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PREFACE

This RAND Memorandum is one of a series dealing with air transpor—
tation in the New York region; it describes work performed under a con-
tract with The Port of New York Authority that extended from October
1967 to January 1969. The objective of the research has been to deter-
mine the probable consequences of various measures which might be taken
to increase the capacity of the air transportation system and remedy the
imbalance between projected capacity and demand.

The Memoranda which compose this series are:

RM-5815-PA, Alternative Development Sitrategies for Air Transpor-

tatien in the New York Region, 1970-1980, H. S. Campbell, A.

Carlin, S. L. Katten, T. F. Kirkwood, D. M. Landi, R. E. Park,
L. Roennau, and A. J. Rolfe.

RM-5816-PA, The Potential Role of V/STOL Aircraft for Passenger
Travel in the New York Region, S. L. Katten and T. F. Kirkwood.

RM-5817-PA, The Efficient Use of Airport Runmway Capacity in a
Time of Scarcity, A. Carlin and R. E. Park.

B RM-~5818~PA, A Model and Computer Code for Studying Alternative Air
Passenger Processing Strategies, D. M. Landi and A. J. Rolfe.

RM-5819-PA, Systems for Air Transportation Serving the New York
Metropolitan Aveq), 1975-1980, N. S. Cambell, D. M. Landi, and |
A, J. Rolfe.
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SUMMARY

This study considers the use of vertical/short takeoff and 1énding
(V/STOL) aircraft as a means of reducing air traffic congestion at the
major airports in the New York area. Three time periods are consid-
ered: 1970, 1975, and 1980. In each time period the possible market
for V/STOL service is estimated and the resulting reduction in conven-
tional aircraft traffic is calculated, assuming that this market devel-
ops and that V/STOL service is provided.

In the early time periods V/STOL can attract only a small fraction
of the short-haul market, with a correspondingly small effect on conven-
tional aircraft arrival rates, but by 1980 a downtown V/STOL port oper-
ating in competition with the major airports might attract on the order
of 10,000 passengers a day (about 9 percent of the total air passenger
traffic in the New York area), which could result in reducing the conven-
tional air carrier arrivals by more than 200 per day or about 20 percent
The use of V/STOLs might be increased considerably by providing only
V/STOL service to those cities most efficiently served by V/STOL. STOL
aircraft might handle as many as 30,000 passengers a day if a passenger
cost of $1 more than conventional aircraft were accepted. The resulting
reduction in conventional air arrivals might exceed 400 per day.

In order for a V/STOL operation to reduce congestion at the major
airports while at the same time increasing overall terminal capacity,
segregation of V/STOL and conventional operations by means of separate
routes, ports, and air traffic control techniques will be necessary.
Successful separation of V/STOL and conventional traffic will allow
the special operational characteristics of V/STOL aircraft to be ex-
ploited and will make the V/STOL air traffic capacity of the New York
area additive to the conventional capacity of the area. It will also
allow the trip time of V/STOL aircraft to be comparable to or shorter
than that of conventional aircraft on many routes. An analysis of the
V/STOL aircraft operational environment indicates that operations based
primarily on low-altitude flight appear feasible, although only rough

estimates of the capacity of such a system have been attempted,
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A brief examination of intercity applications indicates that if
peripheral airports are developed in the New York area, V/STOL airport
access service could lead to substantial reductions in airport access
time. In the particular case of STOL service between Westchester and
a fourth major airport in Hunterdon County, as many as 5.8 million
additional passengers would be attracted to the major airport in 1980
if STOL /fares of $8.50 to $10.00 were acceptable or the air shuttle
service were subsidized.

While the above results indicate that V/STOL aircraft should find
useful applications in the New York area, an examination of the number
of aircraft required to serve this area indicates that the New York area
alone may not require enough aircraft to make the development of a V/STOL
aircraft of adequate size an attractive investment to an aircraft manu-
facturer. Thus, the introduction of V/STOL in the New York area may de-
pend either on how many other areas find similar advantages in their use

or on some form of government-subsidized development program.
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I. INTRODUCTION

Current air traffic delays and congestion at the three major air-
*

ports in the New York area, together with predicted increases in air
passenger traffic between 1970 and 1980, have made it desirable to con-
sider methods of increasing New York City's air traffic handling capac-
ity. This study examines the use of vertical/short takeoff and landing
(V/STOL) aircraft as one way of increasing this capacity.

V/STOL aircraft as a class have some advantages for this task as
well as some drawbacks. In contrast to service offered by conventional
aircraft (CTOL), two of the major advantages of STOL or VTOL** are that
they require smaller airports and less airspace. This may make it pos-
sible to locate ports closer to travel-originating centers*** and to
bypass serious air traffic congestion by providing special arrival and
departure paths for these aircraft, thereby saving ground and air time
for travelers. The disadvantages seem to include (but are not limited
to) higher operating costs per seat mile and somewhat lower speeds {(par-
ticularly with the aircraft that will operate in the early part of the
time period considered).

The basic uncertainties about V/STOL, from the standpoint of its
potential for increasing system capacity, are two: Can such service

compete with CTOL aircraft on the basis of convenience, time, cost,

and comfort? And if such service could attract a significant fraction

*

According to The Port of New York Authority, the number of air
travelers handled by the three main New York airports was 34.2 million
in 1967, and will increase to about 91 million in 1980. Other agencies

have forecast even larger increases.
*%
For general discussion, the family of VIOL and STOL aircraft will

be referred tc as V/STOL, although a distinction between the two types

is made in the detailed results presented in Section VI.
Kk
It is also possible that V/STOL aircraft might use the present

major airports. This concept of operation discards any probable advan-
tage to the traveler from decreased ground access and egress time but
might allow greater use of available runway space by virtue of shorter
takeoff and landing roll and (presumably) more accurate control of the
touchdown point on landing, thus lowering aircraft runway occupancy
time. It may also permit the addition of short runways or pads at air-
ports where space is unavailable for more conventional runways.



offlthe market, could airspace be allocated and traffic control be pro-
vided to prevent interference with present air traffic patterns and to
make V/STOL a substantial net addition to capacity rather than merely

a substitution for conventional air? Resolving these questions requires
(1) investigation of technical and economic characteristics of the V/STOL
vehicles that will--or might--become available over the next 10 years and
(2) a study of terminal requirements, airspace allocation and management,
air traffic control, navigation, landing aids, safety, etc. to determine
the feasibility of conducting a high volume of operations.

A large number of competent studies of the design and comparative
cost of CTOL and V/STOL aircraft have been made.(l~3) This particular
study differs from others in that it focuses particularly on the New
York V/STOL market and places its emphasis on the potential reduction
in CIOL aircraft traffic which might be achieved through the shifting
of some of the passenger traffic to V/STOL.

The study deals with the potential role of V/STOL in serving cit-
ies up to 760 mi from New York (probably the outer limit for which
V/STOL service could be attractive). Three time periods--1970, 1975,
and 1980--are considered, and for each period comparisons are drawn be-—
tween the representative V/STOL and CTOL aircraft that might be avail-
able. This is necessary because both the state of the art in V/STOL
and CTOL aircraft design and the estimated passenger demand change sig-
nificantly with time.

The following general questions are addressed:

1. For each time period, how do the costs of V/STOL and CTOL air-
craft compare?

2. VWhat are the passenger volumes that V/STOL might attract on
the basis of trip time and cost?

3. What are the port and terminal requirements associated with
these volumes?

4. What are the traffic levels and fares that might be obtained
in future intracity V/STOL service?

5. Can these volumes be accommodated by an independent air route
and traffic control system, so that present air traffic pat-

terns are not interfered with, so that a favorable environment



for V/STOLs is created, and so that V/STOL can be viewed as a

net addition to capacity?

(&)

Another study in this series considers an additional important
question: Can locations for V/STOL ports be found in New York that will
offer a significant number of passengers an advantage in travel time

when compared to the existing conventional airports?



II. TRAFFIC DEMAND ESTIMATES

The traffic demand estimates used are based on the Port Authority
1963-1964 air traffic survey and are modified to allow for the change
in total demand in future years by means of other estimates also pro-

vided by the Port Authority.(s)

Short-haul service to cities as far
away as Atlanta (760 mi)* was considered in order to be sure that all
the operations on which V/STOL might be competitive are included. Lo-
cal intracity service, which may develop and account for a significant
amount of traffic in the New York area, is investigated in Section VII.
The intracity problem differs fundamentally from the short-haul prob-
lem in that the primary competition to V/STOL comes not from CTOL air-
craft but from ground transportation systems. Consequently, the com-
parisons with CTOL aircraft made in the bulk of this study are probably
not pertinent for the intracity operations.

Within this range of distances, tggrtﬁénty cities having the great-
est air traffic as indicated by the 1963-1964 survey were selected for
study in the earliest time period (1970). 1In the 1975 and 1980 time pe-
riods, up to nine additional cities were added. For the later two pe-
riods, the total traffic to each of the study cities was increased in
proportion to the total domestic traffic increases in the New York area
as forecast by the Port Authority. Throughout this study, the passen-
ger demand was postulated and air systems were sized to meet it. No
attempt was made to reflect changes in demand which might result from
changes in the service times or passenger cost. The cities considered
and the average passengers per day used are shown in Table 1. As will
be discussed, some explorations were made in which passenger traffic
to Washington, D.C. and Boston was assumed to travel by rail, and the
effect of changing the overall demand was investigated.

Passengers enplaning at New York for these cities represent about
44 percent of the total domestic outbound passenger traffic in the New
York area. In addition, there is a less well-defined number of trans-
ferring passengers going to these cities, which may bring the total

*
Distances quoted are point to point in statute miles.



Table 1

ASSUMED P ASSENGER DEMAND

. Average Passengers
Distance from er Dayb
New York? P

City (miles) 1970 1975 1980
Boston 186 4,600 6,370 7,546
Chicago 740 3,580 5,130 5,880
Detroit 508 1,280 1,800 2,313
Washington 213 3,310 4,650 5,429
Buffalo 301 1,250 1,760 2,058
Cleveland 424 1,120 1,570 1,833
Atlanta 760 847 1,190 1,392
Rochester 246 755 1,060 1,235
Pittsburgh 339 710 1,000 1,166
Cincinnati 589 613 860 1,009
Syracuse 209 522 730 855
Indianapolis 633 376 530 617
Columbus 482 328 460 537
Providence 150 315 440 516
Albany 130 310 440 508
Baltimore 184 306 430 502
Dayton 553 284 400 465
Milwaukee 746 270 380 443
Utica/Rome 185 246 350 404
Charlotte 532 178 250 292
Philadelphia 93 500 500
Norfolk 291 500 500
Montreal 333 500
Raleigh 439 500
Ottawa 329 500
Toronto 367 500
Nashville 767 500
Charleston 639 500
Louisville 661 500

Total 21,200 |30,800 | 39,500

a.. . . .
Distances are straight-line distances between

cities.

b
The numbers shown are one-way passengers;

Actual flight distances are greater.

an

equal number are assumed to move in the opposite

direction.



passenger service up as high as 59 percent of the domestic passenger

traffic.

X

w
The estimated movements resulting from the application of

these ratios to the forecast domestic air carrier movements are given

in Table 2. These estimates are believed to bracket the actual move-—

ments associated with servicing the study cities.

Table 2

AVERAGE DAILY ARRIVALS IN THE
NEW YORK TERMINAL AREA

Total Domestic Air Arrivals from
Year Carrier Arrivals Study Cities
1970 93548 410-550
1975 1010 445-598
1980 1073 454-610

8816 in 1967.

However, the estimates shown in Table 2 were based on the use of

CTOL aircraft, and consequently the movement rates shown represent those

expected to result from the use of anticipated CTOL aircraft. In this

study the effects of using V/STOL aircraft of various sizes and types

are examined, and the varying capacities of each aircraft are taken into

kThroughout this study, the level of air traffic is identified by
three terms: movements, arrivals, and flights. These terms are defined
as follows:

(e}

Movement. An aircraft movement consists of one takeoff or one
landing. The total number of movements per day at an airport

is the sum of all takeoffs and landings. The Port Authority
estimates of total traffic in the New York area are given in
terms of movements.

Aryival. An aircraft arrival represents one landing. Over a
period of time, the number of arrivals and deBartures (takeoffs)
from an airport are approximately equal.. Thus the arrivals at

a given airport are very closely equal to one-half the movements.
Flight. As used here, a flight represents a scheduled service
from a particular city into and out of the New York area. Thus
one flight implies a landing and a takeoff in the New York area.
The number of ""flights" are of interest in planning a route sys-—
tem to provide a specified passenger service, as is done in Sec-
tion V of this report.




account. Since the service to the cities considered represents 44 to

59 percent of the Port Authority estimate of domestic air carrier traf-
fic movements, it can be expected that substituting V/STOL aircraft for
some or all of the CTOL short-haul movements should have a significant
influence on increasing air traffic capacity of the New York region, if

noninterfering V/STOL operations can be accommodated.



ITI. ATIRCRAFT TYPES CONSIDERED

In each of the three time periods, VTOL, STOL,H and CTOL aircraft
are considered. In the earlier time periods, the aircraft considered
are limited to specific types and sizes which are either currently avail-
able (1970 time period) or in the design proposal stage (1975 time pe-
riod). In the 1980 time period, generic aircraft were used and effects
of different sizes explored in a more systematic manner. The aircraft
considered in each time period are summarized in Table 3. The passen-—
ger—carrying capabilities of the aircraft over various ranges are shown
in Fig. 1.

In the early time period (1970), only those types currently in pro-

duction are considered. These include:

o A helicopter capable of carrying 28 passengers to a distance of
about 200 mi at a cruise speed of 170 mph (representative of
the Sikorsky S-61 or the Vertol V107).

o A low-wing-loading turboprop capable of carrying 18 passengers
for 300 mi (representative of the de Havilland Twin Otter class).

o A conventional fan-powered aircraft carrying 90 passengers 350
mi (representative of the Douglas DC-9 or Boeing 737 class).

o A larger, longer-range, fan-powered aircraft capable of carry-
ing 119 passengers over the maximum range considered (760 mi)

(representative of the Boeing 727 class).

In the early 1970s larger helicopters will become available, and
compound helicopter designs will allow higher speeds and greater range.
Deflected-slipstream STOL aircraft will also be available and are being
studied in sizes as large as 100 passengers. CTOL aircraft will be only
moderately improved by 1975, but a 1500-mi large-capacity aircraft (air
bus) will be available for routes which benefit from it. The following

aircraft types have been considered in the 1975 time period:

>‘No definite takeoff distance is associated with STOL aircraft in
this study, but they have substantially shorter takeoff and landing dis-
tances than CTOL aircraft. All of the STOL aircraft considered are ca—
pable of takeoffs in less than 1500 ft.



Table 3

STUDY AIRCRAFT

Weight (1b) Engines Flyaway Cruise Cruise
A/C Passen- Max Cost | Crew| Speed | Altitudeb
Type gers Gross | Empty [No. Sized ($106) Size | (mph) (ft)
1970
VTOL 28 19,000 11,500 | 2 1,500 1.0 2 150 6,000
STOLC 18 11,600 7,200 | 2 600 0.38 2 185 10,000
CTOL 90 78,000 | 50,000 [ 2 12,000 3.2 2 600 25,000
119 161,000 | 85,500 | 3 14,000 4.7 3 600 25,000
1975
vroLd 70 56,900 | 34,600 | 3 3,300 2.9 2 250 2,500
30 23,500 14,990 | 2 3,600 1.7 2 230 2,500
STOLE 50 58,400 | 29,500 | 4 1,600 2.1 2 280 10,000
100 105,000 | 55,000 | 4 3,400 3.3 2 300 20,000
CTOL 300 320,000 (185,500 | 3 |35,000 9.0 3 560 30,000
90 78,000 | 50,000 | 2 12,000 3.2 2 600 25,000
1980
vToLf 60 63,700 | 43,400 | 3 3,990 3.0 2 440 15,000
90 89,900 | 58,800 | 3 7,800 3.7 2 440 15,000
120 114,400 | 73,800 | 3 9,900 4.3 2 440 15,000
200 168,000 |106,300 | 3 15,300 6.0 2 440 15,000
STOL® 60 49,400 | 30,400 | 4 3,400 2.3 2 440 25,000
90 67,400 | 40,000 | 4 4,650 2.8 2 440 25,000
120 87,100 | 51,000 ; 4 6,030 3.3 2 440 25,000
200 136,000 | 78,500 | &4 9,350 4.7 2 440 25,000
CTOL 60 49,600 | 32,700 | 2 7,500 2.8 2 560 30,000
90 60,000 | 36,600 | 2 9,000 3.0 2 560 30,000
120 75,200 | 44,800 | 2 11,300 3.1 2 560 30,000
200 120,800 | 70,700 | 2 18,100 3.7 2 560 30,000
300 176,000 |101,200 | 2 26,400 4.4 2 560 30,000
NOTE: The quantities tabulated include items necessary for the calculation

of operating cost as described in Sec. IV.

aThe size of VIOL turboshaft engines is expressed in shaft horsepower; STOL
turboprop engines, in equivalent shaft horsepower; CTOL turbofan engines, in
pounds of thrust.

bMay not be reached on short-range flights.

C

Low-wing-loading turboprop.

d

Compound helicopter.

eDeflected slipstream.

fFolded rotor.
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o A small compound helicopter capable of carrying 30 passengers
240 mi at 230 mph (based on design modification studies of cur-
rent helicopters by Lockheed and Sikorsky).

o A larger compound helicopter capable of carrying 70 passengers
320 mi at 250 mph (based on design studies of current technol-
ogy by Sikorsky).

o A deflected-slipstream STOL aircraft which can carry 50 passen-
gers the entire 760 mi considered (representative of the McDon-—
nell M-188 or a commercial version of the de Havilland Buffalo).

o A larger deflected-slipstream STOL aircraft which can carry 100
passengers the entire 760 mi considered (based on design stud-
ies of a larger version of the McDonnell M-188).

o A conventional turbofan-powered aircraft which carries 300 pas-—
sengers up to 1500 mi at 560 mph (representative of the air-bus
type).

o The same 90-passenger CTOL aircraft which was considered in the
1970 time period (representative of the Douglas DC-9 or Boeing
737 class).

By 1980 a number of possible V/STOL aircraft designs may be devel-
oped. The work done here is based on folded rotor designs, but it is
believed that when the uncertainties in technical and cost estimates
are considered, the cost estimated for these aircraft may be represen-
tative of any of a number of possible designs, such as tilt wing, stowed
rotors, fan-in-wing, lifting jet engine designs, etc. Improved STOL air-
craft, although they may still be of the deflected-slipstream type, will
be available, possibly in sizes larger than those considered in 1975.
There will continue to be modest improvements in CTOL aircraft. The
designs used here are based on design studies described in Refs. 1, 2,
and 3.

In designing aircraft in the future, an approximate investigation
was made to find the effect on the operator's annual cost of shifting
the design range at which the passenger—carrying capability begins to
decrease. The results indicated that aircraft designed so that this

range lay between 400 and 600 mi resulted in a modest cost saving over
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longer-range aircraft; they were still able to reach all of the cities
considered with slightly reduced passenger loads.

The aircraft considered in the 1980 time period are:

o A family of turboprop-powered folded-rotor VIOL aircraft which
cruise at speeds of 440 mph. These aircraft carry their max-
imum payload 400 mi, and have been designed in 60-, 90-, 120-,
and 200-passenger sizes.

o A family of deflected-slipstream turboprop-powered STOL aircraft
which cruise at speeds of 440 mph. These aircraft carry their
maximum payload 600 mi, and have been designed in 60-, 90-, 120-,
and 200-passenger sizes.

o A family of turbofan-powered CTOL aircraft which cruise at speeds
of 560 mph. These aircraft carry their maximum passenger load
400 mi, and are designed in 60-, 90-, 120~, 200-, and 300-pas-

senger sizes.

The cruise speeds of the VIOL and STOL aircraft considered in 1980
were selected so as to result in approximately the same trip time as the
CTOL aircraft. Because the times spent in takeoff, taxi, and approach
are less for the STOL and VIOL aircraft, their cruise speeds may be
lower than that of the CTOL aircraft, and this possibility allows some
reduction in the cost of building and operating the aircraft. Thus the
STOL aircraft may in some cases show lower costs for a given trip dis-
tance than the CTOL aircraft.

The primary technical advantage which the deflected-slipstream STOL
aircraft obtains over the CTOL aircraft as a result of the reduced ve-
locity is the ability to cruise on turboprop engines rather than turbo-
fans and to use a straight rather than a swept wing. The resulting ef-
ficiency of operation requires less fuel for a given payload and range,
and this in turn results in a smaller gross weight and less costly air-
craft. However, these advantages may be offset by the greater installed
power required to obtain the STOL performance.

The difference in trip time between CIOL, STOL, and VTOL aircraft
is one of the important driving functions in the study. The rules for

calculating gate-to-gate time for the aircraft studied are given in
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Table 4, and the times required by aircraft considered in trips of dif-
ferent distances are shown in Fig. 2. Because of the uncertainties re-
garding the performance of future aircraft and design decisions on op-
timum speeds, detailed comparisons of trip time are not justified, par-
ticularly in the 1980 time period. The general trend, however, shows

a reduction in time differences until there are probably no significant
differences between V/STOL and CTOL aircraft so far as trip time is con-
cerned by 1980. This situation would result from the advent of V/STOL
aircraft having high subsonic cruise speed capability, such as stowed
rotor, fan-in-wing, or high-speed turboprop designs. The distances
shown in Table 1 are assumed to be straight-line airport-to-airport
distances. The times and distances in Table 4 are added to them for

the purpose of estimating total flight times and fuel consumed.

Table 4

MISSION TIME AND DISTANCE ALLOWANCES®

Operation CTOL STOL VTOL

Close door, remove steps, start

engines, taxi out, min 8 3 1
Take off, min 1 1 1
Air maneuver time, min 6 1 1
Additional cruise distance in-

volved in approach and climb

out, mi 40 20 0
Taxi to gate, stop engines,

open door, min 7 2 1

%The values in this table depend not only on the char-
acteristics of the aircraft, but also on the manner in
which they are operated and on the design of the port and
air traffic control systems. The values selected do not
represent the best that could be accomplished if all parts
of the system were optimized, but are felt to represent
what is likely to be achieved, particularly in the earlier
time periods. For a more detailed examination of distances
over a number of specific routes, see Section VIII.
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IV. OPERATING COSTS

The annual costs of operating a service to each individual city
and of operating the entire system which serves all of the cities con-
sidered are determined in order to find the routes on which V/STOL can
compete and the significance of the differences in the total system
costs. These costs are airline operator costs, i.e., they include de-
preciation of the aircraft and any operator-owned maintenance facili-
ties, operating costs of aircraft, and overhead costs such as adminis-—
tration, insurance, and advertising. They also include the airline-ap-
portioned cost of local airports, terminal buildings, etc., apportioned
to landing fees, office rents, etc. They do not include that part of
the depreciation or operation of airports which is normally paid for
by the airport operator. Some discussion of these costs is included
in the study, however.

The operating costs of the aircraft considered were computed by
the method of Ref. 6 and modified for the additional maintenance, la-
bor, and materials associated with rotors and their drive systems by
the method suggested in Ref. 1. The method described in Ref. 6 includes
a procedure and factors for computing block speed based on the current
operation of CTOL aircraft. Since it was expected that V/STOL aircraft
should have reduced time delays in various portions of their flights,
the block speed computation method described in Ref. 6 was not used.
Tnstead, the flight times for the various aircraft considered were com—
puted with the assumptions shown in Table 4 of the previous section.

The total annual costs are composed of:

o Costs that are independent of the routes flown and of the type
or number of aircraft used.

o Operating costs (primarily fuel, flight crew, and maintenance)
that are functions of the type of aircraft, the route length,
and the total number of flights per year, but not of the num-
ber of aircraft in the fleet.

o Depreciation and insurance costs which are functions of the num-
ber and type of aircraft, but not of the routes over which they

are flown.
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Many of the costs described in Ref. 6 are functions only of the
number of passengers carried or the number of passenger-miles flown.
Since, in each time period, the number of passengers carried and the
passenger-miles flown by the total system per year are assumed to be
constant regardless of the types of aircraft being used, the annual
costs associated with these items can be determined independently of
the aircraft types operated over a particular route. These costs dif-
fer for each of the three time periods considered here because of the
difference in passenger demand assumed. The values of these costs are

given in Table 5 for each time period.

Table 5

SYSTEM ANNUAL COSTS WHICH ARE INDEPENDENT OF THE NUMBERS
AND TYPES OF AIRCRAFT USED

Total Total
Passengers Passenger-Miles Independent
per Year? per Year@® Annual Costs
Year (millions) (millions) ($ millions)
1970 15.5 6,075 112
1975 22.5 8,720 163
1980 28.8 11,500 211

8Includes passengers going both to and from New York.

Operating costs per seat and per trip for each of the aircraft used
in the study are shown in Figs. 3 through 8 as functions of the length
of the trip. The costs are displayed in this way because two types of
routes are considered. On one type, the number of aircraft employed is
determined by the passenger demand and the rapidity with which the air-
craft can be cycled back and forth over the route. For these situations
the cost per available seat is a first-order indication of the relative
annual cost. The second type of route is that in which a specified min-
imum number of flights per day is flown regardless of the passenger de-
mand. On this type of route, an aircraft having a low cost per trip
will lead to a lower annual cost, even though its cost per available

seat may be higher than that of a larger aircraft.
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The annual costs associated with depreciation and insurance depend]]
on the type and number of aircraft in the system but are independent of
the routes over which they are flown or the number of passengers which
they carry. The number of years over which the study aircraft were de-

preciated are shown in Table 6.

Table 6

DEPRECIATION LIFETIME (YEARS)

Year CTOL STOL VIOL

1970 12 12 8
1975 12 12 10
1980 12 12 12

Cost estimates, particularly of aircraft which have not yet been
designed, are necessarily uncertain. Because the estimates made here
represent the results of the application of a consistent costing pro-
cedure to all the aircraft\considered, it is hoped that it will produce
reasonable comparisons between the costs of different types of aircraft.
Comparative costs are the most significant to the conclusion of this
study. Current experience in the development of actual aircraft indi-
cates that actual flyaway costs may be substantially higher than orig-
inal estimates. Whether this increase will carry through to operating
costs of future aircraft is presently uncertain. Presumably the fac-
tors causing this increase would affect all new aircraft in a similar
manner regardless of whether they are CTOL or V/STOL, which would pre-
serve the same relative relationship.

If such cost increases are limited to flyaway costs only, they
will have only small effects on the total annual cost of serving the
cities considered here. As an example, the aircraft procurement cost
on the all-CTOL system studied for 1980 is less than 10 percent of the

total annual cost of serving the cities considered.
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V. ROUTE MODEL

It was apparent at the start of the study that it would be imprac-
tical to model the complete route systems of all the airlines serving
New York. Yet if the service of the limited number of cities consid-
ered was to be fully and accurately represented, this seemed to be nec-—
essary, since some portions of the trips from these cities are operated
as way-stops on longer-range flights to New York. Under these circum-
stances, introducing a short-range V/STOL aircraft to connect these
cities with New York would not reduce the number of arrivals at the
major airports by the number of V/STOL trips but by some lesser number,
as some of the long-range flights would continue operating to New York.
While this problem was recognized, it was decided to assume that all
cities considered were served from New York by nonstop round-trip ser-

vice. The reasons for this procedure were as follows:

o As the passenger demand increases in the future, nonstop oper-
ations can be expected to increase.

o The results obtained from this simplified procedure can be eas-
ily modified in situations where a quantitative estimate of the
number of way-stop flights is available.

o The number of routes on which this effect is strong is expected

to be small.

In the model constructed, each city is served from New York by a
round-trip operation, and only one type of aircraft is used to serve
each city. The passenger demand between New York and each of the cit-
ies considered was estimated as described in Section II and given in
Table 1. The number of flights per day required to serve each city
was determined by assuming an annual average load factor of 0.55. 1In
addition, it was required that all cities be provided with a minimum
of 14 flights per day to New York, even if this resulted in an average
load factor of less than 0.55. The minimum number of 14 flights a day
was tentatively selected after examination of Ref. 7, which indicated
that a number of the smaller cities considered here currently have an

average of 14 flights a day to New York.
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The load factor of 0.55 was taken from Ref. 6 as an average value
for domestic operation and from Port Authority records of load factors

(8)

of aircraft arriving in New York. To check the validity of these
two values, a system employing two CTOL aircraft, one a 119-seat "long-
range' turbofan and one a 90-seat ''short-range" aircraft, was construc-
ted to meet the demand estimated for 1970. Each of these two aircraft
was used for the routes on which it was the less costly. This system
produced 492 arrivals per day in the New York area. As described in
Section II, the actual number of arrivals per day at the study cities
is estimated to be between 410 and 550. In view of this, it was felt
that the 492 arrivals resulting from the assumption of a minimum of 14
flights a day and a load factor of 0.55 represented reasonable values
to use in the base case of this study. These assumed values were used
throughout the study.

In order to compute the rate at which aircraft on the high-demand
routes could be recycled, it was necessary to specify the time spent on
the ground as well as the gate-to-gate time described in Section III.
The estimates of time on the ground, based on Refs. 1 and 9, depend on
the passenger capacity and on whether the aircraft is to be cleaned out
and refueled or whether passengers are to be off- and on-loaded only.
It was assumed that refueling and cabin cleaning would be carried on
at one end of the line only. Tt was also assumed that increasing the
number of passengers above 100 did not increase the ground time; addi-
tional doors would be provided instead so that the number of passengers
per door does not exceed a maximum value. In estimating the ground times
given in Table 7, the full passenger capacity of the aircraft was used
on the basis that during peak periods of operation they will be fully
loaded, and that it will not be possible to anticipate fluctuations in
loading time when making up schedules.

The number of aircraft required for each route was determined from
the required number of flights per day, the cycle time required by the
aircraft to complete a roundMtrip, and the assumption that aircraft
were operated for a period of 14 hours per day. It is possible that
some cost savings might be made by using some aircraft on more than

one route. In the work done here, it was assumed that such sharing
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Table 7

GROUND TIMES VERSUS PASSENGER CAPACITY

Ground Time (min)
Passenger No Cleaning With Cleaning
Capacity or Refueling and Refueling
30 9 15
60 12 24
100 and up 16 36

did not occur; however, the effects of such sharing were investigated
in a few cases and found to be reasonably small. As an example, in the
CTOL aircraft system designed for 1970, a total of 119 airplanes was
found to be necessary if no sharing was done. If the maximum conceiv-
able amount of sharing was done, the number of aircraft required was re-
duced to 110. This number was determined by the total number of flight
hours per day required by the system, divided by 14 hours a day avail-
able for operation. Thus, this is a lower limit which could be reached
only if schedules could permit each aircraft to be used continuously

for the 14 hours a day allowed, which is exceedingly unlikely.

The route calculations may be summarized as follows:

o The number of flights* per day between New York and a specified
city was determined by dividing the number of one-way passengers
per day by 0.55 times the seating capacity of the aircraft and
rounding to the next higher integer, but the number of flights
per day was never allowed to be less than 14.

0o The number of aircraft required to provide these flights is de-
termined by multiplying the number of flights per day by the
cycle time, dividing by 14 operating hours a day, and rounding
to the next higher integer.

o With the number of flights per day over each route and the num-

ber of aircraft used on each route determined, the annual cost

*
Here a flight implies a round trip, i.e., one trip to and from
New York.
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of operating each route can be determined by the methods de-
scribed in Section IV. Costs of different aircraft operating
over each route can then be compared and total system costs

summed.
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VI. RESULTS OF INTERCITY COMPARISONS

In principle, the method used here results in a difference in cost
per passenger between V/STOL and CTOL aircraft which is a function only
of the length of the route and of the number of passengers carried over
the route per day. The route length determines the distance-sensitive
portion of the costs (see Section IV), while the daily passenger traf-
fic determines the number of aircraft of a given type which are required.

To illustrate the basic nature of the relation between these quan-
tities, a simplified calculation has been made comparing STOL and CTOL
aircraft in the 1980 time period. This calculation differs from those

used in most of the report in the following ways:

o Noninteger numbers of flights per day are allowed. (In the re-
fined calculations, the flights per day are rounded to the next
higher integer.)

o Noninteger numbers of airplanes are allowed in the fleets.
(Again, the refined calculations increase the number of aircraft
required to the next higher integer.)

o Aircraft are assumed to be available in any size desired, and
the lowest-cost aircraft size is selected for each route. (In
the refined calculations, only a finite number of aircraft sizes
are considered: 60-, 90-, 120-, and 200-passenger STOL aircraft
and 60-, 90-, 120-, 200-, and 300-passenger CTOL aircraft.)

The assumption of a minimum of 14 flights per day was retained in
the simplified calculations.

The results of the illustrative calculations are shown in Fig. 9.
It can be seen that the per—-passengerllcost advantage of CTOL over STOL
aircraft increases with the length of the trip and with the number of
passengers traveling the route per day.

The cost difference between CTOL and STOL aircraft is due to two
factors: the reduced distance covered by STOL due to its more direct
routing, and the cost penalties associated with the additional weight
and complexity necessary to obtain the STOL capability. The effect of

the shorter distance decreases as the length of the flight increases
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(from 10 percent at 200 mi to 3.8 percent at 760 mi). Thus, the costs
of CTOL aircraft become lower relative to those of STOL aircraft as the
range increases.

With the types of STOL and CTOL aircraft studied, and with the
technical and cost estimates made here, small STOL aircraft are found
to be relatively less costly compared to CTOL aircraft of the same size
than large STOL aircrafty* When this effect is combined with the 5?@%1—
ously discussed effect of ranée, it is found that STOL aircraft compete
best on short routes, where the demand is low enough to allow the use
of small aircraft.

The more detailed results differ from the costs shown in Fig. 9 be-
cause of the differences described above. While these differences may
produce only small changes in cost, it should be noted that the passen-
ger cost increments shown between CTOL and V/STOL aircraft are not a
large portion of the total trip cost (total cost for a 200-mi trip is
approximately\$18). Thus rather small changes in total cost of one type
of aircraft can result in significant changes in the difference in cost
between CTOL and V/STOL aircraft. The results of the more detailed cal-
culations are discussed below.

The intercity comparisons show the number of conventional arrivals
at the major airports, the number of V/STOL arrivals in the New York
area, and the number of passengers using V/STOL; they relate these data
to the cosz** differential between V/STOL and CTOL aircraft. This is
done on the assumption that each pair of cities is served entirely by
either V/STOL or CTOL aircraft, whichever can offer the lower passenger
cost. Since in practice many cities would be served by a combination
of the two, the results shown here must be considered as the potential
market for V/STOL, which may not be fully realized. The results are
presented in Figs. 10, 11, and 12.

On these figures, each point represents service between New York

and a particular city. The points have been ordered according to

“This result is dependent on the assumption that the STOL aircraft
are turboprop powered and the CTOL aircraft considered turbofan powered.

JOYO
xS

Passenger cost on a particular route is the total annual cost of
maintaining the service (as defined in Section IV) over that route di-

vided by the number of passengers moved over the route in a year. Thus
it is not strictly equal to the fare but is directly related to it.
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increasing V/STOL passenger cost increment (a positive increment indi-
cating a V/STOL passenger cost which is greater than that for CTOL air-—
craft). The passengers per day have been cumulated from city to city.
Thus the plots can be interpreted as the potential passenger demand for
V/STOL, corresponding to a specified maximum passenger cost increment
and the corresponding CTOL and V/STOL arrival rates, assuming that all
cities having less than the specified passenger cost increment are

served entirely by V/STOL.

1970 RESULTS

In the 1970 time period, four aircraft have been considered. One
is a 119-passenger 'medium-range" conventional turbofan transport.
"Medium range" means that the aircraft can carry its maximum passenger
load well beyond the 760 mi which is the maximum range considered here.
The second aircraft is a 90-passenger "short-range" CTOL turbofan which
carries its maximum passenger load over a distance of 300 mi. The STOL
aircraft: considered is an 18-passenger turboprop aircraft, and the VTOL
aircraft is a helicopter which will carry 28 passengers over a 200-mi
range. Cost and performance data on these aircraft are given in Sec-
tions IT and III. A larger STOL aircraft, such as the M-188, may be
available in the early 1970s, but probably not in quantity; therefore,
in this study, such an aircraft was included in the 1975 but not in the
1970 comparisons.

A base case consisting of only CTOL aircraft was defined by using
the medium-range and short-range CTOL aircraft, each on the routes where
it was the more economical. The resulting CTOL-aircraft route system

is described as follows:

Total one-way passengers/day.....eeeeeeeeeon. 21,200
Total aircraft arrivals/day in New York...... 492
Total annual system cost, $ millions......... 332
Total annual passenger-miles (millions)...... 6,070
Average cost/passenger, S...ciiiiiiiiiiaaann. 21.5
Average cost/passenger-mile, S.....ciiveioniann 0.055

As indicated in Fig. 2, neither the STOL nor VIOL aircraft consid-

ered in this time period can match the gate-to~gate time of the CIOL
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aircraft except over ranges less than the shortest route in this system
(130 mi to Albany). Examination of the cost comparison curves shown in
\Fig. 6 indicates that neither the STOL nor VTOL aircraft would be expect-
\ed to compete in terms of cost with the CTOL aircraft on routes where

the number of trips is determined by the need to meet passenger demand.
The only area in which these aircraft may be more economical than CTOL
aircraft, then, is on low-demand routes where the number of trips is

met by a frequency-of-service requirement. They are superior on these
routes because the V/STOL aircraft considered are smaller than the small-
est CTOL aircraft considered (DC-9, 737 class), hence cost less to oper-
ate per flight than the larger aircraft carrying the same small number

of passengers.

The use of STOL aircraft will be considered first. The route-sys-
tem calculations (Fig. 10) show that they are less costly than the short-
range CTOL aircraft on runs to Albany, Utica/Rome, and Providence, and
that the two types are about equal on the route to Baltimore. On the
runs to Utica/Rome and Baltimore, the STOL aircraft requires about 17
min more than the CTOL aircraft. On the Albany and Providence runs,
the STOL aircraft requires only about 6 min more. These four cities
have a total demand of 1177 passengers a day, or about 5.5 percent of
the total demand for all the cities considered.

One of the primary reasons for the introductioﬂ of STOL aircraft
in the near future may be potential avoidance of the air and ground
traffic delays which increase the total trip time of CTOL aircraft. 1If
STOL aircraft can avoid these delays, either by going to a separate STOL
port or by operating in the existing airports separately from the CTOL
aircraft without air traffic delays, then the available market may in-
crease substantially. To investigate this, a situation was studied in
which 1970 STOL aircraft were used on all routes where their gate-to-
gate time exceeded that of CTOL aircraft by 30 min* or less. The re-
sults given in Table 8 show a very large increase in passengers served

by STOL, primarily because with the 30-min time increment, both\Wash—

Kffgton,'D.C. and Boston become potential STOL markets. If all of the

%
>Thereby giving the same gate-to—gate time as CTOL operations with
an average 30-min delay.
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Table 8

COMPARISON OF SELECTED CONVENTIONAL AND V/STOL SYSTEMS
(connecting New York with cities up to 760 mi distant)

Daily
Number of Passengers Total Annual Maximum
Cities Served by Operating Increment? o
Served by V/STOL Cost Afrcraft Arrivals per Day Pagsenger Timeb
V/STOL Number | % ($ millions) | CTOL | STOL | VTOL | Total Cost ($) | (min)
1970
0c 0 0 332 492 0 e 492 e .
4 1,177 5.5 329 436 120 e 556 0 +7
7 9,609 45.2 405 276 941 [ 1,217 +13.9 +30
0 0 0 332 492 e 0 492 Ve ees
3d 871 2.6 331 450 v 58 508 0 +15
7 9,294 43.8 381 276 Ve 605 881 +14.7 +30
1975
0 ] 0 397 407 0 oo 407 e P
12 6,680 21.7 388 230 199 aee 429 0 +66°
19 23,300 75.6 414 60 513 “es 573 +2.50 +66f
0 0 0 397 407 e 0 407 e e
5 2,160 7.0 391 337 vee 70 407 0 +8
9 15,240 49.5 432 121 “es 411 532 +5.00 +15
1980
0 0 0 426 503 0 ‘e 503 e ‘oo
15 8,943 22.6 423 267 252 e 519 0 -98
26 30,800 78.0 439 71 496 cee 567 +2.50 -98
0 0 0 426 503 e 0 503 e oo
4 1,928 4.9 424 447 - 60 507 0 -158
10 15,200 38.5 438 328 Ve 211 590 +2.50 ~-158

81 crements are between V/STOL and CTOL aircraft; + indicates V/STOL cost or time 1s greater than
CTOL. Italic numbers are basis for comparison for case shown, either a specified maximum increment
in time or passenger cost.

bGate—to—gate elapsed trip time.

€STOL aircraft serve Albany, Baltimore, Providence, and Utica/Rome.

dVTOL aircraft serve Albany, Providence, and Utica/Rome.

eDropping 4 cities with total demand of 2220 passengers/day reduces time increment to 15 min.
fDropping 6 cities with total demand of 3260 passengers/day reduces time increment to 30 min.
8y/STOL times are less than CTOL on short routes.



traffic from cities made eligible for STOL service by the 30-min time
increment were to use STOL, Table 8 indicates that STOL air traffic in
the New York area might well become unmanageable. There would be 941
STOL flights arriving per day, substantially more than the total of 492
arrivals by the all-CTOL system. Thus, air-traffic congestion for STOL
ports and strips might become a serious problem. The 941 arrivals im-
ply about one per minute on the average over a l4-hr day, and during
peak hours the arrival rate might approach 90 aircraft per hour. This
difference in arrival rates is due to the small size of the STOL air-
craft considered in this time period compared to the CTOL aircraft they
replace.

However, the STOL cost differentials make the development of this
amount of traffic unlikely-—-$14 to Washington and $12 to Boston. Thus,
STOL probably would not attract much traffic unless delays in the con-
ventional system should become extreme. If a larger STOL aircraft
should become available, the cost differentials can be reduced signifi-
cantly. This possibility is considered for the 1975 time period.

Regarding VIOL aircraft, the only one considered in the early time
period (1970) is a conventional 28-passenger helicopter. As indicated
by Fig. 6, this aircraft would not be expected to compete economically
with either the CTOL or the STOL aircraft on those routes where the num-
ber of flights is determined by the passenger demand. On routes which
are determined by frequency of service, the helicopter has a lower cost
for ranges under 200 mi than the CTOL aircraft but is more costly than
the STOL aircraft. The time curves (Fig. 1) show that the helicopter
is slower than the CTOL aircraft at ranges above 100 mi but is compet-
itive with the STOL aircraft.

In this situation there are no routes on which the VIOL aircraft
has an advantage over all of its competition; however, if STOL is not
considered, Fig. 10 shows that VTOL could compete in terms of cost on
the runs to Albany, Providence, and Utica/Rome, and could cost only
about $1.50 more than CTOL aircraft on the run to Baltimore. As with
the STOL aircraft, the VTOL requires more time on these runs than CTOL
aircraft—--up to 20 min longer. Thus, even though the VIOL costs are

less ($3.40 to Utica/Rome and $1.70 to Albany), their use will probably
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depend strongly on the possibility of delays in the CTOL system or the
desirability of serving a downtown vertiport. The effect of using VIOL
aircraft on those routes where they offer lower costs, and on all routes
where their gate-to-gate time difference is less than 30 min, is shown
in Table 8.

It can be seen that if VTOL is restricted to only those routes on
which it offers lower costs than CTOL, it produces only a small effect
on the arrival rates of CIOL aircraft: Table 8 indicates a reduction
of three CTOL arrivals per hour on the average. This might amount to
four per hour during the peak period. If VIOL service were to extend
to all the cities in which its gate-to-gate time was less than 30 min
longer than that of CTOL aircraft, a very substantial reduction in CTOL
arrivals could result, but this reduction would be accompanied by very
heavy VIOL traffic and a large increase in total traffic in the New
York area. As with STOL, the high fares associated with VTIOL on the
runs having greatest passenger demand (a fare increment over CTOL air-
craft of $12 to Boston and $14 to Washington) probably will prevent any-
thing like the extensive use of VTOL indicated by Table 8.

It will be noted that in the 1970 time period the cost differen-—
ces for STOL and VIOL are very nearly identical. This is because only
specific sizes and types of aircraft were considered, the helicopter be-
ing larger (28 versus 18 passengers) but slower than the STOL aircraft,
and because of the difference in nonproductive flying time assumed (Table
4). The result happens to be nearly equal costs in the runs of inter-
est. It should not be inferred that VTOL and STOL have equal costs in
general, and the results of the later time periods will demonstrate the

differences.

1975 RESULTS

In the 1975 time period, five new aircraft are expected that offer
significant advantages over those considered in 1970. These include a
300-passenger CTOL aircraft, a deflected-slipstream STOL of .either 50-
passenger or 100-passenger size, and two compound helicopters, one 70~

passenger and one 30-passenger.
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A base case consisting of a system using only CTOL aircraft was

first constructed. Two alrcraft were used: the 300-passenger CTOL,

and the same 90-passenger CTOL considered in the 1970 time period. The

300-passenger aircraft proved to be the more economical on six of the

most heavily traveled longer routes (Boston, Chicago, Detroit, Washing-

ton, D.C., Buffalo, and Atlanta). The 90-passenger aircraft was supe-

rior on the other routes.

As a result of the use of the 300-passenger aircraft, the total ar-

rivals per day dropped from the 492 obtained in 1970 to 407 in spite of

the increased demand shown in Table 1. The characteristics of the 1975

CTOL aircraft system are given below:

Total one-way passengers/day....cceeeeeean. cenen

Total aircraft arrivals/day in New York.........
Total aircraft annual system cost, $ millions...

Total annual passenger-miles, millions.........
Average cost/passenger, S...ceiiinieinaenaaanans
Average cost/passenger-mile, $........ Cereeeeee

The effects of introducing STOL and VIOL aircraft

30,800
407
397

8,720
18.8
0.049

into this system

are shown in Fig. 11. 1In this time period, when both STOL and VTOL air-

\craft are assumed to be available in sufficient variety that more ap-

propriate sizes can be selected for each route than in

STOL is significantly more economical than VIOL. STOL
ating at the same or lower cost than CTOL aircraft can

sengers per day from 12 cities, or about 22 percent of

——

the l97drperiod,
aircraft oper-
serve 6680 pas-

the demand from

the cities considered. This is sufficient to reduce the arrival rate

of CTOL aircraft from 407 to 230, while bringing 199 STOL aircraft per

day into the New York area.

Two specific situations of interest are summarized in Table 8. 1If

passengers are willing to pay as much as $2.50 additional for STOL ser-

vice, either to avoid congestion or to arrive at a convenient site, STOL

aircraft might take over 23,300 passengers a day or 76 percent of the

traffic considered. 1In this case, CTOL traffic would be reduced to 60

arrivals per day, but there would be 513 STOL arrivals per day. As in-

dicated in Table 8, however, some of these cities may be served better

by CTOL aircraft because of the large time penalties associated with the

STOL.
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It should be noted that in the 19-city case, where some STOL costs
were as much as $2.50 higher than CIOL, the total cost of the system
using STOL was actually only 4 percent higher than that of the CTOL sys-
tem. Thus, if a large operator wanted to introduce STOL aircraft, it
might be possible for him to adjust the fares to show only small aver-
age differentials in fares throughout his system.

During the l4-hr operating day assumed, the 12-city STOL system
would have an average of about 7 STOL aircraft on the ground at any mo-
ment in the New York area (possibly 10 during peak hours) and a passen-
ger flow of 500 passengers per hour on the average.

The VTOL aircraft considered in 1975 are two compound helicopters,
a 70-passenger and a 30-passenger. In comparing these two vehicles,
the 70-passenger was found to be more economical than the 30-passenger
over every route on which they competed, with the exception of the run
to Utica/Rome, where they had equal costs.

The results of using VIOL aircraft are shown in Fig. 11. It can
be seen that they are never as economical as STOL but may be more eco-
nomical than CTOL aircraft on short routes (Philadelphia, Albany, Prov-
idence, Utica/Rome, and Baltimore).

If required to operate at no greater fare than CTOL, they can be
used on only these 5 routes and serve only 2160 passengers per day. If
a higher fare is considered acceptable, they can serve more passengers,
but the fare increment must reach as much as $5 before they experience
a large demand increase. With a $5 fare increment, VIOL could serve
up to 15,000 passengers a day. The characteristics of two possible

VTOL systems are given in Table 8.

1980 RESULTS

The 1980 time period is the only one studied in which it was pos-
sible to consider aircraft of any size in either CTOL, STOL, or VIOL
designs. Consequently, it was necessary to investigate the best sizes
of aircraft to be used on the routes considered. The design and cost-
ing assumptions for aircraft made this far in the future involve what
may be significant uncertainties. While one cannot predict their rel-

ative magnitude, it is reasonable to believe that these uncertainties
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are greatest for the VIOL aircraft and least for the CTOL aircraft sim-—
ply because VTOL and to a lesser degree STOL involve greater technical
advances.

As a base case, a system was laid out that relied entirely on the
use of CTOL aircraft to meet a demand consistent with the traffic esti-
mates of Table 1. As previously described, aircraft of 60-, 90-, 120-,
200~-, and 300-passenger capacity were considered. For each route con-
sidered, the aircraft size resulting in the lowest cost was selected.

It was found that the 60-passenger size could be eliminated from the
system entirely without increasing the total system cost, although there
were a number of routes on which the 60- and 90-passenger aircraft re-
sulted in almost equal cost. The base case was chosen without 60-pas-
senger aircraft, as this resulted in fewer arrivals in the New York area.
However, the effect of using 60-passenger aircraft on those runs in
which they competed with the 90-passenger aircraft is also shown.

The 300-passenger aircraft served only five cities (Boston, Chicago,
Detroit, Washington, D.C., and Buffalo), and these cities accounted for
59 percent of the passenger traffic and about 30 percent of the arrivals.

The major features of the 1980 system using CTOL aircraft are shown below:

Total one-way passengers/day........... ceeeeee.. 39,500
Total aircraft arrivals/day in New York......... 503
Total aircraft annual system cost, $ millioms... 426
Total annual passenger-miles, millions......... . 11,500
Average coSt/passenger, $...ceieiieciiiiiaiacnann 14.8
Average cost/passenger-mile, $...ciiericeniaanan 0.0371

If a 300-passenger CTOL aircraft is not available and a 200-passen-
ger aircraft is substituted for it, the arrivals per day increase from
the 503 shown to 576. If a 60-passenger aircraft is used on the routes
where it is competitive with the 90-passenger aircraft, the arrivals per
day are increased from 503 to 532.

The effects of introducing STOL and VTOL aircraft into this CTOL
aircraft system are shown in Fig. 12. It can be seen that by 1980.

STOL aircraft will be extremely competitive with CTOL. The figure in-
dicates that STOL aircraft could take over all of the traffic to the

cities considered without incurring a fare increase of more than about
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$5 in any route and, as indicated in Fig. 1, without a significant dif-
ference in gate-to-gate time.

It STOL were limited to only those cities in which its fares were
approximately equal to those of CTOL aircraft (within $.50), it could
still serve at least 9000 passengers a day and could result in a reduc-
tion in CTOL traffic of 236 arrivals per day. Because of the large size
of STOL aircraft which might be available in this time period, there is
no significant increase in the total number of arrivals per day due to
the use of STOL. This system results in an average arrival rate of 18
STOL aircraft per hour and 638 passengers per hour.

The characteristics of two interesting STOL systems are given in
Table 8. If, because of more convenient access to the STOL ports or be-
cause of traffic delays in conventional systems, passengers are willing
to pay as much as $2.50 in higher fares to travel by STOL, then as many
as 78 percent of the passengers would travel by STOL, and the CTOL arriv-
als would be reduced by 432 flights per day. In this case, there would
be an average of 496 STOL arrivals per day, or 35 per hour, and passen-
gers would arrive at STOL ports at an average rate of 2200 per hour.
There would be approximately 25 to 30 STOL aircraft on the ground at
any one moment in the New York area. The expanded version of the Secau-
cus Stolport, as presently planned, has eight gate locations. Thus, it
would clearly be inadequate to handle this amount of traffic, and either
a larger STOL port or multiple STOL ports would be needed.

The VIOL aircraft considered in 1980 are of the folded-rotor type
and are studied in sizes of 60, 90, 120, and 200 passengers. They are
found to be generally more costly than STOL aircraft (Fig. 12), but on
a few of the shorter runs (Albany, Providence, Utica/Rome, and Philadel-
phia) they are less costly than CTOL aircraft and, as shown in Fig. 2,
have a lower gate-to-gate time. All of these routes appear to be served
best with a 60-passenger VIOL machine. These four cities, however, ac-
count for only about 5 percent of total passenger traffic (Table 8).

The number of routes suitable for VIOL increases rapidly as the allow-
able cost increment is increased.

If VIOL is used on all routes where its use results in a cost equal

to or less than $2.50 above that for CTOL aircraft, the number of cities
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served would increase to ten, and the fraction of passengers served by
VTOL would increase to 39 percent. It should be noted that while fares
to individual cities might be as much as $2.50 higher if each route is
required to pay for itself, the total operating cost of the system us-
ing VIOL is only 3 percent higher than that of the CTOL system. Thus,
if a large operator desired, he could spread the cost of the VIOL ser-
vice over his total system by a 3 percent increase in all fares over
those of CTOL aircraft.

If VIOL is used only on those runs where it can compete with CTOL
aircraft, then it will take only a very small fraction of the market
and will result in an 11 percent reduction in CTOL aircraft arrival
rates. Assuming that VIOL arrivals can be accommodated independently
of CIOL, this could represent a useful, although not large, reduction
in arrivals.

If higher fares are acceptable for the VTOL aircraft because they
operate from close-in ports and thus provide greater convenience for
some passengers, the use of VIOL might result in very large reductions
in the arrival rate of CTOL aircraft. This reduction is accompanied by
correspondingly large VIOL arrival rates and an increase in total ar-
rival rate. The case shown in Table 8 for a $2.50 maximum increase in
fare indicates a reduction of 175 flights per day by CTOL airecraft in
exchange for a VTOL arrival rate of 211 flights per day and a VIOL pas-
senger rate of 15,200 passengers per day in each direction. With this
level of activity, there would be an average of eight to ten VIOL air-
craft on the ground in the New York area at any moment. (During the
peak hours there might be as many as 13 VTOL aircraft on the ground.)

The passenger rate at the peak hours might run to 1500 per hour.
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VII. V/STOL IN INTRACITY APPLICATIONS

At the present time, V/STOL accounts for only a very small fraction
of the passengers delivered to the major airports. The high fares (com-
pared with those of ground transporation systems) and the limited number
of landing sites (as opposed to the number of points accessible by taxi
or subway) combine to limit the use of V/STOL to those who place a high
value on time and whose origin or destination is convenient to one of
the existing V/STOL delivery points. While future V/STOL aircraft will
allow somewhat lower fares and new sites may be established, it is also
probable that there will be substantial improvements in ground systems,
such as train service from downtown Manhattan to Kennedy Airport, and
increased freeway capacity.

Thus, while augmentative helicopter and air-taxi service may grow
with the increased demand for air travel, it does not appear likely that
V/STOL could be expected to take over a major fraction of the airport
access traffic in the immediate future (1970 and 1975 time periods) un-
less a radical change in the situation occurs. For this reason, it was
decided to limit the investigation of intracity V/STOL to the 1980 time
period, since by that time increasing ground congestion and lower V/STOL
fares might result in V/STOL handling a major fraction of the airport
access traffic.

By 1980, in addition to the technical advances in V/STOL aircraft,
there may be considerable development of peripheral airports around New
York. (Numerous airports already exist.) These airports will, of ne-
cessity, be located at considerable distances from downtown Manhattan.
Thus many passengers may find it more convenient to drive their cars
to the nearest peripheral airport and take V/STOL aircraft to a major
airport rather than drive directly to the major airport. At present,
two possible locations for new (or much expanded) airports are Westchester |
and Solberg Hunterdon. Wéstchester would presumably be a small feeder
airport, while Solberg Hunterdon might be a major general-purpose air-
port. The straight-line distané; between these sites is approximately
65 mi; the road distance is longer, and heavy traffic is common. It

can be expected that passengers whose trips originate near Westchester
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will choose to drive to Westchester and take a V/STOL to Solberg Hunt-
crdon rather than drive to Solberg Hunterdon or to downtown New York
to connect with a high-speed rail link. The number of passengers who
would find the procedure advantageous from a time-saving point of view
has been estimated in Ref. 10. It is found there that if Westchester
is used entirely as a feeder airport (i.e., no airline service to other
cities is offered at Westchester), 5.8 million people may fly between
Westchester and Solberg [Hunterdon in 1980.* If airline service to short-
haul cities is available at Westchester, the number of 1980 passengers
transferring to Solberg Hunterdon;is reduced to 3.6 million. In either
case, it is clear that the development of airports in those locations
could lead to a substantial demand for between-airport air service.
This reasoning assumes that full service to all destinations, both long-
and short-haul, will not be available from each peripheral airport.
While the availability of such service would reduce or eliminate
inter-airport travel, it appears that restrictions on runway length,
noise, and the level of daily activity, as well as the difficulty of
matching the service between each airport and each destination to the
demand, will prevent the development of uniform service from all airports.
Costs which might be possible on the Westchester-Solberg ﬁunterdon
route are shown in Fig. 13. It was assumed that it would be necessary
to provide at least one flight every 30 min throughout a l4-hr day.
Two aircraft types were considered: Ba compound helicopter with a ca-
pacity of 100 passengers over short ranges, and a deflected-slipstream
STOL with a capacity of 130 passengers. As shown in Fig. 12, the STOL
and VTOL aircraft are quite competitive on costs for most levels of pas-
senger demand at this short range. If the passenger demand drops below
2000 passengers a day (plus an equal number going in the opposite direc-
tion), the costs rise sharply because the need to maintain 30-min ser-
vice results in low load factors unless smaller-capacity aircraft are
used. However, if anything like the estimated demand should occur, it

will be well above the 2000-passenger mark. The 3.6 million passengers

* .

This estimate of passenger volume assumes that delays due to air
and ground congestion will average 10 min per passenger trip at Kennedy,
La Guardia, and Newark airports.
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per year estimated in Ref. 10 corresponds to 5000 passengers a day in
one direction. Figure 13 indicates that fares for this volume might
be on the order of $8.50 to $10. The gate-to-gate time of the V/STOL
trip will Bé7ap§£b§iﬁétéi§ﬁédwéiﬁ:”and if an average waiting time for
V/STOL service of 5 to 8 min is added, the entire trip should take ap-—
proximately half an hour. Compared with the time and cost involved in
driving from the Westchester area to Solberg Hunterdon, the V/STOL ser-
vice would appear attractive enough to draw a substantial number of pas-—
sengers. To serve the 5000 passengers per day would require from four
to six arrivals per hour at each airport. Probably, these arrivals
could be accommodated without interfering with CTOL aircraft operations

(see Sec. VIII).
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VIII. V/STOL OPERATIONAL ENVIRONMENT

The preceding analysis is based upon the assumption that V/STOL
and CTOL aircraft can be operated in the New York area simultaneously
without mutual interference. However, airspace used in the New York
terminal area and surrounding environs is already so congested that de-
lays frequently occur, often in good as well as poor weather. Because
results show that substitution of V/STOL aircraft on some short-haul
routes produces a greater combined total arrival rate than CTOL air-
craft alone, some consideration must be given to the question of the
feasibility of V/STOL aircraft operating in such a manner that they re-
lieve rather than add to congestion, and that their operations are ad-

ditive to and not merely replacements for CTOL operations.

V/STOL OPERATIONAL CHARACTERISTICS

In the design of an overall V/STOL operational environment within
an already congested terminal area such as New York, it is important to
integrate the operations into the total airspace environment, particu-
larly terminal areas, so that they do not interfere with CTOL operations
and vice versa. Moreover, the V/STOL operational environment should be
configured to exploit to the utmost the peculiar characteristics of this
class of aircraft to offset their higher costs per passenger seat mile.
Consequently, it is apparent that V/STOL aircraft should not be oper-
ated in the same manner as are CTOL aircraft, with circuitous ingress
to and egress from airports, long final approach paths, frequent ground
and airborne delays, long taxi routes from gate to runway, etc. Rather,
V/STOL aircraft should operate over the most direct routing possible
from close-in airports or V/STOL ports, minimize nonproductive operating
time (ground and airborne), and use the most efficient altitudes compat-
ible with available airspace and relatively short route lengths. These
goals suggest that V/STOL flight profiles should be largely at low al-
titudes while serving special, close-~in V/STOL airports, which would
incorporate short runways with special landing aids and gates as close

to the runways as safety permits.
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The following major factors comprise the design elements of a

V/STOL operational system:

Aircraft (performance characteristics)
Airspace (allocation and configuration)
. Navigatiogggha ;;hio aids

Air traffic control

. V/STOL port (locations and design)

(= R T " R \
. . . .

Route structure

Each of these elements, integrated into the system, should be com-
patible with (1) the operational objectives, (2) limiting noise to ac-
ceptable levels, and (3) ensuring the safety of passengers and individ-

uals on the ground.

Aircraft Performance Characteristics

Table 9 lists typical V/STOL aircraft considered in this study for
each of the three time periods, with emphasis on those performance pa-
rameters which most strongly influence the system design.

Qualifications on some of the data are appropriate. When a range
of speeds is available, especially in VTOL cases, the approximate lim-
its are shown. However, because of the higher costs associated with
low VIOL flight speeds (demanding high power with high fuel consumption
and greater strain and wear on the power drive system, engine, etc.), Il
the upper ends of the ranges are more appropriate for determining VTOL

\airspace needs for maneuvering, approach, and landing.

Typical cruising speeds are shown for each aircraft in low-, me-
dium-, and high-altitude regimes as applicable. Early-period helicop-
ters cruise most efficiently at low altitudes, and the early-period STOLs
can cruise either at low or medium altitudes, but not much above 10,000
ft for lack of pressurization. However, the gain in cruising speed at
medium versus low altitude is small. 1In the 1975 time period, all V/STOL
aircraft can cruise at low or medium altitudes, although for the first
three listed, the speed differences are small. The larger of the two
STOLs can also cruise at high altitude, but again the speed increase

is small and probably does not offset reduced speed associated with
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Table 9

TYPICAL AIRCRAFT PERFORMANCE PARAMETERS (ACTUAL AND ESTIMATED)

Landing/ Typical Cruise
Takeof f Speed (kn) Cruise
AlC Speed (kl? Distanced ["Tow | Med | High Rangeb
Type | Designation Lanj}nga Approach Maneuver® (ft) Alt® | Alt Alt8 (n mi)
1970
VIOL | 5-61 series 0-30 40-90 50-100 50-200 ’ 122 .. .. 240
v-1071I1 0-50 50-95 50-100 50-200 135 .e .. 215
STOL | DHC-6 62 70 100 1230 155 165 . 200
CTOL | DC-9 series 110 125 165-200 5500 3007 350 460 300-660
1975
VTOL | CL-1026 0-40 50-100 50-100 50-200 200 200 .. 200
CL-879 0-40 50-100 50-100 50-200 210 220 N 250
STOL MD-188H 66 72 100 870 215 230 .. 680
MD-ST 34D2 73 81 110 1850 225 240 250 400-680
CTOL DC-9 series 110 125 165-200 5500 300 350 460 300-660
DC-10 bus 127 140 190-250 5700-7000 300 400 540 2500-3200
1980
VTOL design study 0-40 50-100 50-100 50-200 280 320 360 400
STOL | design study 80 100 120-150 1850 280 | 320 | 360 600
CTOL | design study 135 150-180 210-250 5500 300 400 500 400

NOTE: Italic entries represent estimated data; potential or actual aircraft data were not available.
All other entries are manufacturers' specified performance data.

aTaken at 10 percent greater than stall speed.

bTaken at 25 percent greater than stall speed.

CTaken at 50 percent greater than landing speed.

dLanding or takeoff distance standard day, S.L., whichever is greater, over 50-ft obstacle.
€3000-5000 ft nominal.

f10,000—15,000 ft nominal.

£20,000-30,000 ft nominal.

hFull gross weight, maximum passenger load.
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climb to altitude on relatively short routes. In the 1980 time period,
all aircraft are expected to operate with increased speed and efficiency
as altitude increases, particularly at high versus medium altitudes.
Therefore, on sufficiently long route distances (usually greater than
250 to 300 mi) where reduced climb speed can be offset by higher cruis-
ing speeds, cruise at high altitude can produce an increased average
triplspeéi”£block speed).

How do ai%éfaft performance characteristics influence operational
environment, particularly airspace allocation and design? Maneuvering
speed directly influences the amount of airspace that must be allotted
for maneuvering in the terminal area and in the V/STOL port control
zones. For example, a STOL or VIOL at 80 kn has a turning radius, in
standard 3-deg/sec rate of turn, of about 0.5 n mi, versus a DC-9 CTOL
jet radius at 165 kn of about 1 n mi. Therefore, to execute a 180-deg
turn, a common maneuver before final approach and landing, a V/STOL re-
quires a control-zone radius of 1.5 to 2 n mi versus a CTOL control-zone
radius of 4 to 5 n mi (both about twice the turn diameter for safety,
and dependent upon position knowledge and accuracy).

Aligning an aircraft on the final approach path of the Instrument
Landing System (ILS) is essentially a time-oriented maneuver. There-
fore, for equal time at half the speed, a V/STOL requires only half or
less the distance that a CTOL needs, both beyond the outer marker bea-
con for localizer (course) alignment and inside the same marker for
glide-slope alignment to establish the proper descent flight path. Al-
though CTOLs normally begin their alignment procedures about 7 mi from
the runway touchdown point (3 mi or more beyond the outer marker, which
is normally 3.5 to 4.5 mi from touchdown), a V/STOL usually requires
less than half this distance. Moreover, using accurate navigation and
a modern landing aid with a higher descent angle than that provided by
the current ILS, as little as 1 to 2 mi could be adequate for V/STOL
approaches.

Landing at about one-half the speed of CIOL jet aircraft, which
require between 5000 and 10,000 ft of landing and takeoff runway, de-
pending upon size and other factors, a V/STOL requires little more than

1000 to 1500 ft. The shorter runway length requirements not only permit
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much smaller ports, but also reduce the radius of the airspace allocated
to the port control zone.

It is seen, therefore, that the performance characteristics of
V/STOLs permit the allocation of considerably less airspace than need

be allotted to CIOLs.

CTOL Airspace Utilization

The approximate allocation of airspace normally used* by CIOL air-
craft within the New York terminal area, along with other controlled
airspace, is shown in Table 10. Although by definition some of these
designated airspace categories have finite altitude limits, the advent
of radar control in the mid- to late 1950s has caused common usage to
be well above stated altitude minimums in order that radar visibility
be maintained.

Local tower control in airport control zones utilizes altitudes
ranging from the surface in the immediate vicinity of the airport to

about BOOO!ft at initial approach reception altitude in controlizgnej

extensions containing ILS approach paths, although the nominal airspace
upper limit is stated to be 1800 ft. Terminal area control, which is
handled in the inner regions by Approach-Departure Control or the Com-
mon IFR Room (CIFRR) and in the outer areas by the Air Route Traffic
Control Center (ARTCC), nominally is given airspace between 700 and
14,500 ft for maneuvering onto the approach path or for departure to-
ward the initial enroute fix. However, in the New York area, because
of the high obstructions (e.g., the Empire State Building is about 1500
ft) airspace between 1500 and 8000 ft is commonly used by the ADC or
CIFRR and 6000 to 14,000 ft by the ARTCC. In the transition areas,
which are extensions of the terminal area along the most heavily used
airways, altitude use ranges between these same values, but on occasion
higher altitudes are employed, particularly for turbojet aircraft. Con-

trol areas (enroute airways) nominally encompass airspace from 700 or

*Airspace allocated to Approach-Departure Control in the Common
IFR Room is difficult to determine precisely. It is only partially de-
fined in Federal Air Regulations and also is altered somewhat between
the CIFRR and the ARTCC as traffic density warrants.
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Table 10

CONVENTIONAL ATIRCRAFT NORMAL AIRSPACE USE (NORTHEASTERN UNITED STATES)

Area :;i?tEZZ:g?itfd Altitudes
Dimensions Normally Control
Airspace Category (mi) Min (AGL) Max (MSL) Used (ft) Agency
Airport control area
VFR/IFR traffic 5 (radius) surface 1,999 1,000-3,0002 | airport
4.5 (width)P tower
Control area
VFR/IFR traffic 5 (radius) surface 14,500 or | 1,000-14,5002| airport
4.5 (width)b none tower
Terminal area®
VFR traffic 15-20 (radius) 700 14,500 l,OOOd-S,OOO ADC or
IFR traffic 15-20 (radius) 700 14,500 2,0004-8,000 | CIFRR
Holding pattexns
Propeller ~2 by 3 3,000 24,000 6,000-14,000 | ARTCC®
Turbojet ~3 by 4 3,000 24,000 12,000-24,000 | ARTCC®
Transition area®
VFR/IFR traffic variable 700 or 1,200 14,500 6,000-14,000 | ARTCC
Control area (airways)
Low/medium altitude 8 n mi (width)f 700 or 1,200 17,999 6,000-17,999 ARTCC
High (jet) altitude 14 n mi (width)&| 18,000 44,999 18,000-44,999 | ARTCC
Continental control area
VFR/IFR traffic 48 contiguous 14,500 MSL, none 14,500 up ARTCC
states not less than
1,500-ft AGL
Special-use airspace
(restricted, caution, The geographical areas, altitudes and control agencies ADC or
prohibited, alert, are variable and are indicated on navigation charts. CIFRR or
warning, danger) ARTCC

NOTE: AGL = above ground level, MSL = mean sea level, ADC = Approach-Departure Control,
ARTCC = Air Route Traffic Control Center, CIFRR = Common IFR Room.

aExcept from surface in immediate vicinity of airport.

bExtensions of control zone.

“Unofficial area designation.

leOO VFR or 2000 IFR ft above highest obstacle within 5 mi of course.
eOuter area,

fWithin 50 n mi of VORTAC; beyond 50 n mi, bounded by + 4.5 deg from airway center line,
extending radially from the VORTAC.

8yithin 100 n mi of VORTAC; beyond 100 n mi, bounded by + 4.5 deg from airway center line,
extending radially from the VORTAC.
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1200 ft above ground level (AGL) to but not including 18,000 ft above
mean sea level (MSL) for low/medium—altitude airways and from 18,000 to
45,000 ft for high-altitude (jet) airways. However, in actual practice
the ARTCC will not normally issue an IFR clearance for flight below
6000 ft.*

Special-use airspace, as noted in the table, occupies various al-
titude strata, but it commonly extends from the surface up and is usu-
ally unavailable to civil aircraft, at least during periods of activity
by the agencies controlling use (usually the military).

All of the airspace lying over the New York terminal area virtu-
ally comprises one large control area because several airways criss-
cross and intersect so that the 8-mi-wide airways overlap, leaving lit-
tle or no uncontrolled airspace in between. In addition, the airspace
is dotted with airport control zomes, particularly those of the four
major airports which are either contiguous or only a few miles apart.

Nevertheless, because of the rules for safe flight over numerous
high obstructions (1000 ft above the highest within 5 mi on either side
of the aircraft course when flying VFR and 2000 ft when flying IFR),
airspace below 2000 ft is practically unused by CTOL aircraft except in
the control zones for approach and departure. Airspace below 3000 ft
outside the control zones is used by some VFR aircraft, but little by

IFR aircraft for the same safety reasons.

Airspace above 3000 ft is very heavily used throughout the termi-
nal area, although there are some areas lying between the flight paths
commonly used for radar vector approach and departure of CTOLs, as shown
in Fig.\l&. However,‘i}ight¥§§thustrétching used when traffic is Egavy 7
causes these paths to vary in geographical location, and allocation of
the in-between space to V/STOLs would constrain CIOL capacity in the
terminal area.

L

"It is possible to obtain an IFR clearance as low as 2000 to 3000
ft, but control is maintained and passed between Approach-Departure Con-
trol or CIFRR in contiguous or nearly contiguous terminal areas. This
procedure is called '"tower enroute control service."
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V/STOL Airspace Allocation and Design

It is apparent that the only airspace readily available for V/STOL
operations in much of the terminal area is that below about 2000 ft and,
with some minor allocation changes, possibly up to but not including
3000 ft. 1In order to remain under the traffic patterns, flight in the
immediate vicinity of the major airports would have to be below 1200 toll
1500 ft and then in special corridors used only by V/STOLs, segregated
from CTOL approach and departure flight paths.

Enroute, more airspace is available vertically. IFR altitudes con-
trolled by the ARTCC are never below 6000 ft, although IFR clearances
are sometimes issued as low as 2000 ft when control is retained by Ap-
proach-Departure Control or CIFRR. Thus, the only low-use enroute air-
space available unter IFR conditions lies between about 1500 and 2000 to
3000 ft of altitude; if the below-6000-ft IFR clearance practice were dis-
continued, space up to 6000 ft could possibly be made available; ﬁnder
VFR weather conditions, airspace between 1500 and 6000 ft and above is
commonly used by aircraft not under control, flying under "see and be
seen' rules, which places the responsibility for separation and colli-
sion avoidance upon the individual air crews.

In order for V/STOL aircraft to operate in low-altitude airspace
not heavily used by CTOLs and without considerable change in CTOL oper-
ating practice, it appears that they would have to utilize airspace as
shown in Table 11.

The height of one-way corridors, either two side by side or one
atop the other for two-direction operation, need not be greater than
500 ft (the minimum altitude separation currently permitted along low/
medium-altitude airways with mixed VFR and IFR traffic). Altitude can
be manually maintained within an indicated +*100 ft without undue diffi-
culty and within an indicated #20 ft when using altitude coupled auto-
pilots common today (to this must be added altimeter instrument error,
which for IFR flight may be no greater than *50 ft). The width of the
corridors should be no greater than necessary for safety as governed by
the accuracy of the navigation system used. This is about 1 mi and is

discussed below.
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Table 11

LOW-ALTITUDE AIRSPACE AVAILABLE FOR V/STOL OPERATIONS

Type of Altitude (ft)

Zone or Area Airspace Min Max Control Agency
Airport control special paths 500 1,000 airport local
Terminal and transition 1500 2,500
Enroute - . ,

Short haul oveidors | 1900 | 2,007 | becial U/STOL
Medium haul 1500 | 2,500 uhsy
Enroute (alternate) CIOL airspace | 6000 | 24,000 CTOL ATC system

%possibly 5500 ft.

Navigation and Landing Aids

Navigation techniques and instrumentation have great influence on
the design of airways and corridors in all three airspace elements (en-
route, terminal, and airport) and on ATC techniques. To minimize non-
productive operating time and elapsed trip time, it is necessary for
V/STOL navigation to be as accurate as technology can support within
the bounds of reasonable costs.

The current enroute and terminal area CTOL aircraft navigation sys-
tem consists of Visual Omni Ranges (VOR) and Distance Measurement Equip-—-
ment (DME) and the military version TACAN (which, when combined at com-
mon sites, are termed VORTAC). These are supplemented by marker beacons
at certain locations along the airways, particularly near and within the
terminal areas. A vast complex of airways is laid out in two groups,
low/medium and high altitude, emanating from and passing through VORTAC
transmitter positions.

Airborne equipment consists of VOR and marker beacon receivers,
Automatic Direction Finders (ADF), which give bearings to certain mar-
ker beacons, and DME interrogators. Aircraft, by selecting the appro-
priate bearing from or to a VORTAC, can elect to fly within one of the
numerous designated '"Victor" airways, or with the aid of an "off-course"
navigation computer and associated display instrument can fly displaced

from the designated "Victor" airways.
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This complex of transmitters and receivers provides relatively low
navigation accuracies, on the order of 4.5 deg rms laterally and *600
ft plus 0.02 percent of the distance from the VORTAC site. This per-
mits about a 4-n mi lateral aircraft deviation to either side of the

airway ‘center line and a *1-n mi distance error at a 50-n mi range fromi

the station in the low/mediumjaltitude airways, and about a 7-n mi lat-
eral and 2-n mi distance error at a range of 100 n mi'from the station
in high-altitude airways (the errors are linear with distance from the
ground station). As a result, existing civil airways are normally 8

n mi wide in low/medium~altitude airspace and 14 n mi wide in high-al-
titude airspace.

All of these navigation transmitters operate in the VHF or UHF por-
tions of the radio-frequency spectrum (VORs, 108 to 118 MHz; DME, 962
to 1213 MHz) and therefore are line-of-sight-limited. Any terrain or
man-made obstacles between the transmitter and aircraft receiver will
prevent reception.

Four types of vertically projecting marker beacons are currently
employed: FM, LMF, Z-markers, and ILS marker beacons, all operating
at 75 MHz. Also, compass locator omnidirectional L/MF marker beacons
are associated with the ILS markers and elsewhere (operating between
215 and 400 KHz) for use with ADF equipment. FM markers along airways
provide an?elliptical or figure-eight horizontal projection pattern 4
n mi wide and 12 n mi long at 1000 ft of altitude, and about 12 n mi
wide and 35 n mi long at 10,000 ft, with the long axis always oriented
across the airway center line. ILS marker beacon patterns at 1000-ft
altitude are approximately 2400 ft wide and 4200 ft long.

It is evident that the inaccuracies of the VORTAC and marker bea-
con complex are incompatible with the precision navigation needed by
V/STOL aircraft. Therefore, some new type of navigation system and
aids are undoubtedly required which can support precise navigation
practice within narrow airways and corridors.

Table 12 1ists the navigation techniques which are currently in
use in some portions of the airspace and also those which have been de-
veloped and are either in limited use or are available for installation.
Any of the systems listed in Table 12 can be provided with a suitable

airborne navigation computer and display that will provide essentially
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continuous position information to the aircraft crew in geographic co-
ordinates or superimposed on a map presentation. However, the accuracy
of any continuous position-indicating display can be no greater than the
accuracy of the basic navigation system and radio aids in use. It is
evident that for low-altitude V/STOL operations only those aids which
are not limited by line-of-sight transmission should be considered.

0f the techniques listed in Table 12, Decca, Dectra, Loran C/D, iner-
tial, and possibly doppler—aided dead reckoning are deemed suitable
candidates. In terminal airspace, when flying 1000 to 3000 ft above
the mean terrain and above man-made obstacles that might block line-
of-sight transmissions, a Rho-Rho system (simultaneous range determina-
tions from two or more DMEs or VORTACs) providing continuous position-
fixing and indication also may be suitable for V/STOL operations.

However, for common navigation practice in both enroute and ter-
minal-area airspace, it appears that only Decca, Dectra, and Loran C/D
can provide for a lateral error not to exceed about 0.1 n mi at dis-
tances exceeding 50 n mi from ground stations. Inertial equipment can
provide comparable errors up to about 50 n mi, depending upon aircraft
speed, but approaches 0.2 n mi at about 100 n mi from takeoff point.

A Rho-Rho system, which would probably not require new airborne equip-
ment other than a navigation computer and suitable display, with exist-
ing ground installations in the Northeast corridor, could probably ap-
proach a 0.1-n mi lateral error, since stations are within approximately
20 to 25 mi of potential V/STOL corridors or could be relocated to pro-
vide this coverage without too much difficulty.

With these candidate systems, all of which in some form either are
already installed in the New York area‘(East Coast Loran C stations,
New York Airways local and Eastern Airlines New York to Washington,
D.C.-Decca chain) or are available for aircraft installation at this
time, it seems reasonable to expect that V/STOL lateral navigation er-
rors can be held to +0.1 n mi or less. Hence, V/STOL airways and cor-
ridors could be designed about 0.5 n mi wide. Allowing for abnormal
system inaccuracies, doubling this width to 1 n mi should provide an
ample safety factor. In the terminal areas, navigation accuracies for

Decca, Dectra, Loran C/D, inertial, and Rho-Rho might be no more than
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a maximum of 0.05 n mi, with consequent narrowing of airways being pos-
sible. However, for sake of standardization, a 1-n mi width for both
enroute and terminal airspace was selected.

The approach and landing aid is required for aligning with and de-
scending onto the runway in poor visibility conditions. The present
landing aid for CTOL aircraft is the ILS, which consists of localizer
(VHF) and glide-slope (UHF) radio beams and two or three 75-MHz posi-
tion marker beacons, one combined with an L/MF compass locator beacon,
usually the middle or outer marker. Some installations have recently
had a low-power DME added to provide more accurate and continuous posi-
tion information relative to the runway touchdown point. This system
is probably adaptable for V/STOL operations except that the glide-slope
angle is quite shallow--between 2.5 and 3 deg above the horizontal--and
the total flight path length is 5 or more mi. Both are undesirable for
V/STOL aircraft which could effectively utilize a descent angle in the
region of 6 to 30 deg or more and which do not require more than one-
half the distance, probably less.

There are several landing-aid systems considerably newer than the
ILS (developed about 1937-1939) which function in a similar manner.

These include

. V/STOL Approach System (VAPS)

. Simplified Tactical Approach and Terminal Equipment (STATE)
Tactical Landing Approach Radar (TALAR)

Advanced Integrated Landing System (AILS)

TACSCAN (miniaturized AILS)a

[ NG B I R

Modular Instrument Landing System (MODILS)

All of these systems provide both localizer (azimuthal) and glide-
slope beams and either already incorporate a distance measurement fea-
ture or can accommodate a standard, low-power DME. They all utilize

microwave frequencies Z§666715710,000 MHz) and are less susceptible fo\

beam bending and otherzg}gbaéétion anomalies than ILS and can provide
adjustable glide-slope—angle alignment above the horizontal, some to
as much as 60 deg. One or more of these systems can be employed to
provide the short, high-angle approach path with the required high-

precision continuous position-indicating feature.
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It is apparent that the desired accuracy for navigation in all
three route segments and a short-path, precision landing system can be
met with any of several existing operational or evaluation equipments,
none requiring original research and development. Therefore the objec-
tives of airways and terminal corridors 1 m mi wide for V/STOL opera-
tion and an approach path equal to or less than one-half that required
in the current CTOL aircraft ILS system are deemed to be feasible and

practical of achievement.

Air Traffic Control

Air traffic control of V/STOL operations divides into four elements:
enroute, terminal area, airport control area for combined CTOL-V/STOL
airports, and V/STOL ports. It is evident that the present CTOL ATC
subsystem could adequately cover the operations of V/STOL aircraft en-
route provided they operate at or above 6000-ft altitude, and possibly.
as low as 3000 ft if radar coverage were adequate at this low altitude,
which, in general, it is not at present.

However, V/STOL operation in the current subsystem would entail
the same relatively large separation spacing required because of low
radar information position accuracy and would probably involve the same
delays enroute, particularly approaching and within the terminal areas,
to which CTOL aircraft are subject. Such accuracies and delays are not
compatible with highly efficient V/STOL operations nor with a relatively
simple, low-altitude, narrow, enroute airway and terminal corridor

structure.

The high expense of Airport éurveillance Radars (ASRs) which might
have to be installed at each V/STOL port (since the presence of high
buildings prevents adequate coverage from existing major airport ASRs)
is an additional negative factor. Further, the distances involved rel-
egate the existing ASRs to insufficient accuracy for the small separa-
tion distances considered necessary for high-density V/STOL operations.
Consequently, it is unlikely that the CTOL ATC subsystem could be ade-
quate, and a special ATC subsystem for control of V/STOL operations is
probably necessary. In designing a new ATC approach it should be pos-

sible to reduce the amount of control required by putting much of the
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scparation and navigation '"back in the cockpit,’ thereby simplifying
the subsystem.

Because of the unidirectional airways and corridors either side
by side or one atop the other, with narrow width and height to effi-
ciently utilize the available low-altitude airspace in the terminal
areas, and because of the ability to utilize aircraft with similar
performance all operating at the same speed in terminal areas, it is
apparent that primary separation could be achieved by suitable dispatch-
ing intervals. Additionally, by adherence to common speeds throughout
the enroute structure, this interval could be maintained.

For added safety, the use of some form of relatively simple sensor
could prevent overrun situations. Since flight would be in narrow width
and height airways and corridors, this sensor need survey only a small
conical area ahead. A forward-looking radar like that used currently
for weather avoidance, and operating at the proper frequencies, could
not only provide weather information but could also show, in an alter-
nate mode, the location of the aircraft ahead for proper spacing and
speed control.* This concept might be termed a "self-control” spacing
and separation approach.

Probably some form of speed control would be necessary to achieve
proper sequencing of V/STOLs landing and taking off and mixing from
multiple routes into the V/STOL port control zone and approach paths.
Either a relatively low-power, microwave radar could provide the high
accuracy within the limited range from the ports or a synthetic display
could be provided to the V/STOL port control mechanism (human control-
lers or a controller-monitored computer) using data-linked precision
navigation information from each V/STOL aircraft. The FAA has devel-
oped and demonstrated such a high-precision taxi radar (ASDE), and the
latter technique has been demonstrated by the Eastern Airlines McDon-
nell-Douglas M-188 STOL aircraft employing Decca precision, continuous
position-indicating navigation with continuous data link to a ground

display.

e

“New technology or development is not required to add this capabil-
ity to weather radars. Aircraft detection is a highly developed tech-
nique used for 30 years in military interceptor radars.



V/STOL aircraft operating into common CTOL-V/STOL airports would
have to enter the current CTOL ATC system at some appropriate distance,
perhaps 5 n mi (as is currently done with helicopters at low altitude).
V/STOLs could achieve relative independence from CTOL aircraft by em-
ploying special low-altitude corridors and approach paths together with
special short V/STOL runways and landing aids (the runways are already
being constructed).

Although an ATC subsystem based on precision navigation, data link,
and synthetic display may appear to be a marked departure from present
CTOL ATC system practice, it has already been partially implemented and
has been demonstrated successfully. This special corridor and control
concept has been in partial use for helicopter operations in the New
York, Chicago, and Los Angeles areas for some years and has been dem—
onstrated further by the Eastern STOL operation, so it is, in fact, not
at all new or unique.

For ATC in the terminal area the same techniques (i.e., precision
navigation, data link, and synthetic display) could be used if a display
to ground controllers is necessary at all, which with narrow width and
height and one-directional airways, it probably is not.

Enroute at low altitudes, the same system used in the terminal area
would be applicable. For flight at medium and high altitudes, if elected
as a function of the route length or weather conditions, V/STOLS would
have to enter the current CTOL ATC system control function. However,
special climb and descent corridors could be provided just beyond the
terminal areas, and one or two special altitudes could be reserved for
V/STOL operations to avoid delays and airborne holding.

As in any operational environment, suitable provision would have
to be made to avoid enroute and terminal weather anomalies and to cope
with emergency conditions to which all aircraft are subject, such as
communications and navigation equipment failure and partial loss of
propulsion power. In general, V/STOL flight at low altitudes would al-
low somewhat more simple and straightforward procedures to take care of
such unusual conditions than would high-performance CTOL turbojet air-
craft flight at high altitudes. For example, highly maneuverable, low-

speed V/STOLs can use the many small airports which dot the landscape
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more readily for emergency landings than could high—performance turbo-
jet CTOLs. 1In the event of communications failure, the high degree of
self-contained separation and navigation capability could preclude the
necessity for discontinuing the flight. Navigation failure could be
offset by recourse to the current CTOL nav-aids subsystem--VOR-DME or
VORTAC, using the Rho-Rho mode for best available accuracy.

Initially, system capacity could be expected to be about 40 arriv-
als plus 40 departures per hour at major V/STOL ports (1.5 min, 2-n mi
separation), and with full implementation and multiple V/STOL ports,
runways, and corridors, up to 60 each per hour (1 min, 1.3-n mi sepa-
ration) can be anticipated.

All factors considered, suitable special ATC for V/STOL aircraft
operations in the enroute, terminal, and V/STOL port area elements of
the airspace do not appear to present particularly difficult or insur-
mountable obstacles to efficient, high-capacity operations for V/STOLs

on local and short-haul routes.

SAMPLE V/STOL PORT AND ROUTE STRUCTURE

To evaluate the practicality of the V/STOL operational concepts
and environment in an actual application, a sample port and route struc-—
ture was fitted to New York area potential local (intrametropolitan) op-
erations and to four sample short-haul, city-to-city (intermetropolitan)
routes. This examination was not intended to be exhaustive in treat-
ment, and no attempt was made toward optimization; it was only one ex-
ploratory application.

From the Port of New York Authority estimates of traffic origina-
tion in 1980, five high-demand areas were selected as a sample: Man-
hattan, Westchester, and Nassau Counties in New York State, Morris
County in New Jersey, and Fairfield County in Connecticut. Except for
Manhattan, it was found that each area has an existing general-aviation
or combined general-aviation, low-density-airline airport reasonably
near the centroid of the populace. These were selected for use as com-
bined V/STOL-CTOL airports for the urban terminals of the local route
structure. These ports were connected to the three major commercial

and single general-aviation airports (Kennedy, LaGuardia, Newark, and
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Teterboro) and to a main V/STOL port located on the east bank of the
’L

Hudson River about mid-Manhattan. It was found that the analysis was
relatively insensitive to the use of either of these existing airports

or new V/STOL ports which might be built a few miles distant. Therefore,
it was unnecessary to attempt to determine optimal port locations in

each area. The downtown V/STOL port was selected as the terminus for

the short-haul routes to four sample cities evaluated: Boston, Wash-
ington, Pittsburgh, and--with an intermediate stop possible along the
Washington route-—Philadelphia. Table 13 lists the particulars of the
ports selected for the sample route structure as they might exist in

the 1975-1980 time period.

The route structure is composed of integrated local and short-haul
low—-altitude corridors within the terminal area and V/STOL control zones
around the V/STOL ports and CTOL aircraft airports used for both types.
For the local service routes, direct point-to-point routes were laid out,
deviating only to avoid overflight of downtown Manhattan (tall buildings
and dense populace), heavily populated office buildings, business and
residential areas, and existing CTOL airport control zones wherever pos-
sible. Where available, over-water routes were favored, such as the

Hudson River approaches to the downtown V/STOL port.

*
A number of specific locations for V/STOL ports appear to have

been considered, at one time or another, by the Port of New York Au-
thority and other agencies, including one on the east bank of the Hud-
son, one on the west bank of the East River, and Secaucus, New Jersey.
There are numerous bridges and medium-height buildings over or near the
East River, as opposed to docks, semi-industrialized areas, and parks on
the Hudson side. Thus, from the airspace obstruction standpoint, the
Hudson appears more favorable. Also, the East River is too narrow to
locate an airway of the required width over it Mwhile the Hudson approx-
imates 1 n mi in width. The Secaucus site appears to be less favorable
from two aspects: flight into and out of the port would have to be over
approximately 2 n mi of land to reach it from the Hudson airway, and a
1.5 to 2 n mi radius control zone around thefjairport would conflict with
existing Newark and Teterboro control zones. In contrast, the Hudson
V/STOL site control zone would be in currently unoccupied low-altitude
airspace,, and no overland flight would be required to reach it. Regard-
less, the use of either the Hudson or the Secaucus sites would not sig-
nificantly alter the results of this analysis, but the use of an East
River site would result in the airway and control zone being over some
residential areas containing potential hazards to low flight.
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The four short-haul routes were selected as typical examples of a
range of trip distances found to favor V/STOL aircraft in the competi-
tive market, ranging from 78 to 283 n mi in length. For the short-haul
routes also, care was taken to avoid overflying heavily populated city
and suburban office, business, and residential areas, and airport con-
trol zones. It was also desired to locate short-haul airways so that
they did not coincide with the centers of existing low-altitude CIOL
airways, although this was not entirely possible, and some minor changes
in CTOL alrway locations may be advisable.

Figure 15 shows the local route structure superimposed on a New York
local aeronautical chart segment. Figure 16 depicts, on a smaller scale,
the short-haul routes. Table 14 lists the point-to-point distances of
the local route structure, and Table 15 shows the intermetropolitan
route distances and altitudes by segments and totals. Table 16 shows
a comparison of- the V/STOL intermetropolitan route airway mileages ver-
sus those of current standard instrument departure and preferred inter-
city airways from each of the three major New York CTOL airports. For
each intercity destination, CTOL distances are computed for the closest-
in existing airport, and V/STOL distances are based on the assumption
that relatively close-in V/STOL ports would be provided. Washington
National is very close to the center of the city, but because it is al-
ready congested a new V/STOL port was assumed.

The sets of parameters selected for each type of operation, local
and intercity, are summarized in Table 17. Local routes are designed
to be flown at low altitudes between 1000 and 2500 ft. Short-haul routes
beyond the terminal area are designed so that they can be flown at low,
medium, or high altitudes (low is the limiting case for route design).
For the low-altitude local routes outside airport control zones, single-
direction flight paths one above the other at a nominal 1500 and 2000
ft appear appropriate. Low-altitude control zones surrounding V/STOL
ports and combined-use airports have a 2-mi radius. All airways, local
and short-haul, are 1 n mi wide, based on navigation accuracies of +0.25
mi, except within the control zone where a 1/8-mi maximum error can be
expected. If flight above 3000 ft enroute on the short-haul routes is
desired, the aircraft would have to enter the existing conventional

traffic control\system in the normal manner.
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Table 14

INTRAMETROPOLITAN ROUTE DISTANCES
(n mi)

- ,
Airport | xvc® | 1ga” | grk® | Ewr® | TER® | wen' | FR® | ™| BDR

NYC -- 8.2 |16.4 8.91 5.5(23.6(28.7]19.2| 51.0
LGA 8.2 -- 9.2 8.9 (12.0| 18.5 [ 20.5{ 25.7| 45.0
JFK 16.4 9.2 -- 18.1(20.9|27.7 | 17.5]| 34.9| 46.9
EWR 8.9 15.4 }18.1 -- 14.4 1 32.5 135.5] 12.7 | 59.9
TEB 5.5 (12.0 §21.5 | 14.4 | -- 29.1 -- -- --

a

bLaGuardia, New York.

Downtown V/STOL port.

CKennedy International, Long Island, New York.
dNewark, New Jersey.

e&eterboro, New Jersey.

fWestchester County, New York.

gRepublic, Long Island, New York.

hMorristown Municipal, New Jersey.

i . .
Bridgeport, Connecticut

Table 15

SAMPLE INTERMETROPOLITAN ROUTE PROFILES
(Distances in n mi; altitudes in tousands of ft)

Route Segment
, a . b . a
Terminal Middle Terminal
Total
Route Dist | Min Alt Dist [ Min Alt | Dist | Min Alt | Distance
NYc“-BOS| 36.5 | 2 89.5| 2 29 2 155
NYC-PHL || 38.5 1.7 10.5 1.5 29 1.5 - 78
NYC-DCA 38.5 1.7 91.5 1.5 53 1.4 183
NYC-PIT 37 2 226 2.5/3.5 20 2.5 283
PHL-DCA 33 1.5 20,7 1.5 53 1.4 107

#Maximum speed of 250 kt.

bWhere appropriate, middle route segment may be flown at medium
or high altitudes under control of CTOL ATC.

“Downtown V/STOL port.
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Table 16

COMPARISON OF CTOL AND V/STOL SAMPLE
SHORT-HAUL ROUTE AIRWAY DISTANCES
(n mi)

Destination Port of Origin

City NYC? | Newark LaGuardia Kennedy
Washington® | 183 202 226 222
Boston® 155 226 158 212
Pittsburghd | 283 308 335 376

NOTE: Distances are based on standard instrument
departures, preferred intercity routes, and standard
instrument approaches at the destination for CTOLs,
and onnearly direct, airway designs for V/STOLs.

%powntown V/STOL port.

beroLs into Washington National Airport; V/STOLs

into V/STOL port located at V Street and First Street
S.W., across from old Anacostia Navy Air Station.

€CTOLs into Logan Airport, Boston; V/STOLs into

V/STOL port located by the Charles River across from
the Cambridge Cemetery.

dCTOLs into Greater Pittsburgh Airport; V/STOLs

into V/STOL port located on the north bank of the Al-
legheny River, due south of the center of the city.

Table 18 lists some of the major parameters of a candidate traffic
control and separation system for V/STOL operations, although it is by
no means the only set available or even the preferred set.

For traffic control purposes, identification, geographic position,
and altitude, along with speed, heading, and change of altitude (rate
of climb or descent), would be automatically data-linked to the control
centers and displayed synthetically to controllers who monitor traffic
and take over control only in the event of aircraft or primary ground
system element failure. The backup system for terminal areas could be
a precision airport surveillance radar with a nominal resolution and
accuracy of about 500 ft, if this is deemed necessary. The approach
and instrument landing system would be a composite of small horizontal

cross section precision beacons for initial entry and alignment and a
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Table 18

POSSIBLE TRAFFIC CONTROL SYSTEM FOR V/STOL OPERATIONS

Item

Control Areas and
Terminal Area

Enroute Segments

Primary control

Secondary control

Separation method

Identification

Communications

Geographic and
altitude posi-
tion data

Aircraft precision

. . a
navigation

High-resolution
radar

Present enroute
radar®

Dispatching, common speed and precision
navigation with separation radar backup

in A/C2

Identification data link, radar transponder..
\with special code backup

Two-way data link, voice backup

Automatically data-
linked to controll
computer in ATC
IFR room with
synthetic display
for controller-
monitoring

Automatically data-
linked to existing
ARTCCs using
special or inte-
grated displays
for low-altitude
traffic

a1¢ flight above 3000 ft is elected for enroute segments, aircraft
must enter CTOL ATC system and comply with manual radar control in
existing manner until flight below 3000 ft is resumed near destination

terminal area.

bIn event of failure of V/STOL precision navigation or separation
weather radar, aircraft must enter CTOL ATC system, climbing to high
enough altitude to be controlled within available enroute radar cover-

age.
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form of high-precision ILS, such as AILS, STATE, TALAR, VAPS or MODILS,
using a glide-slope pitch of 6 deg or more above the horizontal and a
maximum final path length of 1 to 1.5 n mi.

Airborne separation would be established by proper dispatching in-
tervals and essentially maintained through speed control throughout the
flight profile, backed up by a forward-looking combined aircraft and
weather detection radar. The radar could trigger a display to provide
crew warning should the sebaration distance reach a minimum allowable
of between 1land 3 n mi, depending upon aircraft location in the air-
way system. A standard 4096 code radar transponder would operate with
the standard ASR and ARSR in the CTOL ATC system so that V/STOL targets
appearing on any ATC system radar scope could be positively identi- .
fied, whether or not under control of that ATC subsystem, and also with
high-resolution V/STOL port radar if employed.

The results of this exploratory application of desirable V/STOL op-
erational environment goals to the New York terminal area and typical
short-haul routes emanating therefrom indicates that the approach ap-
pears both feasible and practical and is without undue or insurmount-

able problems.

ADDITIONAL STUDY TOPICS

In addition to a detailed analysis of the frequency of occurrence
and magnitﬁde of low-altitude turbulence, to explore possible passenger
comfort diminutions, there remains another major area to be explored in
detail that is beyond the scope of this preliminary study--the problem
of avoidance of interference of small general-aviation aircraft with
V/STOL operations in low-altitude airspace, below 3000 ft, both in the
terminal area and on the short-haul routes. One apparent solution would
be to place these éirways, narrow in width and height, into one category
of special-use airspace in which aircraft other than V/STOL may not fly.
This is merely a further extension of existing parcels of special-use
airspace which have been allocated for various purposes throughout the
United States (prohibited, restricted, warning, danger, caution, and

alert areas).
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In so designating such narrow airways as restricted ailrspace, a
practical problem of providing reasonable means for pilots of small air-
craft to be able to identify their locations arises (taking into account
the relative inaccuracy of current means of air navigation--dead reckon-
ing with periodic visual and/or radio aid update and the errors in the
radio aids themselves). Since it is expected that these low-altitude
airways will not generally be higher than 3000 ft above the surface,
one possibility is that pilots can avoid flying at altitudes included
when in the vicinity of the restricted airspace as they now do for

other existing parcels of special use airspace.
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IX. CONCLUSIONS

This section summarizes the main implications of the results ob-
tained, subject to five general conditions or qualifications.

1. The primary comparisons are between STOL, VIOL, and CTOL air-
craft. Their ability to compete with nonair modes on the short intra-
city runs was considered only briéfli. o 7

2. Flight time and cost only are compared quantitatively. Air
traffic delays and ground access costs or times were not explicitly
calculated, and only qualitative statements about the effect of these
factors have been made.

3. The computations involved a number of approximations and sim-
plifications, such as the load-factor assumptions, the flight-frequency
assumptions, the treatment of route mileage in the model, and the use
of single aircraft types for each city pair considered, in order to
make the calculations manageable. The results are therefore approxi-
mate but sufficiently accurate for the aggregative conclusions drawn.

4. As was previously noted, standard airline cost methods were
employed (Ref. 6). Special costs of FAA facilities for V/STOL naviga-
tion and control are not included, but they are believed to be rela-
tively small.

5. Noise effects upon the community have not been specifically ex-
amined, although they were considered in the V/STOL sample route design.

The Port Authority's interest in STOL and VIOL operations lies in
the possibility of their diverting traffic from the runways of the ma-
jor alrports to other locations. Conceivably, these other locations
might be simply STOL runways or VTOL pads at the major airports, or
they might be completely separate STOL or VTIOL ports such as have been
proposed in downtown Manhattan and Secaucus.

There are several ways in which the Port Authority could conceiv-
ably encourage or discourage the development of STOL or VIOL. These in-
clude approving or disapproving proposals for the construction of pri-
vate port sites, undertaking the construction of a site or sites, or
modifying an existing airport for STOL or VTOL service. TIn addition,

any effective steps taken to improve the service of CTOL aircraft, such
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as building a fourth major airport, providing better ground access,
ctc., may reduce the need for and appeal of STOL and VTOL. While the
Port Authority could influence somewhat the nature.and rate of growth
of STOL or VIOL by these methods, this growth can only occur if STOL
and VIOL on their own merits offer real competition to CTOL aircraft.
If V/STOL can compete on its own, then the Port Authority is in the po-
sition of guiding and indirectly controlling a naturally growing ser-
vice. If it cannot compete, there does not appear to be any way in
which the Port Authority can guarantee its growth even though they may
provide ports or special runways.

In this regard, there are two primary questions to answer: Would
V/STOL be an efficient system that can compete successfully with CTOL
aircraft service, and if so, will the probable fraction of the air
travel market that might be shifted to it result in a significant di-
version of air traffic movements from present airport runways to new
facilities?

Conclusions relevant to the ability of V/STOL to attract passen-
gers are addressed first. Generally, the results show that STOL and
VTOL services improve with respect to CTOL aircraft throughout the 1970-
1980 period.

In the early time period (prior to and including 1970) there are
only a small number of routes on which V/STOL aircraft can compete with
CTOL aircraft operating without delays, and these routes account for
only a small percentage of the traffic. This results primarily because
of the unavailability of suitably large V/STOL aircraft in this early
period. The possibility for growth for V/STOL in the immediate future,
therefore, lies primarily in the availability of larger aircraft and in
their ability to avoid delays which currently affect CTOL aircraft.

The introduction of a STOL aircraft of the McDonnell 188 size class

or larger is necessary if STOL is to compete on enough routes to result

*V/STOL service development and growth are equally dependent upon
actions by the FAA and DOT in allocating suitable airspace and creating
an adjunct to or at least a segregated portion of the ATC system. These
central elements are beyond the direct control of local agencies such as
the Port Authority.
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in a significant traffic diversion. Such an aircraft may become avail-
able in significant numbers in the 1970-1975 time period.

In later time periods, V/STOL aircraft services tend to improve rel-
ative to CTOL aircraft until by 1980, assuming that current technical
estimates of capability are achieved, the difference in time on all the
routes considered will be substantially eliminated, and V/STOLs will have
a time advantage on short runs. Even in 1980, however, V/STOL fares may
be equal to or less than conventional fares only on the shorter routes
where their time savings have the greatest effect. These runs account
for about 10,000 passengers per day, or 22 percenf of the 1980 demand
from the cities considered, and less than 10 percent of the total New
York air passenger traffic, }

Comparative passenger costs and times for the route to Washington,
D.C. (chosen to represent one on which a large volume might be gener-
ated) are shown in Table 19. 1In this table, the computed passenger
costs have been adjusted so that the 1970 conventional passenger cost

agrees with current fare between New York and Washington.

Table 19
COMPARATIVE TIMES AND PASSENGER COSTS TO WASHINGTON, D.C.
(213 mi)
Passenger Cost/Time ($/hr)
Type 1970 1975 1980
CTOL 18.00/0.9 15.4/0.85 13.1/0.85
STOL 31.9/1.3 17.91/1.0 14.2/0.75
VTOL 32.1/1.4 20.1/1.0 16.3/0.60

By 1975, and certainly by 1980, differences in passenger fares and
times, particularly for STOL aircraft, may become small enough that
many passengers will not give them strong consideration in choosing be-
tween CTOL and V/STOL flights.* Instead, they may well be guided by the

advantage of different port locations in the New York area.

“Here, as elsewhere, it is assumed that conventional flights will
continue to be available during a period of transition. The complete-
ness of the transition will depend in large part on market factors.
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Conceivably, the construction of a downtown V/STOL port might of-
fer enough inducement to cause V/STOL aircraft to take over a signifi-
cant fraction of the passenger volume, particularly by 1980. From Ref.
10, the number of passengers traveling to cities within 250 mi of New
York whose access time to a downtown V/STOL port would be less than
that to any of the major airports is estimated to be 11,200 per day.*
This is about 9 percent of the total commercial passenger traffic in
the New York area.

If this number of passengers were carried by V/STOL aircraft over
the routes on which they are the most competitive, the maximum fares
would not have to be more than about $.50 higher than CTOL fares if
STOL aircraft are used, and $2.00 higher if VTOL aircraft are used.

Some additional nonquantifiable factors should be considered. The
V/STOL will make a larger portion of its trip at low altitudes. This,
plus possible rotor or propeller vibration, may affect passenger accep-
tance, especially where cost and time advantages are small.

The introduction of V/STOL in the New York area in significant num-—
bers will create new air traffic problems unless properly accommodated.
The result of the technology survey and preliminary feasibility study
indicates, however, that these problems probably can be solved without
undue difficulty.

Thus it appears possible that by 1980 V/STOL (particularly STOL)
might offer a way of relieving traffic at the major airports and that
there should be sufficient market to support it. Whether a downtown
V/STOL port would capture the entire 11,200 passengers a day or not
would depend on the alternatives available and, given there are air
alternatives, on passengers' acceptance of the possibly lower comfort
levels. Nevertheless, it appears that by 1980 a V/STOL service from a
downtown site could hold its own against conventional systems and might
attract on the order of 10,000 passengers a day.

Next are considered the value of such a downtown site in relieving

traffic at the major airports. A STOL operation of this size (10,000

“This is passengers traveling in one direction. Total passenger
flow is twice this or 8,179,645 per vear.
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passengers a day) would result in a reduction in traffic at the major
airports of from about 503 to 260 arrivals per day and the downtown
ports would have to handle 270 arrivals per day--in other words, a di-
version of the 243 arrivals of conventional flights. According to Port
Authority estimates for 1980, this would constitute 19 percent of air
carrier traffic.

Conceivably greater use of downtown sites could be achieved by
scheduling all service to certain cities from those sites. Figure 12
indicates that for STOL operations, the passengers per day using the
downtown sites could be raised to about 30,000, with a fare penalty of
less than $1.00. VTOL operations are not so easily forced; increasing
passengers per day from 11,200 to 30,000 would result in a maximum fare
increase of about $4.50. TForcing the use of either STOL or VIOL to
30,000 passengers per day could result in reducing daily short-haul
arrivals at the conventional airports to about 100, as opposed to 503
if no V/STOL is used and 260 if 11,200 passengers are served a day.
However, while in principle it would be possible to force the downtown
passenger traffic up arbitrarily by proper scheduling, one may assume
that it would not be considered to be in the public interest to force
a fare increase so large that there would be no chance for many passen-
gers to offset it by lower access fares.

The attractiveness of V/STOL as a way of reducing traffic at the
major airports obviously depends on the anticipated degree of reduction
in CTOL congestion at these airports. If the passenger demand increases
as estimated by the Port Authority and as assumed in this study, only a
moderate increase in movements at the major airports is anticipated.
(The Port Authority estimates about a 15 percent increase in total air
carrier movements, while the results obtained indicate that CIOL service
for the cities considered would require an increase in movements of only
2 percent.) In order to assess the sensitivity of the arrival rate to
the estimated passenger demand in 1980, Table 20 was prepared.

In Table 20 it is assumed that the demand at all cities increases
in the same proportion. As might be expected, the arrivals per day in-
crease more slowly than the total passenger demand, since the number of

flights made to some cities\is determined by a frequency-of-service
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Table 20

EFFECT OF CHANGES IN DEMAND ON
ARRIVALS PER DAY IN 1980

Total Passengers Arrivals
Per Day Per Day
39,500 (base case) 503 (base case)

47,400 (20% increase) 555 (10% increase)
55,300 (40% increase) 627 (25% increase)

requirement (14 flights per day minimum), and for many of these cities
increasing the demand does not increase the number of flights per day.

While V/STOL offers cne possible way of increasing New York air
traffic capacity by 1980, it is not the only possibility. One other
possibility would be introduction of a high-speed train service between
Boston, New York, Philadelphia, and Washington. If the train were so
successful as to take all of the traffic on these runs, the aircraft
arrival rate for the 1980 case would drop from 503 arrivals per day
to 410.

Table 20 indicates that the reduction of 93 aircraft arrivals a
day which the high-speed train might achieve could almost offset a 40
percent underestimate of demand so far as aircraft arrival rate is con-
cerned. Compared to this, the downtown V/STOL site might reduce arriv-
als by 243 flights a day—-about 2.5 times as much as the train. This
difference comes about because the train replaces the large 300-passen-
ger CTOL aircraft used on the Washington and Boston routes, while the
V/STOL tends to replace the smaller CTOL aircraft operating to smaller
cities.

Although there remain a few topics for more detailed investigation
as well as, of course, a more extensive overall analysis of V/STOL op-
erational environment in which are considered appropriate alternatives
to evolve a preferred system design, the pilot study reveals that eco-
nomically favorable V/STOL operations are technologically feasible and
operationally practical. Moreover, there do not appear to be any major
obstacles or undue implementation difficulties which would prevent the

attainment of essentially segregated or separate airspace, ATC, etc. in
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terminal areas and separate or combined operations enroute. Some al-
terations to the current allocation of airspace to CTOL aircraft may be
advisable, but these changes are minor and should be readily attainable
without reduction in CTOL operational capacity. Therefore, it is con-
cluded that the addition of V/STOL operations in major terminals such
as New York should largely increase air traffic capacity rather than
merely serve as a substitute for CIOL aircraft operatioms.

One further result of the study described here is useful in system
comparisons. The annual cost of procuring and operating the aircraft
necessary to serve the cities considered here was found to run some-
thing over $400 million a year in the 1980 time period. Costs of de-
preciation and operation of CTOL airports may range from $10 to $20 mil-
lion a year for airports the size of Newark or La Guardia and up to $60
million a year for a large general-purpose airport. The Secaucus STOL
site is estimated to have an annual cost of $3 million to $4 million a
year. Thus, the airport costs appear to be a rather small portion of
the total system cost, and attempts to reduce the total cost by reduc-
ing airport costs would not be expected to be successful. In particu-
lar, the saving in airport cost due to the use of VIOL instead of STOL
would not be expected to offset any appreciable difference in VIOL op-
erating costs. Also, it should not be expected that adding V/STOL ca-
pacity would prove to be radically less costly than adding conventional
capacity on a total system cost basis, although if only the airport por-
tion of the cost is considered, V/STOL might appear in a more favorable
light.

While the results of this study indicate that, if introduced, V/STOL
could compete with CTOL aircraft in a large enough market that their use
could resultlin diverting a significant amount of traffic from the ma-
jor airports, and that adequate traffic control procedures for handling
V/STOL aircraft separately can probably be developed, there is still a
possibility that large enough V/STOL aircraft may not be built because
aircraft manufacturers may not see a sufficiently large market to make
development attractive, For example, the STOL system for 1980 which
handles 11,200 passengers a day from a downtown STOL port requires

only about 34 6C-passenger aircraft and 11 120-passenger aircraft
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These quantities together are clearly insufficient to justify the
cost of developing a new aircraft. Consequently, V/STOL aircraft de-
velopment will likely depend on other metropolitan areas finding simi-
lar advantages from V/STOL operations. There are, however, a number
of other metroplexes in the United States, including Chicago-Milwaukee-
Detroit-Cleveland, San Diego~Los Angeles-San Francisco, Miami-Tampa/St.
Petersburg-Orlando-Jacksonville and Dallas/Ft. Worth-Houston-Oklahoma
City-San Antonio, which, while not investigated in this study, might
be found to benefit from the use of V/STOL. Together, these areas
might generate needs for a quantity of V/STOL aircraft sufficient to
make design and manufacture worthwhile. Additional V/STOL aircraft

markets may arise in local, intrametropolitan operations,



10.

11.

12.

13.

14.
15.

-85-

REFERENCES

Technical and Economic Evaluation of Ailreraft for Intercity Short-
Haul Transportation, McDonnell Aircraft Corporation for Federal
Aviation Agency, FAA-ADS-74, April 1966.

Study on the Feasibility of V/STOL Concepts for Short-Haul Trans-
port Aircraft, National Aeronautics and Space Administration.

A Systems Analysis of Short Haul Air Transportation, Massachusetts
Institute of Technology, prepared for U.S. Department of Commerce.

Campbell, H. S., et al., Alternative Development Strategies for Air
Transportation in the New York Region, 1870-1980, The RAND Corpo-
ration, RM-5815-PA, August 1969.

Ten Year Forecast--1969-1978, Port of New York Authority (Proprie-
tary).

Standard Method of Estimating Comparative Dirvect Operating Costs of
Turbine Powered Transport Airplanes, Air Transport Association of
America, December 1967.

Official Airline Guide, Quick Reference North American Edition,
March 1968.

Port of New York Authority Planning Estimate for LGA and JFK Air-
ports, Port of New York Authority.

Lockheed CL-1026 Speedster--Compound Solution to Intercity Trans-
portation, Lockheed Aircraft Corporation.

Campbell, H. S., D. M. Landi, and A. J. Rolfe, Airport Access in the
New York Region, 1970-1980, The RAND Corporation, RM-5819-PA,
August 1969,

Operations Planning Report for the CL-1026 Interurban Transport,
Lockheed-California Company, September 1967.

Intra-Theater STOL Transport for Resupply and Assault, McDonnell
Aircraft Corporation, Report E748, July 1966.

The de Havilland DHC-6 Twin Otter in Airline Service, The de Havil-
land Aircraft Co. of Canada Ltd.

L-1011 Jet Transport, Lockheed-California Company.
737-200 General Description, The Boeing Company.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


