-
dividual components of each configuration were examined for
weighing purposes. The components were compared to similar
Hamilton Standard components that have either been produced
or carefully analyzed in previous design studies. The compari-

son was made on the basis of power required, torque, geometry,
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and other related factors.

The ground rules and assumptions that were used 1In

this study are as follows:

1) The rotor was sized to meet the emergency take-
off condition of four rotors operating and a total of 7360

SHP available as defined in the emergency sizing section.

2) Opposite rotors will have opposite rotation.

3) The mission will continue after a one-engine
failure and therefore the gear boxes are sized for full en-
gine normal rated power at 700 feet/second tip speed. This
is 77% of the normal cruise power for the six-engine configu-
ration with two engines off and 82% of the normal cruise

power for the four-engine configuration with one engine out.

4) The four engine cross shaft configuration will
allow for *10% power shift for control at cruise and %357

for control at take-off.

5) The free air propeller blades are manufactured
with a steel spar and fiberglass shell. The shrouded fans

are manufactured with an aluminum spar and a fiberglass shell.

The weight comparison, presented in Table 7, illus-
trates the weight advantage of the four-engine fully cross-
shafted configuration. These results were combined with the
car structure/passenger seating arrangement point design
study results to provide the final comparison of the six en-
gine uncross-shafted long car configuration with the four en-

gine, fully cross-shafted short car configuration. These
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Table 7. Propulsion System Point Design Study Results
Cross-Shafted
4 Engin
Item 6 _Engine 4 Engine Ducted
Rotor 4,038 2,692 1,556
Duct 0 0 5,496
Rotor Gearbox 2,520 2,096 1,380
Engine Gearbox 732 684 452
Cross-Shaft Gearbox 0 172 113
Shafting 216 429 366
Total Weight ~ LBS 7,506 6,073 9,363
A

Table 8. Weight Summary of Long and Short Car Structural
and Propulsion System Point Design Studies (Pounds)

Long Long Short Short

Item Pagsenger Cargo Passenger Cargo

Basic Structure Weight 4,943 4,943 3,893 3,893

Basic Module Weight (2) 7,640 6,700 6,850 6,000

Engines (Bare) 1,920 1,920 1,710 1,710

ﬁll Engine Accessories 6,100 6,100 5,440 5,440
rrops, Gear Box &

Shafting 7,506 7,506 6,073 6,073

Fuel System 630 630 420 420

"Total" Car Weight Empty| 28,739 27,799 24,386 23,536

NOTE:

1 1b = 0.4536 k-
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results, presented in Table 8, clearly illustrate the veight
benefits of the four-engine fully crosc shafted configura-

tion which was selected for the final baseline design.

The primary objective of the propulsion system
point design trade study was to determine preliminary trends
for "optimum" propulsion systeam design characteristics. The
most important questiuvn was four-engine fully cross shafted
vs six-engine uncross shafted designs. The decision in
favor of the four-engine fully cross shafted conf gnration
appears conclusive., However, several additions. design/per-
formance areas need to be Tre-examined in more depth in
subsequent efforts. Among these are, tle e.fect of lower
cruise speed, 67 vs 77 m/s [130 vs 150 knots], Propeller
Interference effects at the lower baseline design disk load-
ings and cruise speed, propeller inflow characteristics dur-
ing transition and cruise, inter‘or noise levels considering

both propeller and engine woise sources, and a more rigorous

investigation of propulsion system int_.gration with the total

Airport Feeder vehicle.

3.3.4 Empennage Configuration and Sizing Analysis

The inverted "Y" coufiguration [Figure 3] was selec-
ted based on previous GAC studies of a large family of em-
pennage configurations |Reference 4]. These studies indi-
cated this configrration to offer improved lateral and di-
rectionnl stability per unit fin area. This configuration
also maximizes the tail clearance angle compared with four
fin configurations, Having selected the configuration, the

empennage area requirement was briefly examined.
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Traditionally, neutrally buoyant airships have been
statically unstable both longitudinally and laterally but
have had dynamic stability characteristics which resulted in
satisfactory flying qualities. At the low beta ratios ini-
tially anticipated for the maximum productivity Airport
Feeder, the vehicle might be expected to more nearly satisfy
heavier than air type vehicle stability criteria. For the
initial parametric performance/configuration optimization
study, an approximation was developed which varied the em-
pennage area between the size estimated for dynamic stabil-
ity at beta = 1.0 and the size estimated for neutral stabil-
ity at beta = 0.1. This approximation acknowledges a poss-
ible requirement for some type of stability augmentation
system for low beta configurations. This area will be dis-
cussed further in the stability and control section of the

final baseline design.

3.4 Baseline Vehicle Design Definition

The final configuration optimization and design defini-
tion study was performed by incorporating the results of the
various point design analyses into the GASP and a new version
of the program called GASPOP. The GASPOP version of the pro-
gram operates in conjunction with the NASA Ames CONMIN opti-
mization routine [Reference 5]. 1In the GASPOP mode of ope~
ration, constrained or unconstrained optimization studies
may be performed for any specified figure of merit. The cri-
teria for the final optimization study was maximum specific
productivity, PV/E, evaluated at a design range of 740 kilo-
meters [400 n.mi.] plus a 74 kilometer dive sion [40 n.mi.]

plus a 20 minute hoid av veed for maximum endurance.

The independent variables considered in the final opti-

mization study included cruise altitude, cruise velocity,
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beta, gross weight and fineness ratio and for two types of
construction: pressurized metalclad or pressurized Kevlar

non-rigid.

3.4.1 Optimum Type of Construction

The Phase II results, consistent with the Phase trends,
indicated that the pressurized metalclad type of construction
was slightly superior to the pressurized non-rigid for maxi-
mum PV/E. The section modulus properties of the metalclad
hull are also more compatible with those of the long car re-

quired for the passenger accommodations.

The pressurized metalclad airport feed baseline ve-
hicle is basically a metal skinned "non-rigid" airship.
While it has main frames to transmit loads, it is not compart-
mented but employs ballonets to control internal pressure in
the same manner as a non-rigid airship. Thus, this construc-
tion approach combines some structural features of the non-
rigid airship and some of the rigid airship. The metalclad
obtains its bending and shear strength through the pressuri-
zation of a metal hull, The empennage structure has features

similar to both the rigid and non-rigid.

The metalclad transfers the car structure lcads into
the metal hull skin through the use of wire braced main frames
rather than an internal and external catenmary system. Con-
centrated loads such as those that result from the empennage
loads also are transferred to the metal hull skin through the
use of frames. A L. ief description of the major hull compon-

ents 1is prerented below:
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Main Frames - The main frames of the metalclad serve

the same function as the main frames of the rigid airship.
They will be of thc same construction as used in the rigid

airships [a wire-braced ring].

Intermediate Frames - These frames are of the same

construction as that used on the rigid airship. Their func-
tion is to maintain the shape of the hull during comstruction

and to act as vertical stiffeners.

Longitudinal - The longitudinals are essentially light

weight stringers to provide local stiffness to the skin.
These members also help to maintain the shape of the hull dur-

ing construction.

Jallonets - The ballonets will be of coated cloth
construction. Two ballonets, one fore and one aft will be
used. They will be of cylindrical construction and attached

to the main frames and car structure keel.

Outer Cover - The outer cover will be of 7050 alumi-

num alclad sheet. A minimum gage constraint of 0.0203 mm
[0.008 inches] was assumed and approximately the entire skin

is minimum gage constrained.

Utilization of a pressurized non-rigid construction
would require a modest extension in the current seam strength
technology due to the high internal pressures required for the
high flight speeds and low beta's. However, the pressurized
Kevlar non-rigid could potentially offer a lower cost, more
operationally flexible airport feeder vehicle and should be

retained as a potential candidate in future studies.
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3.4.2 Optimum Buoyancy Ratio

The optimum buoyancy ratio wis the major independent
parameter gf interest in the Phase II parametric study. The
results of the Phase II study are shown in Figure 20 along
with a comparison of the Phase I study trend. As noted in
the figure, an optimum beta of =~ 0.35 was found for the Phase
II vehicle configuration, although the sensitivity of PV/E
between beta's of = 0.3 to 0.5 is very slight. The funda-
mental sources of the difference between the Phase I and
Phase II study results can be traced to the car structure/
passenger accommodations weight requirement and the propul-
sion system weights required for the one engine out VTOL
capability.

It is noteworthy that the insensitivity of PV/E to
beta suggests further optimization in terms of DOC, particu-
larly at higher fuel prices might result in slightly higher
values for beta optimum. This is due to the fact that at
higher beta's, the optimum cruise velocity is reduced with
some reduction in PV/E but with a corresponding reduction
in fuel consumption. These trades should also consider the
effects on ground operations in the Airport Fee’'er concept

of operations.

3.4.3 Optimum Cruise Velocity, Altitude and Gross Weight

The cruise velocity trend for maximum productivity
is illustrated in Figure 21 for the 30,600 kg [67,500 pounds]
pressurized metalclad baseline vehicle concept. The 30,600
kg [67,500 pounds] vehicle gross weight was the minimum
gross weight capable of satisfying the payload requirements
defined in Table 6. The cruise altitude for maximum PV/E
was the NASA specified lower limit for cruise altitude of
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610 meters [2000 feet]. This lower limit is based on the

noise constraint assumed for overilying populated regions.

3.4.4 Optimum Fineness Ratio

The fineness ratio for maximum PV/E converged to a
value of 3.0, the lower limit allowed in the parametric study.
However, in the final baseline design development two prob-
lems arose in attempting to integrate the 29.2 meter [96 foot]
car structure with the £/d = 3.0 hull. The first problem [and
least severe] was the requirement for a large amount of fair-
ing required due to the large curvature of the hull structure
over the car length. The second problem area encountered was
locating the car in a position with respect to the center of
gravity and center of buoyancy which would produce balanced
thrust moments during VTOL and an acceptable metacentric mom-
ent during cruise. After several design/performance iterations
the fineness ratio was finally constrained to a lower limit of
4.0 for the baseline configuration. The penalty was a nominal

5.5Z reduction in PV/E at the baseline gross weight.

3.4.5 Performance Sensitivity Analysis

A brief analysis was zonducted of the baseline ve-
hicle performance sensitivity to variations in key design or
performance parameters. The results are presented in Figure
22 in terms of the percent variation of the baseline veuicle
specific productivity resulting from *20% changes in the fol-
lowing desiga characteristics: (1) total propulsion system
weight, (2} unit gas 1ift, (3) total cruise drag, and (4) non-

propulsive structural weight.

The sensitivity of PV/E to changes in propulsion sys-
tem weight is shown to be approximately one to minus one.

That is a 17 increase in total installed propulsion system

ey A
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will result in approximately a 1% decrease in PV/E.

The sensitivity of PV/E to unit gas 1ift is approxi-
mately one to onme. A 1% increase in unit gas 1lift will result
in about 1% increase in PV/E. This same exchange ratio also
applies to ny, the hull efficiency [ratio of lifting gas vol-
ume to total hull volume] since the total static 1lift is pro-
portional to the product nyx unit gas lift.

Sensitivity of PV/E to total cruise drag is about half
that of installed propulsion system weight for the short range
Airport Feeder Vehicle. A 1% increase in cruise drag will re-

sult in approximately %% decrease in PV/E.

Non-propulsive structural weight, which includes the
hull, fins, car structure, etc., has the strongest influence
on specific productivity. A 1% increase in non-propulsive
structure weight will result in about 22 decrease in PV/E.
This sensitivity indicates that subsequent design efforts must
investigate the Airport Feeder structural design concept, par-
ticularly the car-hull structural interface and the non-opti-
~um weight components associated with the fabrication and
erection of the large minimum gage hull structure in more de-
tail than was possible during the Phase II study effort. The
Kevlar non-rigid should be retained as a potential construc-

tion candidate in subsequent design efforts,

3.5 Baseline Vehicle Design Description

The baseline vehicle configuration is presented in Fig-
ure 3. The overall configuration characteristics are summar-
ized in Table 9. Table 10 presents the weight breakdown of
the baseline vehicle. Table 11 summarizes the baseline Air-
port Feeder Performance Characteristics. As noted in Table 6
the passenger accommodation weights were based on data contained
in Reference 5 for the study guidelines of conceptual 1985 VICL
aircraft,
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Table 9 - Baseline Concept

Configuration Characteristics

Design Characteristics

Buoyancy Ratio, B8
Gross Weight

Static Lift

Empty Weight

Volume

Length

Maximum Diameter
Ballonet Volume
Installed Horsepower
L4 at 2220 HP/Engine

Cruise Power Require

- 0.35

- 67,500 Lb.

- 23,600 Lb.

- 43,620 Lb.

- 428,500 Cu. Ft.
- 238.5 Ft.

- 59.6 Ft.

- 10,000 Cu. Ft.
[capacity]

- 8,880
]

d - 5,930

NOTE: 1 1b = 0.4536 kg,
1 ft = 0.3048 m

l cu ft = 0,02832 m?

61




Table 10 - Baseline Configuration Weight Summary

Hull Structure

Car Structure

Modular PAX Compartment [2]
Empennage and Controls
Lan&ing Gear

Propulsion System

Fuel and Fuel System

Flight Instruments and APU
Furnishings/Seats and Belts
Crew [2] STU's {2] and Gear

80 PAX @ 160 Lb/PAX + 20 Lb/PAX
Baggage

TAKEOFF GROSS WEIGHT

11,150 Lb.
4,600
7,000
3,100
1,120

15,050
7,400
1,200%
1,820%

660*

14,400%

67,500 Lb.

-

*Based on NASA "Study Guidelines for Conceptual

1985 V/STOL Aircraft"

NOTE: 1 1b = 0.4536 kg
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Table 11 - Baseline Concept Performance

Cruise Speed - 130 Knots

Design Range - 400 Naut. Mi.
+40 Naut. Mi. Niversion

+102 Fuel Reserves

Payload Performance

All Passenger - 80 PAX

Combination - 40 PAX
- 9000 Lb. Cargo

All Cargo - 18,000 Lb. Cargo

3”‘“3HHHHHH-—----A“

)

L ammey ]

&asn el

NOTE: 1 1b = 0.4536 g, 1 n.mi = 1.853 km
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The furnishings, 3seats and belts contained in Referenca
are for very lightweight passenger accommodations. This
area may require further investigation in terms of passenger
acceptability for the airport feeder concept operations,
Table 12 summarizes the estimated noise characteristics at
takeoff, during cruise flight at 2000 feet and a near-field
noise estimaie at the exterior of the car surface. As

shown in Table 12 the 97.5 pNdB near-field noise ievel at

the exterior surface of the car structure may re- 'ire some
shielding/absorbtion material to be included in the car skin
structure to achieve acceptable irnterior noise levels. Since
the interior noise level will depend on the material and
thicknesses employed, an estimate of the interior cabirn

noise was not performed.

The methodology of Reference 6 was utilized to esti-
mate both the near field and far field perceived noise levels.
The final analysis of the takeoff noise level/propulsion sys-
tem operating conditions indicated the tip speed could b re-
duced to 213 m/s [700 ft/s] to achieve the 86.5 pNdB noise

level at take off with acceptable performance.

3.6 Preliminary Stabil..y and Control Assessment

Due to the limited scope available for the preliminary
stabi1lity and control analysis, the Phase II study effort was
directed primarily towards the linearized analysis of the ve-
hicle's behavior at cruise. Nielsen Engineering aud Research
performed the following analysis, capitalizing on their back-
ground gained in the analytical and euperimental analysis of
the heavy 1ift airship configuration.
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Table 12 - Estimated Airport Feeder Noise Character-

istics

Noise Level ~ pNdB

Takeoff Cruise

Near gield Noise
Level"

Far Fie . '-ise
Level?
{500 Ft., Sideline]

Yar Field Noise
Level?
[2000 Ft.]

99.5 97.5

86‘5 -

nct estimated]

lExterior to cabin wall [interior noise level

2Tip Speed = 213 m/s [700 Ft/s]

3Achievable at 152 m/s [500 Ft/s] tip speed

NOTE: 1 ft = 0.3048 m
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The configuration schematic and nomenclature for the
stability and control analysis is shown in Figure 23. The
linearized equations for motion about a trimmed cruise flight
condition at speed u,, pitch angle Oo, for the airport
feeder with the rotor axes aligned with the body centerline

axis, are

(m + my)i - (Kpcos?$ + ;‘)uc,-'o‘z/3 Cx)u
+ Krsiné cos§ w - zpm,q + W, cosb, 8 =0
Krsiné cos§ u + (m + my)ﬁ + & pu°¥2/3 CNg
- Kpsin28)¥ + [Q %2/ CLy - uo (m + m)d
+ Wpsin 6.6 = 0

.

—zpm, G - pu ¥2/ % Cyzpi ¥ pug¥ Cp ¥+ (Iyy + Q*
+ mxzmz)a -{Q ¥ Cmg + 4Kp [22 sin?$

+ (n - 2z5)? cos?81}q + Wgzpeos 9°5 =0
8 =3

(n + my)V - 3 pu042/3 CYB v + zmmyﬁ + (uy, (m + my)
- %2/ % cy 1% = 0

zmmyV + (I, + myzmz)ﬁ - 4Kp F? sin?6p

+ (zpmyuqs - AKT72 sind cosé)T + szm$ =0

-% pu ¥ 0“86 - .zg (my - my)uo + 4KT?2 siné cosSlp
+ (Iz; + QT - (Qo¥ Cp + 4Kp¥ " cos?6)T = 0

¢ =P + T tand,
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238.5°
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)
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35 ft,
428,500 ft?

Figure 23.

VTOL Airport Feeder Vehicle
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As would be expected, these equations decouple into a
longitudinal set and a lateral-direction set. The rotor
effects are confined to a single parameter, K, which repre-
sents the change in rotor thrust per unit change in relative
speed normal to (he rotor plane. The changes in this rela-
tive speed were related to vehicle perturbation velocities
and angular rates, and the thrust changes were resolved in-
to changes in vehicle forces and moments in order to obtain
proper terms for each equation. No hull-rotor interference
effects were included. A nominal value of Kt was estimated

from data in Reference 21,

The stability derivatives were estimated by making use
of techniques and data in the GAC LTA Aerodynamics Handbood
[Reference 4]. The values of these derivatives and of the

system parameters are summarized in Table 13.

To cbtain the characteristic roots, the characteristic

ceterminants of the longitudinal and lateral-directional

equations were set to zero. These determinants mav be written

as follows:

Longitudinal

(AFK - FD?)s"“ + (AFL + AKG + BFK ~ GD2? -~ JFD)s?
+ (AMF + AGL - C2%K + BFL + CDH - DEF + BGK - AHO

+ CDO - JGD)s? + (AGM - C2L + CDI + CHJ - DGE

JEF - AIO - BHO + BMF + BGL)s + BGM + CEL

4+ CIJ - C?M - JGE - BIO = 0
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Lateral

(FSY

Here

been wratt

[y
[}

- P2Y)s"* + (FSZ + FYT + NSY - P22)s?

+ (-FXU + FYV + NSZ + PUW + FTZ + NTY + PXR

WRS)s? + (FVZ - FXV tan®, - NXU + NTZ + NYV

WRT + WPV tanﬂo)s + NVZ - WRV - NXV taneo =0

the coefficients of the differential equations have

en as

m + m_, B = -(KTcoszé + pu°¥2/3 Cx),

KTsinG cos§, D = -z;m E = Wpcos 8,0 F=m + my,

x’
¥ pu042/3 CNa - KTsinZG, H = Q°¥2/3 CLé -y, (m + my),

Wosin 8., J = -puozm¥2/3 Cxs K = Iyy + Q* + oz ?,

- {Q ¥ Cmy + 4Ky [£7 sin®6 + (h - 2)? cos?sll,
Wpzgpcos 6,, N = -k puov-z/3 CYB. 0 = -% puy¥ Cmy»
Zply, R = uy, (@ + my) - Qo¥2/ 3 Cy,. S = Ixx + myzp?,
-AKYy'z sin28, U = Zpllyuy = AKTy'2 sind cosS§,

Wazgy, W= -% pu ¥ Cng, X = ~[zg (my - my) ug

+ AKTy‘z sin§ cosé], Y = 1 + Q*,

-Qo¥ Cq, - 4Kpy ? cos?s.

Roots of the characteristic determinants were obtained

for six cases. These roots are summarized in Table 14, which
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Table 13 - Summary of Airport Feeder System Parameters
and Aerodynamic Derivatives

P

m = 2237.2 slugs my m, = 875.9 slugs

my = 83.5 slugs ¥ 428,500 Ft?

Wg = 23,625 Lbs Cn, ~-1.15 Sec

Ixx = 1,243,500 slug-Ft? Cumg -0.65 Sec

Iyy = 5,088,900 slug-Ft? Cm, 0.81

I, = 4,671,600 slug-Ft? P 0.002377 slugs/Ft?
[Sea Level]

Q* = 1,529,800 slug-Ft? up 220 Ft/Sec

Ky = -104.2 Lbs/Ft/Sec 0, 6°

Cx = =-0.03 8 0°

CNg = ©0-79 zy 26 Ft

CLé = 0.49 Sec L 37 Ft

Cyg = =-0.83 h 28.5 Ft

Cy = 1.15 Sec y 35 Ft

NOTE: 1 slug = 14.606 kg, 1 Lb = 0.4536 kg, 1 Ft?

= 0.02832 m®, 1 slug Ft?

= 1.357 kg m?, 1 Lb/Ft

= 1,488 kg/m, 1 Ft/Sec = 0.3048 m/Sec.
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gives the time to half amplitude [tk] or times to double
[t,] for all roots, plus the frequency f and damping ratio

z for the oscillatory roots.

The first three cases are for different values of Kg.
It is seen that the vehicle is slightly unstable longitudi-
nally but stable laterally for values of Kt ranging from -50 -
to -200. In either case, the times to double or half ampli-
tude are rather large - on the order of 8 to 9 seconds. In
part, this is caused by the unstable values of Cma [positive]
and CnB [negative]. To better illustrate this, root loci
for both Cma and Cn8 were sketched. To obtain root loci,
the terms in the characteristic determinants factoring Cma xt
and C“B were grouped together, and the determinants were re-

written in the root-locus form

N (s) N_(s)
5, (& - SN 5, Gy T FiCag

With the nominal values of the stability derivatives,

these can be written as

(s=-p) (s~-p,) (s=-p,) (s -p,)
1 2 3 W _
G-z (-2, = 1.88952 Cp
and
(s = p,) (s .,) (s -7p,) (s -1p,.
(5 -2) (s - z,) = -1.93378 Cpg.

The values of the poles p; and zaros zj are given in
table 15, Standard root-locus techniques were used to sketch

the 10oci of Figures 24 through 27 for both positive and
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Table 15. Poles and Zeros for the cm and Cn Root Loci
a B

ROOTS OF N{(s) = 0 FOR Cm LOCUS
a

SCLUTION OF TRT LOAGITUDINAL QWARPTIC EVURTION

COEFFICIENTS

1 AT “

1 0.1000000E 01 &

2 (.2362123E 01 o

3 0.1224903E 01 82

a 0.1133842E 00 s

S 0.4131295E-03 8°

ROOT PEAL PART . IMASINRRY D(s) = O:

1 -0.3300462E-02 n.00000Cc"
& -0.1222218€ 00 -0.0GOC00V z, = 0.01309028
3 -0.3771234E 00 0.0000000
4 -0.20S8971E 01 -0.0000060 zZ, = -0.08332292

ROOTS OF N(s) = 0 FOR <, LOCUS
-]

SOLUTION OF THE LATERAL GUARTIC EMUVATION

COEFFICIENTS
ACL>
0.1000000= 01
$.5033015E 01
0.2175174E 01
G.1747221E 01
0.55724236E 00

N b WY+~

RCOT PEAL PART IMAG INSRY D(s) = O: .
1 ~0.624122€E~01  0.5234353E 00 - +
2 -N.6241226E-01  -0.S2963S2E 00 %, = 0.001321868 + 0.3841006x
3 =0.30741008 00 0.0000040 2, = 0.001321868 - 0.5841006%
4  -0.44%5721E 01  -§.0000D00 - 2

5 JGINAL PAGE IS

OF POOR QUALITY] 1
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Tigure 24, Positive Cm Root Locus
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negative values of Cma and CnB.

In Figure 24, it can be seen that it is not necessary
to have a stable value of Cma in order for che vehicle to be
dynamically stable. It is =21so apparent Irom the migration
of the unstable root pair that Cma exerts a major influence
on longitudinal stability. Figure 25 shows that even with a
stable value of cma it s possible to heave a2 slightly un-
stable or a slightly stable oot near the origin. Futher~
more, it is clear that some other parameter would naie to he
changed in order to move this root very much, as lung as Cmd
remains negative. Figures 26 and 27 demonstrate that there
is an oscillatory pair of roots that may be slightly stable
or slightly unstable as Cpﬁ is varied. However, this is not
affected greatly by Cné~ ;n Figure 26, the rootc that are
influenced by C“B remain very stable, while there i< one po-
tentially strong real-axis instability influenced by CnB in
Figure 27. Unfort.nately, there was insufficient time to
find the parameter or parameters that would affect more the

root pair near th: imaginary axis in Figures 26 and 77.

In view of the uncertairties in :stimating the stabil-
ity derivatives and the effects of the ry.ors, the results
discussed atove .nust be considered as ounly suggestive of
possible stability problems. However. therc is nct reason
to believe that simnle stabilii, augmentation systeams cannot
be designed to provide adequzie stability, at least for

cruise.

It is anticipated that the inability of the current

rotor configuration tc produce side fo.ces will prc.ide the
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principal control probl:m., At cruise or CIOL approa-h speeds,
adequate side forces c#n probably be achieved by yawing the
vehicle. However, fur lc.er speeds or for hover, this stra-
tegy may not be adequate. MNefinitive answers to these ques-
tions can only be found w.*. a detail>2d vehicle simulation
that includes nonlinear ars interference ef“-:ts. Work with

the heavy lifter could prev de valuavle guidance in this area.

3.7 Task I Summary and Conclusions

The vehicle design definition task results indicate that
a VIOL capable pressurized metalclad vehicle concept with a
gross weight of 30,600 kg [67,500 Lbs] and a beta = 0.35 will
maximize the specific productivity for the 80 passenger short
haul mission, All NASA specified design and performance cri-
teria defined in Table 1 can be met or exceeded. Of para-
mount importance, the noise constraint at takeoff can be im-
proved by B.5 pNdB.

The baseline vehicle design concept employs two payload
modules to allow all passenger, all cargo or combined opera-
tions at stage lengths from 38 km [15 n.mi.] to 740 km [400
n.mi.]. Nominal cruise conditions are 630 m [2000 Ft] alti-
tude at a speed of 67 m/s [130 knots].

The major area of technical uncertainty is the hover
and transition phase stability and control characteristics
and flying/ride qualities in turbulent air. Several import-
ant areas for further R&D have been identified and will be

discussed in the technology assessment task discussion.
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4.0 TASK I1 OPERATIONAL PROCEDURES ANALYSIS

4.1 General

The Operational Procedures Analysis task was coumprised
of three major subtask activities: Institutional Constraints
Analysis, Scenario Development and Operational Procedures
Analysis. The Institutional Constraints Analysis, performed
by Battelle Columbus Laboratories, was based on a generalized
analysis of operational characteristics of a "most probable"
airport feeder system operating within the existing transpor-
tation infra-structure. This effort was non-locale oriented
effort performed to identify the operational attributes and
potential constraints associated with a typical A/F systenm.

" These were then examined to define the operational, vehicle

related, performance and design requirements,

The Scenario Development effort was a site-specific
analysis of a potential A/F system operation in the Lake Erie
Regional Transportation Authority [LERTA] service region.

The objective was to investigate votential design, performance,
and/or operational limitations and requirements of the A/F
system concept operating in a service region wherein airport

access was known to be a major , “aoblem arex.

The results of the above efforts were utilized to de-
velop a generalized concept of operations and operational

procedures for this conceptual A/F system.

4.2 Institutional Constraints Analysis

A thorough definition of institutional constraints is
normally derived from » detailed market study of the new ve-
hicle being considered for introducticn into service. How-
ever, a detailcd market study was beyond the scope of the re-

sources aveilable for this Phase I1 efiort. Therefore, a less
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rigorous scenario definition approach was adapted as the means

to identify significant institutional considerations.

The scenario approach consists of a series of qualita-
tive and/or quantitative assumptions about the most likely
institutional setting of the new service being considered. 1In
the discussion which follows, institutional attributes are de-
rived by implication from the operational attributes of an as-
sumed missicn/service. The resulting scenario, therefore, pre-
sents a set of operational requirements to be satisfied and,
by implication, a set of institutional constraints to be over-

come in order to achieve acceptable operational results.

The Airport Feeder short haul passenger mission/service
in many ways would resemble the scheduled intraurban helicopter
service subsidized by the Federal Government in New York City,
Chicago, and Los Angeles between 1963 and 1967.

The first objective of the Institutional Constraints An-
alysis was to define the general institutional attributes of a
combination intraurban-interurban air transportation system.
These attributes are itemized in Table 16 for each of the fol-

lowing category areas:

1) Potential Travelers

2) Community Residents

3) Air Carriers

4) Aircraft/Equipment Manufacturers

5) 1Investors

6) Airport Operators

7) Local Government

8) Federal Government Regulation

9) Air Traffic Control System
10)° Federal Research and Development
11) Federal Appropriations
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Table 16. 1Institutional Attributes of an
Intraurban Alr Transportation System

R

1.0 Potential Travelers

1.1 Trip Purpose

1.1.1 Business
1.1.2 Pleasure

1.1.3 Other Personal

1. Segment of Tri

1.2.1 Point-to-Point (0-D)
1.2.2 Connecting

1.3 1 Time Prefere

1.3.1 Peak Commuter Hours
1.3.2 Other Daytime
1.3.3 Other Nighttime

1 Auto (Private, Taxi, Rental)
2 Bus/Limo

.3 Rail

4 Alr (Scheduled, Unscheduled)

1.5 Segment O-D

1.5.1 Central Business District
1.5.2 Suburd -
1.5.3 CTOL Airport

1.6 Acceptability Criteria

Maintain Present Safety Levels (Air ahd Ground)
Reduce Total Trip Time (Air and Ground)

Reduce Total Trip Cost (Air and Ground)
Schedule Adequate Frequency of Service
Schedule Preferred Departure/Arrival Times
Maintain Present Schedule Dependability
Maintain Comfortable Ride Quality

Easy Intermodal Transfer

Convenient Ground Access to Airport
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Table 16. (Contiﬁued)

2.0 Community Residents

2.1 Proximity to Terminals

2.1.1 Immediate
2.1.2 Nearby Political Jurisdictions

2.2 Resident Type

Private Homeowner
Industrial Firms
Public Institutions
Real Estate Interests
Citizen Action Groups
Politicians

News Media

2.3 Acceptability Criteria

Acceptable Noise Levels

Acceptable Air Pollution

Minimum Hazard (Ground and Air)
Relieve Ground Congestion and Delay
Favorable Impact on Property Values
Relieve Local Tax Burden
Acceptable Industrial Expansion
Minimum Emotional Impact

*
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.0 Afir Carri

3.1 Carrier Type

1 Trunks
2 Regionals
3 Llocals
4 Commuters

1 1Integral to Existing Corporate Structure
.2 Subsidiary

eptabilit iteri

3.3.1 Sufficient Demand for Service

3.3.2 Acceptable Profit Potential

3.3.3 Pricing Flexibility

3.3.4 Reasonable Capital Requirements

3.3.5 Compatible with Prevailing Market Image
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Table 16. (Continued)
4, ir u u
4.1 ms /Sub Ompo P
4.1.1 Aircraft
4.1.2 Engines
4.1.3 Avionics
4.1.4 Ground Facilities

4.2 Acceptability Criteria

Acceptable Development Risk for State of the Art Required
Profitable Sales Volume

Acceptable Capitalization

Extensive Military Coumonality

Minimum Competition with Foreign Technology

Adequate Labor Intensiveness

&0&.&0#

NN NNNeN
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5.0 Investors

5.1 Investment Sources

5.1.1 Debt
5.1.2 Equity
5.1.3 Air Carrier Retained Earnings

5.2 Acceptability Criter.a

5.2.1 Reasonable Invastment Risk
5.2.2 Adequate Stability and Level of Earnings
5.2.3 Continual Long-Term Growth

.0 irport Operators

6.1 Availability Category

6.1.1 Existing
6.1.2 Improved
6.1.3 New

. tabilie i

6.2.1 Reasonable Real Estate Requirements

6.2.2 Reasonable Terminal Building Requirements
6.2.3 Adequate Auto Parking Facilities

6.2.4 Adequate Income Generating Potential
6.2.5 Compatible Surrounding Land Use
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Table 16. (Continued)

7.0 Local Government

7.1 Pertinent Agencies

1 Executive

2 Legislative

3 Aduainistrative
4 Judicial

5 Planning

6 Regulatory

7.2 Acceptability Criteria

7.2.1 Compatible with Other Intra and Inter-Regional Goals
7.2.2 Satisfactory Industrial Development Potential
7.2.3 Tax Generating Potential Compatible with Value of Service to
the Community
7.2.4 Benefits to the Nonuser Offset Costs to the Nonuser
8.0 Federal Government Regulation
8.1 Scope
8.1.1 Economic
8.1.2 Equipment Certification
8.1.3 Operational Certification
8.1.4 Airmen Certification
8.1.5 Aeronautical Publications
8.1.6 Environment (Noise and Air Quality)
8.1.7 Energy

8.2 Agencies

8.2.1 Civil Aeronautics Board (CAB)

8.2.2 Federal Aviation Administration (FAA)
8.2.3 Environmental Protection Agenzy (EPA)
8.2.4 Federal Energy Administration (FEA)

8.3 Acceptability Criteria

8.3.1 Maintain Consistency with Regulatory Precedents

.2 Tailor Evolutionary Changes to Take Maximum Advantage of
Technological Improvements

Compliance with Evolving Environmental Standards

3
3.3
.3.4 Compatible with Evolving Energy Conservation Measures
3.5 Retain Present Level of Flight Safety.

8
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Table 16. (Continued)

9.0 ir Traffic Control System

9.1 Elements

1.1 Personnel
1.2 Facilities
1.3 Procedures

9.
9
9

9.2 Flight Phase

En Route
Terminal Area
Final Approach
Airport Surface

9.3 Acceptability Criteria

9.3.1 Relieve Aircraft Congestion and Delay in Large Hub Airport
Terminal Areas

9.3.2 Maintain Present Safety Standards

9.3.3 Accommodate a Wide Range of Aircraft Types

9.3.4 Retain "First Come First Served" Policy to the Maximum Extent
Possible

9.3.5 Balanced Use of Airport and Airway Development Funds (ADAP)

‘2‘
.2.
.2,

2

LA - -2 -]
S W

10.0 Federal Research and Development

10.1 Elements

10.1.1 Aircraft
10.1.2 Engines \’erformance, Noise, Air Pollution)
10.1.3 Avionics
10.1.4 Air Traffic Control System
|

10.2 Agencies

10.2.1 FAA
10.2.2 NASA
10.2.3 DOD

10.3 Acceptability Criteria

1 Maximize the Application of "Conventional" Technology

2 Fill the Technology Caps Not Suited to Private Sector Risk Takin3

3 Maximize Civil/Military Commonality

4 Balance the Emphasis on Air Versus Ground Transportation System
Improvements

5 JIdentify the Need (If Any) for Service Demonstration Programs
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Table 16. (Concluded)

11.0 Federal Approprigtions

11.1 Sources

11.1.1 Congressional (House and Senate)
11.1.2 Executive (White House, OMB)

11.2 Acceptability Criteris

Encourage Urban Decentralization

Provide Incentives for Private Sector Risk Taking

Disperse the Application of Federal Tax Revenue Over a Broad

Geographic Base

11.2.4 Fund Air Transportation Improvements in Keeping with Other
Competing Domestic Priorities

11.2.5 Retain Favorable Balance of Payments with Foreign Aviation
Technology Competitors

11.2.6 Minimize Environmental Impact

- put
WA

1.2.
1.2,
1.2.
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The major items or areas of concern in each of the 11
institutional areas were then examined to identify the areas
most critical to the successful introduction of the A/F
system and to define the institutional/operational constraints.
Results of these examinations are discussed in the following

subsections.

4.2,1 Airport Feeder Passenger Service

The basic purpose of the anticipated Airport Feeder
service would be to provide high income business travelers
with a means to travel by air between the vicinity of his ur-
ban origin or destination [Central Business District, suburb
or aother CTOL airport] and a major CTOL airport, where sche-
duled cnnections would be made with a longer-haul interurban
flights., This type of air traveler is expected to value his
time at a high level [e.g., $15 per hour]. Therefore, he
would be willing to pay a premium for either the convenience

or time advantage of the Airport Feeder Service.

In order for the service to be perceived as convenient,
there would be a strong preference for adequate trip frequen-
cies and scheduled departure arrival times in terms of sche-
duled CTOL flight departure/arrival times. Given the known
patterns of high density business commuter travel habits,
this means high trip frequencies in the early morning and late
afternoon hours of the typical week~day. This time-of-day
preference is also reinforfed by the desire tn avoid CTOL air-
port ground access congestion and delay which are typically

most severe during intraurban ground commuter travel hours.

Other traveler perceptions which might enter into a

decision to use an Airport Feeder service include:

Flight safety comparable to CTOL service
All-weather schedule dependability
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Reasonably comfortable ride quality during
flight

In each case, acceptable airship service should be
configured to satisfy these highly subjective travel crite-
rion.

4.2.2 Impact on Surrounding Airport Community

The second major group of people concerned with, and
impacted by, an Airport Feeder service would be the local com-
munity residents living and/or working in the immediate vi-
cinity of the airports [or airship ports] where Airport Feeder
service could be provided. In most cases these people would
be neither “-+equent nor infrequent users of the Airport Feeder
service., Such nonusers in a site~-specific airport situation
might include

Private homeowners

Alrport renters

Industrial firm employees
Public institution employees
Local real-estate firms
Citizen action groups

Local news media

In each case, to one degree or another, these nonuser
groups within the general public could perceive Airship Feeder
service as an intrusion or threat to their routine life style

in one or more of the following ways:

Adverse impact on property valucs
A local tax burden
Reinforce local industrial expansion

Safety hazard due to accidents

Environmental hazard due to noise & air pollution
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These potential impacts are difficult to quantify be-
fore tiv «uii.°] start of service so the important element here
is th. prior , .rception of what these impacts might be. There
is a natural human tendency to assume the worst and excessive

negative reaction is often the result.

As a consequence there will be a continuing public re-
lations need to differentiate in a pursuasive way between how
an airship service will impact the surrounding airport commun-
ity in relation to an equivalent CTOL service which is more

familiar to most aviation nonusers.

4.2.3 Airport Operator Requirements

Airport operators are most often the focus of the pre-
ceding nonuser public concerns in the first instance. They
represent the first level contact between community residents
and the aviation system in general. For this reason local
airport authorities are often made up of local residents and
various political appointees. Their concerns range from the
general public impact of their 2nterprise to hard economic
questions of revenue and funding for satisfactory airport ser-

vice to the traveling public.

The introduction of a radically new airship service
will require a somewhat unique airport criterion, most likely
patterned after the valuation of scheduled helicopter service,
Some of the more obvious afeas of concern to a typical airport

operator would include:

Adequate income~generating potential
Compatible surrounding land use
Adequate terminal building provisions

Efficient and convenient ground access/egress

It is8 also likely that the existing airport authorities in any
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. I given metropolitan area would assume the responsibility for
N owaning and operating any new or modified airports for analysis,
&
¥ Therefore, they are the ones whose cooperation would have to
? I be obtained to satisfy all airport terminal requirements.
A I 4.2.4 Interaction with Local Govermnment
Airport operators are in turn generally responsible
I to some local government body or agency. Other local govern-
ment units are also involved in aviation activities to one
1 extent or ancther. The scope of involvement and/or surveil-
ance might include the following local and state governmental
i functions:
Executive
Legislative
i Administrative
Judicial
1 Planning
Regulatory
i Their concerns might range over the full scope of
i public sector attributes already mentioned.
Other private and federal sector attributes of poss~
i ible concern are noted in the remaining parts of this section.
I 4,2.5 Air Carrier Market Potential
Attention now shifts to the air carrier segment of
{ private industry. The first major question of concern here
e is the matter of market areas and volumes sufficient to sus-
? I tain a profitable level of Airship-Airport Feeder service.
5 Based on experience with schedulad intraurban heli-

copter services provided since the 19508, it would appear
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that only the largest metropolitan bub areas can generate
even marginally adequate airport feeder passenger volumes.
Rank-ordered CTOL airport passenger enplanements for the

top 30 hub airperts in fiscal year 1973, are shown in Table
17 to illustrate the rapid drop off in passenger enplane-
ments beyond the top seven major hub airports {i.e., 34 per~-.
ceut of all U.S. domenstic passenger enplanements in 1973

cccurred at the top sevaa hub airports].

Given this councentration vf potential airport feeder
markets in a few cities and CTOL airports it is poussible to
identify tne existinz U.S. domenstic air carriers providing
interurban air travel to/from these airports. In the first
instance these carriers would likely have a vested interest
in the success of a potential airship Airport Feeder service
because such service could add to their interurban trvaval

market shares.

For example, the mix of scheduled carriers serving
the top seven hub airports in early 1974 are shown in Table
18, including the distribution of schedules departing seats
proviling and the respective narket shares in terms of those
departing seats. It can be seen from Table 18 that different
carriers dominate each respective hub airport market. It
would appear that most of the trunkline carriers would have a
strong vested interest in the success of an Airport Feeder
service according to the fiollowing mix of carriers and hub

airports.

Hub Airport Dominant Carriers
Chicago 0'Hare (ORD) United, American & Trans World
Los Angeles (LAX) Local Service Carriers and
United
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Alrport Ranking of Air Carrier Passenger

Enplanements, Top 30 Airports, FY 1973(a)

(a) Source:

Passengers Percent Cusmmulative
City-Afrport/State irport (000) of Total l _ Percent
Chicago-C'Hare, I11. " ORD 15,245 7.60 7.60
Los Angeles-Int'l, Calif] LAX 11,197 - 5.58 13.18
Atlanta, Georgia A™L 11,079 5.52 18.70
New York-Kennedy, N.Y, JFK 10,034 5.00 23.70
San Francisco, Calif, SFO 7,458 .n 27.641
New York-La Guardia, N.YJ LGA 7,315 3.64 31.05
Dallas=-Love Fld. Texas DAL 6,113 3.04 34.09
Washington-National, D.C{ DCA 5,380 2.68 36.77
Miemi, Fla, MIA 5,236 2.61 39.38
Boston, Mass. BOS 5,175 2,58 41.96
Denver, Colorado DEN 4,867 2.42 44.38
Honolulu, Hawaii HNL 4,177 2.08 46,46
Detroit, Mich. DIV 3,906 1.9 48.40
Philadephia, Pa. PHL 3,598 1.79 50.19
P{ttsburgh, Pa. PIT 3,547 1.76 51.95
Newark-Newark N.J. EWR 3,446 1.71 53.66
St. Lou's, Mo, STL 3,320 1.65 55.31
Minneapolis, Minn. MSP 2,873 1.43 56.74
Cleveland, Ohio CLE 2,818 1.40 58.14
Houston, Texas IAH 2,521 1.25 59.39
Las Vegas, Nev, LAS 2,424 1.20 60.59
Seattle, Washington SEA 2,419 1.20 61.79
Tampa, Fla, TPA 2,218 1.10 62.89
New Orleans, La. MSY 2,186 1.09 63.98
Kansas City, Mo. MCI 2, 092 1.04 65.02
San Juan, P,R, sJU 1,964 0.97 65.99
Phoenix, Ariz. PHX 1,868 0.93 66.92
Memphis, Tenn. MEM 1,717 0.85 67.77
Baltimore Int'l Md. BAL 1,528 0.76 68.53
Ft. Lauderdale, Fla. FLL 1,473 S.73 69.26
= —————
DOT/FAA, "Terminal Area Forecasts: 1976-1986", September, 1974,
p xi.
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Hub Airport Dominant Carriers
Atlanta (ATL) Delta, Eastern, and Local
Service Carriers
New York-Kennedy (JFK) National, Delta, American,

Eastern, and TWA

San Francisco (SFO) United and Local Service

Carriers
New York, LaGuardia (LGA) American and Eastern
Dallas Ft. Worth Regional Braniff and American
(DWF)
4.2.6 Air Carrier Iavestment Requirements

Given this potential market structure for Airport
Feeder service a second major question concerns the willing-
n2ss of at least the dominant hub airport carriers to acquire
and operate airships themselves. A related question conceras
whether they might be integrated into the existing CTOL ai.
craft operation and management structure or whether a separ-
ate corporate entity within the existing airlines would be
more suitable in terms of the unique operating features of an
airship.

If past helicopter experience [1952-1976] is any in-
dication, it would appear that none of the above options are
likely. Possible reasons include (1) the localized nature of
an Airport Feeder service, (2) the unique operating require-
ments of airships, (3) the substantial financial risks of
implementing a profitable Airship/Airport Feeder service, and
(4) incompatibility with prevailing jet aircraft market image.
As a result it must be assumed that an all together new cor-
porate class of carriers will have to come into existance,
similar to the scheduled helicopter companies now operating

ia the largest metropolitan areas.
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The interest of existing helicopter companies in add-
ing airships to theilr fleets may be very unlikely since they
have been struggling to remain financiz .1y viable since Feder-

al subsidies were completely removel ir 1967.

There is the possibility tnat certain existing CTOL
carriers would help finance a new bit separate airship ven-
ture, but recent airline industry finaccial trends have pre-
vented these carriers from even re-egqu'pping their own CTOL
fleets. To the extent that this trend is substantially re-
versed in the future, there is the pos:ibility, that certain
carriers would find it in their best interests to subsidize

a fledgeling airship service in selected metropolitan areas.

4$.2.17 Air Carrier Operating Cost Requirements

Assuming sufficient financing for initial acquisition
of airships can be arranged, operating cost requirements be-
c-me the second major economic concern to potential operators.
A detailed operating cost analysis for the 80 passenger air-
port feeder airship selected for this Phase II study is dis-
cussed in Task III below. It is presured that iirships must
at least equal, [if not be lower than] helicopter operating

cost levels to be competitive.

4.2.8 Federal Government Regulation Requirements

The prospect of a new corporate class oi alirship
carriers places an especially unique burden o the Federal
government agrncies which are responsible f : regulating the

interstate portion of the air transporta.ion system.

An initial legal judgement rist be made as to whether
an essentially intrastate airship operation can b legitimate-

ly regulated from the Federal level on the grcunds that it
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supports interstate, interurban passenger travel, For pur-
poses of the following discussion it is assumed that Federal
jurisdiction still applies in much the same way that Federal
jurisdiction is applied to intraurban helicupter operations.

Given this assumption, there is a whole family of
Federal regulatory issues and agencies which come into play.

The more obvious of these are:

Economics (CAB)

Equipment Certification (FAA)
Operational Certification (FAA)
Airmen Certification (FAA)
Aeronautical Publications (FAA)
Environmental Impact (FAA & EPA)
Energy Conservation (FEA)

In the first instance, it can be reasonably assumed
that the CAB would have to initiate a subsidized airships ser-
vice in selected metropolitan areas, much like the pattern of
subsidized economic regulation imposed on scheduled helicopter

operators from their inception in the late 1940s through 1967.

The FAA will play a major role in establishing the use-
fulness of the Airport Feeder airship. This agency is respuan-
sible for establishing the airworthiness of the vehicle and,
in turn, establishing the traveling public's initial perceived
notion of the safety of flying in such a vehicle. The certifi-
cation process will be a lengthy one because it will be an
educational process and there are no recent precedents to draw

upon,

The environmental impact is a serious question within

the FAA and Environmental Protection Agency (EPA) for any new
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concept. In addition to the obvious impacts such as noice in-
side and outside of the passenger compartment, the pollution
from engine exhaust, and the possible rezoning and developing
of land to serve as passenger pick-up points, the problem of
creating a public nuisance must be addressed. After the ini-
tial aura of curiosity about the new airship system has worn
off, the problems associated with the invasion of the privacy
of nonusers to satisfy the wishes of a few travelers may be-
come an issue. The thought of large, low-flying vehicles,
droning over residential areas may detract from the attributes
of the vehicle because people on the ground may object to the
noise and the possible sensed invasion of privacy of people

peering at them from above.

Energy conservation has become a vital concern in the
Federal Energy Agency (FEA) for the development of a new trans-
portation system. Even though it can be shown that buoyant
vehicles are more efficient users of energy in their direct
operations when compared to other modes of air transporta-
tion, particularly at short ranges, the impact of energy con-
servation will be applied to the complete development and manu-

facturing cycle of the new system.

The primary issue in the area of government regula-
tion is that of retaining the present level of flight safety
and, therefore, perceived flight emergency problems must be
anticipated and solutions addressed as part of the design and

development of the vehicle,

4.2.9 Alr Traffic Control System

The operating altitude range 610m to 2440m [2000 to
8000 ft] for the Airport Feeder airship places it outside the

controlled airspace for commercial transport for most of its
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flying. Therefore, flight plan.ing becomes a concern for con-
trolling the vehicle at major hub airports from where most of
the feeder airship activity will originate or terminate.

Since the vehicle is designed for scheduled passenger use it
must have an all-weather capability at least equal to that of
its predecessor, the helicopter. «iso the vehicle must help
relieve congestion and delay at the zicsport so that it must

be able to integrate into the normal operating pattern of the
airport and, therefore, it cannot be overly sensitive to at-
mospheric disturbances such as gusts, and wind shears, or to

the wake turbulence from other aircraft.

4.2.10 Federal Appropriations

Federal appropriations may be obtained for programs
that meet a perceived national need as identified by either
the legislative or executive branches of the government. The
funding may take on many forms from direct subsidy to the

providing of incentives for private risk taking.

The development of a specialized vehicle such as the
Airport Feeder airship may cost on the order of $100 million
to $200 million based on projections of past air transport
development costs. Also, based on current prices of transport
aircraft, the price of th: vehicle may range from approximate-
ly $4 million to $6 mi® .ion These costs imply that a fleet
of several hundred vehicles ..ay have to be produced to recover
the investment costs, or that the development has to be under-
written by private or federal fundr. Federal funds would be
justified only if the prog.-m had a significant impact on a

broad segment of the national transportation system.
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4.2.11 Summary of Institutional Constraints Analysis Results

The most important institutional considerations and
constraints and the resulting or implied operational require-

ments for the A/F system concept are summarized below:

User Acceptance Factors

System will serve high income (business) travelers

User must perceive convenience and/or time advantage

Implied Operational Requirements

Adequate trip frequencies
Scheduled departures

CTOL flight safety

All weather

Reasonable [® CTOL] ride quality

Non-User/Community Acceptance Factors

Noise/air pollution/ground congestion
Adverse impact on property values
Safety hazard due to accidents

Local tax burden

Implied Operational Requirements

Quiet operation

Adequate land access consideration

High safety level

Public relations program defining benefits

Airport Operations

First level of contact with user/non~user group

Major areas of concern
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Income potential

Compatibility with existing operations
Potential for reduced congestion
Potential for reduced terminal delays

Implied Operational Requirements

Feeder must be integrated into or be compatible with
existing airport operations

Insensitive to gust environment in airport areas

Market Size

Finally, the market size for A/F system operations
may limit passenger operations to cnly the largest
7 to 10 metropolitan areas unless some non-market
type of constraint - such as an off-shore airport
requires a short haul air transportation type of
system, The uncertainty of the market potential
for an Airport Feeder type of service ie possibly

the single most important area of uncertainty.

4.3 Scenario Development and Analysis

The purpose of the scenario development and analysis
effort was to define alternate operational modes for A/F
systems and identify major system elements and requirements
of the most promising operational mode. In contrast with
the institutional constraints analysis approach described in
the preceding section, the scenario development approach was

based on the analysis of a specific major hub airport service
region.

The Lake Erie Regional Transportation Authority [LERTA]

service region was selected for the scenario development for

101

o

s



g P

the following reasons:

1) Opportunity to capitalize on the extensive plan-
ning and analysis efforts performed in support of
the LERTA site study and planning efforts and to
obtain suggestions and comments from the LERTA
staff in Cleveland.

2) The unique physical restrictions assocated with
airport access to the potential lakeport site may
result in a unique requirement for and benefit
from a short haul airport feeder transportation

system,

The LERTA service region is shown in Figure 28 includ-
ing the potential lakeport site, major interstate highwav

systems and secondary airports.

As noted in the figure, ground access to the lakeport
site will either require construction of several overwater
access roads, tunneling, boats, or air modes of access. Most
of the nonair mode options will potentially require a con-
siderable increase in traffic through downtown Cleveland which
18 most undesirable. An air transportation system may be the
most desirable regardless of the competitiveness of the opera-
tion on a purely economic basis.,

]
The general objectives and potential benefits of an Air-

port Feeder Air Transportation System operating in the LERTA
service region or perhaps in any Airport Feeder capacity might
include the following:

1) Significantly reduce ground traffic congestion near

airports,
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2) Eliminate need for major new freeway construction.

3) Reduce noise produced by numerous low overflights

of large, conventional aircraft.

4) Significantly reduce home to airport and airport
to home travel time for large fraction of passen-

gers using a [Lake Erie] jetport.

5) Provide a rapid, efficient mode for air cargo de-
livery from prime "jetport" service area and be-

yond.

6) Provide selective air service to jetport from
major cities outside primary [LERTA] service area

[e.g., Columbus, Erie, Toledo].

4.3.1 Candidate A/F Operational/Service Concepts

Two A/F operational concepts were conceived. First,
an air limousine type of service offering express or multi-
pickup type of service with no direct interface with major
trunk airlines. This concept is somewhat analogous to the
small commuter lines operating in the Northeast corridor.
One such operation has been unsuccessful in the Cleveland-

Akron-Erie, Pa. area.

A second concept of operations would be one fully in-
tegrated with the major trunk airlines and would provide one-
stop baggage and ticket service. This type of concept would
be similar to many of the door-to-door transportation system

concepts proposed for future intermodal transportation systems.

Three potential Airport Feeder operational/service
approaches were examined; Downtown to Hub Airport, Secondary

Airport(s) to Hub Airports, and Suburbs to Hub Airports.
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Each approach could operate in one or more of the following
modes: Non-stop service, i.e., a commuter liner type of
operation; limited passenger pickup between origin and des-
tination, i.e,, an air limousine type of operation; and
multiple passenger/cargo pickups between terminal facilities
throughout its operational area, i.e., an air bus type of
operation . The type of operational mode [commuter, air limo
or air bus] will depend on the passenger density and specific
nature of the region served. All thr-e mrodes c¢ould be feas-

ible depending on the region of operation.

The Operational Approach, however, [downtown, sub-
urb, or secondary airport] appears to be a more major con-
cern to the design/operational requirements of the A/F ve-
hicle system. Several factors relevant to each type of opera-
tion were defined and qualitative evaluation of the three
approaches was performed, These results are presented in
Table 19,

As shown in the table, operations from secondary air-
ports would appear to be most desirable based on considera-
tion of adeaw .e auto parking, acceptance of [heavy] air
operations, minimum ground facilities cost associated with
introduction of the "new" A/F system and compatibility with
air cargo operations. Iliowever, operational capability from
downtown/city centers or suburban facilities would potenti-
ally offer the most promising market potential, provide the
most flexible system capability, and impose the most severe
design requirements on the A/F vehicle/system concept. There-
fore, this mode of operation was assumea for specific investi

gation of operational procedures.

The final A/F operational concept and system require-

ments/guidelines can be summarized as follows: A/F system
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objective - transport large numbers of passengers from sub-

urbs, downtown city centers and secondary airports to major
hub airports.

4.3.2 System/Operational Requirements [Guidelines]

Integrated or compatible with CTOL operaticns
Scheduled departures - high frequency operations

Outlying facilities [suburbs or downtown] are
required

Airport access times less than auto travel times

[optimally less than % the average auto travel
time)

Minimal ground access congestion and parking pro-
blems at outlying points

Acceptable socially and technically to non-user

groups in outlying operation region

Minimum on-ground time for passenger loading and
off-loading

These preliminary system requirements results, com-
bined with the generalized institutional constraints analysis
results were utilized as the general guidelines to develope
the operational procedures and further define the system re-

quirements for the Airport Feeder System Concept.

4.4 Operational Procedures Analysis

The operational requirements and procedures of any
Modern TTA system performing an Airport Feeder function will
require significant improvements over prior airship opera-

tions. Among the major operational problems of past airship
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operations have been the takeoff, landing, and on-the-ground
handling procedures. This area of operations will be criti-
cal to the economic and operational success of the A/F sys-
tem and a reasonable requirement would be the capability for
operation with an absolute minimum ground crew at 1l facili-

ties.

Although the A/F vehicle operates as an HTA vehicle,
it will retain LTA characteristics due to the large helium
filled envelope. This will be particularly true during ground
handling operations. Therefore, the need for some ground
handling equipment, personnel and mooring facilities will
still exist.

The off-loading, on-loading time and weight factors will
become critical to high vehicle utilization and low transit
times. Passenger control and safety considerations must allow
failsafe operations both at the main terminal and at the out-
lying facilities. Due to the importance of the on-ground
operations to the success of the Airport Feeder system concept,
this was a major area of analysis in the Operational Procedures

Subtask.

4.4.1 Candidate Passenger Transfer Systems

Several solutions to the loading and unloading passen-
gers were examined. The vehicle could be on the mast, as in
conventional LTA operations, and passengers and cargo could be
off~-loaded or on-loaded conventionally through a staircase
and/or door arrangement. This could be rather time consuming.
Also since a2 moored LTA vehicle may change position if the
wind shifts, caution must be taken in interest of passenger

safety.
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A second concept would utilize a passenger/cargo
module which could be pre-loaded and driven out to the moor-
ing site. When one module is detached from the vehicle, a
nevw module could be attached. The modules could be self pro-
pelled or transported by auxiliary vehicles. At the low
beta's of the A/F vehicle, the aircraft would be statically

heavy even with no modules attached.

The selected concept was based on a modular passen-
ger payload module which could be transferred from the basic
Airport Feeder with all passengers aboard or could employ
CTOL type ramp facilities for passenger access. These two
conceptual modes of operation are shown in Figures 29 and

30, respectively.

4.4,.2 Ground Handling Operations Analysis

The primary objective of the ground handling opera-
tions analysis was to identify ground handling procedures,
systems or equipment which would minimize the ground person-

nel required for or ground operztions.

A promising concept was conceived which is similar to
the tether/winch retrieval systems utilized by the Navy to
land helicopters on ships at seas up to sea state S. 1In the
A/F system, a tether cable would be deployed from the vehicle
while in a hover mode a few hundred feet above the landing
surface as shown in Figure 31. A ground attendant would
attach the tether cable to mooring cup/winch mechanism mounted
flush on the landing surface. The winch system [which might
be adapted from those used in prior "mobile mule" ground hand-
ling tractors] would then pull the A/F down to the landing
surface while the propulsion system maintained hover attitude.

When the vehicle is finally on the landing surface the winch
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would maintain tension on the tether cable to keep the ve-
hicle "moored" while on the ground. The tether attach point
is approximately at the vehicle CG and CB and the vehicle

is free to weathercock similar to the stub mast/center point
mooring approach investigated for the short-haul heavy lift
vehicle. A further innovation would have the mooring cup
platform on a rotatable base which could be aligned into the
prevailing wind for landing/ground operations. This capabil-
ity appears most compatible with the modular and ramp passen-
ger enplaning/deplaning operations. Alternately, the vehicle
could simply be firmly tied down by four or more additional
tiedown cables and designed for any sidewind loads during
on-the-ground operations. Passenger enplaning/deplaning facil-
ities could then be permanently positioned at each terminal

facility.

The proposed concept of operations at a "downtown"
VIOL terminal is shown in Figure 32, A conceptual outlying
facility concept is illustrated in Figure 33 and the concep-

tual rooftop access platform in Figure 34.

The advantages of this operational concept include the

following:
1) Positive vehicle attitude and position control
during landing and on ground operations.

2) Minimum ground crew required [one man for normal

operations].
3) No ground handling equipment is required.
4) No mooring mast is required.

5) The only noticeable airship related items at a

terminal would be the flush mounted mooring cup,
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flush mounted circle of deadmen [tiedown posi-

tions], and the disc¢ shaped mooring area.

6) The mooring area would only be slightly larger
than the aircraft total length.

7) Since the aircraft remains stationary when moored,

vehicles can drive right under the aircraft for
cargo loading and unloading, maintenance and re-

pair.

8) Maintenance working conditions are safer because

of the stationary mooring.

9) Passenger and personnel safety is increased by
use of the prepositioned enplaning/deplaning
facilities,

In summary, the proposed operational concept offers
substantial improvements in the landing/on ground operations
of the A/F vehicle compared with previous airship operations.
Much of this improvement is possible of course because the
vehicle is substantially heavy as opposed to neutrally buoy-
ant, has vectorable thrust, and is mechanically "pulled" on-
to the landing surface at predetermined vertical descent
rate. The payoff is of course greatly improved cost, safety

and handling operations.

4,4.3 Overview of Conceptual Airport Feeder Operation

The major facility would be located at a major hub
airport., Outlying pickup points would consist of eith.r

high-rise parking facilities or cleared areas with remote

passenger processing facilities, Operations could be conducted

in either downtown or suburban areas.
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The parking zarage type of facility would be located
in multi-level garages with flat, flight deck roofs. Exist-~
ing faciliti.., might be adaptable to the A/F system require-
ments. The lower floors of each building would provide pro-
tected auto parking space. The top floor of each building
would house services for the operationj ticketing, waiting
rooms, loading, administration, and cargo handling facilities.
In addition, the main distribution point at the jetport would
interface with the major airlines. Clear approaches and mini-
mum land usage area are some of the advantages to this type
of building.

An additional storasge and major maintenance facility
would have to be available. The size of this faci.ity would
depend on the number of vehicles in the fleazt, Since the
size of one vehicle is relatively large, obviously the stor-
age and maintenance buildings would have to be large. This
may, due to limited land area available at most jetports, re-
quire an outlying maintenance facility which could be located
at a region remote from either the major hub airport or any

outlying facility.

The personnel required for this operation would fit
into three basic categories of administration, operational,

and service.

The administrative personnel would be located at che
main distribution point at the jetport. Their responsibilities
would be with management, finance, accounting, advertising,

public relations, etc.

The operational personnel would consist of the flight
crews and flight deck attendants. The flight crew for one
vehicle would be made up of a pllot, co-pilot and two steward-

esses, The flight deck attendant would assist in the ground
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operations of the vehicle. In addition, he could be quali-
fied mechanic capable of handling on-the-spot emergency main-

tenance.

The service personnel would t:ke care of pasrcenger
and cargo handling. The ticketing at each station could be
automatic. The service personnel would thereby devote their
efforts to directing passengers for ramp or modular loading
as well as handling luggage and cargo. Two such attendants
would be required at each outlying station. Four such at-
tendants would be required at the central station. The major
maintenance personnel would also be considered in the service
category and would be located at the annex facility for main-

tenance and storage.

A modular loading/unloading system is utilized at the
central distribution point because this is the only point
where all passengers will enplane or deplane. A ramp loading
system is used to facilitate the partial passenger loading/
unloading at outlying points.

The modular system consists of a module that is de-
signed to fit a cavity in the main car structure of the air-
craft., The module is located below the flight deck on a hy-
draulic 1lift platform., ThLis is its initial loading position.
The loading of the module is accomplished prior to the arrival
of the aircraft. The aircraft lands and is secured to a moor-
ing cup. Its position when secured is such that it is centered
between two doors in the flight deck. Once the flight deck
doors are opened, two arms which secure the module to the car
structure during flight allow the module to be exteanded later-
ally from the car structure for removal or replacement of the

module.

119



Cnce the on-load module is in position, a hydraulic
l1ift raises the loaded module through the opened flight deck
door to a point even with the floor of the car cavity.
Simultaneously, a lift is raised to the opposite side of the
car cavity in 3 position ready to receive the off-loading
module. The off-loading module is extended outward onto the
off-load shift platform and lowered. When the on-loading
module is in position, catches on the arms engage latches in
the top of the loading module and position the module secure-
ly in the car structure. Once the transfer is complete the
off-loading module is lowered below the flight deck., The
flight deck doors are then closed. The aircraft is released
from its mooring for flight, and the passengers, baggage,
and cargo c¢n board the just off-loaded module are rewoved.

The now empty module is then prepared for the uext loading.

~

Since only par:ial load transfers occur at the out-
lying stations, enplaning/deplaning access ramps will be util-
ized instead of total modular changes. The operation of the
outlying stations are the same up to the opening of the flight
deck door and the securing of the aircraft car. At this point
covered ramns extend through the flight deck doors on both
sides of the car. They are so positioned as to contact the
side of the car at the nodule doors nrev.ously described.

Once the ramps are locked into position the modular doors are
opened. Off-loading passengers descend the ramps on one side
of the car while on-loading passengers ascend the ramps on
the other, Cargo and b;ggage is simultaneously handled by
attendants. Once the loading/unloading opeation is complete
the module doors are closed and secured and the ramps re-~
tracted. The flight deck doors are then closed and the air-

craft released for take-off.
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When approaching the central distribution point or
jetport, an incoming aircraft will call the jetport approach
control for landing instructions., Upon receiving clearance
the co-pilot will contact the passenger service personnel
and the flight deck attendant on a company frequency giving
the air-raft ETA. The atrcraft proceeds inbound switching
to tov r frequency for final landing instructions. Once
cleared for landing the pilot decelerates to a hover over
the flight deck and drops the pull-in line. The flight deck
attendant secures the line to the mooring cup. The aircraft
is then winched in to a landing utilizing vertical thrust
to control the vertical descent and landing. The pull-in
line continues to be winched in until the aircraft car is
centered between the flight deck loading doors. At this
point the engines are idled and the doors opened engaging
the aircraft car, as previously described, completing the

mooring.

A preliminary investigation of the minimum times re-
quired for flight deck operations was performed utilizing the
results of Reference 22 as a zuideline. t.meline estimates

[ramp operations] are as follows:

Hover over landing spot 15 Sec.
Pull in line hook up 15 Sec.
Descent to touch down 10 Sec.
Final aircraft positioning 10 lec.
Aircraft securing for load/off load 5 Sec.
Ascent of load ramps 10 Sec.
Opening of moiule doors 5 Sec.
Off/on lo-ding of passengers 60 Sec.
Closing : module doors 5 Sec.
Retraction of load ramps 10 Sec.
Preparation for take-off 120 Sec.
Disengagement from mooring cup 5 Sec.
Take-off and climb to cruise 5 Sec.

TOTAL 275 Sec.
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Timeline estimates for operations at the central

hub terminals |module operations] are as follows:

Hover over landing spot 15 Sec.
Pull in line hook up 15 Sec.
Descent to touch down 10 Sec.
Final aircraft positioning 10 Sec.
Aircraft securing for load/off load S Sec.
On load module ascent 10 Sec,
On load module hook up 5 Sec.
Module exchange 10 Sec.
Off load module/module detachment 5 Sec,
Off load module retraction 10 Sec.
On load module securing 5 Sec.
Preparation for take-off 120 Sec.
Disengagement from mooring cup 5 Sec.
Take-off and climb to cruise __5 Sec.

TOTAL 230 Sec.

After the on-loading/off-loading is completed the
flight deck doors are closed. The pilot and co-pilot com-
Plete their pre-flight cockpit check. Once satisfied the
aircraft is ready for flight, the: pilot calls the jetport
tower for take-off and course clearance. When clearance is
received the pilot checks with the flight deck attendant
that all is clear externally for take-off. After receiving
the clear signal from the flight deck attendant the pull-imn
line is released from the mooring cup and the pilot executes
a vertical take-off and transition to cruise flight. The
pilot and co-pilot complete their post take-off cockpit check,
climb to altitude and course as directed by the jetport con-
trol tower establishing“cruise to the first outlying point.
When instructed, the pilot switches to departure control for
enroute traffic. The co-pilot switches to the cimpany fre-
quency to inform the flight deck attendant and passenger ser-
vice personnel at the outlying station of the aitcraft ETA.
The rest of the flight to the outlying terminal facilities
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proceeds as previously described. The only difference is that
the pilot handles his own traffic control visually and via

company frequency at the outlying terminal.

4.5 Task II Summary

Significant results of the operational procedures amnd

institutional constraints analyses can be summarized as follows:

From the Institutional Constraints Analysis, the A/F

system should have the following operational characteristics:

1) Scheduled high frequency service coordinated with

CTOL service characteristics

2) Safe all-weather operations with at least close to

CTOL ride qualicies

3) Operations which are integrated with CTOL airport

operations and processing

4) A tether/winch landing system which can enable a
one-man ground crew landing operation and provide

positive vehicle positioning while on the ground.

5) The passenger compartment designed for both modu-
lar and conventional ramp type operations which

can minimize the vehicle on-ground time.

Although a detailed market analysis was beyond the
scope of the current study, preliminary indications are that
only the 7 to 10 largest metropolitan areas might be able to
support the A/F system unless some physical/institutional con-
straints dictate a short-haul air system, such as the vpoten-

tial Lake Erie Jetport.
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5.0 TASK IIT - COST ANALYSIS
5.1 General

The objective of Task II1 was to estimate the operating
cost of the Airport Feeder final baseline vehicle defined in
Task I, operating in the short haul operating mcde defined in
Task II. Due to the limited funding available for this task,
extensive use was made of several NASA sponsored/developed
cost estimating relationships [CER's]). The cost analysis
task was comprised of three major subtask efforts which -
addressed the RDT&E cost, Acquisition Cost and Operating Cost
of the Baseline Airport Feeder System. All cost data is in ~

the 1975 dollars unless otherwise noted.

5.2 RDT&E Cost

Estimating the RDT&E costs of the A/F vehicle/system
concept is complicated by several major areas of uncertainty.

These include:

Government support of RDT&E

FAA Certification Requirements

RDTS&E required for the "Second Ever" Metalclad

RDT&E required for developing the terminal
facilities

The approach used for Phase I was to investigate the
RDT&E costs parametrica{}y and to determine the variations
of the operating costs as a function of the RDT&E costs.
Estimates of the RDT&E costs of the Airport Feeder vehicle
were based on a combination of past GAC airship development, .
past VTOL aircraft programs such as the XC22 and XCl42 air-

craft as well as prior CTOL aircraft programs., Much of the
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data used in the past RDT&E cost estimates for the latter two
categories of aircraft were based on the data contained in
Reference 8. A minimum RDT&E cost program breakdown would
result from a RDT&E program similar to that used on prior
Goodyear airship development for the U.S., Navy. This bottom
level or minimum cost breakdown results in a lowest estimate
RDT&E program of $40,900,000. The components of this RDT&E
cost program are shown in Table 20. The engineering hours
were based upon the ZPG-1 airship development program [esca-
lated to 1975 dollars] to obtain the total engineering costs
associated with the first production unit which is assumed

to be utilized as a flight research test vehicle., The fabri-
cation, assembly and erection costs similarly were also based
on the ZPG-1 history escalated to 1975 dollars. The cost
escalation factor utilized to escalate the prior cost results
to 1975 dollars was the consumer price index shown in Table
21. As shown in Table 20 this minimum RDT&E cost program has
very low cost allowances for the market survey, operations
analysis, as well as the engineering, fabrication and erec-
tion of the first flight vehicle. 1In order to develop an
upper limit estimate on the RDT&E cost, the XCl42 tilt wing
VTOL vehicle program was used as a reference concept. This
vehicle development RDT&E cost approached $200,000,000 for
the XC142 [Reference 8]. Assuming that the wealth of VSTOL
R&D programs conducted by NASA and the various DOD Agencies
during the last ten years would substantially reduce the costs
associated with the similar programs today, an upper limit
estimate of $160,000,000 was defined for the Airport Feeder
vehicle, parametric upper bound. The baseline RDT&E cost

breakdown is shown in Table 22.

A substantial allowance for the market survey and oper-

ational analysis is allotted in the Baseline RDT&E cost. The
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FAA certification, which is a major area of uncertainty, is
estimated to be $5,000,000 based on assumed two-year flight
test program. The certification flight test program cost

was based on an assumed 50 man engineering/flight test person-
nel level of effort during the two year program. Extensive
use of Government test facilities, data reduction, and flight

test support would be expected.

The airframe development costs are again based on prior
GAC airship development experience but with a substantial
allowance for the RDT&E associated with developing manufactur-
ing, assembly and erection procedures associated with the
metalclad vehicle, The propulsion system cost estimate is
based on an assumption that no major engine development would
be required for the airport feeder vehicle. That is, an ex-
isting engine or derivative thereof would be utilized for the
Airport Feeder vehicle. The major development costs associ-
ated with the propulsion system would be the RDT&E associated
with integrating the engine cross shafting and thrust vector-

ing capability with an off-the-shelf core engine.

The flight control system development cost is also
based on capitalizing on the R&D performed by NASA and the
various VSTOL study programs that assumes that modest addi-
tional development would be required to develop the flight
control system associated with the semi~buoyant Airport Feeder
vehicle. The first unit production cost is based on a com-
posite of prior GAC airship programs as well as the first unit
acquisition cost estimates to be described below. The final
baseline RDT&E cost shown in Table 22 was $80,000,000.

The sensitivity of the average vehicle acquisition cost

as well as operating cost sensitivity to the RDT&E program
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Tab.ie 21 - Consumer Price Index Cost Escalation Factors'®
Year 5 value?
1940 2.381
1950 1.387
1955 1.247
1960 1.145
1965 1.058
1970 0.86
1973 0.751
1975 0.629

lcost escalation factor to 1975 $ = $
Value in year x + $ value in 1975

2Based on CPI for all items

Table 22 ~ Baseline RDT&E Cost Breakdown

Market Survey and Analysis
Operational Analysis

FAA Certification

Airframe and Integration
Propulsion Systen

Flight Control Syste

First Unit Production
Tooling

TOTAL

$ 1,000,000
$ 1,000,000
$ 5,000,000
$40,000,000
$10,000,000
$ 5,000,000
$12,000,000

$ 6,000,000

$80,000,000
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cost will be described in subsequent sections. It should be

pointed out that the baseline RDT&E cost does not include

the cost associated with the R&D and construction of any out-
lying terminal facilities. The rationale for excluding this

element of the RDT&E cost is that until the operational con-

cept and market associated with the conceptual airport feeder
operation can be more fully defined, the precise cost associ-

ated with the terminal facilities would be highly conjectural.

The $80,000,000 RDT&E program may appear to be somewhat
low based on comparison with other VIOL systems concepts such
as the XC22 and XCl42 aircraft. However, the complexity of
the Airport Feeder vehicle concept itself would appear to
justify this level of RDT&E cost. The vehicle, propulsion
systems, and associated control system requirements should be
simpler than some of the more exotic, powered 1lift VTOL con-
cepts investigated during the last several years due to the
semi-buoyant vehicle characteristics. The vehicle itself is
a rather simple concept and the propulsion system requirements
are considered to be low-risk items which could be implemented
in the near-term, As discussed in Task I the incorporation of
either prop rotor technology, tilt rotor technology or cyclic
pitch control capability will likely be required. However,
this too is judged to be a low-risk technology application.

In :onclusion, the RDT&E cost associated with the Airport
Feeder concept should indeed be significantly lower than those
associated with conventional heavier-than-air/non buoyant
powered 1lift VTOL vehicles. This is another of the potential
benefits of the semwmi-buoyant hybrid LTA concept: By reducing
the power requirements associated with VT0L capability via
incorporation of buoyant 1lift, the system complexity, hence

cost is significantly reduced.
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5.3 Acquisition Cost

The second major analysis effort of Task III was the
development of the acquisition cost estimates for the Air-
port Fceder vehicle concept. The NASA study guidelines dic-
tated that the ultimate operating costs shall be based on pro-
duction quantities of 1, 25 and 125 vehicle production runs.
Several different approaches were reviewed and analyzed to

develop the final acquisition cost models.

Joseph Anderson of the NASA Ames Research Center has
conducted extensive analysis and development of cost estimat-
ing relationships, CER's, for aircraft systems [Reference 9
and 10]. In addition, the data contained in Reference 8 and
also the cost estimating relationships used in-house by NASA
in their aircraft system studies were all reviewed to develop

the final acquisition cost model.

The final metl.odology used in the acquisition cost
analysis effort can be summarized as follows: The NASA Ames
aircraft cost estimating relationships were used as the basic
reference for the following items: 1) learning factors, 2)
aircraft systems, 3) passenger provisions and furnishings,

4) propulsion group, and 5) the car structure and passenger
accommodations., GAC reference data was used to develop modi-
fications to the basic NASA CER's for the car structure, the
hull structure and the empennage. The final summary of acqui-
sition cost estimating relationships are presented in Table

23 for the various Airport Feeder vehicle subsystems. As
shown in Table 23 most of the cost estimating equations are

of the form
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Table 23 - Baseline Airport Feeder Cost Estimating
Relationships

Item Cost Equation

Hull Group C = 2640 W*7% n=»218

Main Frames

Intermediate Franae
Longitudinals

Outer Cover

Pressure System and Valves
Meooring and Handling

Ballonets
Miscellaneous C = 2640 W*7% =-218
Car Structure C = 2890 W+7% Q--218

Basic Structure
Module Structure

1220 W.67B Q—.218

Landing Gear c

2640 w'579 Q—.Zla

Tail C

Propulsion Group

Engines C = 173.075(Hp)-%283 g-.218
Gear Goxes C = 3510 ;. +578 q--218
Propellers C = 3.4(3 x 4*754+ 3,5)w q~-2!18
Outriggers C = 2640 W*678 218
Nacelle & Eng. Acces. C = 2640 W+®78 q--218
Surface Controls C = 1440 w°?8 Q- 218
Flight Instrumentation C=230wW Q--!°&"
Fuel System C = 3510 wW+&78 =-218
Furnishings C = 2070 W*75 q-218
Avionics $250,000 NASA Guideline
Electrical C= 270w Q--21°8
Air Conditioning C = 2670 w71 Q-.21¢8
Anti-TIcing C = 2670 WEEZS W, Q=218
Hydro & Pneumatic C = 2650 Ww-73% q--218
Aux. Power Unit C = 1560 w77 Qq--218

!

Bt
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Cost = A » wiq®

where A, B and ( are constants based on a statistical analysis
of previous zircraft cost data. W is the weight of the speci-
fic category in question, and Q is the production quantity.

The final set of acquisition cost estimating relation-
ships were incorporated in the Goodyear Airship Synthesis
Program to check out the various acquisition costs sensitivi-
ties. The sensitivity of production or acquisition costs to
the number of units produced with and without the baseline
RDT&E costs are shown in Figure 35. Table 24 contains a sum-
mary level breakdown on the average unit production cost for
a 125-unit production run for the 6 major weight groups of a
baseline Airport Feeder concept. The production cost senitiv-
ity to RDT&E costs ror 125 production units is shown in Table
25. As shown, the average unit cost for 125 total production
unit is not extremely sensitive to the RDT&E costs over the
range of $40,000,000 to $160,000,000, varying only approxi-
mately 13%Z as the RDT&E cost is doubled from $80,000,000 to
$160,000,000,

5.4 Operating Cost Analysis

The third major area of analysis in the cost analysis
task effort was to iuvestigate the operating cost for the Air-
port Feeder vehicle/system concept. The ultimate nature of
the operational characte%istics of A/F syster concept were
rather uncertain. As an approximation, the operating cost
estimating relationships developed for short haul passenger
operations [Reference 1ll] were utilized to estimate the oper-

ating cost of the Airport Feeder vehicle concept. This cost
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Tavle 24 - Baseline Airport Feeder Production Cost

Breakdown

Hull Structure

Car [Structure/Module/Furnishings)
Empernage and Controls

Landing Gear

Propulsion and Fuel System

Flight Instruments and Systems

$ 763,150
$1,272,350
$ 482,000
$ 59,800
$1,609,200

$ 677,300

Average Unit Production Cost $4,863,800
(125 Total Production Units]
Table 25 - _aseline* Airport Feeder Average Unit

Acquisition Cost Sensitivity to RDT&E Cost,

125 Total Production Units

RDT&E Average
Costs "nit Cost

[$ 16%] [$ 10°%)

40 5.184

80 5.503

120 5.823

160 6.144

*Q = 125 Production Units

X of Avg.
Cost Due
RDT&E

Unit
to

6.1
13.0
19.6
26.0
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model contains cost estimating relationships for both the

direct operating cost, DOC, and the indirect operating cost
elements, IOC, associated with short haul passenger opera-
tions. The elements contained in the reference methodology

for both the DOC and IOC cost elements are shown in Table 26.

The complete equations utilized for each of the DOC,
IOC cost elements are summarized in Table 27. The operating
cost assumptions utilized for the baseline operating cost
results are shown in Table 28. The 74 km [40 n.mi.] average
stage length was specified in the NASA study guidelines.
The average block speed is a very important quantity in the
operating cost of any aircraft system. The average block
speed for the Airport Feeder vehicle was based on the analysis
of Reference 12 as well as an analysis of the takeoff and
transition times associated with the vertical take-off and
climb to 2000 feet altitude. This analysis indicated that
the vertical take-off, transition and climbout to cruise
flight at 610 m [2000 feet] could be accomplished in 90 seconds
or less for various wind conditions. During this time inter-
val, no distance credit is allowed. The block time is based
on an assumption of 502 headwind and 502 tailwind with a mean
wind speed of 13 m/s [25 knots]. The tlock time can taus be

calculated from the following equation [Reference 12]:

tg = N + 0.05
%]

tg = block time ~ hrs
Vy = wind speed = 13 m/s [25 knots]
S = cruise speed = 68 m/s [130 knots]

R = range v km [n., miles]
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Table 26 - Operating Cost Model Elements

DOC

I0C ELEMENTS

Flight Crew
Fuel 0il and Taxes
Insurance

Maintenance

Depreciation

Helium

Cabin Attendants
Beverage Expense
Other PAX Service

A/C Control & Line Servic-
ing

A/C Landing Fees

Traffic Servicing

Promotion and Sales

Ground Property & Equipment
GP&E Depreciation

General & Administrative
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The 0.05 is the time allocated for take-off, transi-
tion to cruise flight, climb to a cruise altitude, accelerate
to the cruise speed and the reverse maneuver for landings.

As stated before, no time or distance credit is allowed for
this maneuver. The block time is of course very sensitive
to the design range, Although the reference or baseline
point for the calculations was 74 km [40 n.mi.], the operat-
ing cost sensitivity to design stage length was of interest.

Figure 36 shows the block speed sensitivity to design range.

Utilizing the baseline acquisition cost estimaire for
125 units, an $80,000,000 RDT&E cost, and the baseline oper-
ating cost assumptions of Table 28, results in the estimated
operating cost breakdown for direct and indirect cost shown
in Table 29. The indirect operating cost is approximately
357 higher than the direct operating cost. The source of
this high indirect operating cost element can be traced to
the cost estimates associated with promotion and sales, traf-
fic servicing and the aircraft landirg fees cost elements.
The cost estimating relationships for these items are based
on the revenue aircraft departures for the complete Airport
Feeder system. The low stage lengths results in high revenue
aircraft departures for the short-haul airport feeder system

concept.

These cost categories appear to be higher than might be
expected. Indeed, the major area of uncertainty in the IOC
equations are the passenger servicing expense ar the aircraft
servicing expense. An additional area of uncertainty in the
indirect operating cost associated with the Airport Feeder
system is the amortization of the facilities required for the
system. Since the specific nature and quantity of these facil-

ities are not definitely known, these costs were not included

146

e



—ds
1.0 . 7
T 0.935
" 0.831 0.907
0.676
0.587
. 0.507
= 0.422
(&)
-
'y { 4 1
L4 =g ’-
50 100 150 200

NOTE: n.mi =

STAGE LENGTH [u.mi.]

1.853 knm

Figure 36.

Efferts of Stage Length on Block Speed
to Cruise Speed Ratio

147




-

Table 29 - Baseline* Airport Feeder Operating
Cost Breakdown: Annual Cost

Cost Element

Millions of
U.S. Dollars

Direct Operating Cost

Flight Crew

Fuel, 0il, Taxes

Insnrance

Aircraft Direct Maint., Turboprop
Aircraft Labor Content, Turboprop
Engine Direct Maint., Turboprop
Engine Labor Content

Applied Maintenance Burden
Depreciation Flight Equipment

Indirect Operating Cost

Cabin Attendants

Beverage Only

Other Passenger Service
Aircraft Control & Line Service
Aircraft Landing Fees
Traffic Servicing

Promotion and Sales

Ground Property & Equipment
GPEE Depreciation Content
Amortization

General and Administrative

Total Operating Cost*: Baseline
Assumptions from Table 28

Fce?
FOT
INS
ADMTP
ALCTP
EDMTP
ELCTP
AMB
DFE

boC

CAE
BOE
OPSE
ALCSE
ALFE
TSE
PASE
GFEE
GPDC
ADPE
GAE

10C
TOC

30,22
42.20
10.32
18.87
11.81b
16.84
8.88b
38.90
_54.58

211.93

10.25
1.90
4.93

13.34

44.60

84.10

5*.55

1¢.50
4.50¢
1.06

23.70

287.93
499.56

aNomenclature in Table 27
bNon Additive for DOC
Non Additive for I0C
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in the baselire I0C equations. This will be one area deserv-
ing considerable further investigation in subsequent study
efforts once the definitive specification of the mission/mr -
ket concept is made. Based on the history of the short haul
helicopter operational experience, [Reference 13] it would
appear that an I0OC to DOC cost ratio in the range of 0.6 to 1
would be more representative of a short haul passenger trans-
portation service. Several alternate cost estimating relation-
ships were investigated for the aircraft landing fees, traffic
servicing and promotion and sales cost equations. The results
of these various modifications would indicate that th I0C

to DOC ratio could be reduced to the area of 0.7 to 1.0.

The purpose of the total operating cost estimate includ-
ing the indirect cost category was basically for reference
purposes. The major area of int.rest in the operating cost
analysis was the direct operating cost and tne sensitivity to
various assumptions regarding the character and utilization
of the Airport Feeder system. Because I0C's would be about
the same for any vehicle, it is usually sufficient to compare
DOC's when comparatively evaluating vehicle concepts - a
fortunate situation because, as just noted, 10C's are not well-

defined for new systems and market areas.

5.4.1 DOC Sensitivity Studies

Table 30 contains a breakdown of the direct operating
cost for the baseline Airport Feeder and associated operating
assumptions., As shown, the helium replenishment costs are an
insignificant element of the total system DOC. Figures 37
through 40 illustrate the sensitivity of DOC to various onera-
tional and acquisition cost assumption. Figure 37 shows the

DOC semnsitivity to RDT&E costs in terms of the direct operating
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Table 30 - Baseline DOC/ASSM Cost Breakdown

-——

Item DOC [Cents/ASSM] 2 of DOC
Depreciation 1.37 25
Flight Crew Expense 0.75 13.7
Fuel 0il and Taxes 1.25 22.8
Insurance 0.26 4.7
Maintenance

Airframe 0.41 8.

Engine 0.42 .
Maintenance Burden 0.95 17.3
Helium Replenishment 0.11 0.3
DOC [Cents/Available

Seat Stat Mi] = 5.52 Cents/ASSM 99.92

NOTE: 1 Statute Mile = 1.609 km
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BASELIRE ASSUMPTIONS

ASL = 40 N. MI.
6.0 T Cf = 0.30¢/GAL
RABR = 3000 HRS/YR

) FS = 125
B
=
(]
[&]
't os.5t
- BASELINE
17 ]
wn
<
™~
Q
o
(=]

5.0 T

' _4 1 ' '
v L v Y L4
0 40 80 120 160 200
RDI&E COST ~ 3106
NOTE: 1 n.mi. = 1,853 km, 1 statute mi = 1.609 km
Figure 37. DOC/ASSM Sensitivity to RDT&E Costs
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BASELINE ASSUMPTIONS

ASL = 40 N. MI.

cf = 30¢/GAL
FS = 125
RDT&E = $80 x 106

v

2000 3000

REVENUE AIRCRAFT

-
T
4000

BLOCK HOURS/YEAR

NOTE: 1 n.mi. = 1,853 km, 1 statute mi. = 1.609 km

Figure 38.

DOC/ASSM Sensitivity to Yearly Jtilization
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BASELINE ASSUMPTIONS
RABH = 3000 HRS
FS = 125
Cf = 30¢/GAL
7.0 4 RDT&E = $80 x 10°
w)
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z
m
3
4
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NOTE: 1 n.,mi. = 1.853 km, 1 statute mi. = 1,609 km
Figure 39. DC"/ASSM Sensitivity to Average Stage Length
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RABH = 3000 HRS/YR
84 FS = 125
ASL = 40 n. mi.
RDT&E = $80 x 106
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6T
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5—‘
Q, 1 1 L e
T =t T Al
15 30 45 60
FUEL COST ~ ¢/GALLON

NOTE: 1 n.mi. = 1.853 km, 1 statute mi. = 1,609 km

Figure 40. DOC/ASo¥ Sensitivity to Fuel Cos:
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cost in cents per available seat statute mile, DOC/ASSM. Fig-
ure 38 shows the sensitivity of DOC per available seat statute
mile to the revenue aircraft block hours per year over a range
of 2000 to 4000 hours of utilization per aircraft per year.
Figure 39 shows the sensitivity of DOC to the average stage
length over an average stage length of 15 to 100 nautical
miles. Finally, Figure 40 shows the sensitivity of DOC to
fuel costs. Table 31 summarizes these DOC sensitivity results
for comparative purposes., As shown in Table 31 the direct
operating costs are in the range of approximately 5 to 7 cents
per available seat statute mile over a considerable range of
alternate assumptions on the acquisition cost and operational
characteristics. The greatest areas of sensitivity are, as
would be expected, in the areas of low stage lengths and
higher fuel costs. Figure 41 illustrates the DOC sensitivity
to load factor in terms of direct operating cost in cents per
revenue passenger miles over a load factor range from 1 to
0.4. As indicated in the figure the operational experience of
the short haul helicopter operations has been load factors in

the range of 0.4 to 0.6 [Reference 13].

For the final baseline configuration and reference
set of operating and cost assumptions the DOC per revenue
passenger mile is seen to vary between approximately 9 cents
per revenue passenger mile at a load factor of 0.6 and approxi-
mately 14 cents per revenue passenger mile at a load factor of
0.4, These costs would translate into total operating costs
cf approximately 18 cents per revenue passenger mile at a
load factor of 0.6 or 28 cents per revenue passenger mile at
a load factor of 0.4 if the IOC to DOC ratio can be maintained
at approximately 1.0. These calculations are based on the

baseline assumptions: 74 km (40 n.mi.) average stage length,
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Table 31 - Summary of DOC Sensitivity

e o

Analysis Results

Parameter Values DOC/ASSM ~ CENTS/ASSM
Parameter
-4 Baseline +4 -A Baseline +A
RDT&E ~ $10° 4c 80 160 5.45 5.52 5.71
RABH ~ HRS 2000 3000 4000 6.37 5.52 5.10
ASL v NJMI. 15 40 100 6.80 5.52 5.07
Fuel ~ ¢/GAL 15 30 60 4.92 5.52 6.62
NOTE: 1l n.mi = 1.853 km
Table 32 - Baseline Configuration Cost Summary

DOC/ASSM = 5 to 7 cents [for various RABH, Cg, ASL, & FS]

1f [10C/DOC] = 1.0

TOC per available seat mile = 13 cents/ASSM @ 40

nautical mi. ASL

TOC per revenue passenger mile:

Load TOC/RPM
Factor |Cents|
18
. 27

Cargo operations should improve passenger economics
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DOC/RPM

BASELINE ASSUMPTIONS

RABE = 3000 HRS/YR
FS = 125

ASL = 40 n. mi.
161L Ce = 30¢/GAL
RDT&E = $80 x 10°
14 ¥
12 +
10 +
8 ¥
6 T
Helicopter
4T Short Haul
Experience
(Ref. 14)
2+
0 + + — +
0.4 0.6 0.8 1.

LOAD FACTOR

NOTE: 1 n.mi. = 1,853 km

Figure 41. DOC/RPM Sensitivity to Load Factor
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3000 hours per year utilization, a fleet size of 125 units
and an RDT&E cost of $80,000,000. These results are summar-
ized in Table 32,

It should be recalled that, as stated in the introduc-
tory remarks, the cargo operations in the off-peak or off~-use
hours could significantly improve the passenger economics by
amortizing the vehicle acquisition cost over a larger average
annual utilization. This area should be more fully explored

in subsequent study efforts.

5.5 Task II1 ~ Cost Analysis Summary

The I0C cost elements need a more detailed analysis for
the specific market and operational concept ultimately de-
fined for the Airport Feeder vehicle. IOC/DOC ratios of 1.0
appear reasonable based on helicopter operations similar to
the Airport Feeder Concept of operations. Although consider-
able uncertainty exists in the RDT&E cost elements, the direct
operating cost is rather insensitive to RDT&E for production
quantities of 125 units or movre. Furthermore, there is con-
siderable reason to expect tuat the RDT&E costs associated
with the Airport Feeder vehicle concept may be substantially
lower than those associated with non~buoyant, powered 1lift

VTOL vehicles,

From the analysis of DOC, depreciation represents ap-
proximately 25% of the direct operating cost for the baseline
operating and cost assumptions. The DOC is very sensitive
to fuel cos*s and would suggest that additional study is
warranted of the cptimum operating and design characteristics
of the Airpor: Feeder vehicle in terms of direct operating

costs.,
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An additional area of uncertainty in the operating cost
CER's is the engine maintenance cost element. The CER of
Reference 11 is for a conventional fixed turbo prop propul-
sion system. The tilt propeller/prop rotor system envisioned
for the baseline Airport Feeder may likely require consider-
ably higher maintenance man hours per flight hour. Thus, the
engine maintenance cost element and the direct operating cost

may be slightly higher than the calculated baseline data.

The DOC per available seat statute mile ranges from
% 5¢/ASSM to ® 7¢/ASSM over a wide range of average stage
lengths, yearly utilization, fleet size and fuel costs. How-
ever, load factors will be critical to the economic viability
of the Airport Feeder system concept. Based on short haul
passenger operations in San Francisco, Chicago, and New York,
load factors may be on the order of 0.6 to 0.4. If I0C/DOC
ratio is = 1.0, total operating costs per revenue passenger
mile will be ® 18 cents to 28 cents, respectively, for the

baseline economic/operating assumptions.
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6.C TASK IV - ALTERNATE AIR TRANSPORTATION MODE COMPARISON
6.1 General

The primary objective of this task was to make a brief
economic comparison of alternmate air transportation modes
with the baseline Airport Feeder system concept. The first
comparison was based on actual operating cost experience of
short haul helicopter services operated in the Chicago, Los
Angeles, New York and San Francisco areas. In addition, a
review and comparative evaluation was made between the pro-
jected operating economics of large turbine powered h:1li-
copters and the laseline Airport Feeder. 1In addition to the
economic comparisons, a brief comparison of fuel consumption

of the Airport Feeder and helicopter systems was made.

6.2 { ymparison with Actual Helicopter Operations

A literature survey and review was performed of prior
operating experience of helicopter short haul passenger ope-
rations. Figure 42 illustrates the economic performance of
three Federally subsidized helicopter operators during the
period of 1954 through 1970. As shown in the figure, Federal
subsidies were removed in 1967. Each of the three operations
in the Chicago, Los Angeles, and New York areas all operated
at a total operating loss following the cessation of the
Federal subsidy. Operations in the Chicago area were termi-
nated in 1970. An additional study performed by the United
Research, Inc. [Reference 15] provides an excellent overview
of representative helicopter operating cost patterns and se-

lected statistics for the actual operations.

Two passenger service expense parameters characterize

the major cost determining attributes of scheduled passenger
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service: Total Operating Cost, TOC, por available seat mile,
and TOC per revenue passenger mile. Early helicopter TOC per
available passenger mile and per revenue passenger mile are

summarized in Tables 33 and 34, respectively.

The time period, 1957 through 1963 in Tables 33 and 34
is representative of "mature" viston-powered helicopter ser-
vice vperation. Other operating costs for the newer, larger
turbine-powered helicopters is presented in the next sectiou.
The period 1957 through 1963, was also the time when a rela-
tively constant, maximum level of Federal subsidy was being
provided to the three helicopter operators in Chicago, Los
Angeles, and New York City, as shown in Figure 42.

It can be seen from Tables 33 and 34 that there was con-
siderable cost variation between piston helicopter operators
and a generally steady decline in average operating cost over
time. Much of this variation can be explained by the major
differences in operating characteristics shown in Table 35.
Perhaps most significantly, the average revenue hours per day,

per aircraft was only about 2 hours and 30 minutes in 1963.

Larger, tirbine-powered helicopters began to be intro-
duced in Los Angles in 1963, and a new all-turbine, nonsub-
sidized helicopter service [26 passenger aircraft] was intro-
duced in San Francisco in 1968. Operating cost statistics
"or these two carriers from 1964 to 1970 are shown in Table 36.
These data reflect the inherent operating cost economics asso-
ciated with turbine powered-helicopters as compared to the

piston-puwered aircraft experience reflected in Table 33.

The data of Table 35 for calendar year 1970 in terms of
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TABLE 33, TOTAL OPERATINGC EXPENSE FOR 1THE THREE SUBSIDIZE®
HELICOPTER OPERATORS, 1957 to 1963 %a)
(Cents per Available Seat Mile)
==
[&ear Chicago Los Angeles New York Average
F
1957 55 S4 76 63
1958 36 S5 72 52
1959 34 51 68 48
1960 31 59 64 44
1961 31 56 74 48
1962 42 33 54 43
196" 52 28 42 n
S S—
TABLE 34 TOTAL OPERATING EXPENSE FOR THE THREE SUBSIDIZED
“ELICOPTER OPERATORS, 1957 cto 1963(3)
(Cents per Passenger Mile)
Ycar AA‘j Chicago Los Angeles New York Average
1957 160 105 203 158
1958 98 104 162 122
t
1959 68 91 140 95
' 1960 65 106 122 88
1961 77 104 140 102
1962 120 84 121 108
1263 129 ‘ 50 L) 75
L ] |
Source: Refereancnr 14,

(a) Mosily piston-poweced aircraft and some small, turbine-powered

aircrafe,
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Dollars (millions)
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Total Operating Expense (OE)
- === — Total Passenger Revenue (FPR)
—e— - — Federal Subsidy (FS)
ceecesssesss. Total Operating Revenue (TOR)
— T T T T ! T s‘i 7T
1954 55 60 65

FIGURE 42 ECONOMIC PERFORMANCE OF THREE FEDERALLY-SUBSIDIZED
HELICOPTER OPERATORS (CHICAGO, LOS ANGFLE3, AND NEW YORK)

Source:

Year

Reference 14
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(a) Average revenue hours of use per day per aircraft.

NOTE: 1 mph

1.609 km/hr

TABLE 35. COMPARISON OF MAJOR OPERATING CHARACTERISTICS FOR
THE THREE SUBSIDIZED HELICOPTER OPERATORS, 1957-1963
Attribute Chicago | Los Angeles | “ew York
® Block speed, mph 89 105 107
¢ Length of hop, miles 15 18 13 .
® Annual aircraft utilization, block hours|-
1963 1,100 1,100 1,100
® Ratio of indirect to direct opera*ing
expense 1:1 1:1 1:1
® Passenger load factor, percent
1959 51 57 49
1960 48 56 53
1961 42 55 54
1962 35 40 45
1963 36 43 43
e Daily aircraft utilization, block hours (8)
1959 3:27 3:41 3:23
1960 3:22 3:29 4:13
1961 3:29 4:26 4:05
1962 2:38 2:40 3:02
1963 2:30 2:46 2:07
b — = —
Source: Reference 15.
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TABLE ,¢. TOTAL "ERATING COST FOR TURBIMNE-PQWERED
HELICOPTER OPERATORS, 1964-1970
(Cents per Available Seat Mile)

e
Year Los Angeles Sar. Francisco
1964 19 12
1965 17 12
1966 i6 11
1967 15 11
1968 18 10
1969 24(a) 12
1970 32(a,b) 13

Source: Reference 14

(a) Pilot strike

(b) Filed for bankruptcy in October, 1970.

TABLE 37. PROJECTED DIRECT ERATING xgsxss FOR LARGE
TURBINE-POVERED u:LICOPTERS (23

r=:-nnual Alrcraft Per Available Seat Mile, Cents
Utilization, Per Hour, - Stage Length, Miles
Hours Dollars(¢) 10 15(b) 20
1,100¢®) 313 13 - 12 11
1,600 280 12 10 10
2,000 265 11 10 9
2,400 255 11 10 9
)
Source: Reference 15.

(a) Does not include indirect operating expense projectioms.

(b) Approximate industry average for 1963.

(¢) 1963 dollars.
165



VA

5_,__‘
- ————

1970 dollars comparing the last year of operations 1970 with
the « hnceptual Airport Feeder baseline in 1975 dollars in-
dicates that the Los Angeles operation total operating costs
for available seat statute miles would be 44 cents, the San
Francisco total operating cost per available seat statute
miles would be 18 cents compared with the estimated baseline
Airport Feeder system cost on the order of 10 to 14 cents
TOC per available seat statute mile. Thus, in comparison
with the actual cost experience of 25 to 30 seat turbine
powered helicopter operations servicing the short haul, intra
city passenger market, the Airport Feeder baseline appears

to be reasonably competitive,.

6.3 Economic Comparison with Projected Helicopter Operations

ITn addition to this actual turbine helicopter operating
cost experience it is useful to consider a recognized authori-
tative projection of desirable turbine helicopter cost levels
which was made in 1963, about tle time more economical sized
turbine helicopters were being introduced into service [Ref-
erence 15]. For purposes of this projection the following

operating assumptions were made:

~ Twin-engine turbine helicopter

~ Twenty-six passenger seat capacity

~ 110 mph average block speed on a 20-mile stage
length

-~ 103 mph average block speed on a 15-mile stage

length
Given the preceding acsumptions parametric operating

expense calculations were made as a function of four major

operating expense determinants.
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- Annual Aircraft Utilization [Block Hours]
- Average Stage Length [Miles]
- Passenger Load Factor [Percent]

- Indirect to Direct Expense Rate

The results in terms of direct operating expense per
available seat mile and total operating expense per passenger

mile are shown in Tables 37 and 38.

Comparing the data of Table 37 for an annual aircraft
utilization of 3000 hours per year at a stage length of 15
miles for the turbine powered helicopter results in a direct
operating cost per available seat statute mile of 17.4 cents
[10 cents in 1963 dollars] compared with the Airport Feeder
direct operating cost at the same stage length and same annuel
aircraft utilization of approximately 8 cents direct operating

cost per available seat statute mile.

The total operating costs of the projected helicopter
operation in terms of the ratio ofi IOC to DOC are presented
in Table 38 for the 15 mautical mile stage length. Comparing
the Airport Feeder total operating cost at equivalent load
factors, equivalent utilization, and equivalent [assumed] in-
direct to direct operating cost ratio results in a TOC of 87
cents for the turbine powered helicopter as compared with
approximately 40 cents for the Airport Feeder. Thus in com-
parison with turbine powered helicopter, operating economics,
historical and projected, the Airport Feeder baseline coacept
auppears very promising from an economic cost comparison basis.
It should be noted, however, that the current helicopter opera-
tion are not considered economically viable. Thus, the ques-

tion of the economic viability of the Airport Feeder system
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Table 38. Projected Total Operating Expense for Large
Turbine-Powered Helicopters -~ 15-Mile Stage
Length Only (Cents per Passenger Miles)

f— —— —
Indirect Passenger
to Direct Load Annual Aircraft Utilization, Hours
Expense Factor, . (a) , R .
Ratio Percent 1100 1600 2000 2400
40(@) 59(P) 52 50 48
1:1¢) 50 47 42 40 38
60 39 35 33 32
40(3) 51 46 43 42
0.75:1 50 41 37 35 33
60 34 31 29 28
Source: Reference 15
(a)

Approximate industry av-rage for 1963

(®)1963 Dollars

NOTE: [15 n.mi = 28 km]
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concept remains and can only be solved by more extensive mar-
ket analyses, combined with further design studies of minimum

operating cost Airport Feeder system concepts,

6.4 Economic Comparison with Conceptual V/STOL Systems

The final evaluation of the Airport Feeder economics
was made in comparison with a variety of V/STOL system con-
cepts investigated by NASA during the recent years., One of
the problems which arises in making comparisons of this type
results from the significantly different assumptions utilized
in the various studies. 1In many of the early NASA V/STOL
studies, significant technological and performance improvements
were assumed in the calculations of vehicle performance.
Table 39 summarizes a typical list of performance and technolo-
gical improvements which were assumed for one such study [Ref-
erence 16]. Since many of these technology and performance
improvement assumptions, considerably improve the operating
economics of V/STOL study concepts, it is difficult to make

reliable comparisons.

A comparison between the A/F and several advanced V/
STOL study concepts is shown in Table 40 [Reference 17]. The
comparisons made in this figure are in terms of a simplified
economic measure of effectiveness, operating cost per seat
mile per hour. As shown, in the table, the A/F operating
cost per seat mph ranges from about 357 to 607 lower than cle
alternate concepts, It should be noted that the VTOL cou-
cepts shown in the taple were in many cases designed for higher
cruise speeds, lowver seating capacities, and longer ranges
than the baseline Airport Feeder vehicle. Thus, the validity
of this comparison is open to question. If one of the con-

cepts of Table 40 were designed/optimized for the same mission/
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Table 39. Representative Technology Improveuaent
Assunptions from Prior V/STOL Concept
Studies (Ref. 16)

V/STOL Technology Improvement Assumptions
(1967-1985)

O®Profile drag reduced by 10%
@Drag divergence Mach number increased by 10%

®Allowable placard speed increased by 20%Z for same
comfort level

®Usable 1ift coefticient for STOL approach increased
more than 1007%

®Rotor aircraft lift-to-drag ratio increacsed
approximately 100%

®Powerplant weights reduced by 307% to 50%
®Structure weights reduced by 30% to 3€%

®Equipment weights reduced by approximately 157%
to 30%

#Reduction in level of perceived noise from rotors
of 10 PNdB and reduction from 1ift and cruise
engines as much as 15 PNdB.

®lncrease in avionic equipment reliability
approximately 2000-fold

®Reduction in volume of avionic equipment to
approximately 1/100th

®The possibility of substantially reduced air maneuver
times occasioned by advanced displays and use of
computer techniques in air traffic control procedures

®lncrease in reliability, usable life, and time between
overhaul of 1ift system components.
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performance criteria as the Airport Feeder vehicle, the econ-
omic comparison might be substantially different than the re-

sults of Table 40.

The only conclusion which seems justified regarding the
economic comparison of the Airport Feeder with other concept-
ual V/STOL concepts is that considerable caution must be used
in making such comparisons. Depending on the design and per-
formance assumptions employed, the Airport Feeder may appear
to be uncompetitive to marginally competitive or very economi-
cally competitive., Definitive comparisons should be made in
subsequent study efforts wherein all design, performance and
economic assumptions are uniformly made between the A/F and

other advanced system concepts.

6.5 Other System Comparisons

An additional area of interest in the comparative as-
sessment of the A/F and other VTOL systems is fuel efficiency.
When comparing fuel consumption per available seat statute
mile, many of the same problem: discussed in the previous
section arise due to assumptions related to propulsiorn system
efficiency, SFC, 1lift to drag ratio improvements, etc. [see
Table 39].

One previous NASA study contained performance results
for a 98 passenger, 1975 technology tandem rotor helicopter
[Reference 18)]. This study indicated a fuel consumption of
approximately 0.085 kg/A.5. km [0.3 pounds/ASSM] at a 74 km
[40 n.mi.] stage length., This is approximately the same value
estimated for the 44 passenger $S-65 helicopter [Reference 19].
The baseline Airport Feeder fuel consumption is estimated to
be approximately 0.06 kg/A.S. km [0.21 1b/ASSM] or approximace-
ly 30% better than helicopter systems,
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A final factor in the comparative evaluartion of the
baseline Airport Feeder system was the noise level in the
terminal operations area and in cruise flight., Helicopter
noise is a generally recognized undesirable characteristic
assocliated with rotor 1lift devices. However, no definitive
calculations were available for comparison with the Airport
Feeder vehicle. Summarizing again the results reported under
Task I, the Aircport Feeder vehicle take-off noise level was
well below the NASA objective. The noise level at 500-foot
sideline distance was 86.2 perceived noise decibels at take-
cff. Noise reducticas to as low as 72 perceived decibels
may be achievable by utilizing lower tip speeds with some

sacrifice in cruise and VTOL pexformance.

In the overflight condition, the noise level will also
be very important since the Airport Feeder will be operating
in many cases in highly populated regiors. The noise level
on the ground for the Airport Feeder at 2000 foot altitude
cruise flight conditions is estimated to be 54 perceived de-

cibels.

6.6 Task IV Summary

Comparisons with conceptual V/STOL systems are very
difficult to interpret due to the significantly different de-
sign, performance and economic assumptions employed in other
studies. In comparison with some conceptual study results,
the A/F appears economically superior while for others it is

marginal to non-competitive.

The most valid comparison would seem to be with actual

h: icopter experience. In this comparison, the Airport
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Feeder is superior by a factor of two based on direct operat-

ing cost per available seat statute mile,.

Fuel consumption per available seat statute mile is
estimated to be approximately 30% better than current technol-
ogy helicopters, Further design optimization efforts could

result in even further improvements in fuel efficiency.

In the important area of noise levels associated with
the Airport Feeder concept. the take-off noise level was be-
low the NASA study objective by 8.8 pNdB. Additional noise
reductions may also be possible by further design optimiza-

tions.
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7.0 TASK V - MISSION/VEHICLE FEASIBILITY ASSESSMENT
7.1 General

One of the more important tasks of the Phase II Study
was to provide an overall assessment of the feasibility of
the semi-br.oyant modern airship operating in the short haul
passenger transportation market. The feasibility assessment
recults are discussed in two major categories: Mission/Mar-

ket Feasibility and Vehicle Feasibility.

7.1.1 Mission/Market Feasibility

Perhaps the greatest single area of uncertainty as-
sociated with *the Airport Feeder concept is the market tor
the service provided. Several xey questions have been identi-
fied which should be investigated :n more detail, These in-
clude market siz vehicle performance/design requiremwents
for maximum economic viability, user acceptance, nonuser re-

czction, and a more detailed investigation of cargo operations.

Detailed market studies need to be performed to fur-
ther define the demand and potent-.al utilization for the Air-
port Feeder system concept, The preliminary recsults of Task
I1 indicate that perhaps only the 7 to 10 largest metropoli-
tan regions may p.ovide sufficient passenger demand for an
economically viable Airport Feeder system. This may b=z in-
sufficient to justify production quantities required for econ-

omical introduction of the new vehicle concept.

The market analysis effort should be integrated with
further vehicle design, performance and opercutional trade
studies in order to further determine :-he eccromic viability
of the vehicle concept. Promising study area: would include

further vehicle optimization in terms of direct operating cost
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as a function of design passenger capacity, fuel costs, and
buoyancy ratio. Smaller size vehicles ([perhaps 40, 50 or
60 passenger capacity] may pcovida a larger market applica-

tion and be mcre compatible with high frequency operations.

User acceptance of the semi-buoyaat Airport Feeder
service may depend on several factors: ticke* price, ride
quality, perceived convenience of the service offered, safe-
iy, etc. The ride quality at the low altitude cruise is one
area for further technology related investigations. The in-
ternal noise environment may also affect user acceptance and

must be fully analyzed.

The entire area of user acceptance and nonuser rejec-
tion has been one of the critical areas of uncertainty in
many of the short haul V/STOL systems studied during the last
decade. 1In this respect, the noveity of the Airport Feeder
vehicle may enhance both user and nonuser acceptance, The
quiet operational characteristic both in the terminal areas
and during cruise may be one of the most attractive character-

istics of the entire concept.

Application of the vehicle in a cargo operations mode
may sSubstantially improve the economic performance and vi-
ability of the entire system concept. Several cargo operation-

al approaches may be feasible. The first would utilize the

modular characteristics of the vehicle to operate in a combined

40 passenger/9000 pound cargo mode of service. The second
mode of operation would be to utilize the vehicle in the off
peak or night time hours in a dedicated cargo mode and during
the daytime peak passenger demand hours in an all passenger

role. The third potential mode of cargo operations would be
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to have two basically dedicated vehicle concepts, one which
would be totally designed or configured for a cargo mode of
operations and one for all passenger operations. The low

beta ratio of the optimized vehicle will allow for consider-
ably improved cargo/payload transfer operations when on the

ground without the necessity for ballast transfer.

7.1.2 Vehicle Feasibility Assessment

The Airport Feeder vehicle concept appears to be
technically feasible. No technical unknowns have been dis-
covered which present technological barriers to the success-
ful development of the vehicle concept. However, many areas
have been identified which require additional research and
development; primary among these are hover performance/sta-
bility and control, aerodynamics, and vehicle response to
turbulence associated with CTOL airport and surburban/down-
town operations, flying/ride qualities, and development and
integration of cyclic propellor/prop-rotor technology low
hover control. Overall, the specified design and perform-
ance requirements appear to be acnhievable based on the re-

sults to date.

In summary, the results indicate that in terms of
operating economics, fuel consumption, and noise performance,
the Airport Feeder vehicle concept is promising. The operat-
ing cost characteristics are significantly improved over ex-
isting and proposed helicopter or rotary VTOL systems. This
can be largely traced to the utilization of buoyant 1lift to
offset the power requirement for a VTOL capable vehicle. 1In
terms of fuel :onsumption per available seat statute mile,
the Airpert Feeder potentially offers about a 302 improvement
compared with similar generation helicopter systems. Final-

ly in terms of the noise characteristics, the Airport Feeder
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concept has the potential of being a very good neighbor to

both user and nonusers in terminal operations area and dur-

ing cruise flight.
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§‘ 8.0 TASK VI - TECHNOLOGY ASSESSMENT

8.1 General

One of the specific tasks identified in the NASA State-
ment of Work was the Technology Assessment Task. The objec-
~ives of this task were threefold: 1) Identify any critical
technology areas or areas of uncertainty, 2) Identify import-
znt technology areas where research and development can sub-
stantially improve the performance, economics, and safety of
E modern airships, and 3) Identify the need for a serial develop-

ment program and/or flight research vehicles.

{ The results of this task include the identification of
several technology items/areas which are judged to be criti-
cal to the successful development of the Airport Feeder ve-
. hicle concept. These items should be addressed in detail in
subsequent design/study phases or pursued as separate tech-

nology development programs.

In addition to these "critical"” problem areas, several

areas have been defined where substantial improvements to
the performance, economics, and general technology base sup-
porting modern airship developments can be achieved by suc-
cessful technology development programs. These "Research
and Technology Base" programs constitute a portion of the

i first stages of a serial development program which could
lead to a "proof of concept"” flight research vehicle. A pre-

liminary schedule for such a program is given.

8.2 Summary of Critical Problem Areas

Problem areas judged to be critical to the successful

development and introduction of the Airport Feeder vehicle/
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system concept fall in four general categories: (1) mission/
market definition, (2) stability, control and hover perform-
ance, (3) operational concept development, and (4) manufac-

turing.

8.2.1 Mission/Market Definition

Tre market potential for the Airport Feeder service
is the most critical area of uncertainty for the Airport
Feeder system concept. Market size will dictate vehicle pro-
duction quantities and thus have a substantial influence on
the economic viability of the concept. Although the results

of *the current study indicate the Airport Feeder may be econ-~

omically superior to existing short haul Lelicopter operationms,

these operations are not currently economically successful.

Detailed Mission/Market Analyses are required to fur-
ther define the potential market size for the concept as well
as provide further refinements of design and performance re-
quirements [e.g., passenger capacity, average stage length,
and user acceptance criteria) for the vehicle/system concept.
Factors to be considered from the user acceptance viewpoint
should include ride quality, internal noise levels, frequency

of operations, and fare structure.

The Mission/Market Analysis should include a thorough
investigation of the cargo application of the Airport Feeder
Vehicle. The Phase I study results [Reference 1] indicated
a significant potential for a VIOL air transportation system

with performance characteristics similar to the Airport Feeder.

Briefly, these missions were envisioned as cargo operations

between City Centers and between shipper and customer.
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Between City Centers. This mission consists of regu-

larly scheduled service between city centers 32,18 to 80.45

km [20 to 50 mi] apart. A VTOL capability, with moderate
flight speeds are required with cargo payloads of 4536 to 9072
kg [5 to 10 tons] [Reference 1].

Between Shipper/Customer. This mission consists of

transporting cargo from collection points near major shippers
to collection points near or directly to their destination at
ranges from 80.45 to 644 km [50 to 400 n.mi.]. The cargo is
primarily high-value, break-bulk [manufactured products]. A
VIOL capability and CTOL competitive door-to-door times with
a payload capacity of 9072 to 13,608 kg [10 to 15 tons] is

required.

Another application of the A/F cargo vehicle would be
as the short haul element of a dedicated All Cargo air trans-
portation system. These future systems would probably use
air terminals far removed from city center regions. Th. VTOL
capability, range and payload of the A/F may be ideal for the
terminal to city center phase of this type of system.

8.2.2 Stability, Control and Hover Performance

The second problem area is the hover performance,
stability, and control of the Airport Feeder vehicle during
hover, transition, and cruise flight., This problem area en-
compasses a variety of interrelated problems including hull/
rotor interference phenomena, stability and control during
hover and transition, aerodynamics and flight dynamics at
large angles of [combined] attack and sideslip prop wash inter-
ference, and the gust environment and vehicle response in the

proposed areas of operations.

In the Goodyear sponsored wind tunnel tests of the
heavy 1ift airship configuration, significant interference

effects between the rotor and the airship hull were measured.
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The Airport Feeder configuration is similar in many respects
to the heavy lift vehicle; particularly during hover. These
interference phenomena [HULL-ROTOR and ROTOR~-ROTOR] must be
quantified in uvrder to define the propulsion and the stabil-
ity and control system requirements in all flight regimes:
hover, transition, and cruise. Prop wash interference limits
need further definition both for transition and normal cruise
flight. Applications of the tilt rotor technology develop-

ments should be explored.

The results of the hull-rotor interference investiga-
tions, large angle aerodynamic characteristics investiga-
tions, and the propulsion system analysis can be combined in-
to a flight dynamics simulation model to fully investigate
the flying qualities, stability and control characteristics,
and control system requirements. The stability and control/
flight dynamics simulation must also address the gust/turbul-
ence environment in CTOJ. airport operations areas as well as

in city centers and suburban operating areas.

8.2.3 Operational C ncept Development

The operational concept proposed for the landing and
ground handling operations of the Airport Feeder vehicle
offers significant potential for improvement over previous
fully buoyant airship operations. However, a more detailed
design and analysis is required to develop and verify the
operational feasibility of the concept. This effort should
be included in the flight dynamics/control system simulation
analysis, and may ultimately require a flight research ve-

hicle verification [possibly subscale].
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8.2.4 Structures, Materials, and Manufacturing Methods

The selection of the pressure stabilized metalclad
construction concept was based on maximum specific product-
ivity, payload velocity/empty weight, PV/E. The pressurized
metalclad approach offers a slight improvement in empty
weight over the nonrigid construction at the gross weight,
heaviness and flight speed of the Airport Feeder Baseline
Vehicle. However, successful development and operation of
a metalclad Airport Feeder may introduce many unique manu-

facturing and operational problems.

In the manufacturing area, specialized equipment,
manufacturing techniques and materials handling procedures
must be developed to fabricate the large, minimum gage hull
structure ecenomically. Specialized erection techniques
must also be developed which of necessity will be consider-
ably different than those employed for either rigid or non-
rigid vehicles. Detailed design efforts must also include
the integration/interface of the hull and the car structures,
seam design, gas retention, ground impact loads, and fatigue
effects resulting from the high ground-air-ground cycles

characteristic of an Airport Feeder systenmn.

Operational aspects of the metalclad vehicle operat-
ing in the short haul cargo/passenger application also need
in depth examination., Factors of concern include natural
phenomena [hail damage, lightning strikes, and superheat
effects] as well as man made phenomena [bullet damage, acci-
dental operational abuse during ground operations, mainten-
ance and repair]. Airworthiness, crash safety and commercial

certification requirements must also be defined.
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In summary, more detailed investigations are needed
to make the final choice of hull material and construction
approach. 1luvestigations should continue into the develop-
ment and application of advanced aramid fibers such as Du-
pont’s Kevlar 49. As discussed in Reference 23, this new poly-
meric fiber appears to be ideal for airship applicationms.

In addition to its high tensile strength, it has a tensile
modulus of about double that of aluminum, and a linear
stress-strain curve. As a textile replacement for present
airship fabrics it appears to be a promising candidate,.

Much research and development work must be performed to
realize the full potential of Kevlar and other advanced tech-
nology fabrics. These areas are briefly discussed in Appen-

dix A.

8.3 General Technology Development Programs

The technology assessment task results also identified
several areas where technology development programs could
make substantial improvements to the performance and/or econ-
omics of modern airships and improve the overall technology
base, not only for the Airvort Feeder qoncept but also for

modern airship programs in general., Program areas include:

1) Aerodynamics and Flight Dynamics
2) System Level Technology Programs
3) Avionics and Controls Systems

4) Propulsion

5) Human Factors Analysis

6) Operatirnal Procedures

7) Computer Aided Design

8) Structures and Materials
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A brief discussion of these technology development

programs are included in Appendix A.

8.4 Serial Development Program Requirements

A serial development program appears to be a reasonable
approach to development and implementation of the Airport
Feeder system concept. A preliminary development program has

been defined which consists of the following major elements:

1) Mission/Market Analysis

2) Technology Base Development Programs
3) Hover Performance Analysis

4) Vehicle Preliminary Design

5) Flight Research Vehicle Programs

Figures 43 illustrates the interactions of the serial

devr lopment program elements in a general fashion.

8.4.1 Priorities, Funding and Schedule

Insufficient information exists at this point in the
Airport Feeder concept development program to project the
entire funding and schedule requirements associated with in-

torudction of the short haul air transport service.

Priorities, schedules and funding estimates for the
initial portion of the serial development program are shown
in Table 41. Brief descriptions of the initial program ele-

ments follow,

8.4.2 Mission/Market Analysis

A detailed mission/market analysis effort is the
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logical first step in the serial development of the Airport
Feeder system concept. This effort sho.ld explore the mar-
ket potential of an Airport Feeder type of service and de-
fine the most economically promising design and operational
requirements for the vehicle/system cc cept. Alternate con-
cepts of operations should be defined including analysis of

high value break bulk cargo operations.

8.4.3 Technology Base Development Programs

As shown in Figure 43, the supporting technology
base programs provide a continuous input to the Airport
Feeder development program. These programs will provide
the fundamental data base of technology which will be re-
quired to support the development of a technically and econo-
mically viable modern semi-buoysnt airship which can satis-
fy the short haul air transpcrtation needs of the future in

an environmentally acceptable energy efficient manner.

One of the high priority elements of the Airport
Feeder development plan is a detailed analvsis of the stabil-
ity and ¢ 'trol characteristics during the low speed, hover,
and transition phases of the flight profile. Both funda-
mental and applied research prcgrams [analytical and experi-
mental] are required to develop a more complete understand-
ing of potential aerodynamic and flight dynamics problems.
Key elements of this technology area include the following:

1) Aerodynamic - Propulsion Interface phenomena

[Hull-Rotor and Rotor-Rotor]

2) Aerodynamics at large [.ombined] angles of
attack and sideslip
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3) Gust Environment and vehicle response

A second important technology base area is structures
and materials technology. In particular, the development/
adaptation of recent fiber and fabrics technology to modern

LTA transporters offers considerable potential,

Auditional discussion of the recommended Technology

Base programs is contained in the Appendix.

8.4.4 Preliminary Design Development

The second phase of the program should include design
"optimization" in terms of direct operating cost and/or re-
turn on investment for the mission/market/operational concept
defined in the preceding phase. This effort would be very
similar to the design study of the heavy 1lift airship con-~
ducted during the NASA Phase II Study. Key program elements
would include wind tunnel testing of alternate configura-
tions based on the results of the Aerodynamics and Flight
Dynamics Technology Base Program results, Detailed stabil-
ity and control system analyses, supported by a hover/flight
dynamics simulation would also be performed during this pro-

gram,

Key area. requiring larger scale/flight testing
would be identified in order to assess the viability of a
subscale flight researcn vehicle. This vehicle could con-
ceivably utilize recent developments in RPV test technology.
Subscale flight research vehicle flight testing could be con-
ducted simultaneously with the final Airport Feeder design
definition phase. The subscale flight research vehicle
could be utilized to develop the tether/winch ground handling
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system and to define operational procedures for the Airport

Feeder system.

8.4.5 Full Scale Flight Research Vehicle

The results of both the Final Design Development and
the subscale flight research vehicle testing would provide
the data required for the first full scale, manned prototype
flight research vehicle. This vehicle could constitute a
"proof of concept" demonstrator similar to the XV-15 Tilt
Rotor Research Aircraft Program which could provide full
scale dita on the handling and flying qualities of the Air-
port Feeder vehicle concept, was well as all aspects of the

operational system,
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9.0 CONCLUSIONS AND RECOMMENDATIONS

The Airport Feeder system concept is a promising candi-
date for the short haul air transportation requirements of
the future. Significant results of the Phase II Study can

be summarized in three areas:
1} Vehicle Related
2) Operations Related

3) Market Related

9.1 Vehicle Related Conclusions

Results of the Phase II Study indicate a pressure
stabilized metalclad airship concept to be the preferred con-
cept due to the desired combination of cruise speed and
heaviness. A vehicle gross weight of 67,500 pounds and a
beta [buoyant lift to gross lift ratio] of 0.35 resulted in
the maximum specific productivity and also satisfied the de-
sign and performance requirements defined by NASA for the
short haul passenger feeder line concept of operations.

Noise levels at takeoff were substantially below the NASA
specified limit. Additional investigations are required of

cabin noise levels and potential noise shielding require-

ments.

For the specified operating conditions, fuel consump-
tion is estimated to be about 30% lower than helicopter sys-
tems., Direct operating costs are estimated to be approxi-
mately 50% lower than the current technology rotorcraft and

probably competitive with other advanced V/STOL systems.

Major problem areas requiring further effort include

hover, stability and control performance and the development
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of low cost manufacturing methods and processes for the ultra-

light-weight, minimum gauge hull structure.

9.2 Operational Related Conclusions

An innovative tether/winch landing system was conceived
which in combination with the low beta, vectored thrust base-
line vehicle concept, offers substantial improvements in VTOL
and ground handling operations as compared with past airships.
The concept of operations for the Airport Feeder would employ
parking garage type facilities in suburban and city center
regions at ranges from 27.8 to 278 km [15 to 150 nautical
miles] from major hub airports. Further analysis is required
of the turbulence environment, particularly in downtown re-
gions, and the resulting airport feeder ride quality charac-

teristics.

9.3 Market Related Conclusions

Substantial additional mission/market analysis is re-
quired to substantiate the passenger demand and market size
for an airport feeder type of service. Preliminary results
indicate user acceptance may require high frequency opera-
tions, integrated with CTOL operations at major hub airports.
Perhaps only the largest 7 to 10 metropolitan regions may be
able to support an Airport Feeder type system. Exceptions
might arise from unique situations such as the offshore air-
port currently in the planning stages in the Cleveland, Ohio

area.

Cargo operations in off-peak and night time hours may

significantly improve the overall Airport Feeder economic
viability.
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9 4 Recommendations

A preliminary serial development program is defined
‘hich will support the development and implementation of an
cconomically viable Airport Feeder system., The Airport
Feeder system/operational concept is sufficientiy promising
to justify continued NASA support. The combination of buoy-
int 1lift with both propulsive and aerodynamic life results
:n a vehicle with VTOL capability, which can satisfy string-
ent noise constraints in an environmentally acceptable energy
efficient, economically competitive manner with no major

cperational limitations.
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APPENDIX A

RESEARCH AND TECHNOLOGY BASE

PROGRAM REQUIREMENTS
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A-1 INTRODUCTION

A serial development program appears to be a promising
approach to development and implementation of the Airport
Feeder system concept. A preliminary development program

has been defined which consists of the following major ele-

ments:

1) Mission/Market Analysis

2) Technology Base Development Programs
3) Hover Performance Analysis

4) Vehicle Preliminary Design

5) Flight Research Vehicle Programs

Figure A-1 illustrates the interactions of these major

program elements discussed in Section 8.4 of the main report.

A-2 TECHNOLOGY BASE PROGRAMS

The technology assessment task identified several areas
where successful technology development program could make
substantial improvements to the performance and/or economics
of modern airships and improve the overall technology base,
not only for the Airport Feeder concept but also for modern
airship programs in general. Several of the more promising

technology development program areas are similar to on-going

NASA research and development programs. Program areas include:

1) Aerodynamics and Flight Dynamics
2) System Level Technology Programs
3) Avionics and Controls Systems

4) Propulsion

5) Human Factors Analysis

6) Operational Procedures
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7) Computer Aided Design

8) Structures and Materials

As shown in Figure A-~1l, the supporting technology base
programs discussed in this Appendix provide a continuous in-
put to the Airport Feeder development program, These pro-
grams will provide the fundamental datas base of technology
which will be required to support the development of a tech-
nically and economically viable modern semi-buoyant airship
which can satisfy the short haul air traasportation needs of
the future in an environmentally acceptable, energy efficient

manner.,

Some of the more promising Research and Technology
Base Program Areas are briefly discussed. The suggested pro-
grams are not intended to be all inclusive of all technology
program requirements but merely to provide a repliminary de-

scription of representative programs.

A-3 LOW SPEED AERODYNAMICS AND FLIGHT DYNAMICS

A-3.1 Airship Handling Qualities - Turbulence/Flexibility

Aircraft and pilot responses during atmospheric tur-
bulence encounters are prime factors in the design and opera-
tion of all airships. To develop the basis for improved
methods for specifying acceptable behavior under these circum-
stances work is needed to (1) refine ride qualities criteria
for application to future large military or civil airships,
ang (2) develop improved displays, autopilot modes and pilot
procedures for severe turbulence encounters with advanced
airships. This work should include analytical and piloted

simulator studies.
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A-3.2 LTA V/STOL Flight Dynamics

Generalized analytical studies, ground based simula-
tions and flight research are required to provide data for
establishment, revision and extension of existing handling
qualities and certifications criteria for V/STOL LTA air-

craft.

The data will apply to the following critical & -« :
flight path, airspeed, and attitude control, ground eri#f:c:
roll and yaw control for cross wind hover/landing, and tue
control of a powered lift V/STOL following loss of an engine.
Tentative airworthiness criteria based on studies of repre-
sentative powered 1lift airship concepts, together with tech-
niques for determining compliance should be developed in co-
operative FAA/NASA piloted simulation studies. These results
will contribute to generalized criteria for all concepts.
Flight research in both handling qualities and certification
areas will ultimately be required.

A-3.3 Three Dimensional Airship Computation Aerodynamics

The objective is to develop the capability to analyti-
cally predict complete aerodynamic characteristics of complex
turee dimensional airship configurations, now obtainable only
by extensive wind tunnel tests, to a degree that preliminary
airship design concepts can be evaluated and screened with re-
duced wind tunnel test time and cost. Analytical and numeri-
cal procedures are required for the prediction of pressure
distributions, aerodynamic characteristics, flow fields, and
skin friction for viscous flows with attached and sepa. ited
boundary layers, detached lee side flows with vortex forma-
tion and other interactions. Both linear and nonlinear, ex-

act and approximately flow equations should be developed.
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This activity must address the flight regimes of in-
terest to the hover capable VTOL semi-buoyant Airport Feeder;
high angles of attack, sideslip and combined angles. The
analytical modeling effort should also include aero/propulsive
interference analysis supported by wind tunnel correlation ex-

perinents.

A-4 SYSTEMS TECHNOLOGY PROGRAMS

A-4.1  T~chnology Studies of LTA Systems

The objectives of this program area are to help de-
velop a sound technological base for future decisions relating
to the design, development, and operation ol commercial trans-
portation systems utilizing LTA concepts. This objective will
be achieved through studies that examine the relationsuips be-
tween LTA technology, airline erconomics and markets, and en-
vironmental constr.ints., These studies will be done in suffi-
cient de.ail to provide a realistic assessment of technical
problems regarding LTA Transporter design, development and ope-
rations and their development and operational costs. Study
results will be used to help define the future direction of
productive technical [and system related] activity for air

transportation systems based on LTA concepts.

A-4,2 Traveler Acceptance Low Density Short-Haul Systems

The objective of this project is to identify, study
in detail, and model those factors influencing acceptance and
use of LTA Transporters as the preferred mode of travel by the
public in the low- to mediuw-density short-haul market. Ap-
propriate information should be compiled through literature
search, traveler questionnaires, and measurements aboard 1lr--

to medium-density, short-haul airline systems. Informatiru
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should also be obtained concerning competing modes of trans-
portation which could influence choici¢ 6f travel mode. The
data should be analyzed, mathematically modeled, and existing
types of aircraft used in low-density, short-haul service

evaluated with the mode.

A-5 AVIONICS AND CONTROLS

A-5.1 Advanced LTA Transporter Avionics System

The overall objeccive of this program is to provide
the critical information required for the design of a reliable
state-of-the-art avionics system applicable to LTA Transporter
systems which would enhance their safety and utility. The
technology will include the total avionics functional capabil-
ity - navigation, guidance, control, power-plant management,
displays, Digital Fly-By-Wire [DFBW], etc. The program will
include analysis, system concept studies, piloted simulations,

and "omponent R&D.

A-5.2 Active Control Technology Applications

The objective of this program is to apply Active Con-
trol Technology [ACT] to the semi-buoyant Airport Feeder Ve-
hicle concept. This program should include development of a
data base which will allow assessments to be made of potential
performance, economic, fuel savings, and passenger acceptance
benefits resulting from ACT. The data base will also be used
to determine the technical feasibility of ride control and
gust load alleviation systems and to predict Airport Feeder

flying qualities.

One approach would be + integrate the relevant com-

puter programs used in aerodynamics, structure, propulsion,
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control and economics into a single interdisciplinary active
control system design program that is applicable at any state
in the aircraft design cycle. The design program should be
evaluated by simulation and flight tests. In addition, de-~

sign methodology for total active control systems for powered

lift airships should be developed and evaluated by simulations.

A-5.3 Digital Fly-By-Wire [DFBW] Experiment

DFBW will likely be required for the Airport Feeder
Vehicle concept. The objective of this project is to provide
the technology necessary for the implementation of DFBW in
the Airport Feeder design. Of particular interest is tte
adaptability of the state-of-the-art emanating from the space
shuttle project including control system software, hardware
and redundancy management concepts and the F8C multichannel
digital system currently in flight test. Systems utilizing
redundancy management concepts being developed by Langley Re-

search Center should se investigated.

A-5.4 Development of Theoretics in Digital Control Applied
to Modern Airships

The development of low cost flight computers of ever
increasing speed, capacity, and reliability in recent years
has provided a potential for more effective and easier imple-
mentation of flight control law mathematics than has been the
case for the continuous time or analog systems of the past.
Early applications of digital flight computers to control sys-
tems have in many cases employed rudimentary and intuitive
concepts for control law development and implementation. The
purpose of this research is to provide needed design techni-
ques and operational concepts for discrete time systems to in-

sure more efficient and effective use of digital computing
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systems for flight control for modern airships. Experience
and studies in the more applied programs such as ASA, TCV and
the F8 DFBW program will serve to highlight problems of sig-
nificance to which attention will be given. In turn the theo-
retical treatments will serve to advance concepts for possible
proof of concept exploration when an LTA flight research plat-

form becomes available.

A-6 PROPULSION SYSTEMS TECHNOLOGY

A-6.1 Advanced Tilt Rotor Aerodynamics

The objective of this project is to provide technical
data to enable rotor and control system design optimization
for advanced tilt rotor airship configurations. Design infor-
mation for control systems that will maximize maneuver capabil-
ity, reduce rotor loads, and reduce tilt rotor sensitivity to
gust and turbulence will be developed. Variable geometry
rotors will be investigated to determine potential improve-
ments in rotor and aircraft cruise performance. A dynamic-
ally scaled wind tunnel model of a tilt rotor system coupled
to a large buoyant structure will be coanstructed. The para-
metric variation in rotor and aircraft loads during transition
will be investigated and the current tilt rotor mathematical
model updated. The performance gains and blade load reduction
achievable by putting cyclic control under pilot command will
be assessed. The existing data base for hingeless rotor per-
formance will be extended to a simulated cruise speed of 150
knots. The effect of tilt angle and flight -peed on the trans-
ition flight boundaries, rotor performance and stability char-

acteristics will be determined.
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A-6.2 Rotor Aerodynamics

Definition of wake geometries and characteristics of
rotors is vitally important to the current conceptual designs
of the various classes of modern airships. Of particular im-
portance are the LTA requirements for multiple rotors staged
fore and aft and the effect upon rotors of proximity to large

buoyant structures in varying flight and wind conditions.

Analytical and experimental studies will be made to
identify factors contributing to the aerodynamic and structur-
al characteristics of rotors suitable for use in modern air-
ship designs. Studies will be made to define wake geometry
and analytical procedures which include wake characteristics
in predicting airloads, structural response and aerodynamic
performance in the various LTA configurations. Experimental
studies will be continued to better define unsteady local-
flow parameters significant in the prediction of rotor blade
section lift and drag. Analytical, wind-tunnel, whirl tower,
and flight investigations will be made to determine perform-
ance, dynamic loads, vibratioms, and wake flow characteristics
of advanced rotor concepts, rotorcraft configurations, and
tail rotor arrangements. These studies will be covordinated
with the airfoil development research, with the rotor aero-
elastic and acoustic studies and with rotor systems develop-

ment.

A-6.3 Rotorcraft Maintenance Costs Methodology Development

Use of multiple propulsors in modern airship concepts
such as the Airport Feeder introduces the critical problems
of availability, reliability and maintainability of these sys-
tems in combined operation. It may emerge as the most domin-

ant cost element in cost/benefit tradeoffs. This project
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covers evaluation of current rotorcraft maintenance cost ex-
perience of both civil and military operations and the estab-
lishment of techniques for projecting maintemance cost of ad-
vanced rotorcraft in particular the tilt rotor concept. Com-
mercial and military operations will be surveyed to provide a
basis of current experience enac.ing projectiomns of likely
technological developments in subsystem desigi t¢ be made.

Ar analysis of rotor craft maintenance costs wi'l be made.
Multiple regression techniques will be used to develop the im-
portance of parameters such as vibration level, missi..n cycle
vs flight hours, etc. as well as the effects of major techni-
cal design differences, if pertinent, in determining good

maintenance cost estimating relationships.

A-7 HUMAN FACTORS

A-7.1 Airships Interior Noise Reduction

The potential of reducing power plant noise in LTA
transports by burying the engines within the lifting gas en-
closure system or location in areas where the hull has shield-
ing effects should be investigated. The object of this pro-
ject is to develop the technology needed to reduce airships
interior noise levels to achieve increased operating safety,
hearing protection, and comfort of crew and passengers with
mninimum weight and cost penalties., The noise sources for air-
ships will be determined from this as well as other ongoing
programs. In addition, the transmission of the noise through
the structure and the transmission paths will be determined.
Structural designs will be investigated which have more accep-
table transmission characteristics with minimum weight penal-
ties. A parallel effort will determine acceptable levels of

interior noise for safety and comfort of crew and passengers.
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A-7.2 Airship Ride Quality

The objective is to define and quantify those ride-
environment properties, particularly motion, cabin noise,
and vibration, that determine ride quality and associated
passenger acceptance pertaining to LTA transports. To achieve
these objectives research studies will be doncuted to develop
data appropriate for establishing criteria for ride-environ-
ment requirements and for airship operational limits relevant
to attitude, accelerations, interior noise level, and angular
motion. This program should include field studies to obtain
data aboard the Goodyear Advertising Airships as well as other
vehicles, studies under controlled conditions aboard research
aircraft, laboratory studies using ride-motion simulators
under closely controlled conditions, and analytical studies
of experimental data to model the phenomena and to develop
criteria. Supporting efforts will be carried out to develop
appropriate study methodology, subjective response opinion
questionnaires, portable ride-measuring instruments, labora-

tory simulators, and analytical procedures.

A-7.3 Aircraft Performance and Aviation Safety

The introduction of a new class of air transports such
as the Airport Feeder vehicle permits initiation of an opti-
mized flight crew training and operational procedures system
concurrent with the advent of the flight equipment. The ob-
jectives of this program are to investigate current problems
in pilot training, performance measurement and evaluation,
and communications between flight crew members and other compon-
ents of the aviation system. General aviation and civil air
transport operations will be considered together with the
unique characteristics of the LTA transport. Specific objec-

tives are to: (1) develep objective, precise, and stable
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measures of airship performance for use in research and opera-

tional training programs; (2) develop new technology and

methodology for training necessary flight crew skills, and

(3) explore fundamertal problems in the transfer of informa-

LR L Wi
o ROTE

tion to pilots from other components of the aviation systen,
e.g., navigation charts and cockpit warning systems. To
achieve these objectives, the GAC-1 simulator will be modified
to permit full-mission simulation capability and automated
performance monitoring. This facility will be used to examine
pilot behavior, especially cognitive or decision-making be-
havior, and to evaluate alternative methods of human perform-
ance measurement, The effectiveness of various candidate solu-
tions for identified training problems will be evaluated using
both formal experimental evaluations, and more informal feasi-
bility demonstrations [pilot projects]. Specific problems in
the transfer of information between pilots and other compon-
ents of the present aviation system will be used to identify
fundamental problem areas, and to develop and evaluzte poten-

tial solutions.

A-8 OPERATIONAL CONSIDERATIONS

A-8.1 Air Traffic Control Integration Study

This researchk is concerned with the problems of inte-
grating LTA Transport and their air traffic control system in-
to the total air traffic control environment of the terminal
area. The objectives are to determine: (1) airship design
and equipment requirements, (2) operating procedures and air-
space volumes, (3) ATC equipment and handling procedures and
airspace volumes, (3) ATC equipment and handling procedures,
and (4) requirements for compatibility and integration of the
airship systems with the total ATC complex.
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A-8.2 VLF Wide Area Navigation for Low-Density Short-Haul
Transportation by LTA Transports

The objective of this project is to investigate VLF
navigation techniques and to develop promising approaches for
en-route and terminal area navigation. Systems such as Omega
can provide large geographic coverage with a limited number
of ground stations, and are relatively unaffected by altitude
or terrain. Characteristics such as these are highly desir-
able for short-haul, low-density transportation systems,
where direct terminal-to-terminal routes at relatively low
altitudes are required. Work will be conducted in two areas.
The first area consists of the measurement and analysis of
error due to propagation anomalies and atmospheric noise.

The second area consists of the development and evaluation of
Omega avionics, including both idfferential and composite

Omega configurations.

A-8.3 LTA Operating Systems Experiments

The objective is to develop a data base for use in
establishing system concepts, design criteria, and operation-
al procedures for VIOL LTA Transport. The technology base will
aid the development of efficient, economical VTOL short-haul
operations with minimum adverse environmental impact. The ob-
jective also includes a research and technology program to
support military requirements for assuring a VTOL operational
capability into a wide variety of landing sites, under reduced
visibility conditions. The approach will utilize, analytical
studies, piloted closed-loop simulations, and flight experi-
me nts. The systems should be installed in a fixed-base simu-
lator at Ames for development of computer software programming

and piloted simulation studies. The system can then be checked

out in a subscale flight research vehicle prior to implementation
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in the full-scale manned prototype. These systems can be used
to investigate alternative avionics functional configurations,
flight paths, operational procedures, levels of automation,

and landing aids. Time constrained flight paths, steep curved,
decelerating, and omnidirectional approaches, and the effects

of winds will be investigated.

A-9 COMPUTER AIDED DESIGN

A-9.1 Computer-Aided Design Methods

Advanced computer-aided analysis and design methods
are required for design of modern LTA structures. Analysis
techniques are required with the generality and efficiency for
the iterative calculations involved in sizing structural men-
bers. Developments should inciude algorithms to accomplish LTA
structural sizing to meet constraints including strength,
stiffness, aeroelasticity, thermal stresses, and minimum gage.
Considerations should address the best system architecture
for structural analysis and design and evolve specifications

for the component computational modules in such systems.

A-10 STRUCTURES AND MATERIALS

A-10.1 Design Technology for Composite Structures for LTA

The objective is to advance the technology of fila-
mentary composite structures which will provide the potential
of a large weight reduction by conducting analytical and ex-
perimental laboratory investigations of selected airship struc-
tural components. Advanced methods of predicting the strength
and stability of laminates, panels and stiffened components
will be applied to new test data. Analysis will be applied to
define the limitations of conver*ional test methods, and to

develop more satisfactory test methods. A large series of
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graphite panels with either open or closed sections will be
designed, fabricated and tested in the appropriate NASA
Structures Laboratory. Effort will include industry-de-
veloped as well as NASA-developed designs. Data will be gen-
erated over a large range of loading to provide a substantial
NACA type data bank upon which to base LTA sturctural design.
Designs to be investigated include sandwich and stiffened
shear web approaches using graphite materials, Kevlar and hy-

brid laminates.

A-10.2 Fatigue and Fracture

Specific goals of this research program of advanced
LTA structures are to improve fatigue life prediction tech-
niques, to devise ways to predict the residual strength of
reinforced sheet structures, and to assess the feasibility of
compressing test time during the measurements of fatigue life.
Reliability methods will be devised and applied to LTA struc~-
tures for use where the number of structures tested is limited
by cost and where measured parameters must be revised accord-

ing to new data acquired during fleet operation.

A~-10.3 Loads, Aeroelasticity, and Structural Dynamics

In order to predict aeroelastic phenomena more accur-
ately, research must be conducted to improve aeroelastic analy-
sis methods including rotor dynamic analysis as applied to ad-
vanced LTA propuision systems. Various load prediction tech-
niques [including FLEXSTAB] should be evaluated and improved
for integration into computer systems such as LTA versions of
ATLAS and IPAD. 1In order to develop methods for predicting

acoustic loads, structural response, and noise transmission

through airship structures, methods for anlayzing panel response

with a thick boundary layer should be developed and compared

212

bed  boed  beed e bend Beed beed o] beeed Beed

4

.

Lo



’
g
.

2 g

{ v —— — w— ———

j e

.

with experiment.

The objective of these efforts is to provide the
technology necessary to increase airship performance and ser-
vice life and to improve safety and ride quality through im-
provements in methods for predicting loads, aeroelastic ef-

rects, and structural response of LTA designs.

A-10.4 Advanced Fabrics Technology Development

Research and Development work is required to apply
the recent developments in light weight, high strength man
made fibers and fabrics to advanced LTA transports. Potential
benefits to be derived from the successful development of
advanced [non-rigid] airship envelope and ballonet fabrics in-
clude lower manufacturing cost, improved operational flexibil-
ity, lower annual maintenance costs, and greater flexibility in

errection operations,

The objectives of this program are to investigate
the applications of films, film fabriecs, triaxial weaves,
Kevlar, rip stop designs, elastomers permitting heat sealed
seams, and high strength seam design to advanced LTA Transport
vehicles., This program will include analytical efforts in

support of a specimen test program.

The fabrics technology program would begin with a
compilation of possible candidates for evaluation and develop-
ment of a methodology by which each combination would be
screened. The screening would conceivably involve both test
and analysis with the analysis including a compilation and re-
view of all applicable background data. Those candidates

judged successful in the initial screening would be considered
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against a more comprehensive series of tests similar to those

used for qualification testing of current airship fabrics.

Representative specimen tests may include:

Weight
Strength
Strength
Strength
Strength
Strength
Strength
Adhesion
Adhesion
Adhesion
Diffusion
Diffusion
Diffusion
Elongation
Tear Test
Shear Modulus
Aging Test
Aging Test
Aging Test

Small Specimens

Strip Tensile

Cylinder Burst [Tensile]
Hot Cylinder Burst [Seam]
After Crease

After Rotoflex

Seam

Ply

Bias Ply Seam

Coat

Original

After Rotoflex

After Hot Cyclic Load
Cylinder Stretch

Center Slit

Torsion Cylinder

Oven - 60 days - 158° F [70° C]
Oven =~ 24 hrs - 250° F
Cold Folgd

It should be emphasized, however, that new fibers,

new fabrics, etc. may have unique characteristics requirirg

other tests before their suitability to all aspects of air-

ship application is assured. A control specimen of current

technology will be included in the advanced fabrics test pro-

gram for comparative purposes.

The potential of Kevlar should be thoroughly investi-

gated in the fabrics technology program. Investigations must
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include: (1) basic yarn design; (2) yarn finish; (3) type of
Kevlar (49 or 29); (4) yarn treatment for proper adhesion to
the elastomer or film and proper self-abrasion protection;
(5) weave design to permit proper seam strength development
and to minimize self~abrasion; (5) and ultraviolet radiation
effects and protection. Extensive efforts should be devoted
to development of high strength seam designs. In the case

of heat sealed seams, the problems of quality control must

also be defined.
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