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INTRODUCTION

Thiz document is a description of two recent studies of Supersonic Transport (S5T)
commercial operations in the 1980 decade,

The first of these is a comprehensive and detailed study, on a route by route basis,
of the introduction of the S8T to commercial service. It is based upon generally
accepted airline traffic levels forecasted through 1990 by the FAA, Boeing and
others: and associated traffic growth rates by major route. The basic traffic level
forecasts are contained in the FAA“Economic Feasibility Reports” and “The S5T
Program and Related National Benefits’™ also available from the FAA/SST Project
Office. In contrast with other studies, which have analyzed S5ST operation and
economics assuming a static environment throughout the life of the program: the
study reported herein emphasizes the early years of 55T penetration of a market
now dominated entirely by subsonic jets. The dynamics of 55T introduction are
simulated in considerable detail based upon the history of the introduction of
subsonic jefs info the market dominated by propeller airplanes. The analysis
continued several years bevond the introductory period to illustrate the
development of a long-term situation from the introductory period. This detailed
study assumes no cost escalation.

This study is based on today's air route structure, The application of the 85T to the
route structure s illustrated in a large foldout map mside the back cover of this
document. New major 55T international airports and routes will undoubtedly be
added to accommodate the projected memeases in traffic, Some of the possible new
SST international terminals are also indicated on the map. The addition of these
terminals and routes will make the 58T travel more accessible and attractive to a
large part of the free-world population than this current study would indicate.

The second study reported on 15 a projection of operafing economics into the
advanced time period (1980 decade) using historical escalation rates for each
element of cost,

Both studies are predicated on the basis of no supersonic flight over land areas south

of the Arctic Circle and no fare surcharge, although the effect on Return on
Investment of a 105 increase 15 shown for comparison purposes,

1-1




SUNMMARY

SUMMAR'Y




THE 55T IN COMMERCIAL OPERATION

Summary

There is a remarkable similarity between the commonly-held view of 55T economics
and the belief expressed in the carly 1950% that the subsonic jet airplane would not
be able to compete with piston engine and turbine-propeller airplanes. The jet
transport promised more speed and airplane productivity than piston and turbo-prop
types, but early studies projected its operating economics to be marginal or inferior.
Developments of the past 15 years, however, have proved the decision to pursue the
superior jet technology to have been a wise one. Jet transport speed, productivity,
reliability, and economic retumn have far outstripped the potential of the other
machines. Today, the S8T faces the same challenge as the jet did two decades ago. It
promises great increases in speed and productivity, but is commonly believed to have
marginal or inferior operating economics.

A new comprehensive study for the 12-year period 1978 through 1989, drawing on
the jet experience, shows that the economics of 55T operation are attractive and
that the airplane is competitive with even the new generation of large jets. The high
speed combined with the large capacity of the 55T promises high productivity,
through carrving more paying passengers in a given period of time over the
competitive routes of the world, Within the available subsonic fare options on these
routes there will be ample opportunity to establish competitive and profitable 85T
passenger service, The new study concludes thar restriction of the 58T to supersonic
flving over waler and wunpopuleied areas, will nor impair the viabilicy of the
program; that a fleet of 500 girplanes operating in conjunction with subsonic jefs is
ertirely feasible and advantageous; and thar there s nothing in the technology of
operating the cuwrrently defined SST in commercial service  thar will demand
increases in the relative fare structure,

The study focuses on conditions projected for the air transportation market in the
1980%s rather than those existing today. This 15 the period in which the 55T s will be
current, With prototype construction beginning now, the time required for
completion of the prototypes, flight testing, production, and airline introduction
will reach into the late *70% and operational numbers will not be large until the
‘80%s. By comparison, the first American jet transport prototy pe was started in 1952
and did not reach airline service until late 1958, Large increases in fleet numbers did
not come until the mid and later 1960, In assessing program economics for such a
major development, it is necessary (o profect both air transport marker dimensions
and operating cost considerations into a time period of from 10 o 20 years from
SHars,

Conditions validating the previously estimated 500-airplane market for the U5, 85T
on international routes prior to 1990, and confirming the airplane’s economic
competitiveness, are summarized below,
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Size of Travel Market

Passenger market growth has followed a pattern closely related to population growth
and average personal income growth as compared with fare levels. International
travel has been growing even more rapidly than domestic. Projections indicate that
by 1978, when the 55T is introduced, international traffic will approximate today’s
total free world air traffic. By 1990, when total world traffic is expected to have
increased six-fold, the intercontinental portion will have increased to eight times its
1968 level. Before 1990, the 55T cam be expected to carry more [raffic, in
international service, than the current free world toral,

Reduced Flight Times

The cutting of long distance terminal-to-terminal times to less than hall present jet
times will significantly increase overseas travel, With subsonic jets on domestic
rowtes and supersonic jets on imternmational routes, overseas points will, in many
cases, seem closer than domestic destinations. The 55T will put Europe as close to
the kast Coast as Minneapolis is to New York by subsonic jet. The domestic traveler
of taday, both U8, and foreign, will be the international traveler of tomaorrow,

Makeup of Travel Market

Al present, nearly 56% of air travelers, according to the Survey Research Center,
University of Michigan, are business and professional people. With a backlog of
ohligations to be attended to, reduced trip ome and fatigue are important to these
travelers. For the tourist, point of destination attractions and the desirability of
increased times at a destination are hikewise important. A 3-hour-trip, as compared
with one of 7 hours, can mean a full day'’s difference in scheduling activities. A
recent Louis Harris survey indicated that 87% of air travelers preferred that means of
travel becawse of the time saved, Asked if they would hike to My on the 55T, 58% of
experienced air travelers were enthusiastically affirmative, as were 32% of persons
wha had never flown,

Travel market surveys (Sumvey Besearch Center) also show that persons between the
ages of 25 and 43 have had the greatest exposure to air travel. In 10 vears these
individuals will be in higher income brackets with increased travel potential.
[ncreased vacation lengths and more retirement programs coming into effect will
further enlarge the ir travel demand and add greatly 1o the imternational dimension.

Twenty percenr of the US, adult population had fown in 19535 39% in 1964, A
projection of trends indicates that 60% or more will have experienced air travel by
(980, The flving public is not @ “jer set,” it Is becoming the majority of American
ciffzens,
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Fleet Considerations

With the increase in air travel, air transport fleets have become divided into various
specialized aircraft to fit the requirements of different segments of the market. The
much larger traffic volume of the "80's will lead to still more specialization. In the
overall structure, the 55T will be ideally suited to long-range international
operations. Its shorter trip times will permit greater schedule flexibility and more
trip completions outside the midnight to 6 a.m. curfews being observed at certain
major airports. In keeping with its enroute speed, the airplane is being designed for
minimum-time station stops, with advantage to the passenger and increased
air-aircraft use.

A six-fold growth in traffic will make it possible to offer more 8T nonstop flights
from major U.S. cities to major cities in Europe. This will cut the travel time to
destination and, in many cases, the travel cost also, The somewhat smaller seating
capacity of the SST than that of the large economy jets will make nonstop operation
feasible between additional city pairs where traffic is more limited. This increased
emphasis on peint-to-point service will help relieve major airport congestion.

Incorporation of automatic flight management equipment in the S8T, and the
parallel development of advanced air traffic control equipment on the ground, will
also relieve airway and terminal traffic problems, bringing increased safety and
important freedom from weather interruptions, The 58T program provides a focal
point for the needed substantial effort to bring these major developments to early
completion. The resulis will benefit all commercial aviation.

Transportation Productivity

Each major advancement in air transport equipment has increased equipment
productivity and has thereby made possible the expansion that has taken place.
This productivity 15 expressed in terms of seat-miles per hour per airplane; and
can be increased either by increasing the number of seats, or by increasing the
number of miles per hour. There has been a history of increase in both directions.
The earlier smaller and slower equipment would be utterly incapable of handling
today's traffic.

The largest single jump in productivity has been from the T7O7-DC-8 class to the 747,
which increases seat-miles per hour from 100,000 to approximately 200,000, The
L5, S8T, by virtwe of itz farge step-up in speed, will further increase productiviiy by
some 3%, althowugh §t has 0% fewer sears tham rhe 747. This increase in
productivity is appropriate to the forthcoming increase in total air traffic. It will not
only be timely from an operatienal standpoint—it also has an impertant bearing on
transport ¢conomics.
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The Economics of Speed

Traditionally, air transport equipment has been evaluated primarily in terms of
direct operating cost of the airplane, including depreciation, maintenance, and fuel
and flight crew expense. Such an evaluation generally assumes that other factors,
such as load factors, fare yield, and indirect operating costs, will remain relatively
constant. for an airplane thar is essentially different from its predecessors in
capability, however, these other factors may nor remain constant. Total operating
cost, aF perhaps Fefirm o invesiment, become more meaningful criteria.

The direct operating cost of the U5, 85T has been calculated to be about equal to
that of current subsonic equipment but substantially higher than the coming large
body subsonic aircraft. However, if total operating cost is used as the critenia, the
55T 15 found to be more economical than present jets, and positioned about halfway
between present equipment and the advanced large-body equipment in terms of
today's costs, Iis relative gain results primarily from the fact that several elements of
ground support system cost decrease in proportion to the increase in seat-mile
productivity per hour. This significant result stems from the economics of speed.
The 55T increase in speed over previous equipment is 20 marked that the effect iz
significant.

Time Period Economics

The economic effect of this speed advantage becomes greater with the passage of
time, bringing toral operating coses of the U5, S5T to a level competitive with those
af rhe advanced, flarge-body subsonic jets in the 1980% Each vear there iz a
percentage increase in both fMight crew costs and the applicable ground support labor
costs. The amount of this hourly labor rate increase can be applied to the number of
seat-miles provided per hour. Because of the difference in miles per hour, this
incremental cost increase becomes substantially greater for the slower equipment on
a seat-mile basis.

In the more than 23-vear time span of the 55T, comprising a 1O-year development
period followed by 15 years of production and several more of airplane useful life,
even a relatively small annual increment in these wage and salary costs build to
significant proportions. Each element of cost was separately projected through the
19805 in a special study of this aspect, The S8T was found to approximate the foral
aperating cost of the present 747 airplane in iz d40-50af economy version by the
mid-"80"s and appears to offer greater economy than the latter from the late "50'%
exrward,

Load Factor Influence
Other revenue producing advantages apply in an earlier time period. In the vears

following the introduction of the jet transport, while these airplanes were in shaort
supply and demand was high because of passenger preference, the load factors, or




percentage of seats occupied, were unusually high. A similar introductory period
bonus is expected to accrue for the 55T, This new equipment will offer an even
greater reduction in trip times, a higher and smoother ride, and once again, the
dramatic appeal of a new form of flight. It is estimated that this added introductory
load factor influence will extend over a S-year period. Thereafter, as long as slower
equipment is offered on competitive routes at similar fares, the 55T will attain a
higher load factor and hence will have an income advantage.

Fare Structuns

fn the operational simulation study, a current fare structure was assumed and the
afrplane was found ro be economically viable without surcharge. Given an equivalenr
fare structure, the passenger preference for speed will result in the S5T 5 capruring
the budk of the traffic on the transocean international rowres.

Owerall Profitability

The combination of the above factors 15 found to be appropriately compensating
through the operating life of the 55T. The apparent disadvantage in operating
economics will be more than offset in the early years by passenger preference and
high load factors, and in later years, by the labor cost escalation advantage. Travel at
three times the present speed can be accomplished at relatively the same cost per
seat mile as for the subsonic equipment. It 15 sienificant that the gains in
productivity accomplished by both the advanced large-body subsonic jets and the
S5T over present jet equipment will offer the capability of maintaining a relatively
stable fare struciure in air fransportation throughout the period under study.
Concurrently, average personal income will continue to increase, These same
conditions prevailed during the past two decades, with advanced equipment coming
into use, and helped (o make possible the remarkable growth of air transportation
that has taken place. The elements exist to assure the continuance of that growth.
The S5T will help make it possible. This growth, in turn, will call for the added
productivity of the U5, 55T on international airways.

The operational appropriareness of the S5T and i5 econamic earning power assure i
a sofid and increasingly important place in the world air transportation nerwork,
There s every indication it will become the international workhorse airplane of the
T98()s.
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35T OPERATIONS—-GENERAL CONSIDERATIONS

Dvamatic Improvements in air transpore capability during the last 25 years have
made it physically possible and convenient for vast numbers of people 1o engage in
many activities requiring long distance travel, Urilization of these new capabilities by
the public at large has been truly phenomenal. Almast half of the U.S, population
has uwsed scheduled afr service af leasi once, and more than (0% have used i
regularly. Although the population continues fo increase, the number of people
using air rransportarion is increasing at a much faster rate. By 1980 almost 20% of
the peaple will have become regular airline customers and more thar 60% will have
traveled by air at least occasionally.

The diversity of needs to be served by the alr transport industry requires a wide
selection of afrcraft of varfous sizes, speeds and ranges flving o comprehensive
air-route network, A large travel demand exists within this network thar will be
uniguely filled by the §5T. The operational utilicy of the 88T will be characterized
by shorter trip times, significantiy betrer schedules, and congestion relief on the fast
growing airways, Economic gains will result principally from #ts speed, and
aocompanying productivicy,

An intensive study of S8T introduction to the air transport sysfem, using the
environment of today s roure structure, has substantiated thar the projected benefits

of the 55T can be reglized in practice. A large map llustrating the wide distribution
af 88T's on airline routes in 1990 is contained inside the back cover of rhis
document, Further development of the world air route system and improvements in
the method of S85T operation will augment the acrual distribution of 58T when
they are infroduced into service,

Travel Demand and Grawth

Lzing forecast methods that have proven conservative in the past, the passenger
traffic on international routes is expected to increase nearly eight-fold by 1990, By
| 978, it will be almost as large as todav's total free-world traffic (Fig. 3-A).

The rapid growth in air transportation can be attributed to several factors. For the
U.5. alone the population growth during the vears 1958 to 1968 has been about
.55 per year while during the same period the annual growth in air transportation
has been over 145 in passenger miles each year. The keys to this air traffic growth
become evident when one considers that GNP increased at more than &% each yvear.
The consumer pnce index has increased an average 2% per vear since 1935, but air
fares in 1968 were actually below the 1938 level after peaking in the early 1960
time period. With the introduction of better and faster aircraft, air transportation
has become more and more competitive with other types of transportation. Since
1956, service improvements such as smoother and quieter ride, more scheduled air
service, over 953% schedule reliability, and halved flying times have contributed to
make air travel the most attractive transportation means of the modern era.
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The supersonic transport will continue the trend of offering more and better service
while reducing flight times again by one-half, The high productivity of the increased
speed will maintain the trend toward decreasing or stabilized passenger fares.

Type of Traffic and New Market

Adr travel owes most of its popularity to the time savings offered over other modes
of transportation. Out of a representative group of air travelers contacted, 87%
preferred air travel because of the time saved. The reduction of mbernational air
travel times by the 55T will be especially appealing for business travel, which
presently makes up the largest segment of air traffic.

By 88T, Europe will be as close to the U.S. as New York is to Minncapolis today,
and international commuting for the businessman will become a reality. Relatively
short trip times and flight in high altitude turbulence-free air will provide the
passengers a means of transportation unequaled in comfort and convenience. At the
same time growth in air traffic will create new demands for air service and radical
changes in awrhine route patterns. History showed that as the iraffic volume
increased, more and more direct point-to-point service was offered to meet the
demands of the traveling public. The improved service resulting from more direct
point-to-point 55T schedules are expected to generate a whole new business travel
market,

The 55T is certainly the forerunner of a new family of high speed transports whose
high productivity will be a major factor in Keeping operating costs from increasing
during the next two decades. Stabilized fares combined with rising incomes will
continue o broaden the base of the passenger market which, when combined with
the new traffic patterns, will make international air travel accessible to more people
than ever before,

Histarical Trend

The piston-engine era began to decline in the late 1950 with the advent of the
swept wing subsonic jet commercial transport. A 50 percent increase in cruise speed
coupled with increased airplane size, resulted in a two-fold increase in productivity.
The subsonic transport speed plateau has remained relatively fixed during the
1960°s. Although the propeller driven commercial transporis are rapidly
dizsappearing from the air transport svstems due to the superiority of the subsonic
jets, current studies show that subsonic jets will complement the 55T flects for
many vears to come.

The S8T can best fill a special role in the world air transportation system and should
not now be considered as total replacement for the subsonic jets. The moast
meaningful perspective of the worth of the 85T is gained by considering its
contribution to the efficiency and operations of the total air transportation system
of which it will be an integral part.
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S5T Capability

The diversity of air transport requirements has led to the development of several
specialized airplane types, such as short range, intermediate range, and long range,
each of which has been optimized to provide the lowest fares for the passenger while
providing a reasonable profit for the airlines. Very large capacity airplanes in the
long and intermediate range categories are now under construction, offering the
airlines further equipment choices to meet their needs. Most airlines already have
two types of specialized aircraft in their fleets and large capacity airplanes on order.
The 55T, with 298 passengers and 1800 mph speed is designed to handle
increasingly diverse traffic patterns as well as increased traffic volume. The
Supersonic Transport fulfills the specific requirement for a very high speed long
range transport of moderate size.

Productivity

Productivity is measured by average speed multiplied by the number of seats carried
over a given range. The payload-range capability of an airplane is a function of the
efficiency of its aerodynamic design, its propulsion system, and its structure.
Appendix A contains a brief explanation of this relationship and other supersonic
flight phenemena. The production airplane configuration is briefly described in
Appendix B. The SST is designed to achieve the optimum combination of
productivity factors at supersonic cruise speed as well as during subsonic flight,

Continuing air traffic growth demands airplanes of ever increasing productivity 5o
that the air transportation fleet size and airline manpower requirements can remain
within reasonable limits. More than 5 current subsonic transports or 500 Douglas
DC-3's would be required to move the volume of air traffic that can be handled by
one 55T,

A work force of millions would be required as compared to about 300,000 people
employed by the airlines in 1968 if aircraft of increased productivity were not
introduced into the air transportation system. The airlines faced with ever growing
traffic will need to rely on highly productive aircraft such as the jumbo jets and
55715 to meet Mature traffic demands,

By wvirtue of its greater speed, the production model S8T, with 298 passengers, is
nearly 75 percent more productive than the 747 with 440 seats. A subsome 747
would have to carry 750 passengers to match the productivity of the 298 passenger
S5T (Fig. 3-B).
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Schedule Reliability

Changes in route patlerns o offer more point-to-point service will tend to
decentralize airport terminals helping to relieve the congestion due to passenger
traffic growth, Furthermore, advanced automatic flight systems, and all-weather
landing capability will result in more efficient use of the airports.

Currently, airline operations are dependent on the weather conditions at the
terminals, Restricted visibility may cancel a flight or divert it to an alternate airport,
however, the major problem results from delays caused by the limited airport flight
handling capacities during bad weather, Improvements programmed for the SST will
attain bad weather airport capacities close 1o present good weather capability.

The dispersion of the 55T operation to meet the requirements for more
point=to-point non-stop traffic, more accurate navigation provided by the automatic
flight management system, and increased airport capacity resulting from all-weather
instrumentation will improve schedule reliability by reducing flight delays.

Improved Scheduling

In addition to improving speed and comfort for the traveler, the S5T will offer new
schedule options of special value to the businessman. For example, it will be possible
to depart from New York at 6 a.m., arrive in Paris at 3 p.m. Paris time, spend the
afternoon and evening in Paris, return on a flight leaving Paris at midnight and be
back in New York by 9 p.m. the same day. The total time elapsed would be 15
hours, with 9 of them spent in Paris, As another example, a round trip leaving Los
Angeles at 8:00 a.m. and returning at 11:00 p.m. could provide a full business day in
Honolulu (Fig. 3-C).

For very long trips, the improved scheduling will be a major enhancement to travel,
On a London-Sydney trip, the present total elapsed time exceeds 22 hours by
subsonic transports, while the 55T will take about 13 hours (see Fig. 3-D).

For the airlines, the operation of a mixed fleet, 85T's and long range subsonic jets
on the same route, will offer the possibility of more hours of operation per day. As
an illustration, 55T's or subsonic transports can each depart during 12 hour periods
on the Paris-New York route without breaking self-imposed midnight to 6 a.m.
airport curfew. However, a combined fleet can offer departure times covering 16
hours of the day,

Utilization of the earlv-morning hours (6-8 a.m.) for 55T departures from the 1.5,
to Europe, and late (8-11 p.m.) departures for the return trip will be stimulated by a
demand from business travelers making short duration transatlantic round trips.
Similarly, expansion of scheduled operations between the West Coast and Honolulu
will be enhanced by the time saved by 55T travel.
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Subsonic Jet SST Tima

E::;E;?_ Elapsed Time Saved

Tk Mi::f (Hrs & Mins) | (Hrs & Mins)
Londen, Sydney (West) 28:20 15:00 13:20
Londan, Sydney (East) 2211 13:30 B4
Landon, Tokyo 15:48 T35 B:12
Mew York, Copenhagen 730 4:48 242
Mew York, Zurich T.36 4:30 306
Mew York, Rome 812 4:48 3:24
Mew York, Athens 9:12 5:18 J:54
Miew York, Fraskfors 7:30 4:158 3:12
Mew York, Rio de Janiers 8:06 S:00 4:06
Mew Y ork, Johannesburg 18:24 8:24 9:00
Seattle, Tokyo a:12 4:42 4:30
San Francisco, Tokyo 9:48 524 4:24
aydney, Tokyo 1248 7:54 a:54
Miwe ork, Tokyvo 13:54 5:00 B:54
San Francisco, London 11:54 730 424

Motes:

1. 30-minute stop tome asumed for both aircraft,

S5T elapsed time includes fuel stops and speeds below senic beam
threshold over populated areas,

Maximum 55T range 3380 naurtical miles

Maximum subsonic transport range 4250 nautical miles

S5T cruise Mach = 2.7

Subsonic cruise Mach = 0,85

55T 298-passengor payload

Subsonic transport 441 passengers

S5T/Subsanic Routing not identical due to Range differences

it

SRR

Source: The Boeing Company
Figure 3-0, SS8T/ Subsonic Transport Elapsed Time Comparison
{Reprasantarive Routes]
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These new schedule opportunities will not only serve to level off traffic peaks at the
busy terminals, but will offer the intercontinental traveler originating at an inland
city the opportunity of reaching his overseas destination in one day. A traveler could
depart Dallas during mid-morning, arrive in New York during mid-afternoon, and
take an SST amiving in London late-evening the same day.

The eight-fold growth in traffic will make it economically feasible for the airlines to
offer 55T non-stop direct Mlights from most major US. cities o mosl major
European cities. For example, a traveler going to Oslo or Stockholm will be able to
fly directly from any of several U5, cities instead of having to go to Copenhagen,
and/or Stockholm before getting to Oslo, as he now must. Point-to-point, non-$top
type service is ideally suited to the size and speed of the Supersonic Transport. The
comhbination of direct non=stop service to many of the major 1.5, cities, and short
haul commuter type shuttles to many others will provide better service than has ever
been possible. This will provide a large stable business traffic base for the
international travel market.

Utilization

The speed of the 55T will have an appreciable effect on schedule flexibility,

although the total impact on airline operations has not been evaluated. Typical
schedule elapsed time comparisons shown in Figure 3-D illustrate that the longer

range non-stop capability of the newer subsonic airplanes will not give them a
schedule advantage over the currently defined 551 at any range.

Operationally, the supersonic transport has many of the characteristics and
requirements of the short haul transports such as the DC-9 and 737, Short fight
times make it mandatory to keep ground time to a minimum if the full advantages
of speed are to be realized, The 55T is being designed 1o meet this kind of
requirement. The 55T has an advantage over the short haul subsonic transports
because the change in time sones permits a degree of schedule Mexibility unavailable
to the short haul jet transport. This schedule flexibility combined with the short
ground times and the advanced maintenance techniques being used in the design will
permit wtilizations of 12 hours per day or more even with self-<imposed midnight to
G a.m. curfews at most airports.

Besults of a detailed study confirmed that 55T utilization of 12 hours per day could
be realistically achieved on representative international route systems while
respecting curfews and maintenance requirements. {Appendix C)

Operating Costs

A fundamental consideration in air transportation economics is operating cost. When
the jet transport was introduced in 1958, its prncipal advantage was believed to be
travel time saved due to increased speed. In 1950 it was not recognized that the jet
operating cost could ever be less than that of the piston-engine airplane, or even the
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turbo-prop transport. And now a decade before the introduction of the first
generation S5T's, estimates show that their direct operating costs will be slightly
higher than for today's jets. However, economic studies show that as a result of
improved technology, actual load factors, wage trends, and escalation, the 55T will
achieve equal or lower total operating costs than the next generation of subsonic
transports.

Airport and Airways Decongestion

The SST will relieve both airport and airways traffic congestion. The travel demands
for supersonic flight and the scheduling flexibility of the 55T will spread the air
traffic throughout a greater part of the day thereby effecting a general reduction in
airport and airways congestion. The automatic flight management system, under
development for the 58T but with application to all commercial aircraft, will further
relieve the air fraffic congestion by improving navigation accuracy and schedule
reliability,

The higher c¢ruise altitude of the 55T will increase the number of air traffic
cormdors effectively increasing the amount of airspace. An analysis of the airspace
problem shows that the number of daily North Atlantic crossings will increase from
240 in 1967, to about 2100 in 1989 if current airplane types are used, or to about
700 if all fMlights are by jumbo jets. If the world air transport transatlantic fleet is
divided between SST's and jumbo jets there would be about 200 crossings by the
subsonic jets and abowt 600 crossings by 55T7s. The S5T will cruise at altitudes up
to 72,000 feet while subsonic jets are limited to altitudes below 41,000 feet, The
cruise speed of the 58T is about three times faster than the subsonic jet, hence an
55T wall utilize the airspace only one-third as long as a subsonic jet. It can be
concluded therefore, that despite the projected traffic growth, with a mixed fleet of
subzonic and supersonic airplanes, the airways traffic density on the North Atlantic
would be at about today’™s density level.
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55T OPERATING ECONOMICS (1968 COSTS)

During the past several years, the relative merit of competing air transports has been
assessed primarily in rerms of direct operating cost (DOC), This has been a valid
comparison becanse the various airplanes had similar characteristics and investment
reguirements. This is not necessarily a valid method of assessment when comparing
§5T% ro subsonic jers, because of the high speed and unmigue operating
characteristics of the S8T. An assessment ar a higher economic level involving
aperational simulation, load factors, Jare structures, and direct and indirect cosis,
leading to a Return on Investment ({ ROI) comparison is required (see Fig. 4-A ). This
section describes such a study. [t indicates that the currently defined production
S5T can compete economically on the routes for which it is intended, in a fleer size
af 300 or more airplanes.

Standard Operating Costs Assessment

Figure 4-B is a typical plot of direct operating costs showing the relative DOC's for
advanced subsonic airplanes, current subsonic airplanes, and an estimate for the first
generation production 58T based on 1967 ATA standard day rules. Thess data
have been calculated in terms of 1968 costs and reveal that the 85T is expected to
achieve DOC's slightly above current subsonic equipment, but somewhat higher than
advanced subsonic equipment. The difference between the supersonic airplane and
advanced large-body subsonic airplane DOCs is attributed primarily to an increase in
fuel consumption, rather than other factors, such as maintenance, labor, and
depreciation.

Recent studies at Boeing indicate that the indirect operating costs per seat mile of
the 55T tend to be somewhat less than for subsonic aircraft because of the high
productivity of the supersonic airplane. By combining the indirect operating costs
and the direct operating costs, the relative picture tends to become more favorable
to the S5T as illustrated in Figure 4-C. In comparing the total operating costs, it
appears that the 85T is only slightly more costly than the advanced subsonic jet and
slightly less costly than current subsonic jets.

Operational Simulation Economic Assessment— 1968 Costs

An economic assessment of 55T introduction in 1978-1990 was accomplished in
considerable detail by evaluating the various factors discussed in Fipure 4-A. A list of
the key assumptions for this study is continaed in Appendix D. The objective of the
study was to calculate the varation in annual ROI of the S5T fleet to determine the
probable number of aircraft desired in the transoceanic system and the extent at
which the 55T would penetrate the international market.

The study assumes operation in conjunction with a large subsonic jet fleet on
world-wide air routes. It was based on detailed analyses of the airplane-by-airplane
introduction of 515 88T on 142 existing airline routes that comprised the major
part of the world-wide network served by 25 airlines.

41




fem—————————

Feturm Un
Inwestment
Airling System

__;T.|.___

T T T T T TN

Fligh
Sarstem

r Actvanoed 1 r Cthier ‘-l
Subsonic Return O Equi privent
| RewrnOn | | Heturn On
| s tmEn _I Imvestment I estrment
Aevenue Uperating System
Cot I s estment
Load ¥ jeled l!:ll-lu”m_1 3”&':[ ; Giround
A erating Eerating
Factor (Fara) " System
st Cost ¥

Source: The Boeing Company

Figure =4,

(&irplana)

Ajrline Economic Elemants




20

1.5

Direct Operating Cost \
{Cents per Available 1.0 h
Seat Statute Mile) \\ L

\—1 75-5eat1 TO7-3208

0.5 f

dal-Seat 74T —'Ir

0 1 2 3

4

Range | 1000 Statute Miles)

Source: The Boeing Company

Figure 4-8,  Direct Opevating Cost
(1867 ATA Rules Standard Day
AlEcanomy Fayloads)

43



2.5

General and
&dministration

Commissions

General amd

20k Advertising Administration
Fublicity
Reservations, Commissions
Etc. General and Advertising
Administration Publicity
TS Reservations,
Commisions Etc.
Sodviertising
Pamenger Publicit
Handling i ) T. H—EE&-
I direct Reservations,
Ete. Pazsen
Costs Incirect _Eer
Taotal Operating Faod ot Handling
Cost (Cenis Per Eaggage =
ilabl i
Available .Suat Cabin Attendants TabIn Attendents
Statute Mile) Passenger
. Aircraft Handling Alreraft Aircraft Aircraft
Aircraft Sarvicin
AE Contral Control ing Control
SErvicing - —
Food GPE Depreciation
1.0 +*[GPE Depreciat
G Sl L Cabin Artendants
Fuel Adrcraf
=nd Fuel
Servicing
GPE Depreciation
Crime
Fuel
Crew
_ Direct Crow Direct
Maintenance Costs Costs Maintenance
Mantenance
| nssrance
| nsurance Insuranca
Depreciation o
Depreciation Depreciation
s
F07-3208 747 8T
175 Seats 440 Seats 2707300
288 Seats

Figure 4-C.

Source: The Boeing Company

*Ground Property and Equipment

fAll-Economy Payioads)

Tofad Cperating Cost Comparison — T8 Cosis




The operationg of the 515 currently defined production 85T in the world-wide
network was simulated by the Bocing study. The economic impact on the total 38T
fleet was analyzed, and in addition, the economics for several individual airline $8T
feets were examined. The study was based on allowing sonic boom only over water
and north of the Arctic Circle. Even though flight operations at subsonic speed cost
more per mile than at supersonic speed. this world route analysis shows the
practicality ol using the 55T on rowtes requiring combinations of subsonic and
supersonic flying. These flight operations are compatible with the needs of pasenger
traffic, individual airline route structures, and subsonic jet operations. The study
also shows that the use of circuitous supersonic flying to avoid populated areas can
be practical for airline operators. The S5T introductory market study was simple in
concept and was conducted as follows:

1. Methad

An 88T production airplane delivery schedule was assumed. The airplanes were
then introduced into the route structure of each individual airline according to
the delivery schedule. The cperations and economic performance on each route
and for the total svstem was calculated annually in a computer program. The
program also permits calculating the economic performance of the individual 38T
fleets assigned to each of the 23 airlines covered by the study.

2. Passenger Traffic

The world international passenger traffic forecast for the period 1978 through
1990 was used (Fig. 3-A). The traffic was broken down to annual intercontinental
traffic and finally into monthly point-to-point traffic that reflected both the
seasonal varation of the particular region and its growth rate.

3. Airplane Production and Assignment

The airplane production rate during the 12 yvears covered by the study is shown in
Figure 4-D, The first 100 S5T's were assigned to individual airlines in accordance
with the FAA reservation schedule (Fig. 4-E). Subsequent deliveries were assigned
in an order that would effectively maintain the 1967 fleet size proportions
between airlines. A total of 5135 airplanes were assigned.

The individual airplane routes were assigned considering the airline competitive
viewpoint, This resulted in the wvery rapid spread of 88T on the major
international air routes as illustrated in Figures 4-F and 4-G, See the map inside
the back cover for complete route picture.

4. Orperating Cosis
Operating costs used in the introductory market study were estimated using

standard methods of computation, Direct costs were based on the 1967 ATA
method and indirect costs using the Boeing-Lockheed method (see Appendix D).
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5. Load Factor

Several independent surveys have indicated that there will be a wery high
passenger preference for the 55T over the subsonic jets. These preferences vary
depending on conditions imposed, but generally indicate a preference of 0% or
more, Similar studies conducted in 1958 indicated that the passenger preference
for the jet airplane over the piston would be only 37%. There is strong evidence
that the predicted S5T preference will be realized. Data show that the supersonic
transport will be as comfortable as the subsenic jet airplanes and all indications
are that the ride will be even smoother. There are minor pros and cons for each
airplane type, but the overwhelming consideration is that the 55T flight time will
be half the subsonic jet fving time,

The reaction of the public to a particular type of transportation service can be
measured by the number of people using it. This is generally expressed as “load
factor” which is the ratio of the number of passengers using the mode of
transportation to the number of seats available. The similarity in situations of the
jet airplane introduction into piston-engine aircraft market and the SST
introduction into the jet market is unmistakable and it is very probable that the
reaction of the public will be similar, The public reaction to the jet airplane
introduction is documented in CAB and ATA statistics (Fig. 4-H) and this
historical data was used as the basis for the introductory market study (Fig. 4-1).

6. Yield*

Historcal data indicate the initial vield on jet airplanes was approximately equal
to the fare, but that as jets penetrated more deeply into the passenger market, the
vields were reduced, probably through incentive fares (see Fig. 4-1). To duplicate
the historical evidence, current fare levels on each route were used. The vields
were then varied as a function of the market penetration (Fig. 4-K). After the
fifth year, the vield on each route was decreased at a uniform rate of 2% per year
in accordance with the average historical decline in vield.

7. Subsonic Operations

Efficient subsonic operation is one of design objectives of the S5T. In normal
operation, the 58T will not accelerate to supersonic speed until it is at least 50
miles from takeofl. The speed will be subsonic prior to landing approach at least
75 miles from the airport, These subsonic legs may be extended as required to
eliminate overland sonic boom. In the introeductory market study the fight
operation is planned around this characteristic, and no sonic booms are created

*Yield is the actual revenue received per passenger scat mile, It is not the same as
published fares because of special discounts and fares. (Half fare for children, family
fare plans, excursions, fares, etc,)
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over land except noerth of the Arctic Circle. The international route structure is
such that over 90% of S8T fight mileage will be &t supersonic speeds over water,

During flight over populated areas, the S5T will be able to cruise from 100 to 150
mph faster than current jet transports without causing sonic boom.

STUDY RESULTS,

Bk
M

S5T Routes and Traffic

The results of the study indicate that the delivery rate of slightly less than four
airplanes per month will serve about 75% of the projected international market
by 1990 (515 airplames). The passenger miles flown by the 515 88T fleet in
1990 represents about 25% of the projected total world traffic at that time (see
Fig. 4-L). It is significant to note that the 55T fleet, while limited to essentially
over-water routes, will handle more traffic than the total free world traffic of
today.

It should be noted that the total traffic forecasts on the specine S5T routes
exceeds the international traffic estimate. This is attributed to the fact that
many of the 58T routes in the European network must “tag-end™ into the
various countries to service the principal cities such as Copenhagen, Frankfurt,
Bergen, Milan, and Rome. Further, the SST route traffic is the result of a
detailed build-up of city-pair traffic rather than the more general approach used
in estimating the international traffic.

It is significant to note that the traffic on the 55T candidate routes in 1978
requires the equivalent of 385 747 type subsonic airplanes and after
introduction of 515 55T, the routes still require the equivalent of 408 747
types. In effect, the S5T introduction inte the international system matches
the traffic growth rate and a large subsonic requirement will continue, This
study was limited to an analvsiz of airline route structures that exist today and
only the major gateway cities were considered. It is probable that the route
structure will change by the 1980 decade to take advantage of the 58T
capabilities and that many more cities will be serviced by the 88T than were
asumed in this study. The large chart in the back cover of this document
identifies some of the most probable cities that will eventually be serviced by

the SST.
Direct Operating Costs

Representative DOC's caleulated on the basis of city-pair simulated flight
operations are shown in Figure d4-M. These costs are based on actual route
mileage, fuel costs, route utilization, and fuel reserves rather than assumed
average conditions (see Fig. 4-B). The lower band of data points indicates the
range of DOCs on unrestricted supersonic rouwtes, while the upper band
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indicates DOC’s resulting from over-land flying at speeds below the sonic boom
threshold. The London-to-Cairo data is representative of a combination of
subsonic and supersonic operation. Since the DOC’s that an 85T achieves vary
greatly depending upen the characteristics of the actual route system and the
extent of supersonic flying that is available, the DOC parameter has limited
value as an economic indicator.

Load Factor, Fare, and Yield

In order to assess return on investment, the lead factors and vield achieved on
each route were assessed on an annual basis, The results are shown in Figures
4-N and 4-0. The average load factors were initially high due to passenger
preference and limited penctration, but declined to a stable value of about 50%
as penetration inereased.

The yield is shown to decline below the economy fare as penetration increases,
simulating the history of jet transport penetration of the piston transport
market,

Ir is fmportant to note that this vield does not correspond (o a surcharge but
rather, it corresponds to the economy class fare structure of today that offers
special rafes for families, students, and tours, It is this fare/yield relavionship
that will alfow the SS5T to artract the large amount of international traffic
discussed above,

The average yield achieved by 1989 is shown to be 5.6¢ per passenger mile. This
yield is a weighted average of the specific world-wide S5T routes and includes
low vield routes {(such as the North Atlantic) as well as high yield routes (such
as the South Pacific and Mid-East).

Eeturn on Investment (ROI)

The operating costs, load factor, and yield data discussed above formed the
basis for a simplified calculation of annual ROI as shown in Figure 4-P.

This calculation was accomplished annually to reflect the dynamics of 55T
introduction taking into account the variations in load factor, yield, traffic
growth, airplane deliveries, and route assignments. This dynamic effect is
revealed in high profitability in the first several years with a stabilizing ROl of
18% (after taxes-cconomy Tare) occurring toward the end of the 1980 decade.

Based on a CAB regulatory guideline the FAA Economic Feasibility Report
suggests a return of approximately 15% (after taxes) on the long-haul
equipment is required to assure an adeguate return to the carrier on total
system investment taking into account the associated short-haul equipment.
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The data based upon existing economy class fare structure clearly exceeds the

CAB guideline level, The sensitivity of ROl to a 10% fare increase is also shown

for reference.

The principal conclusions resulting from the study are:

The transoceanic type of operation was projected to be an extremely large
market by the S8ST time period. (1978-1990)

The economic aspects of the projected 58T operations appear promising when
based upon standardized industry operating cost methods and applied to a
detailed route and traffic situation,

The existing fare structure on the selected routes coupled with the long
segment lengths, and high initial load factors promise high profitability in the
introductory vears and reasonable profitability in the later years.

Restricting supersonic flight to over-water and unpopulated areas (Overland
gonic boom North of Arctic Circle only) does not seriously impair 85T
operations. Combinations of subsonic flight over land and circuitous routing
permits SST service to all free-world major traffic centers.

Reasonable airplane utilization cam be achieved within the existing airline
operating and maintenance structures.

Introduction of the SS8T followed by a buildup to an operational fleet of 515
airplanes operating in conjunction with subsonic jets appears feasible and would
be advantageous to a large segment of the traveling population.

The results discussed above were based on standardized costing methods and do not
take into account the historical and projected changes in the various elements of
cost. This aspect is discussed in the following section.
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OPERATING COST PROJECTION (ESCALATED)

The composition of S8T rotal operating costs is such that it is less sensitive to labor
cost escalation than are subsonic jets operating costs, This characteristic, which has
been generally overlooked, will have a large, Javorable effect on rhe 58Ts
comparafive economics when it is operational, and may even result in its having an
operating cosf advarniage.

The air transportation industry has experienced a remarkable growth because the
cost of a given air trip has actually declined, while both population and per capita
disposable income have steadily increased. This counterinflationary trend has existed
even though there has been a steady increase in the cost of nearly every item the
airline is required to buy. Figure 5-A shows these aspects of air transportation since
the introduction of the 707/DC-8 generation of subsonic jets began in 1958, Figure
5-B illustrates the increasing labor productivity of the airline system and the
increasing productivity in terms of seat miles per vear of the airplanes in operation
for the same period. These increases in productivity are undoubtedly the basis for
the declining cost of air travel in the face of inflation.

If the operating cost of an individual type of airplane is investigated, it is found to
gradually increase with time, since the emplovees that operate and maintain the
equipment are being paid more as time goes on, and the price of airplane type is
gradually increasing due to inflation while its productivity is relatively lixed.

Using Figure 4-C as a starting point, and considering historical cost escalation rates
of each of the cost elements, forecasts of the operating cost of the 707-3208, 747,
and S8T in 1978 and 1988 were developed as shown in Figure 5-C for comparison
with the 1968 cost basis, In 1968, the S8T would have a total operating cost higher
than that of the 747. However, the S5T is more productive per hour of labor.
Therefore, the 55T is less sensitive to wage cscalation pressures, and by 1978
festimated 55T imtroduction) the total operating differential cost will be reduced
from an apparent 16% to 4%. The difference continues to narrow and dizappears by
the latter 1980% after which the 55T appears to have a total operating cost
advantage over the T47-1vpe subsonic equipment.

The total operating costs discussed above have been expressed in the traditional
terms of cost per available seat mile. A more significant parameter is cost per
revenue passenger mile since it relates not only o the passengers carried (load
factor) but also relates to the actual revenue per passenger mile (vicld).

Figure 5-D was developed assuming a load factor of 55% for all equipment in order
to be consistent with historical load factors, Cost escalation pressures discussed
above result in a trend that tends to close the gap between advanced subsonic
aircraft and supersonic airplanes. The predicted influence of high introductory load
factors that the S8T should achieve because of passenger preference and lmited
equipment availability is shown in dashed lines. Load factors are anticipated to be
initially high and to reduce over a period of about 5 vears, while the 55T penetrates
and captures the transoceanic traffic on the appropriate routes (see Fig. 4-M).



Figure 5-D relates an extension of the current average fare level and a projection of
per capita disposable income growth to the operating costs discussed above, It
illustrates that operating costs can remain relatively stable while passenger disposable
income continues to increase, thereby enlarging the market. Additional data and
assumptions for this study are listed in Appendix D.

In summary, the apparent disadvantage in operating economics in the early years
will be more than offset by passenger preference and high load factors, and in later
vears by labor cost escalation trends. Thus, transportation at three times the speed
can be supplied ar approximately the same cost per passenger mile as the currenily
planned large-body subsonic aircrafl.




£=5

Operating Cost
{CentsMeat Mile)

Total Operating Costs

B I ==
7 Operating Cost Per 1
[ Revenue Paesenger
| m— - ﬁ —
= E— = 1"‘\;\‘ S—
4 : -
3 = !
Operating Cost "
Per Available Seat Mile
E =
i
0 |
14955 1960 1965

Source; The Bosing Company

1970

Relative Cost

Agrline Cost Elerment Escalation

7.5%

2.0

1.5

Flight Crew

-

Orther

Employees

1.0

4.5%

%
"'".L Ajrplane

AR

Cost

"1 75%

Per Capita

[

Drispeosable Income

Jot Fuel 4 5%
I e Byt Escalation Rates
Usedd in Fonecast
B - =
- Hiistory o]
1955 1860 1965 1970

Figure 5-A. Operating Cost Trends




L&
]

Flameirune
Patzangers
Pier
Employes
Per Y ear

B00 120
550 110
SO0 100
450 o0
400 BO
354 Aigianlakle 70
Seat Mile 1
Fir W ear
J00 Per Alrplane
(Millions]
250 &0
200 40
15&0 30
100 20
G0 10
Based on ATA Facts and Figures *
|:| l | A A ———m=1 D
1950 1055 18680 1965 1970 1950

Employes Fraductin i1.'|.'

Source: The Boeing Company

* Periodical published annually

Figure 5 8. Productivity Growth

Based on ATA Facts and F igrrl-ll's .
| |

1954

1960
Ajrplane Productivity

1965

1870




g

W
1988
3.6
3.0
1978 (28) 10e8
(2.82) ; (2.7¢)
1978
1968 1978 (2.34)
(2.25¢] (2.2¢)
2.0 1968
(214
1968
Total Dperating Cost Indirect iyt I ndirect
:,?-::HF Pier Seat Statute (1.35&) (1.1€)
e Indirect
i1.14)
1.0
Fuel
[?i;:'it Direct
. Direct (1.0¢)
[.7¢}
s
TO7-3208 747 ZFOT300
175 Seats 440 Seats 208 Seats

Source: The Boeing Company
Figure 5C.  Total Operating Cost Escalation Comparrson

{Afl-Ecanomy Clas)



95

i
5 #_..-"'«
o Per Capita

Disposaksle
I Fhes P
Carovvth

“Waighted Average |nternatonal
Economy Fare on 55T Routes



q49-%

-

~

""f‘— 55T With
Introductory
Lo Factors




—l-'_._
-'_'_.__._,_r — i —
e
i s PP R S Adv. 55T
e e (400 Saats)
Adv, Subsonic
(600 Seats)




9%

Total
Operating
Cost
Cenisf
Rimeinue

Passenger
BAile

11

10

Current Dollars

Histary

Forecast

International Ciwil
Awiation Drganization (1CAD)
World Fleet Average
Total Operating Cost

J07-3208
175 Seats —

i

L1747
440 Seats
&l - Economy Payloads
Load ITacmr; = 5% .h-:immm
'l
19565 19E0 1965 1970 1975 1980 1985 1880

Source: The Boeing Company

Figure 5.0, Total Operating Cost Trends

{Al-Econamy Class)

1945



APPENDIX A FLIGHT FUNDAMENTALS

APPENDIX A

<
-
e
fa
z
>
(=S
'—
T
=
=
LL




AFPENDIX A
FLIGHT FUNDAMENTALS

Several physical phenomena are unigue to supersonfe [Tight. Factors affecting the
effictency of an airplane are changed; productivity is increased, a sonic boom is
created and the high-thrust fet engines force arfention fo potential airport and
cormunity noise problems,

Supersanic Flight Efficiency

The flight efficiency of an airplane designed to fly at a given speed, 18 measured in
terms of its payload-range capability, Payload-range is the product of three factors;
acrodyvnamic efficiency, propulsive efficiency, and structural efficiency. The effect
of design speed on these three factors is discussed below.,

Aerodynamic Efficiency

The aerodynamic efficiency of an airplane is measured by the ratio of lift (upward
force) to drag (retarding force), commonly called L/D. During subsonic flight, drag
resitlts from air friction amd a retarding force associated with the downward
deflection of the air by the wing in producing lift. During supersonic flight, an
additional retarding force exists called “wave,” or “pressure” drag. The additional
energy required to overcome wave drag results in the formation of “shock waves”
surrounding the airplane. A lower acrodynamic efficiency results as compared to
subsonic airplanes,

Propulsive Efficiency

The propulsive efficiency of an airplane is measured in terms of the airplane speed
divided by the amount of fuel burned for each pound of continuocus thrust
eenerated by the engines. The rate of fuel burned for each pound of thrust is called
specific fuel consumption (SFC). Generally, the faster an airplane travels, the higher
its SFC. This trend, however, is more than offset by the higher velocity term (V) in
the propulsive efficiency lactor, V/8FC,

For supersonic flight, the increase of propulsive efficiency with speed makes it
economically attractive to go as fast as materials technology permits because speed
more than offsets the decrease in aerodynamic efficiency.

Structural Efficiency

The structural efficiency of an airplane 15 measured by the ratio of its maximuam
takeoflT weight to its operating empty weight. The airplane operating empty weight
is maximum weight minus usable fuel, reserve fuel, and payload. While the major
component of the empty weight is structure, other operating items such as the
engines, crew, unavailable fuel, and emergency gear are all included in operating
emply weight.
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The structural weight tends to increase with speed as a result of a number of related
factors. Most significant of these are additional structure required to offset
acrodynamic heating, wing thinness, and body slendemness. Structural efficiency
tends to decrease as design speed increases,

Payload-Range

As mentioned previously, the payload-range capability of an airplane i the product
of aerodvnamic, propulsive, and structural efficiencies. Generally, an airplane is
designed to meet specific speed and range requirements, while having satisfactory
handling qualities, flight safety provisions, and other characteristics compatible with
traffic and terminal facilities. Thus, the optimized end product of design is a best
compromise to accomplish these requirements while carrying the maximum payload.
Figure A-A illustrates how the three flight efficiency factors vary with the design
speed (Mach number) of airplanes, and how payload, the result of these efficiencies,
varies with speed.

Productivity

Productivity, which is the imdex of transportation system performance, 15 shown in
the lower portion of the figure. The importance of speed in air transport
productivity is pointed out in the comparison of the 55T with several current and
future subsonic jets. The productivity of the 58T is shown to be 75% greater than
the large-body subsonic despite 32% less sealts,

Sonic Boom

55T economic studies are based on the premise that the 55T will not operate
supersonically over land. The cruise speed over land and for operations near airports
will be subsonic, producing no boom. Economic feasibility of this operation policy
has been confirmed by indepth studies. The characteristics of sonic boom during
supersonic cruise are discussed below to provide the reader with a clearer
understanding of this unique supersonic phenomenom.

During supersonic flight, air pressure waves are generated similar to the bow wave of
a ship. These pressure dizturbances join and lag behind the airplane, forming a
conical shock wave (Fig, A-B), with the airplane at the apex. This shock wave
represents a concentration of pressure waves. The pressure change on the surface
across a shock wave from a supersonic airplane at high altitude is about 1/1,000 of
the normal pressure of the atmosphere. This is the sonic boom. Figure A-B illustrates
the intercept of the shock wave with the surface for an airplane flying supersonically
at high altitude.

A typical plot of the sonic boom track on the water for a flight from New York to

London is shown in Figure A-C. After takeoff from JFK, the 85T flies 90 miles
during acceleration to boom producing speed. It proceeds to a point about 30 miles
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south of the tip of Newfoundland, then follows a great circle route toward London,
It decelerates below boom producing speed prior to arrival at the coastline of
England and continues on to Londen. The route thus flown takes only I minutes
longer than the most direct {great circle) route.

Airport and Community Noise

Sound, as perceived by the ear, can be defined by its pitch and loudness. Pitch is
measured by frequency of vibrations or cycles per second (cps); annoyance is
measured in units of perceved noise levels in units of PNAB.

Because of greater thrust, the SST will gain altitude after takeoff more rapidly than
current and proposed subsonic jets and, following power cutback for noise
abatement, will be quieter over communities near airports.

A smaller-diameter propulsion system with a relatively high jet velocity is required
to accelerate through the transonic speed range and maintain efficient supersonic
cruise at altitudes above 60,000 feet. The required thrust is obtained by means of a
turbojet with an augmentor or modulated afterburner. Figure A-D shows the
configuration differences between the augmeted furbojet for the 35T and a turbofan
engine suitable for subsonic jets.

The SST noise objectives established jointly by Boeing and General Electric for the
initial production 55T are:

o  Achieve community noise standards under the flight path comparable to
subsonic intercontinental arrcraft in the same production period.

®  Achieve sufficient sideline noise reduction so that outside the airport boundary
the SST will be as quiet as the existing subsonic jets.

Based on extensive design, development, and tests completed to date, these
objectives have been achieved in experimental models, and airplane hardware is
technically feasible for initial production deliveries. These objectives are consistent
with proposed airport noise regulations and land use.

Using a background of many years study in the design of noise suppressors for
subsonic as well ag supersonic airplanes, Boeing and General Electric are developing a
multi-tube nozzle to be wsed during takeoff to suppress noise and to shift the noise
energy spectrum to higher frequencies, which results in a more rapid noise reduction
with increased distance.

Figure A-E shows the takeofl noise contours for a production S5T with design
abjective suppression. Corresponding values are shown for a Boeing 707 for
comparison with an airplane familiar to the general public. The 747 is expected to
be moticeably quieter than the 707, Figure A-F shows the production 55T landing
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noise contours with values compared with a Boeing 707. These figures show that the
SST will generate less noise on the airport during takeoff as well as being quieter
over the community during climbout. The 55T will also be quieter during airport

approach and landing.
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APPENDIX B
AIRPLANE DESCRIPTION AND PERFORMAMNCE

The 2707300 airplane provides a balanced combination of performance, flying
gqualities, and operational characteristics. Its delta wing, with aft tall design, meets
performance goals specified by the FAA and airlines. A general arrangement of the

airplane Iy shown in Figure B-A and an economy class interior arrangement is shown
in Figure B-0.

Figure B-C shows estimated range capability with a maximum payload of 298
economy class (tourist) passengers. Range available with full payload is over 4,000
statute miles. For lesser payloads, the range is increased as additional fuel is
substituted for payload,

Figure B-D illustrates the Approximate Range Capability at various cruise speeds,
The design permits efficient operation at high subsonic Mach number, as well as at
the design point of M 2.7, Its range at M 0.95 is approximately 3 500 statute miles.

Cther design data of interest are given below:

Maximum Design Taxi Weight 750,000 pounds
Engine — General Electric GE4/] 67,000 pound thrust
Passenger Capacity 298 Seats (economy)
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APPENDIX C
AIRPLANE UTILIZATION

A study of a twenty-girplane fleet was performed on a segment of a major airlineg’s
route structure in an effort to realistically assess the S8T scheduling and utilization
capabilities.

This study was based on the following:

¢  Assumed airport curfew from midnight to 6 a.m. at all airports except Asia on
round-the-world fights.

e  Although the SST has the capability of 30 minute station time for turn-around
as shown in Figure C-A, the station time was extended where practicable, and
as required to permit executing the necessary 50- and 300-hour penodic
checks.

e Twenty airplanes were used in the study. Nineteen airplanes were actually
scheduled in service with the twentieth held in reserve as a backup for
unscheduled maintenance and other contingencies.

e  All airplanes were routed through New York on a periodic cycle, with cyele
periods being 48 and 72 hours,

e Two airplanes were always on the circuit for a 48-hour cyele and three
airplanes were always on a circuit for a 72-hour cycle.

# Midnight to 6 am. curfew at New York permitted time for 300-hour checks
and rotate aircraft for the next day's schedule.

In the twenty airplane system, one airplane was held as a backup with 19 airplanes
assigned rouwtes on a realistic basis. The flight schedules included actual flight times,
realistic stop times and sufficient conservatism to permit unscheduled delays to
occur without adversely affecting the complete cycle. This study resulted in an
average of 12 hours per day utilization, which was computed by adding the total
hours lown by 19 airplanes and then dividing by 20 airplanes for a 20 airplane feet
average. The backup airplane is rotated in such a manner that all 20 aircraft will
eventually serve a backup cycle.

The scheduling did not consider connecting flight schedules nor optimized departure
times, however the curfew limitation was illustrative of the optimized departure
time effect. The conclusion drawn from the study was that contrary to present
experience with short average flight time equipment, such as the 727 scheduling
would probably not be the limiting factor in 85T utilization. The high speed of the
SS8T combined with the change in time zones on the major routes provides the
degree of freedom required to achieve utilization comparable with the long haul
subsonic jet airplanes of today.

I



1. Position Jetways | ‘ ‘
|

7. Service Lavatories

| |

. Semic Gl EEEEENEEEEN |
ENEE
ENEEEgRE
o

2. Provide Ground Service

J. Deplane Passengers

4, Fuel Adrplane

5. Unload Baggage

G. Unload Bulk Cargas

10. Service Cabin

11, Load Bulk Cargo
12. Load Baggage

13, Board Passengers

14, Start Engines

1
15 Remove Ground Serviee l |

i 10 20

Estimated Time (Minutes)
Source: The Boeing Company

Figure C-A, Twrnground Time — 55T Drasign Dbjective




IMustrative examples of the 38T scheduling capability are shown in Figures C-B and
C-C. These figures also illustrate SST speed capabilities. Starting from New York,
daylight round-the-world service can be provided in both directions. Also, proper
scheduling can provide complete round-the-world service without over-nighting or
violating a curfew,

Figure C-B illustrates the round-the-world capability where one SST completes a
cycle in three days. Daily service is provided, hence three airplanes are required on
the route. Figure C-C illustrates a slightly different S8T capability. After spending a
day making two North Atlantic crossings, Europe curfews of midnight to 6 a.m.
prohibit further SS8T maneuvering from New York to Europe. The S5T can then be
turned around and flown west to the Far East,

The elapsed time is shown on the abscissa and the airports are shown with their
respechive local times on the ordinate. Curfews along with elapsed times for arrivals
and departures are indicated by horizontal bars. To find the local airport time of
arrival and departure, add the local time shown on the ordinate to the elapsed time
from the abscissa,

It can be seen that 1 2-hour utilization can be achieved on routes projected for the
85T while respecting curfews and allowing station times longer than the 30 minutes
turnaround capability. Within these schedules longer station time is available for the
necessary scheduling margin required by unpredictable delays,
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APPENDIX D
STUDY ASSUMPTIONS

Assumptions wsed in the 55T Operating Economics Study and Operating Cost
Projection studies are described in the following paragraphs.

SST OPERATING ECONOMICS STUDY (1968 Costs)

The 55T intreductory market study described in the body of this document was
based on a production airplane with characteristics as listed in Appendix B.

Existing international route structures were used with 85T networks developed to
conform to forecasts of total free world and international traffie. Basic data and
restraints employved for operations and economic analyses equations are identified
below,

Dperations

Routes and Traffic

¢ The introductory market study traffic forecast is based on a conservative
annual growth rate of 10% for total free world traffic from 1970 to 1990, This
can be compared fo an annual average growth rate of approximately 4%
recorded for total free world traffic between 1958 and 1965,

#  Traffic between major world areas per Boeing Marketing forecast.

¢  City-pair traffic proportional to 1967 flight frequencies.

e Route structure used similar to 1967 existing international route structure,
except: traffic rerouted as required for somic boom restrictions and range
limatations,

& Mo supersonic flights over land except north of the Arctic Circle

Deliveries and Assignments

o Delivery Rate

Alrplane in Study

January 1978 1 airplane 1
Feb, 1978-Dec. 1979 approx. 3/mo. 101
Jan. 1980-June 1986 i/mo. 244
July 1986-Dec, 1989 4/mo. 169

55T in Study 515




[ 55T Assignments
1. 1978 and 1979 airplanes assigned to airlines per FAA reservation list.

2. Subsequent airplanes assigned to airlines on basis of 1967 international
fleat sires,

3.  Route assignments made on basis of traffic and competition.
Scheduling
¢ Curfew limitations: 12 p.m. to & a.m.*
30 minutes minimum station thru time.
*except round-the-world trips.

o  Scheduled AJC on airline route structures to achieve 11 to 12 hours per day
utilization.

L Schedule overnites at existing major bases on 1= or 2-day basis,
¢  Transonic service limited to trunk route requirements.
L Mo subsonic legs scheduled except as limited by mimimum range,

e  [etailed schedule made for first airplane on route. Assumed succeeding ASC
could maintain same schedule,

Load Factor

Load factor varics as inverse functions of traffic penetration. Based on load factor
history of LL5. carriers in international market during jet introduction into piston
market (1959 through 1964). Yield varied in a similar manner.

Yield/Fare

¢  Economy class fare on each route used as basis for computing vield.

e  Yields based on history of US. carriers in North Atlantic during jet

introductory years of 1958 through 1964, Yield in study reduced as function
of market penetration and time, to duplicate historical trend.
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Direct Operating Cost (DOC) — 1967 ATA Method

o  Cockpit crew cost = (0005 GW/ 1000 + 200.00) x Block time

¢  Fuel cost = (Block fuel) x 1.02 x Fuel price

' Insurance cost = 0,02 x Airplane price x Block time/Utilization

] Maintenance cost

I

3)

4)

Airframe labor

a) Flight Cycle = (05 = + 6 - w——)
) gt Gl =0 1000 T Y " e 13p, MR x0T
1000 "~ g
where Wa = Airframe weight
M = Cruise mach number
Ry ™ Labor rate (54/hr.)
are . Wa 630 g
(k) Flight time = .59 (.05 +6- 5yg—— ) x Fit time
1 (W0 Wa 420
A R]_ x M
Engine labor
{a) Flight ¢yele = (L3 +%&Em ) x Mo, of Eng x F"L

(b) Flight time = (0.6 + ==X MUty ¢ No of Eng x Ry x
x Flt time

Airframe material

(ad Flight cyele = 6.24 x Airframe m:-'.tf][]ﬁ

(b} Flight hour = (3.08 x Airframe ct::il_."]["]{‘} x Flight time

Engine material

(a} Flight cycle = 2.9 x No. of Eng. x Cost/Eng/ 10°

(b} Flight hour= (4.2 x No. of Eng. x Ii'1.:-.~i1_-'ErLr_:,-'I'l':'i

o  Maintenance burden = 1.8 x (Airframe labor + Engine labor)

o  Depreciation = Block time x (

Alrplane cost + Spares
Depreciation period x Utilization

where SPARES = 10% Airframe cost + 4045 Eng. cost x Mo. of Eng,
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Direct Operating Cost = Summation of above direct costs (5)

N Direct U'E-Emtlng Cost £ :
DOC = “Tafs x Range (stamp) ( ¢ [Avail. Seat Mile)

Indirect Operating Cost (10C) — Boeing/Lockheed Method

Ground equipment maintenance = 0.095 x Flight egquipment direct
maintenance

Cabin crew = 0.4 x Seats ¥ Block time x (1.0 + % First class)

Food = {0.75 + 0.32 x Block time) x LF x Seats x (1.0+ 2 x % First class)
Other passenger services - Seats x LF x Range (5t mi) x 2/1000

Adrcraft control < 62.40/landing

Aidrcraft service = (0L839 + Land fee rate) x GW/ 1000

enplaned
onboard

anIan ixc
onboard

Passenger handling = 3.60 % Seats x LF x
Passenger baggage = 0,03 x 44 x LF x Seats x

% (1.0 + % First ctass]
Cargo = 0,0225/LB

Service administration = 0,093 x (Aircraft Control + Aircrait Service +
Passenger Handling + Baggage Handling + Carge Handling)

e . 2 enplaned
Reservations/sales = 7 80 x LF x Seats x = ]
Paszenger commissions = 31000 x Range (S0, Miles) x LF x Seats
Advertising = 2.5/ 1000 x Range x LF x Seats

Cround depreciation - 1 2.2% x Flight equipment depreciation

Amortization = 9.5% x Flight equipment depreciation

Subtotal = Summation of above Indirect Costs

Creneral and Administration = .45 (DOC + Subtotal)

Indirect Operating Cost = Subtotal + Gen. and Ad. (5)

1OC=

Indirect Operating Cost
Seats x Range (St. Mi.)

(¢ [Avail. Seat Mile)
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ANNUAL RETURN ON INVESTMENT (ROI)

Annual Cash Flow
Cummulative Investment

e Annual RO =

o  Annual Cash Flow = Annual Revenue — Oper. Costs — Taxes

¢  Annual Bevenue = Z Revenue/Flight
Flights

#  Operating Costs = § : Direct & Indirect Costs less Deprec,
Flights

¢ Taxes = 48% E Eevenue — Operating Costs — Deprec,

Flights

o Cumulative Investment = Cost of all airplanes plus spares in service
as of December 31.

¢  Airplane Cost Assumptions for Study

Airplane - S3E, 000,004 (including engines
and customer furnished equipment)

Engines - $1,500,000 Each

Cust. Furn. Equip. - S850,000/ Airplane

Airframe - 531,150,000

Adrframe Spares . 53,115,000/ Airplane

Engine Spares - £2,400,000/ Airplane

Operating Cost Projection |Escalated) Study Assumption

Following are the basic data and escalation forecasts employved to develop the 58T
advanced time period economics from the outputs of the introductory marker
studyv, as descritred under Operations arnd Econamics,




Alrplanes

R8T 707 747
Max, takeoll gross wi - 1b 750,000 335,000 710,000
MNumber of seats 2498 175 440
Flight crew 3 3 3
Cabin attendants (1 attendant per 25 seats - all airplanes)
Load factor 55% 55% 55%
Utilization (10 hr/day, 3650 hr/yr - all airplanes)

Operations

The inflation study was accomplished using a mission which was average from the
Fleet Operations Study, The characteristics of this mission are tabulated below;

Distance — 2170 n.mi 2500 statute mi
Atmosphere  — ICAD standard day, no wind
Reserves — This mission is well within the maximum range

capability of all airplanes, so it was assumed that
reserves would not affect operating costs,

Economics
Direct operating cost calculations were based on the October 1967 ATA Eules,

® Maintenance labor and material costs were calculated using the October 1967
ATA Rules,

1} Labor was assumed to escalate at 4.5% per year (from an initial value of
54,00 per hour)

2y It was assumed that improvements in component life and techniques
would offset the escalation in maintenance material costs.

. Spares costs were estimated as follows:

Engine Spares — 40°% of the estimated cost of the set of engines for each
airplane.

Airframe Spares — 107 of the estimated airframe cost.
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# For purposes of calculating operating costs, the following depreciation

periods were used:

707 = 10 years
147 — 12 years
55T = 15 years

Indirect operating cost calculations were based on the equations developed in
Report RAC-R-20, Cost Analysis of Supersonic Transport in Airline Operation,
Research Analyss Corporation, Dec. 31, 1966 modified to adapt to 58T advanced
time period projections.

Summary of escalation factors used:

Airplane Prices, Engine Prices, Spares Costs 3%

Ground Equipment and Facilitics IR

Flight Crew Labor 7.5%

Cabin Attendant Labor 4.5%

Food Cost 405
Maintenance Labor Cost 4.5%

Jet Fuel (11.1¢/gal, 1978) LB
Commissions, Baggage Loss, etc. No change (per RPM)

Insurance — Escalates with airplane price

General and Admimstrative Costs

Baggage Handling Increased productivity approximately
Aircralt Servicing offsets 3.5% labor cost escalation.
Aircraft Control (Applied equally to all airplanes)

Promotion and Sales

Passenger Handling - Increased productivity reduces cost
approximately 1% per year.
{Applied equally to all airplanes)
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