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SUMMARY

The acrospace industry stands at the leading edge of our nation’s advance in science
and technology. It is a leading employer and a high-quality employer. It providies a
significant portion of our country's export sales of industrial products.

Commercial aircraft development and manufacture constitute a major and increas-
ingly important portion of the activities of this industry. For several years the
industry has been the predominant supplier of transport equipment to the airlines of
the world, despite intense competition from European industry, some of it
government-owned and an instrument of national policy. America’s only means of
attaining and holding this position is to offer constantly more advanced transport
vehicles that excel in efficiency, safety, and attractiveness to the traveling public,
Each such advance has stimulated a further growth in the total aircratt market,

Other factors, including economic and population growth, have combined to
increase the size and importance of the world air transport market, and this growth
continues. There is general agreement among traffic forecasters thal revenue
passenger miles in the free world will increase at least sixfold between 1968 and
1990. Te carry this traffic, 3125 billion worth of new commercial aircraft will be
required in the two decades ahead.

It is clear that the nmext major step in air transport progress will be the move to
supersonic operation, because of the timely coincidence of technical readiness and
markel opportunity. Supersonic transports will constitute a significant part of the
ahove-mentioned 5125 billion market. Comprehensive analyses of operational
economics, competing equipment, and appropriatengss (o various routes
eliminating supersonic operation over populated land areas to avoid sonic boom
effects—indicate that the 55T market will total 525 billion by 1990,

Supersonic transports will be built somewhere in the world to [l this market, and
will gradually move into the position of prime equipment on the major international
routes. The only question is whether they will be built in the United States or
elsewhere.

The United States now has a design sufficiently superior in speed, passenger
capacity, operating economics, and overall utility that timely implementation of its
construction will put the United States in position to obtain at least 520 billion of
thiz 525 billion market through the sale of an estimated 500 58T's, 270 of them to
forcign airlines,

This projection of market penetration, on which U.S. program plans are based, not
only conflines the contemplated supersonic operation to routes over water and
unpopulated areas, but also takes into account the continued operation of subsonic
gircraft in numbers appropriate o their competitive capability. 1t is (o be expected
that intercontinental traffic will Mow via the newer and much faster equipment-

namely the 55T 's—as was the case when jet airplanes began replacing piston
equipment. The experience at that time was that passenger demand produced such
high load factors {percentape of seats ocoupied y in the period following introduction
that equipment purchase cosis were promptly recovered by the airlines, A few




percentage points difference in load factor became highly significant in operating
profitability ratios—more so even than direct operating costs, But the U5, 55T is
projected to have direct operating costs comparable to present 707/DC-B class
equipment, with room for further improvement as typically occurs during the
development and early operational stages of a2 new model. Moreover, the market
stimulation effect of the tripling of present speeds in the case of the U5, 55T can be
evien more pronounced than the jet introduction, which doubled previous speeds.

Looking at the effect of the program—profoivpe plus resulting production—the
prospective direct employvment will involve approximately 30,000 persons at peak
production. This means a figure in excess of 150,000 if secondary employment
effects, including trades, profeszions, and services supporting the original 50,000, are
considered, Those directly emploved will be at a high average wage; they will include
many at the top levels of skill and technical competence, so important to the
continuance of our nation's overall capability: they will also include substantial
numbers n semaskilled and unskilled categories, The aircraft industry has a strong
record of equal opportunity employment and is currently contributing to the
solution of the nation’s ““hard core™ unemployment problems by providing training,
in conjunction with the government, and assimilating such individuals into the work
force, including appreciable numbers from the minority groups.

Because of widespread subcontracting, the distribution of emplovment will be
nationwide. It is constructive employvment on a commercially useful activity
confributing to the objectives of peace through improved communication and
contact between the peoples of the world,

The dollar impact of the 55T program on the U.S. economy is even more striking
than the emplovment effect. Quite in contrast (o the type of government-supported
program that involves expenditure without direct return to the government, the S5T
program is devised to permit government recovery in amounts substantially greater
than the original outlay:

®  On a direct business venture basis, the government will be paid royalties on the
sale of production airplanes in an amount returning the original investment by
approximately the 300th airplane and producing 31 billion in excess of
investment by the 500th delivery,

®  The production program is of such scope that personal and corporate income
taxes of those directly involved will produce a return to the government more
than double its prototype expenditure, and potentially five and one-half times
that expenditure if the federal, state, and local taxes paid by those indirectly
employed through the “multiplier’ effect in the economy are included.

®  Dwing to the high percentage of export business included in the makeup of the
program, the international balance-of-trade effect is truly substantial, I the loss
of foreign sales from U.S. nonentry into the competition is combined with the
consequent additional purchase of foreign-built SST's by U.S. airlines, the
negative effect on the aircraft account in the U8, balance of trade could reach
516 billion by 1990. Conversely, the successful execution of a U.S. SST
program of the dimension described will add appreciably to the strength of
the dollar and America’s monetary position.




&  The stimulative effect of the advance into supersonic transportation will bolster
the economy generally, because of the increased ease of transportation and the
technological benefits deriving from the program. To the extent that gross
national product growth is generated thereby, further income will be returned
to the government through various revenue sources.

The technological benefits are impressive enough in themselves to provide strong
justification for the SST prototype development, quite apart from the commercial
revenues already discussed. Many advances already in process and to be completed
for the SST will apply to the whole of air transportation and to the military side.
These include: major safety advances stemming from automatic flight control
equipment, internal systems reliability, and fireprool structure improvements; flight
efficiency improvements stemming from advances in structures, propulsion, aero-
dynamics, and lightweight components; manufacturing advances, particularly in the
realm of titanium structures applicable to other equipment, and finally, flight
operations advancements that will permit the efficient handling of increased air
traffic and relieve the congestion constraints that are hampering transportation
growth generally.

In effect, the S5T's requirement for these various advances serves as a forcing
function to bring them expediently into existence. Without the S5T program, they
might require a number of additional years, and their benelicial effects—as applied
to the rest of the air transportation system as well as possible other related
systems—would thus be delayed. The existence of an 55T prototype program in
which the government is an interested participant provides the needed present
mechanism to bring these developments forward.

Not only will the technological advances apply beneficially to the transportation
system bul, as has already been seen, numerous developments in materials,
manufacturing techniques, electronics, and other important fields will find free
application in industry generally, and wndoubtedly throughout the consumer
ECOMOMmMY.

The total impact of the planned SST program extends beyond the many specific
effects cited above. It can best be described in the dimension of overall national
strength. Our position internationally, our ability to continue to lead industrially,
our national security, our economi¢ health, our technical capability, our prestige in
terms of meaningful leadership in important lines of progress—all are components of
our relative national strength and position. Each of these can be strongly affected by
the SST endeavor. It is a project of the scope and character that gives it major
national importance. It is the only development program in the large supersonic
airplane field, military or commercial, under way in the United States at the present
time. In its technology and its contribution to future mobility, the 55T has an
important bearing on our national defense capability. It must be viewed in the light
that three other nations—the Soviet Unmion, Britain, and France—have already
embarked on S5T projects, thereby acquiring this capability and the benefits derived
therefrom. The Soviel Union's general technology advance is especially impressive,
That country prides itself on being the first to My an 55T.




The risk of overall loss resulting from nenparticipation in the 55T competition
would be serious i the aggregate. The increased risks associated with permitting
compeling sources too great a time lead over the U.S. product are likewise serious,
Allowance has been made in program planning for substantial sales of the
Anglo-French Concorde over routes on which this smaller vehicle is appropriate.
However, the additional speed, size, and economic advantages of the U5, 55T are
counted on [o win the trunk route markets, assuming the production airplane will be
available with no greater lag behind the competition than would be entailed by a
prompt 1969 go-ahead on prototype construction. Increased delay could permit the
Concorde to advance to a model more comparable to the U.S. airplane by the time
the latter is available.

It 15 understood that the US. program s undertaken with the normal business risks
associated with the attainment of ultimate commercial orders and the realization of
air traveler patronage in the volume that would provide these planned orders.
However, it must be remembered that European 55T s will already be fAying, and the
factors of marketability and passenger demand will be much better known by the
time of a go-ahead decision on American production quantities. IT, at the time of
airline introduction of the Concorde, the expected passenger approval and demand
are demonstrated and there is no ULS, 55T prototype in existence, it will then be too
late to retrieve the desired ULS. position. Therefore, it appears that the real business
risk of not going ahead with the prototype at this time is considerably greater from
a national standpoint than the risk of proceeding according to plan.
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AIRCRAFT INDUSTRY

In iz chapter recent contribifions of the aircraft indusiry are discussed in rerms of
eeanomic and rechnological benefirs

Backlog of Business and Sales

The backlog of orders for commercial jet transporis committed to the U5, aircraft
industry amounts to an important factor in the nation’s financial stability.
Currently, this industry has a 997-airplane backlog amounting to $11.1 billion. This
backlog supports a level of business that has not been exceeded since World War 11,
Figure 1-A displays the growth in dollar value of aircraft of deliveries from 3813
million in 1964 to more than 33.5 billion in 1968, Figure 1-B shows the corres
ponding number of deliveries during this period.

Total Jobs in the &ircraft Industry

The aerospace industry in the United States is the largest single production element
of our tofal economy. OF a itotal national work force (excluding agriculiural

workers) of almost 69 million workers. the acrospace industry contributes
1,415,000 employees. This is even greater than the auto industry’s 880,000
workers. The aircraft industry share of the acrospace total is 848,000 workers. This
i more than one and one-hallf times greater than the steel industry’s 523,800
employees. Table 1-1 displays historical data for comparison.

Average Wage

The average wage of the nation’s aerospace employees is among the highest in
industry. The relatively highly skilled work foree currently commands an average
hourly wage of about 33.66 per hour. The aircraft production worker's average
hourly wage is almost as great, being $3.63 per hour. This compares to an average
wage of 33.00 per hour for all US. production and nonsupervisory employees.
Recent data are given in Table [-I1L

Annual Payrall

It is apparent that the aerospace industry is a large contributor to the maintenance
of our nation’s economic growth., In labor costs alone, the U.S, aerospace industry
paid owt 512.3 billion in 1966 and 51 2.9 billion in 1967, The product of a relatively
high average labor rate and a high proportion of the nation’s total work force results
in a significant contribution to the overall national labor income.

Technolegical Benefits

The technological development required in the aircraft industry has led to
innovations in materials structural techniques and systems design and manufacture.

Innovations developed by the aircraft industry are applied to the direct benefit of
the industry and its products and, more importantly, are transferred by the so-called
spin=off process info the products of other companies in other industries.

A few of the more important examples of aircraft technical developments that have
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Employees an Tatal P Motar Vehicles Blast F'.JTI'IBI'CL"S
Monagriculivral Aprospace SEria & Equipment B Sweel Mills
Year | pavralls, US. Industry :;;r‘ e 1SIC 371) (SIC 3312
(11 2] {3 (3]
All Al All Produstian A1 Production Al Production
Employers Employess Employees Workers Employees Warkirs Employees Workers
1960 54234.0 - 627.9 360.6 724.1 5G3.3 577.1 470.5
18961 La042.0 09,7 3477 G323 4791 B26.5 4247
1987 HE5SG.0 - G384 3491 691.7 534.0 522.3 4214
1963 BEP02.0 [F3C1e ) aR0.8 741.3 5736 520.0 4246
1964 GE332.0 1117.0 5054 i3 75249 5792 G567 4584
1965 G0E32.0 1133.0 G24.2 356.3 B42. 7 G58.9 RE0. 2 4774
1966 B4034.0 1298.0 750.5 4447 B59.2 G604 571.3 447.2
1967 GE033.0 1362.0 B125* 440.5" B26.9° Ga0.7" 550.5" d44,2°
1968 Gea27.0"" 14150 Bag.4"" 5004 " pas.g"" G606.8" " 523.8%" 414.0""
Source: (1) Employment and Earnings and Monthly Report on the Labor Force,

Volume 18, Mo, 5, Movember 1968, US. Departmaent of Labar—Bureau of Labor Statistics
(**} September 1968
(2] &erospace |ndustries Release, 629 Series 6-1 & 6217 Series 1 of January 29, 1969
(3] Emplayment and Earnings Statistics for the US., 1909-67, wsued October 1967, Bulletin Mo, 1312-5,

WS, Departrment of Labor—Bureau of Labor Statistics
1*] May 1964

Tadwle T-1,

Total Joby Comparizon, Thousands of Employees

¥ear Total Industry Total Aprospace Total &ircraft
{1 (2] (2}
15968 $3.01 $3.66 (11 months) $3.63
1967 2,83 352 1.49
1966 3 ¥ 338 3.34
1965 261 3.25 3158
1964 $2.53 $3.13 $3.00
Source: {1}  Bureau of Labor statistics—gross average hourly earnings of production
or nonsupervisony labor on private manufacturing: non aigricul tural
{21 Aerospace Industries Association data

Tabila 1-11. Average Hourly Wage af Production Warkers




laid the foundation Tor whole new industries or made large contributions to growth
of existing indwstries are:

®  Aluminum has moved from a lightweight high-priced novelty item in the lab
into an inexpensive, extremely useful high-production metal that finds myriads
of uses in many companies” products.

¢  Titanium is now finding more uses in aircraft design. Under the impetus of the
SST program there will be further reduction in costs and greater utilization.

®  Plastics and their application have undergone considerable development within
the industry and found application in consumer goods industries. The SS8T
promises further development and use of plastics.

&  Using aluminum, titanium, and plastics singly or collectively, the industry has
developed lightweight, high-strength assemblies that have been adopted in
railway-car and automobile design, to name just two examples. The 55T will
force innovation in this area, especially in bonded and honeycomb structure,

Other examples include:

®  Stronger and higher quality welding, fastening, and joining, which have been
applied to all kinds of parts and assemblies, including pipe, storage tanks, cars,
E1c.

o Faster. cheaper, and more accurate metal forming and removal (especially using
numerically controlled machine tools and chemical milling).

®  Greatly improved manufacturing inspection and testing techniques, especially
nondestructive testing.

®  Higher-performance, compact, and more dependable environmental control
svstems, which have led to better heating and air conditioning systems lor
residential and commercial buildings and automohbiles.

#  High-performance, compact, and reliable communications and navigation
systems, which have been applied to other modes of transportation.

More examples could be cited, but those selected serve to illustrate the beneflits
derived by this nation from the development and manufacture of aircraft. The 55Ts
technical and economic performance will require technical development that will
provide a continuation of comparable future benefit,

Balance of Trade

The United States leads the world in the export of goods: 4 percent of our gross
national product is the result of this export business, The aircraft manufacturing
industry has been able to produce exports to the extent that although the net U.S.
balance of trade (exports less imports) has been declining, that portion for aircraft,
parts, and accessories has continued to increase over the past 5 yvears. Table 1-111
displays this information,

The civilian/commercial aircraft, parts, and accessories portion of this total aircrall,
parts, and accessories balance has increased from 52 percent in 1963 to the current
12 percent.

1-5




Warld Recognition

The U.5. aircraft industry is recognized throughout the world as favorably reflecting
the technological capability and production guality that our economic system
encourages, OF the 104 major IATA free-world airlines, 89 use United States-built
equipment, OF 135 major national capital cities in the world, 110 are on scheduled
stops by United States-built air transports and 71 are served by U.S. airlines.

Share of Free-World Mark et

Since the introduction of jet commercial transports by the air carriers of the world,
the United States has captured almost nine-tenths of the available free-world market,
Table 1-1V gives historical statistics in this regard.

I-6




UL, Balance of Trade— | U5, Balance aof Trade— | % of L5, Balance of Trade L5, Balance of Trade
A R i ':..:I.'-'Ilﬁl Cammaércial Cl.-.ul & Commercial
Yoar Toatal -ﬂu:cﬁwrics.f ’ Aircraft, .F'aru & Aijrcraft, Parts &
Accessories ACCRsInrieg
{5 Billian) {5 Billion) %) S Ballson)
fa) ] fal % (bl
1963 5.287 0.726 52 0.378
1964 7.005 0.7 G4 0427
1865 5.334 0997 58 0.577
1066 3837 0.824 2 0.593
19&7 4,126 1.2 [ 0,914
1968 0.726 1.585 {esr) 72 (est) 1.140

source; LS. Dept of Commerce Bulletin: Overseas Business Report of May 1968
L&, Dept of Commerce Series FT 410 and Series FT 135 of January 19649
The Seattle Times of January 3, 1964,

Tabbe 1114,

Halance-of- Trade Comparisons

Calendar Percent of Total

e World Dollar Sales
18&0 B8.4
1961 86.9
1962 B3.3
1963 Bh.b
1964 B3.2
1965 8.7
18966 &h.B
1a67 93.9
1968 95,0 [est)

Cource: The Bosing Company

Tabie 1-fV. U5 Producers” Share of Free-World Commercial Transport Alrplane Marker
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AIR TRANSPORTATION GROWTH

The air transport business is one of the outstanding growth industries in the world.
Since 1950, air transportation has realized an average worldwide growth rate of 15
percent per year. Many studies have been undertaken to identify factors causing this
growth in order to develop analytical methods for forecasting. These studies have
indicated that air traffic growth correlates significantly with:

L] Growth in the traveling age group (25 to 59 years)
®  Growth in GNP per capita or personal income per capita in this group
L] Decrease in Fares

AL this time there are insufficient historical data available to precisely predict the
beneficial effect of reduced trip times on air traffic growth. However, airline
managements in general regard this factor as significant. Analyses indicate that by
1990, 10 to 15 percent of the traffic could be attributable to the shorter trip times
offered by 55T,

The Institute for Defense Analysis (IDA) developed an analytical model for the
Federal Aviation Administration in 1966 as part of an overall economic evaluation
of the SST program. The traffic forecast produced by this study is shown in Figure
2-A. In addition, the actual data are included up to 1968, and the current Boeing
forecast used in business planning is also included. Note that the forecast
underestimates by 30 percent the traffic just 2 vears after it was made. Note also
that the higher traffic volume in 1968 occurred in spite of the substantial air traffic
congestion that occurred in many large airports of the world.

The substantial underestimate of the 1968 traffic by the IDA group does not
imvalidate the equations which they developed, The difference between actual and
assumed growth in income would account for some of the difference in traffic. The
increased imternational travel associated with the Vietnam war and other inters
national unrest would account for substantially the rest of ir.

Based upon airline and aircralt industry forecasts, the IDA air traffic model appears
te produce reasonable estimates in the 1980-1990 time period, and it was used as
the basis for the analysis results to be discussed in the remainder of this chapter and
in the following chapter. The air traffic projection envisions an average growth rate
to 1990 of about 8% percent a year, substantially below the 15 percent average
mentioned previously. Al this rate, 1990 trafMic will be six times that of 1968,

Recognizing that there is a serious question of the desirability of supersonic fMight
over land, it has been decided to make the economic feasibility studies under the
assumplion that supersonic flight over populated areas would not be allowed. This
assumption results in application of supersonics primarily to routes where slight
deviations from the great circle (shortest distance) would bypass populated land
areas and where subsonic fying for short distances at the beginning and end of the
trip would be economically feasible. In addition, some longer subsonic flyimg over
populated areas was assumed in order to connect up airline route svslems. The
aircralt is designed to accommodate these options at practical costs, Under this
assumption, about 30 percent of the total air traffic could possibly be served by
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supersonics. Figure 2-B shows a breakdown of the total market, and Figure 2-C
shows tvpical supersonic aircralt routes.

The striking fact of the analysis today is that even under this restriction, the 85T can
compete for a future market nearly twice as large as the total of free-world air travel
in 1968, The amount the U.5. 35T would actually capture would depend upon its
appeal to the traveling public and upon its relative earning ability Tor the airlines.
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ECONOMIC STUDIES

The U.S. supersonic prototype is the forerunner of a family of transport airplanes
just as the original Boeing jet transport prototype Dash 80 was the forerunner of the
nearly 2,000 jet transports now flying. A key to successful 55T penetration of the
market 15 its relative economics. Figure 3-A shows a comparison of total operating
costs of a production version of the SST with the 707 Intercontinental and with the
wide-body 747, At equal load factors the total operating cost per seat mile is higher
for the SST than the 747. However, a modest load factor advantage to the SS8T
would eliminate this difference. There is historical justification for assuming that
popular demand will generate the load factor difference. The right side of Figure 3-A
shows the load factors on the subsonic jets during the period when the subsonic jets
captured nearly all of the traffic on the prime long-haul routes.

Analyses show that both lower fares and shorter trip times generate additional
traffic. However, it is evident that a large segment of travelers would consider
trading one for the other. Analysis of these trades leads to the conclusion that
people's choice will be related to their incomes. It is also evident that their choices
will be influenced by the specific fare possibilities—firsi-class subsonic versus tourist
85T, for example. Moreover, the choice will be related to the traveler’s perception of
the advantage gained by the faster speed. In this regard, scheduling studies have been
done and trip time comparisons have been made. Trip time savings of 3 to 4 hours
are typical. For examples, see Figure 3-B. Morcover, additional departures can be
scheduled at convenient times for travelers. (See Figure 3-C.) The better departure
schedules and shorter trip times would generate additional use of the S5T. Projecting
U.5. and foreign incomes out in time, it is estimated that if a fare difference of 20
percent or less is charged, then between 60 percent and 100 percent of the travelers
would choose to My supersonics by 1990,

Combining all of these factors results in an estimate of the total supersonic demand.
It appears now that this demand will be about 20 percent of the total air traffic by
1990, or slightly more than fotal free-warld traffic generated by all aircraft on ail
routes in 1968 The distribution of the long-haul traffic with range and the 20
percent supersonic share is shown in Figure 3-D. The split of this traffic between a
1.5, 58T and the Concorde will be a function of the relative economics of the two
airplanes and of the relative introductory timing. At present, it is envisioned that the
Concorde will be introduced in 1973 and that the US, S5T would be introduced in
1976. Moreover, it is estimated that the smaller, slower Concorde has a higher
seat-mile cost than the U.S. 85T (Figure 3-E). Current projections, based upon the
IDA forecasting model, are for a total U.S. 55T market of 500 airplanes and a
Concorde market of 120 airplanes under the assumption that no supersonic flight
over populated areas 15 allowed.,

Howewver, if the U5, 55T is not built, the less economical Concorde would capture a
portion of the supersonic markef. It is projected that 600 of these airplanes would
be sold by 1990,

From time to time studies have been made of the effect of design mach number on
the economics of the 55T, These studies show relatively small differences in the
operating cost with mach number between mach 2.2 and 2.7. In some studies lower
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costs occurred at the lower mach number, and in some they occurred at the higher.
The oulcomes have been dependent upon small differences in assumptions and
pround rules.

The significant factor in design mach number selection between 2.2 and 2.7 relates
to the choice of a structural material. At low mach numbers, aluminum structures
would be feasible, Even here, however, while aluminum s less of a production nsk,
titaniwm has supenor poteniial,

In summary, air travel will be enjoyed by more and more of the world’s people. To
satisfy this growing demand, the airlines will buy an additional 5125 billion worth of
aircraft and parts between 1970 and 1990, The U.S, 85T can compete for about 545
billion of these sales even assuming that supersonic overflights of populated areas are
not allowed; and, as currently envisioned, it is expected to capture 520 billion of the
market.
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JOB OPPORTUNITIES

The U8, labor force will increase by approximately 1.5 million persons per year jor
the next decade. The structure of the labor force will change because of a large
influx of vounger workers, many of whom will be highly educared and trained, The
skill requirements, mumber of jobs, and geographic distribution of jobs provided by
the S5T program appear o match the labor force changes.

The fundamental reasons for pursuing the program are its soundness as an economic
venture and its importance in international aircraft markets. The discussion below is
intended to indicate that, in addition to its economic soundness, the 85T program is
probably also a key element in achieving a desired wse of our restructured labor
force.

There is general agreement among the variows forecasts of the size of the labor force
that the United States will require a net addition of approximately 1.5 million new
jobs per year for the next decade. The SS8T program has relevance to this
requirement for new jobs in Iwo respects:

®  The relative magnitude of employment provided by an 85T program and the
new job requirements of the labor force

™ The relationship between the types of jobs offered by the S5T program and the
changes anticipated in the structure of the labor foree and, consequently, in the
specific demands for jobs

During the design and prototype phases of the 38T program, peak employment is
projected to be approximately 20,000 prime and subcontractor people. An effort of
this magnitude has significance with respect to near-term job requirements. The
production program, with a projected direct peak employment of approximately
50,000 and total employment (including multiplier effects) in excess of 150,000, is
large enough and of sufficiently long duration to be considered a meaningful
element in the task of meeting the new job requirements.

The primary significance of the S5T program with respect to the labor force appears
to lie in the relationship of its skill requirements to the changing structure
anticipated for the labor force, and to the major government programs aimed at
upgrading and increasing the “utilization”™ of the labor force. Perhaps the most
crucial single issue will be the manner in which young people just entering the labor
force are absorbed into the ranks of the employed. First, the rate of absorption will
have to be considerably higher than it has been in recent years. Secondly, a
significant portion of the vounger entrants to the labor force will be highly educated
and trained in the managerial, technical, and skilled areas relative to their
predecessors. Thirdly, those entering the job market with little or no skill will find
diminishing opportunitics. In these respects, successful prosecution of the 55T
program appears particularly important.,

To illustrate. the United States has developed a very large base of technical,
managerial, and industrial competence during the successful completion of very
large, technically sophisticated programs. We are increasing the size of this base
daily. If the U.5. 55T program is not pursued and the supersonic technology is
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pursued in other countries, we will lose jobs from the U.S. economic base, jobs for
which our own fechnical, managerial, and industrial people are advantageously
suited. The recent experience of other countries where large-scale, technically
sophisticated programs were nol brought to completion argues persuasively for this
point. The loss would tend to place a ceiling on the upward mobility of both the
highly trammed new entrants (o the labor force and on experienced workers. In turn,
absorption of the less skilled new entrants would be more difficult,

The 58T program has sufficient managerial, technical, and industrial content to use
much of the base we have already developed, stimulating upward mobility in other
seiments of the labor force and thereby making the absorption of new entrants
easier in all of our major industries and at all skill levels,

It is important to note that the ill effects of not pursuing the S5T program would be
felt mot only in the U.S. aircraft industry, but in almost all our major industries and
at all skill levels as a result of a lack of “multiplier-effect™ jobs.

Table 4-1 shows the expected changes in the structure of the labor force by age
group through 1980, The two main points of interest are the indicated increase of
approximately 1Y million per vear between 1970 and 1950 and the projected large
increases in the 25- 34-year-old age group.

Table 4-11 shows the expected increase in the labor force by major geographic
regions, related to the currently available data on prospective subcontractor effort
for the prototype and production programs. The distribution of 55T employment
by region is based on the distribution of subcontractor dollar effort by region.
Supporting Table 4-11 are detailed tabulations (Table 4-111) of the percentage change
between 1970 and 1980 by region, and a distribution of the prospective
subcontractor companies and dellar subcontracting effort by state for both the
prototype and production programs (See tables 3-1V to 5-VII). Current prospects
are that the largest portion of subcontract effort will be i the western states,
which are projected to experience the highest rate of labor force increase through
980,

Table 4-1% shows the jobs that would be created in the industrial sector, and which
would in turn be created in the consumer sector, as a result of the S5T program at
peak rate.

Table 4-V displays the probably structure of the SST related industrial emplovment
in terms of typical education levels, skill levels, ages, and salaries.

Tables 4-V1 through 4-XV display the anticipated structure of the aerospace
industry and engine portions of the 85T labor force. There are several points of
interest: First, a very large proportion of the jobs are expected to be available to the
people in the fastest growing age group. The lowest anticipated manufacturing
wage range of approximately 36,000 per year in terms of current dollars is about
equal to the present national average for manufacturing workers. There are a
substantial number of jobs involving management, skilled workers., and technical
functions, which are expected to be very well paid relative to the average for the
labor force.




Approximately 50 percent of the total pavroll will be in the unskilled and
semiskilled categories on a headcount basis. Approximately 70 percent of the effort
will be outside the professional and technical categories.

The next issue of major importance 15 whether the aircraft and related industries
have established the policies, administrative practices, and relationships with
suppliers that will encourage movement in the desired direction within the labor
force. There is every reason for confidence in this respect. The aircraft industry has
traditionally attracted and wtilized the most competent technical, managerial,
industrial, and production people available in the conduct of major, technically rich
programs. In addition, because of its long association with military contracting and
the equal opportunity endeavors entered into jointly by the industry and
government, the management philosophies and practices that foster equal oppor-
tunity and upward mobility of the labor force are well established in the industry.
Because of the technology changes and the obvious requirement for quality and
rehiability im our products, we have long experience in fraimng and upgrading the
skills of our workers,

In addition, the 55T contractors, prospective subcontractors, and suppliers for the
prototype program indicate that they currently have approximately 1,150 “hard-
core unemployable™ trainees. Prospective subcontractors and suppliers for the
production  program  indicate that they currently have approximately 2,350
hard-core trainees. All have stated their intention to continue with the programs.

Tables 4-XVI and 4-XVII portray the current statistics of major contractor
employment status with respect to equal opportunity employment,
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Parcent Changa
Age Mumber Change
19701980 1850- 1960 1960-1970 1970- 1980
16 + 15,325 1249 174 18.1
16 10 24 3,633 22 48.8 19.2
25 to 44 0.0965 849 4.9 28
25 to 34 7,980 0.3 12.3 47.1
35 to 44 1,985 18,8 1.8 12.0
45 4 1,727 24.1 17.3 5.4
45 1o 64 1,490 26.2 20,4 5.1
G5 + 237 11.3 -5.3 7.4
SOUrGCE Manpower Repart 1o the President, ULS, Department of Labor, April 159G8

Table 4-I. Changes in the Toral Labor Farce (Both Sexes) by Age— 1950 through 1980

Prototy pe (2] Production V) LI:E:;H;Z:;E Potential [:liS'IIIlIIJ!iI:IﬂIEI
. : = - - o i970—1880 (0 Jobs Attributable to
Region Suppliers SMillions % Suppliers SMillions % IMillions [ 1155T at Peak {Thousands)
Vs 395 211 35 048 4710 44 9.9 77
South 103 51 8 238 841 L 4.9 16
Morth Central 1364 194 3 2838 2410 s 4.0 38
Maorth Easterm LB36 144 75 1365 604 ¥ 5 F 44
Total 2401 &5 100 G530 10,755 1000 154 175
Sources: 1, “Labor Force Projections by State” Special Labor Force Report Mo, 74, October 19668, Exhibits 2, 3. and 7
2. See tables 5-1% to 5V
3. Se tabde 440V

Table 4.1, Geographic Distribution of increase in Labar Force and Employment Attributable to the 55T Program at Paak
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Laksor Force Labor Force Percent Change
Region 1970 1280 1970-1980
{ Thousands] [ Thousands)

Total United States 85,257 100,670 18.1
Mortheast 21,150 23762 12.3
Morth Central 23,399 20 368 16,49
Sauth 25,564 30,514 19.3
West 15,1348 19,032 6.7

aource; “Labar Force Projections by State,”™
Special Labor Foree Repart Mo, 74, Oetaber 1966,
U5, Department of Labos

Talle 4-111. Pevcent Change in Lalrar Force by Region—Profected 1970 and 1530

{Exclvding Armed Forees Overseas)
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Consumer &
Industrial Services
Employment Employment  Total

1. Agricultural, Forestry, and Fisherigs 2BZ 8327 8608
2. Mining 360 15 EES

3. Mew Construction - - -
d, Maintenance Repair Constrastion 36% 2,084 2,449
5. Food and Kindred Products 04 3035 4,029
G, Textile Goods and Apparel 232 4,902 5,134
K Furniture and Woeod Products 393 1,243 1,636
B, Paper and Paperboard 204 1,267 1,661
a. Chemicals, Rubber and Plastics BRG 2102 2058
10, Fetroleum Industry (Refining) 44 266 310
1. Other Manufacturing 302 10,064 10,456
12, Iran and Steel 1,681 708 23849
13 Wonferrous Metal 1,250 286 1,536
14, Fabricated Metal Products 2773 1,338 4111
185, Machingry, Except Electrical 2227 G 2771
16, Electrical Machingry 2625 1,174 37049
17, Maotor Vehicles 196 1,083 1,279
18, Aireralt and Parts 36,654 a5 36,6095
19, Other Transporfation Equipment 43 e 2H5
2, Oither Manufaciuring Durables 1,618 2,106 3724
21, Communications 403 1,328 1,728
22, Whalesale and Retail Trade 2,354 0,615 32 969
23, Services, Education, and Medical 2.881 35 883 38,764
24, Government Enterprises 510 2,077 2587
256—28 Transportation and Warehousing 1,790 31,8505 5, 1B6
Taonal ROETT 116,017 175,834

Sounge: Projections 1970
Interindustry Relationships,
Bureau of Labor Statistics

Table &1V, Employment Provided by 55T Program at Peak
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Function

Type of Jobs

Prototygss Frogram

Production Program

Syeroge
SAnnual
Salary
[dallars)

Mumiser of Aug,
Employees Ay

Aerage
Annual
Salary

{eballars]

Number of Hong,
Er'|'||.||1.'-l|r|.=|:-.= g

Typical
Education
Le=enths (11

Research, Design,
and Developrment

Systems Analysis and Enginesering
Design and Drafting

Test Errgnnuefing

Technical Analysis

Materals and Processes

(00

3400 545 1016

(00

BOOD 3540 10-14

A.B,C, HE

Sales and Service

Sales Representatives

Technical Sales Suppor
Contrasct Admindtration
Acleertising and Sales Promotion

600 35-45 1013

1500 2540 112

A B, C HS

Axtembly and
Falwication

Tool Design and Fabrication
fgsemibly and Installation
Servics Stores

Fabrication and Processing

10,800 3540 g-10

27 500 Sb-40 T-B

AR HE TS

Batersal Procurement

Raw Material Procurement

Purchased Systems and Subsyitems

Qutside Productian and
Subcantracting

Recerving amd Slore

B 3540 -1

1500 3540 B-10

A B, HE TS

Fastilities
Larvice

Buildings, Ground, and
Equipment Enginesring

Maintenance

Construction and Installation

Transpartation

1000 40-50 89

2500 545 7-8

B, C.H5 TS

Parsonnel
Services

Employment

Training and Dewelopment
Personnel Relations

Wage and Salary Administration
Satery

400 30-35 410

750 25-35 B-10

A, B, C, Ha

Finance

Cost Estimating
Accounting

Payrall

Credit and Collection
Audin

400 35-40 911

750 30-35 8-10

A, B, C HS

Comiputing

Pragramming

Lrata Frocessing
Computer Operation
Equipment Operation

GO0 2536 811

1700 2530 811

ALB, HE

Oualiny

Cuality Planning and Control
| Fgss tron
Relability

TG00 A5 B-

3800 35-45 a4

B, H5, TS

General Services

Libraries/F iles
Reproduction and Printing
Systems and Procedures

600 30-36 781

2000 2b-3b PR

B, HS, TS

Total

20,000

50,000

(1) A - Advanced Degres
B - Bachelor's Degree
G- some College

H5 - High Schonl
TS - Trade Schoal

Sourge; The Boeing Company

MOTE: All Dollars Constant 1963

Talle 4-V. Stansrcal Dsteibertion of 55T Labor Force [ Total Employees)




Function

Tywpe of Jobs

Mumber of
Employees

Prototype Program

fovprage
Aonnual
Salary
|3l lans)

foverage
e

Mumiber of
Employees

|Production Program

B age
A nnasal
Salary
{dollars)

Auprage
Age

Typical
Education
Lesvels (1)

Ressarch, Design, and
Dvelopment

Systems Analysies and Engineering
Dresagn and Drafting

Tast Enginearing

Technical Analysis

Materials and Procesies

1.510

41 15,200

3,186

40 | 13,800

AB.CHS

[Sales and Service

Sales Representatives

Technical Sales Support
Contract Adminisiration
Advertising and Sales Promotion

180

41 12,200

495

At 10,400

ABCHS

Aggembly and
Fabrication

Toal Design and Fabrication
Agsembly and Installation
Service Stores

Fabrication and Processing

5,330

g,200

11,125

Material Procurement

Raw Material Procurerment

Purchased Sysems and Subsystems

Chuatside Production and
Subcontracting

Heceiving and Slores

280

4 8,400

ABHS TS

ABHSTS

Facilities Servics

Buildings, Grounds, and
Equipment Engineering

Maintenance

Constructsen ard |astallation

Transpriation

630

A 8,200

1,285

a4 7.900

BELCHSTS

Perwonnel Services

Employment

Training and Development
Personnel Belations

Wage and Salary Sdministration
Safety

10,000

£20

28 .00

ABCHS

Finance

Cost Estimating
Aocounting

Payeiall

Credit and Collection
Audit

120

s 4,600

45

B.A00

& R CHS

B

Comparting

Prograrmming

Data Processing
Computer Operation
Equipment Operation

360

10400

135

27 10,300

a8 G HS

Cuality

Cuality Flanning and Cantral
Inspection
Raliakiliny

G110

a2 #.600

1,305

a1 B.100

A.BHS

General Services

Libraries) Files
Reproduction and Printing
Systems and Procedures

A0

H 7200

g45

| 7,000

B.HETS

Tonal

0,600

20,000

11}

A - Advenced Degres

HS - High School

E - Bachelor's Degree TS5 - Trxde Schoal

G - Some College

Source; The BEoeing Company

NOTE: Al Daollars Constant 1963

Table 4V Stavisrical Disteibotlon of Boeing 85T Labor Force (Total Employess)




i

Pratotype Program

Prosfuction Program

B - Bachelors Degres TS - Trade School

T - Some College

Talde -1 Seanstreal Dizteibotion of Bowing 55T Labor Foroe

{Professional/Techmical and Management)

Awerage SovErage
Anvial Annual Tygmecal
Mumber of Byeraqge Salary Mumber of Bovnragi Salary Education
Function Types of Jobs Employees B {cdollars) Employees fyge [l lars) Lewals (1]
Research, Design, and Crruciures Design 1,220 42 17,100 2,580 35 15,100 ABC
Development Siress Analysis
Configuration Management
Control Systems Design
Sales and Service Customaer Enginesring 100 42 16,000 195 42 15, 000 ABC
Houte Analyiis
Contract Admunmistration
Adverhisang
Assembly and Production and Tool Planning T40 42 13,800 1,340 4 11,500 AR HETS
Fabrication Tool Desmgn
Production Control
Production Waork Measursment
Material Procurement Procurement &nalysis 100 43 14000 1495 43 13,300 A BHS
Purchasing
Subcontract Management
Trattic Coantrad
Facilities Service Equigment Engineering 70 43 13,3000 120 43 13,300 BHS
Facilities Planning
Porsonmel Seryices Wage and Salary Sdministration Pl ] a0 11,500 140 a0 11 500 A B
Safety Engineering
Personnel Representatives
Finance Cost Estimating 35 41 13,900 T 39 12,500 A8
Cost Accounting
Cash Managermen
Compauting [rigital Cormputer Pll:rﬂl'm'l'u'l'ln'lg 275 30 11,200 BB 0 11,200 AE
Design and Development of
Special Equipment
Applied Mathematics
Cual ity Statistical Quality Engineering 120 4 12,200 >0 i 12,200 A HY
Quality Flanning
General Services Business Planning a0 JH 10,900 160 3B 10,900 B.HS
Techncal Information
Total 2,820 —— 5,560
(1 A -Advanced Degree  HS - High School Source: The Boeing Company MNOTE: All Dollars Constant 1968




Pratotype Frogram Production Program

foverage g Typical
Anrual Annual Educathon
Mumber of | Average | Salary Mumber of | Average | Salary i
Function Tvpes of Jobs Employees Aga {dallarsh Employess A [dollars] Lewvels (1)
Research, Design, and Test Engineering Abde 210 a8 8,200 ars i 8,600 B,HS

Development Training Aide

Labratory Technicial
Technical Information Side
Sales and Service Market Research Assistant 5 a1 9,200 65 41 8,300 B.HS
Contract Administration Assistant
Lease and Contract Coordinator

Service Ingtructor
Agsembly and Industrial Engineer—Schedule Planner 1,420 a1 900 2380 30 8,000 B.H5 TS
Fabrication Method Analyst

Setup Man—=Drill Presses
Welder Experimental

Material Procuremaent Freight Accounting Clerk 50 40 9,700 ag 40 & 900 B H5
Subcontract Estimator
Material Fejection Investigator
Material Change Analyst

Facilities Services Contract Construction Engineering Fr0 48 9. 700 390 48 g 200 H5,T5.5T
AssrsTant

Facilities Accountability Coordinator

Facilities Requiremant Forecaster

] Cutside Properties | nvestigator

Perwannel Services Magnetic Tape Coder Operatos a0 29 7.500 Ly 0 7.900 B,HS
Difice Assistant=Training
Industrial Hygiene
Safety Investigator

Finance Design Progress Estimator 50 37 9,300 o0 7 8,200 BH5
Eilling Accountant

Cost Accounting lvvestigator
Cash or Owerhead Forecaster

0=

Computing Data Processar 45 a0 8,000 85 A0 B, (e B,HS
Analog Compiuting System
Technician
Hybrid Computing System Specialist
Cuality Frocedures fmhn icinn 170 a5 9. 400 285 il 0400 H5
Programimer
Systams Analyst
General Services Documentation Equipment Operator 120 A 7,50 205 A TR0 HE TS5

Aydio-Visual Coordinator
Communications Sy stemns Coardinator

Tatal 2350 4.03% e

{11 A— Advanced nl:g.rﬂl: TS - Trade School Coaufee The E,.:.E-ing Enmpnnl'l MOTE: All Daollars Constant 1968
B-Bachelor's Degres T - Specialized Training
C=5ome College
Table & VI, Statistical Distribution of Boeing 55T Labor Force
vk i)




L1-F

Function

Types of Jobs

Prototype Program

Production Program

—

Mumber ol
Ermployees

Bveragpe
Agp

v erage
fommgal
Salary
(dallars)

MNumber of
Employees

Bwprage

Average Typical
Annual Education
Salary Levels

Age [dollars] (1l

Fesrarch, Design, and
Development

Technical Librarg Assistant

Shop Lisison Man—Engineesring

Erginserirng Aide—Teachncal
Information

Engineering Weight Computer

&0

K- i1

6,200

200

35 G, 200 HE

Sales angd Service

Qiffice Services Coordinator—5Spanes

Shipping Methods and Procedures
Plannes

Spare Parts Coding Analyst

Spares Production List Compller

25

39

7,000

M

-‘El.SS-EnlL'l]'g.' anid
Fabsication

Srmall Tools Coordinator
Tool Order Writer
Grinder Qperator

Vil ey

2430

39

i§,700

b M0

6 6,700 HS, TS, &7

Matersal Proturéemint

FOR Ledger Accountant
Reconcilialion Clerk

Order Control Records Clerk
Material Usage |nvestigator

5

6,500

170

3G &, 500 H5

Facilities Sarvices

Plant Irventory Becords
Coordinalos

Transgortatien Handling Equip-
ment Coordinator

Plant Planner

Automative Mechanic

46

3,800

45 &, 800 HS, TS5, 5T

|Persannel Services

Perscmmel Fecands Clark
Suggestions Analyst
Wage and Salary Clerk
Porsonmel Assistant

1]

27

£h

Finance

Pasyroll Contral Clerk
Time Card Checker
Travel Assistant
Statistician

5

35

G900

G5

4 6,800 HS

Compuating

E rijineer g Adde Computer
Drata Processar

EDP Exception Analyst
Computer Program Senvices

7,000

80

25 7.000 HS, TS

Uluealiny

(eality Requirements Investigator

Shipping lnspectos
Material Receiving |nspecior

215

15, S0

785

41 5,900 HS

General Servioes

Copy Camera Dperaior

Office Service Center
Representative

Oifset Pross Operator

1o

2B

5,000

il 5,000 HS, TS, 5T

Toxrtal

3,290

8.015

{11 H5 . High Schaal
TS« Trade School

5T - Specialized Training

—
Source: The Boeing Company

Tabia $-0X. Zratistical Distribuiion of Bosing 557 Labor Foree
(SEvn sk o)

NOTE: All Dollars Constant 1068
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Function

Types ol Jols

Protatype Program

Production Program

Murmiser of
Emplayess

Arag

Anmveal

Ayverage Salary
Aqe {dollars]

Mumbiesr of
Employess

Soveragie

Annasal

Bnragn Salary
T [dollarg]

Typical
Education
Leveds (1]

Ressarch, Design, and
Divwét | opement

]

a

Sales and Service

Order Conirol Records Clerk
Caorrespondence Clerk
Packing and Crating Clerk
Ty pist

Clerk

20

a7 5,300

aB 5,300

HS

Aszembly and
Fabeication

PCH Ledger Clerk

Expeditor

Agsembler

Mechanic and Assembler Helper
Imstaller Interior Adter blies

740

1,545

25 6,000

M5, TS, 5T

Material Procurement

Apcountabiling Clerk
PCR Ledger Clerk
Stores Clerk
Warehousarman

B

%5 5,600

130

26 5,600

HS

Facilities Service

Custodial Services
Material Preparer
Building and Grounds
Maintenance
Carpenter—Welder

44 5,000

320

42 5,000

Hs, TS, 5T

Personnel Services

Finance

Timekeaper

Payroll Clerk
Tymist

Keypunch Operator

10

33 6,000

20

3 &, 000

HS

Computing

Clerk
Typist

2 5,000

10

2 &, 000

HS, TS

Quahity

Typist
Ehop Clerk
Clerk, Statistics

15

5 6,100

HS

General Services

Keypunch Operator
Blusprint Cutter and Folder
Mail Raom Clerk

140

22 5,300

H5, TS, &1

Taotal

1,140

2,400

HS - High Schaal

ST - Specialized Training

TS - Trade School

Table 4-X. Statistical Distribution of Boeing 55T Labor Force

Source: The Boeing Company

(Linsk ifea)

MOTE: All Dollars Constant 1968




Function

Types of Jobs

Prototy pe Program

Production Program

Average
Annual

Salary
iclallars)

Murmbar of
Employess

ANarange
Ao

Numiser of
Employesas

HAprage

Average
Annual
Salary
[dollars)

Typdcal
Educaton
Lovels {1}

Ressarch, Design, and
Deselopment

Lystems Analysis and Engineering
Design and Dratting

Taest Enginesering

Technical Andalyiig

Materials and Processes

B20 36 11,800

1304

11,200

A, B, G HS

Sales and Service

Sales Fepresentalives
Technical Sales Support
Contract Administration
Product Support

130 iR 11,500

340

45

10, GO0

A, B, C, HE

Asarmibly and
Fabrication

Tool Design and Fabrication
Bsamibly

Value Enginearing

Parts Manufacturing

1210 34 9,500

a350

7.900

A B HE TS

Material Procurement

R Material and Parts Procurement
Subcontract Management

Contract Administration

Trattic Cantral

a1 40 10,200

265

4d

9,300

A, B, H5 TS

Facilities Service

Plant Emginisering
Maintenance

Construction and Installation
Transpartalion

&, 000

49

7,500

B, C, H5, TS

Persanngl Services

Employment

Training and Dovelopment
Fersonnel Relations

Wage and Salary Administration
Safety Engineering

&7 33 G400

LI

|

8,800

A, 8B, C, Ha

Finance

Cost bccounting and Estimating
Payrall

Dhisisursament

Buscliting

" 36 10,200

a7

34

5,400

A B, C, HS

Computing

Prograrmiming
Engineering &pplications
Compuier Operation
Equipment Operation

Gg i2

1498

a0

9,000

& B, C HE

Cuality

Quality Planning and Control
Inspection
Uuality Laboratory

224 41 8,600

52

8300

A B, HE

General Services

Office Senvices

a5 31 8,700

126

7,400

B. H5, TS

Tokal

2500

8000

(1) & — Advanced Degree  HS = High Schoal

B — Bachelar's Degree  T5 = Trade Schaol

C — Same College

Talde 4-X1 Statistical Distribetion of General Electric Labor Farce (Tolal Employess)

Spurce: General Electric

Mote: All Dollars Constant 159848




Function

Type of Jobs

Prototy pe Program

Mumber of
Employess

FvErags
A

Production Program

Huver s
Honnual
Salary

[dollars]

Mumber of
Ermployees

AN

Ago

ANBrags
Annusl
Salary
[dollars)

Typical
Education
Lovels {1}

Rescarch, Design, and

revelaprnient

Pamise Contral
Systems Analyiis
Mechanical and Aer Design
Configuration Management
Test Engimiéring

Sales and Service

Produst Support
Customer Engineering
Sales Representatives
Contract Adminisiralion
Technecal Publications

18

13,300

20

13,000

14, 000

185

14, (0

Assamibly and
Fabrication

Production and Tool Mlanning
Tool and Equipment Design
Praduction Canteal

Parts Manulacturing and Assembly

188

a2

11,900

436

42

11,200

A B HS TS

bdaterial Progurgment

Contract Administration
Materials and Parts Purchasing
Subcontract Management
Traflic Control

4%

23

12,900

a5

42

12,500

A B HS

Facilities Service

Flant Engineering
Facilities Planning
Mamntenance and Constrocion

23

a1

11,500

&1

11,000

Personmel Services

Wage and Salary Administration
Satery Enginesring

Personnel Representatives
Security

41

13,600

42

a0

13,000

Finance

Fayroll
Cost Accounting and Estimating
General and Sales Accounting

Computing

Dhuealiey

General Services

Material ".'-_'IuaiE;'

Computer Operation
Computer Technigues
Engineering Applications
Information Systems

a7

12,404

1045

12,000

X7

45

12,000

a2

12,000

Manufacturing Quality

LT

43

12,300

154

43

12,000

Busiris Planiing
Technical Infarmation
Legal

11

Taotal

2 ) |

49

15,200

24

38

15,000

2000

Tl

111 A — Advanced Degree
B — Bachelor's Degres
G — Sorme College

H% — High Sehool
TS — Trade School

Source: General Electric

Tabde 4-X11. Statistical Distriburtion of General Electric Labor Force (Profestionsd, Technical and Management

Mote: All Dollars Constant 1968




Frototype Progriam

Produstion Program

Apirage ART Se
Al Ananual Typical
Murnber of Average Salary Murnber of Acprage Salary Education
Funetion Twpes af Jols Employees fuge [challars) Employees g {clilars| Levels (1]
Hesearch, Desgn, and Testing Technical
eveloprment Laboratary Technical :
Mechanical Detign Tech. L] 4 B, 200 270 37 8,500 B. HS
Electrical Design Tech.
Sales and Service Custormer Service Clerk 2 1 7.700 10 48 7 500 B, HE
Spare Parts Planner
Asambly and %:h eduler
Fabrication lanner A 1 450 A0 8000 B HS
Development Assembler 367 42 8,400 T ! B,
Sachinist
taterial Procurement Purchasing Clerk 25 41 B, (a0 i st 7.B00 B, H>
Facilities Sorvices At Mechanic
Painites i ] a5 7600 110 473 7,500 H5, TS
Carpenter
Porsonnel Services Eye Protection Technical 1 3 8800 5 5 8500 B HS
Testing Technical
Finance fccounting Clerk 2 37 0,000 10 36 8,000 B, H
Camputing Computer Programimer i %1 B, 100 a0 n 5000 B, HS
Digital Computer Dperatar
Clualit ?;nl & Gage |nspectar
"' Fault Analysis Clerk 33 47 9,100 130 437 g9.100 HS
W-Fay Technical
General Services Photographer
Commercial Artist 3 a8 0,000 12 a7 8,500 HS5. T5
Technical Writer
TOTAL 540 2,100
(1} A — Advanced Degree HS — High Schoal Source: General Elecine Mote: All Dollars Constant 1968

g — Bachelor's Degree
C = Some College

TS = Trade School

Table & X101 Starstical Distribution of General Electric Labor Force [SEiled)




ol

Frotobype Program

Froduction Program

Average Soerage :
Anirsal Snnual Typical
Mumber of | Aversge Salary Mumber of | Average Salary Education
Function Types of Jobs E mployes Aige [dollars) Employees Age idollars| Levels (1]
Research, Design, and Technical Likwarian
Developmaent Enginl: Des. Support Tech, = . "
Waeight Contral Caleulator 72 3 7500 210 35 7,500 HS, T3, 57
Dresign Changs Writer
Sales and Service
Marketing Clerk 13 5 6,500 50 a4 G500 HS, 5T
Agzzembly and Lathe Operator
Fabricaticn Agsemibler-Engine :
» ; 497 3 FC] 1,85 37 FA00 HE, T5, 5T
Dispatcher v ’ w0 G
Millirg Masching Operator
Material Procurement
Expediter : o= :
20 36 7.700 ) 15 #.100 HE
Drcder Control Clerk
Facilities Services
Fuel Figld Maintenance
Lackirmith 17 40 5,200 [ X IR &, 800 HE, TS, 5T
Boiler Plant Oper.
Personnel Services b LiFes
Persannel Clerk a0 k| 7.8080 1040 0 7.800 H%
Employnsent Interiewer
Finance Payroll Clerk
Cost Clerk 15 30 {5, B0 56 29 G,500 H5
Insurance Clerk
Computing % I
ceounting Mach., Oper. B . )
Computer Trainee b 2B 6,900 82 ) &,900 HE, 8T
Chuality Receiving Inspector
Process Inspector 176 A0 7,000 470 35 7,000 HS
Lané lAaspactor
General Services Offset Press Operator
Office Service Clerk g 5 5,000 30 33 6,000 Hs, TS5, 5T
Telephone Operator
Total B20 3,000

(1) & = Adeanced Degree
B — Bachelor's Degree
G — Sorme College

H5 — High School
TS — Trade Schoal

Tahie d- X1V Seatistical Distribedion of General Electric Labor Foroe [Sermi-Skailled)

Source: General Electric

Mote: &l Deollars Constant 1968




Function

Iyiss of Jokbs

Pratotype Program

Froduction Frogram

Mumber of
Ermployees

Aoverage
i

Pl ahe
Annual
Salary
(dallars)

Mumber af
Ermplonyess

LT
P

Byyer age
Annual
Salary

{dioallars]

T ypical
Education
Léwefs (1]

Fesearch, Design, and
Development

Struciures Dhedgn

Srress Amalyiig
Confuraton Management
Contrgl Systems Dasign

27

Sales and S&Ervice

Customer Engineering
Haute Analy i

Contract Adminisration
Advertising

30

28

5700

Mstembdy and
Fabrication

Produection and Tool Planning
Taal Detign

Production Contral
Production Work Measuremment

158

GRO0

GO

36

b0l

HS, TS, 5T

Material Procurement

Procurement Analysis
Purchasing

Subconiract Managernent
Trattic Cantral

000

12

HS5

Facilities Senvice

Equipment Engineering
Facilities Planning

2l

ar

BE00

75

45

GO0

HS, TS, 5T

Personnel Services

Wage and Salary Administration
Satety Engineering
Pessonmnel B epreseniatnees

M

A4E00

26

21

4ED0

H5

Finance

Cost Estimating
Cost Accounting
Cash Management

25

5500

26

25

5500

HE

Compating

Dhigital Computeér Programming

Dregign and Development o
Special Equipment

Applied Mathematics

21

SO0

21

B0

HS, TS

Cuality

Statistical Quality Enginsering
Quality Flanning

s

5200

12

22

5200

HS

General Services

Busimess Planning
Techaleal Information

i3

21

4800

G

21

4800

HS, TS, 5T

Tonsl

230

(1) & = Advanced Degree

B — Bachelor's Degree
C = Somag College

HS — High School
TS — Trade School

Tahia 4.5V Statistical Distribation of General Eleciric Labor Force

Source: General Electine

(Uinskilipal)

NWOTE: All Dolles Constants 1968




Occupation ki e abicd
Megra | Oriental Indian Amirican Total

Officials & Managers 51 101 9 28 12,841
Frofessionals 114 T2 11 58 16, 305
Techmical 157 2849 22 51 12 755
Office & Clerical 483 316 30 B1 18,683
Crafteman, Skilled 923 335 £5 J07 24 4655
Operatives, 1,231 197 B4 138 13.634

Semiskilled
Laborers, Unskilled 9 i 74
Service Workers 115 26 7 7 1,104

Tots 3,083 2,086 248 72 49,3861

Minority ratio: 6.0 percent

Source: The Boeing Company

Table 4-XWI, Statistical Summary of Boeing’s Puger Sound Employmant by Job Caregory and Race

fraptember T965)




Training
Face Applications Hires Promations CineShift OFf-Shift
Megro 7.771 1,080 1,248 2,405 297
Amarican Indian 406 B 1o 198 &
Criental 1,12 418 513 1, 08E 354
Spanish-American 834 172 i 462 3
Dhiers lds 619 16,387 28,941 70,339 12,972
Tonal 155,751 18,146 31,079 74,487 13,722

Ratio of minority hires; 9.7%

Source: The Boeing Company

Talde - X\ Starstieal Summrnary by Race of Boelng Apalications, Hires,
Promations. and Training in the Puget Sound Area
{Sanuary T o Saprermber 30 TOES)
4-19
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DOLLAR IMPACT

The economic impace of the S5T program will be in several areas. Ar home,
investment expenditures will raise emplovment levels, consumption. and  fax
revenues. This investment also means that U85, workers will produce an airplane thai
would otherwise have to be purchased abroad by U.S. carriers. Sales of US. S5T's
abroad will provide substanial further benefiv for the US balance of payments,
This section discusses the following areas;

L] The extent o which the 58T program will impact the U.S. balance of paymenis

&  The recovery of government investment in the 58T prototvpe through rovaly
Payvments

®  The time-phased expenditures for the 85T program and the derived impact of
this investment on the personal income, personal  faxes, and personal
constmpdion of the nation

&  The extent to which subcontractors throwghowt the nation will be invalved in
production of the 55T

] The impact of the S5T program on fax revenue

Balance of Trade {Aircraft Account)

One of the primary objectives of U8, economic policy is to maintain worldwide
confidence in the dollar, The positive side of the U.S. international financial position
has been derived in large part from the surplus of commodity exports over imports,
Without net merchandise exports, deficits in ULS. international pavments that result
from military spending overseas, foreign aid, private capital outflow, and foreign
travel expenditures would become a substantial burden. Thus, the need for a high
volume of U.S. exports is of paramount importance.

Foreign travel, both business and tourist, is going to grow regardless of whether it is
carried on United States or foreign-built equipment. It should grow faster with more
attractive equipment; but in any event, it will grow, Travel by Americans overseas
exceeds travel by foreigners o the United States, with a consequent net dollar
outflow. The sale of U.S. equipment to foreign operators is a significant and
appropriate means of offsetting this particular outflow—certainly more so than
restriction of travel abroad, which would be unpopular politically and undesirable
from the standpoint of international relations and cultural and business objectives.
The LLS. 58T program is a key to the continuance of our successful export businegss
in the future.

Historically, capital goods have been a major factor in our export business—the
result of technological expertise. production knowhow, and risk capital. In 1967,
the largest single congributor to the export business in the capital goods account was
commercial airplanes, amounting to 5914 million or 8.4 percent of the $10.9 billion
of capital goods sold abroad. Put another way, this 5914 million of commercial
airplane exporis constifutes 22.3 percent of the total 54,1 billion merchandise trade
surplus in 14967,



Of the market estimate of 300 U5, 85Ts by 1990, 270 aircraft would be exported
to foreign airlines. The export of the aircraft and spares would account for a total of
%13 billion of export business over the 1973-1990 period. Under this case, imports
of 60 Concordes are envisioned. These imports would amount to 51.1 billion when
spares are included. The balance of trade would be a favorable 511.9 billion. In
addition, future markets for follow-on aircralt would be enhanced, and the growth
of a competitive ULS. manufacturing industry strengthened.

However, if the United States is withouwt a timely 55T program, a major portion of
the U.5. domestic market for aircraft would be open to the Concorde. United States
carriers will demand supersonics in order to be able to compete for international and
domestic passengers. The U.S. carriers would import 300 Concordes by 1990,
Purchase of these aircraft and spares would result in a cash outfNow of 35.6 bllion.
The swing on the 88T balance of payvmenis is 317.5 billion or an average of 31,17
billion per year. Offsetting this 15 an estimated $1.3 hillion of additional subsonic
exports without the U.5. 55T for a net swing of $16.2 billion. (See Fig, 5-A.)

In addition, there is a risk that foreign manufaciurers could nol assare fimely
delivery of required foreign-made S5T's, because of either lack of capacity or
preferential treatment to forcign airlines. Availability of foreign-produced aircraft is
not under U.5. control. 1T, for example, U.5. carriers could get only 73 percent of
their aircraft when they needed them, they would lose their ability to compete for
many international passengers. This would mean reduced airline payrolls, taxes, and
purchase of goods and services in the United States, The loss of LLS, citizen travelers
to foreign airlines, combined with the failure to get foreign citizens on board our
aircraft, could result in a net loss of 55 billion in balance of payvmenis over the
| 5=year pericd. This loss, combined with the loss in exports of a U5, 55T and the
import of a lesser quantity of foreign-made 55Ts, could total 521 billion over this
period,

Government Prototype Investment Recovery

The total cumulative program cost through Phase 11 is estimated to be 51.43 billion:
approximately 1.2 billion of this total will have been invested by the government.
The contracts between the government and Boeing and General Electric provide
specifically for Boeing and General Electric to make royalty payments at a rate that
will return all invested funds to the government by the delivery of about the 300th
airplane,

After the mvestment has been repand, additional royally paymenis will be made on
the sale of additional aircraft to allow the government a refurn on its investment.
With the sale of 300 aircraft, the government will be repaid s $1.2 billion
investment plus an additional return of approximately 51.0 billion.

Impact of 35T Program on Personal Income and Consumption

Table 5 displays the estimated annual expenditures for the prototyvpe and
production phases of the 55T program. These amounts represent income (o
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Figure 5-4. Balance of Trade (Cumulative Exporits and Imporis]
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s

Prototype (5 Million)

e

Production 15 Millkn]

Salaries & Material & Salaries & Material &

¥ gar Wages Other Facilities Tatal Wisges Otk Facilities Total
19467 134 11.6 13.5 5B8.5
1968 45,2 23.1 2.0 76.3
1969 12.8 5E8 36 136.2
1970 117.2 168.4 B.A 204.5
1971 75,2 432 1.6 170.0 4.0 14.0 - 18.0
1972 12.0 106 0.2 318 113.0 456.0 10,6 B73.5
1873 126.0 482.0 12.8 6208
1974 132.0 470.0 221 G2d.1
1875 143.0 HEE.0 20,0 751.0
1978 146.0 B12.0 17.0 a75.0
1977 1060 B350 15.0 a59.0
1978 115.0 7570 12.0 #RA.0
1979 120.0 758.0 10.0 BBED
1980 1220 TR0 B.0 8aB.0
1981 128.0 B20.0 1.0 955.0
1982 124.0 270 7.0 48,0
1983 124.0 B17.10 6.0 a47.0
1984 1240 B17.0 5.0 B4E.0
1985 1240 3140 5.0 a443.0
1986 120.0 810.0 4.0 934.0
14987 115.0 JEO.O 4.0 BS990
1088 110.0 750.0 3.0 B63.0
19848 10,0 740.0 2.0 a52.0
1950 100.0 480.0 20 582.0

TOTAL i858 a7a.7 asH 7663 2.309.0 13,575.0 172.4 16,0564

Source: The Boeing Company

Takie 5. Bosing 55T Expenditures for Prototype (Phase I11] and Production (Phases TV & V)




employees, suppliers, and the various governmental bodies. In addition, it is
generally recognized that there is a multiplier effect resulting from these investment
expenditures, because the income provided stimulates further consumer spending.
Economists differ as to the precise effect; however, this multiplier can exceed three,
depending upon combinations of industry characteristics and specific prevailing
coonomic conditions. It 15 recognized that wunder conditions approximating full
employment the multiplier could be minimal. However, as indicated in Table 31, the
significant effect on employment and income will occur in the period beyond 1971
when, as pointed owt in the preceding section, a substantial requirement for
additional jobs will undoubtedly exist. Under such circumstances, the full multiplier
effect should be achieved. For purposes of this analvsis, a relatively conservative
multiplier of two has been wtilized,

Tables 5-I1 and 3-111 indicate the disposition of personal income and distribution of
personal consumption, assuming (1) that each dollar of 85T expenditure results in
52 of personmal imcome and (2) that such income 5 distributed in the same
proporiions as in 1967, per Department of Commerce statistics,

The attached tables show some mteresting data, including the following highlights:

&  Expenditures (Table 3-1) build wp to a peak of approximately %1 billion per
yvear and total 516.8 billion.

] Personal income peaks at roughly 52 billion and totals in excess of 533 hillion.

&  Personal taxes total 54.7 billion, roughly four times the original government
investment in the 58T protolype.

o Consumer demand is generated for durable goods of over 54 billion, of which
$1.8 billion is represented by automobiles and parts and $1.7 billion by
Turniture and household equipment.

®  The overall impact on personal consumption is projected to exceed 326 billion.

Extent of Subcontractor Participation

In supporl of the 55T, manufacturers will buy a vanety of products and services
from companies throughout the United States. This procurement will include all
basic matertals, electronic components, and actuation and control devices, as well as
a large percentage of the required supplies and minor parts and assemblies. In
addition, approximately 30 percent of the main structural and assembly effort will
ke procured from other U5, acrospace industries, In total, the subcontracting effort
in support of the manufaciure of the prototvpe airplane is estimated to involve the
expenditure of approximately 5275 million, excluding capital facility investment.
The subcontracting effort in support of the 58T production program will involve an
additional 56.5 billion, excluding capital facility investment.

For the prototype program, some 550 companies will be involved in airframe
praduction, and approximately 2,250 companies will be engaged in the manufacture
of the aircraft engines. Based on the utilization of industry sources in current
transport aircraft programs, some 2,500 companies will be involved in the airframe
production program and approximately 4,040 companies will support the engine

5-5
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1S Millian)

Personal |ncome
Legs: Personal Taxes
Consumers” |nTerest
Foreign Transfers
Personal Savings
Personal Consumption
Durable Goods:
Automobiles & Parts
Furniture & Househld Equip
Orhver

Total:

Mondurable Goods:
Foods & Beverages
Clothing & Shoes
Gasaline & Oil

O hier
Total: Mondurable Goods

Services:

Heusing

Household Operation
Transportation

Cithar

Total:

Total: Personal Consumpiion

1967 1968 19649 1970 18931 1972 TOTAL
11%.0 1526 204 SE0.0 240.0 B3.6 1.532 6
16,5 21.5 38.1 B30 47.9 9.0 HME0
2.3 3.1 5.4 i1.8 6.8 1.3 30.7
0.1 0.2 0.3 0.6 0.3 .1 1.6
6.9 Q.0 16.0 48 201 18 a6
5.2 81 14.3 31.2 18.0 3.4 B1.2
5.8 1.6 135 284 17.0 3.2 765
2.1 2.7 4.5 10.6 6.1 1.1 215
14.2 18,5 32.7 7.3 411 1.7 1855
19.9 259 A0 100,1 578 10,8 2805
1.8 10,2 18.1 39.5 228 4.3 102.7
34 4.4 7.5 171 9.4 1.B a4 4
B2 10.7 18.9 41.2 238 4.5 107.3
8.3 51.3 A0, 197.59 114.2 1.4 5150
13.0 16,9 30,0 65,4 7.7 71 170.1
5.3 5.9 12,2 26.5 15.3 25 691
2.8 3.7 6.5 14.1 832 1.5 36.8
16.6 21.7 38,4 236 48.3 9.0 2176
a7 491 a2 184, ¥ 108.5 205 493.6
g1.1 118.49 210.6 458 8 264.9 495 1,193.8

Source: The Boeing Company

Tabiae 801, Tmpect of 58T Profoiype Expenditures an Persanal Income

arud Personal Comsumption—Phase I




(% Million] 1967 1968 1965 1970 18971 1972 1973 1974 1975 1976 1977 1978 14979 1980 1481 18982 1983 1984 198% 159426 19&7 198 15439 1558 Totals
Persanal |ncoma 0 0 0 0 I6.0 [ 11890 [ 12416 |1248.2 | 19020 | 19600 | 19180 [ 17680 |ITVE0 [ 17TF6.0 [ 197000 | 1896.0 | 18940 18920 [ 1886.0 | 1868.0 |1796.0 [1726.0 |1704.0 | 1164.0 | 32,1108
Less: Personal Taxes 0 0 0 0 B1) 1634| 1751 | 1760 2118 | 2749 | 2704 | 2493 | 2504 | 2504 | 2693 | 267.3 | 2671 | 2668 | 2659 | 2634 | 253,72 | 2434 | 2403 | 164.1| 4527.6
Comsumers’ Interest (] 0 )] 0 0.7 232 e 25,0 E0.0 300 384 354 355 36.5 3R.2 KR Jra J7.8 3.7 374 359 345 34.1 233 6422
Foreign Transfers 0 o 0 0 0.0 1.2 1.2 1.2 1.5 1.9 1.9 1.8 1.B 1.8 1.9 1.9 1.8 1.9 1.9 1.9 1.8 1.7 1.7 1.% 321
Persanal Savings 0 (] 0 0 2.1 684 73,3 13,6 BEG| 1150 1132 | 1043 | 1B 1048 | 127 ) iV18 | 1147|1116 | 1113 o2 | 1060 | 1018 | 1005 G68.7 | 1.894.5
Farsomal Consumplion
Durable Goods:
Automohiles & Parts Q 0 0 0 1.9 G61.4 &5.8 56.2 Fae | 1033 1007 93.7 4.1 04.1 | 1072 | 1005 | 1004 | 1003 | 1000 8.0 95.2 91.5 0.3 61.7 | 1.701.9
Furniture & Household Equip i 0 i 0 1.8 5.4 221 624 751 g1.5 9549 Ba.4 a8.B8 Bg.8 8955 04,8 .7 046 4.3 934 8498 BG.3 85,2 58.2 | 1.605.5
Other a a 0 o 0.6 208 22.3 225 27.0 351 J4.5 31.8 Jz2.40 320 344 341 3.1 341 339 336 323 a0 0.7 21.0 578.0
Total: Durable Goods ] ] 0 1] 44 | 1402 | 1502 | 1510 | 1817 | 2359 | 2321 | 2139 | 2149 | 2149 | 2311 ) 2294 | 2202 | 2289 | 2282 | MO0 | 21T.3 | 2088 | 2062 | 1408 | 3.885.1
Mondurable Goods:
Foods & Beverages Q L] i i G101 1970 2110 ) 2122 2563 | 3316 | 3261 | 3006 | 3009 | 3019 | 3247 | 3285 | 3220 | 3216 | 3206 | 317.6 | 3053 | 2934 | 2897 | 197.9 | 54588
Clothing & Shoes a 0 0 0 2.4 Er 83.2 g36 | 1006 | 1306 | 1285 | 1185 | 1100 1190 | 1280 | 127.0 | 13609 | 1268 | 1264 | 1252 | 1203 | 1166 | 114.2 o | 21518
Gasoline & Oil 0 0 (] i 1.0 336 26,0 36,7 43,6 205 L H 51,3 51,5 815 5.4 55.0 4.0 549 4.7 o4 2 521 501 494 338 931.3
Other 0 Q 0 o 2.5 gi.1 B6.9 7.4 | 1051 | 1365 | 1343 | 1238 | 1243 1243 | 133.7 | 1327 | 1326 | 1324 | 1320 | 1308 | 1257 | 1208 | 1193 B1.5 | 22477
Total: Mondurable Goods 0 a 0 0 121 | 3894 | 417.2 | 419.4 | 504.7 | 65562 | G444 | 594.0 | 596.7 | 96,7 | 641.8 | 6371 | GIG4 | 6357 | 6337 | 6376 | 6035 | 6709 | 57256 | 3911 (10,7381
BEMGICRS:
Hoassing 0 0 0 o d0 | 1286 | 137.8 | 1386 | 166.7 | 2164 § 2129 | 196.2 | 1971 | 1901 | 2120 2105 | 2102 | 2100 | 2003 | 207.3 | 1994 | 1916 | 1801 | 129.2 | 35640
Househald Operation 0 Q 0 0 1.6 52.2 55.9 56.2 G7.6 ary 86.3 T9.6 78.9 78.9 £5.9 5.3 B5.2 85.1 B4.9 B4 80,5 Fry 6.7 hdd | 1.445.0
Transportation 0 ()} 0 o 0.9 L 289.8 0.0 36.0 46.8 46,0 474 426 426 45.8 455 45.5 45,4 45,3 448 43.1 41.4 40.9 219 0.5
Oher 0 a 1] (1] 51 | 1646 | 1763 | 177.2 | 2133 | 2768 | 2724 | 2511 | 252.2 | 2622 | 271.2 | 269.2 | 2589 | 268.7 | H6FE | H5.3 | 2560 | 2451 | 2420 | 1653 | 45508
Total: Services 0 a i} 1] 116 | 3793.2 | 3098 | 4019 | 4B36 | 6279 | 6176 | 5693 | 571.0 | &571.9 | 6150 | 6105 | 609.9 | 600.2 | 6073 | 601.5 | 5783 | 5658 | 548.7 | 374.8 [10,330.7
Total Parsonal Consumption i} i 0 0 28.0 | 9029 | 952.2 | 9723 117001 §1519.0 |1494.1 [1377.3 |1383.5 (123035 |1487.9 [1477.0 14754 [1473.9 |1468.2 |1455.2 (13891 |1344.6 (13274 | 906.8 | 25.014.4

Spurce: The Boeing Company

Talve 511, Impact of 55T Production Expenditires on Personal
Ineome and Parsanal Consumpiion—Phases IV and V
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production program. Tables 5-1V through 5-VII portray a geagraphical distribution
of these supplier bases and show an approxim ate value of the subcontracts for which
the source hase will compete.

Taxes

It can be seen below that the SST program makes a highly significant impact on
federal, state, and local tax revenues, totaling (over the peried through 1990) 57.1
billion or approximately five and one-half times the original government investment
of 51.2 billion in the prototype:

% Million
Federal Imcome . . . . . . . . . . - . 5,400
Stateand Local . . . . . . . . « . .« . 1,275
Total . . . . . . f, 675

Corporate income tax portion hereof based upon an assumed 107 profit.

IMustrative of the impact of tax revenues at the state and local levels is the tax effect
on the State of Washington. (See Table 5-VIIL)

All elements of our social structure receive benefits from the S5T tax dollar. This
includes state and local governments, public safety, health, and hospitals. The S5T
program will also generate tax revenues at state and local levels to supporl programs
which might otherwise require federal aid. Examples, as illustrated by Table 5-VIII,
are educational, transportation, and correctional and rehabilitation programs,

Summary

The principal total dollar benefits to the United States through 1990 by reason of
having a U.S. 58T program may be summarized as follows:

% Billion
Balance of Trade (Aircrafi Account) Payments . . 16.2 to 21

Recovery of government investment in prototype:
Through royalties . . . . . . . . . ... 22(5] billion in excess of
51.2 hillion investment)

Through taxes . - . |

In addition, state and local governments would receive 1.3 billion in tax
rEvEenues,
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HAjrframe Manufacturer

Number of Potential
State 55T Suppliers” Potentiagl 55T Doliars

Alaska —

Alabama 1 245,000
Arizong 4] 21,020,000
Arkansas 3 180,000
California 202 146,060,000
Colorado ] G0, 000
Connecticut 13 13,017,000
Delawars 1 &0, (00
Flaricda 10 1, 500, 0D
Georgia 1 20,000
Hawsaii - -
lcdaho — =
Iilimaas 20 13,824,000
Indiana 8 20080 ,000
lowa . 2,5 DO
Kansas 4 80,000
Kentucky 2 15,000
LigaRsiang — —
kaine — —
Maryland o 4,252,000
Massachusstts 7] 2,109,000
Michigan 18 8,500,000
Minnesota G 3,009,000
Mississpp - - -
Missouri H Q00,000
Montana — —
Mebraska — =
Misvacda —_— —
Mews Hampshire r 50,000
M Jorsay A0 5,825,000
Mew Mexico - —
M Y ork 35 44, 735, 000
M. Carolina 2 10,000
M. Dakota e e
Ohio ar 24 805 000
Ok lahoma 2 5T 000
Oeagon G 1,650,000
Pennsylvania 21 3,255, 000
Rhode 1sland i 25,000
5. Caraling 1 10,000
5. Dakota o -
Tennesses i 14,081,000
Texas 15 24 F00, 000
Utah . s
errmont z #5004
Wirgina 3 2,334,000
Washington 54 1,821,000
W. Virginia 1 10,000
Wikcansin 7 5,050,000
Wyroming — =

*Tabulation répresents gualified suppliers, not selection of probable sources
Source; The Boeing Company

Talle 5.1V, Porential S5T Sugplier Suppoart—Prototype
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Airframe Manufacwrer

Mumber of Potential

Srale SST Suppliers” Potential S5T Dollars]
Alaks - -
Alabarma 3 6,963,000
Arizona | n 550,371,000
Arkangas | 3 A50,000
California B 3.857.392.000
Colorado G 449 000
Connecticut &5 343,389,000
Dl 2 782000
Florida 11 1,127,004
Georgia 1 1,011,000
Hawwaii = -
Idaha | = -
Ilinnis | Ba 401,419,000
Imcligama I 24 58 400,000
lowa { 3 17,941,000
Kansas | 20 B73000
Kentucky | 4 725,000
Louisiana | = o
Maine = -
Maryland 14 124,535,000
Massachiisatts 80 74 315,000
Michigan 45 173,577,000
Minnesota 15 | 107,142 000
Mississippi - =
Mizsauri 18 16,167,000
Montana = -
Mebraska 3 811,000
Nevada - -
Mew Hampshire 2 449,000
Mgy Jeraey 69 261,412,000
Mew Mexico 1 423,000
Mawe ¥ ork 145 1,333,496,000
Morth Caroling 2 | a70.000
Morth Dakota - -
Ohio Bi 617,035,000
Oklahoma i 2E7.000
Oiregon 3z 35,243,000
Pennsylvaniia GG V0, 407 000
Rhode |gland 5 445,000
South Caroling 1 405,000
South Dakota 3 810,000
T ennasse 3 48 514,000
Texas 2 495 420,000
Utah = 4l
Wermont 2 449,000
Virginia - 32,491,000
Washington gad 26,788,000
West Virginia I 2 916,000
Wisconsin | 16 218,471,000
Wiraming | - -

*Tabulation represents qualified suppliers, not selection of probable sources

Source: The Boeing Company

Tabhie 5.V, Porential 85T Sugplier Support—Produefion




Engine Manufacturer

Mumbser of Patential Potential S5T
Ciate LET Suppliers Duallars

Alpska
Alabama i 53T .000
Arizony 1 3,721,000
Arkansas - -
Calitornia 116 35,329,000
Colorado | &2,000
Connecticut G 25,690,000
Delawrare 1 158,000
Florida ] 1,846,000
Georgia 1 3,000
Bl aaiii -
Idaho -
inois 115 13,589,000
Imcliana it 12,580,000
lowa 1 &,000
K.ansas — -
Kentucky 0 3,044 000
Lauisiana 1 3,000
Yaine -
Maryland 11 300,000
Massachusetts Ha 17,920,000
Michigan 143 29 730,000
Minnesota 12 11,842,000
Mississipgp - -
Missouri 13 237000
Montana =
Mebraska i 33,000
Mevada z 110,000
Mew Hampshire 7 43,000
Mew Jorsiy 63 7124000
Mew Mexico - =
Mew Yark 126 15,053,000
B. Caralina 2 262,000
M, Dakata - =
Ohio a80 63,226,000
Oklahoma 4 442 000
Cregan & 611,000
Pennsylvania il B,556 000
Rhode 1sland 5 68,000
5. Carolina =
5. Dakota - -
Tennessee ] 1,141,000
Texas a9 874,000
Litah - =
Vermont 4 377,000
Virginia - .
Washington 1 30,060
W, Wirginia 3 G1.000
Wisconsim 19, 1,7 14,000
Wyoming - -
Washington, D.C. 1 62,000

*Tabulation represents qualified suppliers, not selection of probably sources
Source; Gengral Electric

Table 5.V, Potential 5T Engine Suppher Support—Fratotype




Engine Manufacturer
Mumber of Potential Potential 5T
St S5T Suppliers " Dollars
&laska =
& labarna ) 3,462,000
Arizona 7 22,277,000
Srkancas = -
Califarnia 205 211,497 000
Colorado 16 4492 000
Connecticut 132 163,788,000
Delaware .| SR 00
Florida 24 11, Gad 6, 000
Geargha 11 15,000
Hawaii - -
ldaho - -
s 214 81,356,000
Indiana 137 FF.T0E8 000
lowra 7 A6 000
Kansas i 2,000
Kentucky 0] 18,231,000
Louisiana 2 15,000
Maine 3 3,692,000
Maryland 18 1,800,000
Masachuserns 185 105,279,000
Michigan 249 177,912,000
Minnesota 35 T0,894,000
Mississippi -
Missouri 27 1,415,000
Montana = =
Mebraska 4 200,000
Mevada a 662 000
BMenw Hampshire 10 261,000
Bliw Jersey 145 42 647,000
Mew Mexico d 1,000
Mew York 251 90,171,000
M. Caralina ] 1,569,000
M, Dakota -
Ohio 1868 378,502 000
Oklahomi ] 2 546,000
Oregon 8 3,662,000
Pennsylvania 163 Bh1,463,000
A hode (sland 16 415,000
5. Carolina = -
5. Dakota —
Tennessee 17 6,831,000
Texas 1n 5,231,000
Utah 1 307,000
Wermont ] 2,261,000
irginia 12 1,385,000
Washingtlon ) 185,000
W. Virginia ] 365,000
Wisconsin 45 10,262 000
Wiy oming - -
Washington, D.C. G 269,000

*Tabulation represents qualified suppliers, not selection of probable sources
Source: General Electric

Tabia 5-VI. Potentiad 55T Engine Supplier Suppori—Production




Dristribwtaon

Phase 111-
Frotolyp

0% Billien) ®

Phases 1V & W—
Production
1% Millign) "

Education 11.7 5hG
Public Welfare 1.7 11.4
State & Local Governments 5.1 18.9
Roads & Port Authority 1.8 7.0
Health & Hospitals 0,1 1.6
Correctional Insntulions 0.1 0.9
Agriculiure 0.1 0.5
Fire, Safery & Flood Conirol 0.4 1.6

Total 21,0 07.%

“Dioes not include tax revenue generated by aubcontractors

and suppliers
Source: The Boeing Company

Takle B W Dsteibufion of S5T-Goanoratod Tax Revenue to State and Local Governmenis
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AERONAUTICAL TECHNOLOGY

The S8T is mhe only advanced-rechnodogy igh=performance supersonic airplane
under development (either civil or military) in the United Staves at this time. The
S5T design objective of a cruise speed of I, 780 mph (mach 2.7) above 60,000 feer
altitude for distances up to 4,000 statute miles has never before been achieved with
commercial  transportaiion sftandards of safefy, reliability, and economy. [fs
achievement will ocewr only through the synthesis, developmeni, fest, and
perfection of thousands of components that have never been built before, Past
experience has shown thar once these new components (and inventions) are
developed, they will evernswally be modified and applicd widely., The 55T program 5
an opporiunily (o organize and focus this activity to stimulate a rapid and practical
development of fhese many new componends, Althouwgh the new componenis
stemming from the 85T program will have wide application in other fields, it is
apparent that the feld of civil aviation will be a major beneficiary in the areas
discussed below.

Summary

Safety

The automatic flight control system being developed for the 55T is applicable to all
aircraft. [t has the ability to relieve the pillot workload in congested traffic, 1o
provide smooth and safe flight in extremely rough air, to permit tight air traffic
control, and to make safe zero-visibility landings, This system will virtwally eliminate
accidents associated with pilot errors in interpreting instrumentation and will permit
more than a threefold increase in airspace utilization,

The 55T will be built of titanium to withstand the high temperatures caused by
aerodymamic heating. This fitanium structure automatically provides a safety
advantage relative to today’s aluminum structure, because of its much greater
resistance (o external fire damage during crash conditions, The stimulus of the 85T
program will hasten the day when all future aircraft will utilize titamium structure
for both cost efficiency and safety reasons.

Flight Efficiency

The 55T has a very great work capacity for its size because of its tremendous flight
speed. It is therefore necessary (o minimize the weight of aircrafl structure and
systems for maximum operating efficiency. Titanium was chosen as the basic
structural material because it is 25 percent stronger than aluminum for the same
weight and maintains its strengih to much higher operating temperature, Structural
concepts which capitahize on these advantages have only recently been identified.
These concepts planned for the 55T are applicable to all future aireraft and to many
nonaircraft developments, Titanium structure has seen only limited application on
subsonic aircraft because of problems of availability, producibility, and cost. The
S5T program will go a long way toward solving these problems through practical
design and manufacturing concepts and developments. The impact of successful
titanium development in the 1970°s s expected to approach the impact of the
aluminum development in the 1930, The advanced and lightweight systems
developments that are under way for the 55T will also provide benefits for all future
aircraf.
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The engine development stimulated by the needs of the 58T, if applied to present or
future airplanes, will greatly improve the operating economics and substantially
reduce community noise. The following engine developments have immediate
applicability to both subsonic and supersonic aircraft:

#  Mew high-temperature high-strength alloys
L Hollow compressor blades and rims

&  Turhine blade cooling for long life

#  Lightweight components

Manufacturing

The 55T requirements for the use of new, highly efficient materials and components
are stimulating the development of new manufacturing techniques and processes
that are applicable to many industrial operations not related to the 55T program.
The development of efficient manufacturing technigues for the titanium structure
for the 55T will result in manufacturing cost reductions for fufure widespread
applications of these lightweight structures. The 55T program is stimulating progress
in the following basic titanium fabrication areas:

®  Machining—Cutters, drills, and coolants have produced a tenfold improvement
in machining rates.

®  Tooling—The techniques of forming titanium have evolved from the use of
large heated dies and cumbersome equipment, to local part heating and
conventional dies.

®  Fasteners—Electromagnetic riveting.

& Welding—-Automated resistance and fusion welding.

®  Rolling—High-quality, large-capacity facility development.

Flight Operations

The combination of the 55T automatic flight control capability with automatic
ground contrel will permit closer spacing of aircraft to improve the use of the
airspace and runways. The development of such technology is necessary in the
immediate future to relieve the airport congestion problem. Since the S5T's will
cruise between 60,000 and 70,000 feet of altitude while the subsonic jets cruise
below 40,000 feet of altitude, the addition of the 55T's will actually result in a
reduction of the congestion on intercontinental airway routes for a given level of
passenger traffic. Therefore the 55T will offer some relief to a growing subsonic
aperafional problem,

The massive effort invelved in reducing engine noise associated with the 55T will
produce concepts and techniques applicable to all jet-powered aircraft; the expecied
result is a significant reduction in community noise from any aircraft employing that
technology.




Applicability

The S5T program will result in technology advances across a broad front in a
number of engineering and manufacturing disciplines. The dividends that will accrue
from this progress will have applicability in many fields. Specifically, in the
aeronautical field these advances can be expected to contribute directly to the
following future programs:

Future subsonic commercial aircraft

Advanced manned strategic aircraft (AMSA)
Advanced military transport aircraft
Alr-superiority lighter aircraft

High-speed mass transit (ground)

Advanced supersonic commercial transport aireraft

* & 8 0 @

The following sections present a brief discussion of some of the most significant and
far reaching technical developments underway on the United States 55T program.
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Safety
Automatic Flight Management

Development of automatic flight was started early in the 58T program to reduce
pilot workload during short Mght times with numerous events demanding attention.
Such automation puts the pilot in better command of the airplane; i.e., he has more
time to assess the general situation and to check operation of the airplane systems.
The automatic system also provides the pilot very realistic displays on his instrument
board, free from errors in interpretation, as contrasted to the current airplane dial
and scale indications.

It has become olwious that such an automatic system could considerably improve
safety of all airplanes, particularly during poor visibility. A significant number of
sccidents have resulted from navigational errors involving either visual flight under
poor conditions or misreading the altimeter or accidents due to faulty cockpit
procedures and misunderstanding of warnings. These types of accidents could be
largely prevented by improvements in airplane controls and displays, integrated with
improved ground navigational aids into a unified system. However, because of the
complications and lack of reliability, the application of these improved systems has
been progressing slowly. The engineering problem of achieving a reliable amd
cost-¢lfective advancement such as this can only be overcome by a comprehensive
program such as is planned for the S5T. Progress to date is impressive and indicates
eventual success.

The development of a combined airplane/ground automated system has been
discussed with many agencies including:

DOT Dr. Frank Lehan, Assistant Secretary for R&T during 1968

FAA — Washington, D.C., and NAFEC, Atlantic City

NASA — Ames Laboratory, Moffet Field, California
Electronic Research Center, Cambridge, Massachusetis
Headquarters, Washington, [0,

LUSAF Flight Dyvnamics Laboratory, Wright-Patterson AFB

MIT Dr. C. S, Draper, Instrument Laboratory, Cambridge, Massachusetts
Apollo Guidance Program

The laboratory and flight test work to date is illustrated in Figs. 6-A and 6-B. The
electronics industry has participated in this work and has contributed much of the
cgquipment shown in the photographs. These companies include:

AC Electronics General Electric
Litton Lear Siegler
Bendix MNorden

Sperry Rand Collins Radio

Full development of this effort will constitute a large part of the 55T program and
will be applicable to all airplane types.
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COMFPUTED
STEERING
COMMANDS

ARTIFICIAL
HORIZON

EMGINE
THRUST
MANMAGEMEMNT
SYMBOL

DESIRED
GLIDE PATH

TELEVISED
EUMNWAY
IMAGE

RADID

ALTITUDE
AIEPLAME
REFEREMCE
ACTUAL
GLIDE PATH
[Electronic attitude director being flight tested in the Boging 707
provides the pilot with precise sttitude, command, and situation
information, The superimposed external television image enhances
the quality and safety of landing operations, day and might.)
{Research on instruments, displays and controls
15 dhirgcted towards such a flight deck. )
Figurg B-8. [effight View of Advanced Filot Display Development—55T and 66

Artist concept of Advanced Cockpit



Only a national program such as this can successfully carry out the development of
such a large new system,

System Reliability

All aircraft are required to provide an extremely high degree of fMight safeiy; on the
present-day  subsonic awrcraft this has been achieved largely by using many
nonintegrated elements such as cables, beams, power wnits, instruments, and two
pilots cross-checking procedures, The 55T, to achieve safety, will require automatic
flight control systems and advanced cockpit displayvs. Achievement of safe and
reliable automatic flight controls has stimulated the development of multiple control
actuating systems with duplicated parallel electronic control channels devised to
detect failure and automatically take the action required fo continue normal flight.

Automatic flight controls will relieve the pilot in congested traffic, provide a
smoother ride and sater flight through rough air, and permit automatic landings in
extremely adverse visibility.

The development of reliable automatic Might controls and advanced cockpit displavs
can be applied to all present and future aircraft, and will materially improve the air
transport industry’s safety record.

Fireproof Structure

Contemporary aircraft use fifanium extensively as a Direwall material because of its
superior resistance to penctration by fire. This material is used for the fuselage shell
surrounding the passenger compartment of the 55T and will provide excellent
protection to passengers and crew from external burning.

Tests have been run to demonstrate this capability. A Kerosene fire next (o an
dluminum fuselage burned through in about 2% minutes. The aluminum was
replaced with a titanium panel, and the fire was allowed to burn for 25 minuetes
without burn-through of the titanium. The test and the resulting panels are shown in
Figs. 6-C, 6D, and 6-E.

As a result of the development of a complete titanium fuselage for the 85T, and the
protection and additional safety this material offers to the passenger. titanium will
find extensive use in the future on all advanced transportation systems involving the
mass movement of people.

Flight Efficiency

Structural Efficiency

(reneral

The d_'l'.'ﬁi'l'dhl'.‘ properties of titanium as an aircralt structural material—e.g., corrosion
and hire resistance, toughness, thermal stability, stiffness, and light weight—have

been recognized for years by industry. Titanium can carry a substantially higher load
for a comparable weight than conventional aircraft materials such as aluminum and
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Figure 6-C. External Fire Test
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Figure &£, Titanium Strocture After Fire Test




alloy steels. Early attempts to use fitanium with conventional design and processing
methods, however, failed to exploit these desirable properties and resulted in very
modest structural efficiency improvements at high cost.

Design

The decision to use ltanium as the primary structural material for the 55T was
necessitated by the thermal environment in which the aircraft will operate,
Conventional materials such as aluminum do not have adequate strength at the
operating temperatures. The 55T program has forced design research and technology
improvements that will exploit the potential of titanium. New structural concepts in
lizu of riveted skin-stringer construction were required to permit full use of
titanium’s strength. Titanium is twice as strong as aluminum; thus for a comparable
load the skin gauge is one-half the gauge of similar aluminum structure. The use of
conventional design methods was limited by panel flutter and stability under
compression loading. The resulting designs developed for the 5T, embodying the
use of sandwich or face-stabilized structure, permit higher loading per unit weight
than heretofore was possible. This improvement in structural efficiency was
obtained by stabilizing the face sheets with core material so that they would not
buckle under load. A proportionately greater percentage of the load-carrying
material is in the cover or skin material, compared with conventional design; a
greater torsional stiffness is thereby achieved for less weight. In addition, the basic
structural system is exploited to perform the dual function of carrying load while
providing adequate fuel tank insulation.

Processing

Concurrent with concept development, new processing methods were required for
economical and practical fabrication of such structure. The use of resistance welding
with thermal cycles to metallurgically diffusion-bond and join the sandwich core,
honeycomb or corrugated, to the face sheets greatly simplifies the producibility of
such parts when compared with the exacting and difficult brazing processes used on
the B-T0 steel structures. The 55T structural fabrication processes permit cconom-
ical realization of the weight-saving potential of titanium. Improvement in cost is
achieved through substantial reduction in the number of detail parts, elimination of
a substantial number of fasteners, and better utilization of the raw material. Further
improvements in toughness, crack containment, damage resistance, lightning strike
resistance, and fuel insulation are realized as a result of this effort,

Application

The application of titanium to the SST will make possible the wider application of
ttanium to future subsonic aircraft. The accumulation of basic titanium knowledge
resulting from the 38T development has [ostered significant improvements in the
strength, toughness, cost, and quality of the basic mill products through new rolling
and Torging methods,
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The development of titanium technology for the 88T is considered a major addition
to acrospace industry technology. A correlation may be drawn between the current
85T structural development effort and the aluminum structural development in the
1930°. As a result of a joint government/industry effort, basic aluminum material
properties, structural methods, and analysis were established which became the basis
for the structural design of the subsonic and initial supersonic aircraft flving today.
This development spear-headed the transition from the wood, wire, and fabric
airplanes of the early days to the all-metal aircraft of today, and allowed
exploitation of aluminum in the commonest of commercial applications. In a like
manner, the S8T structural development program is developing a base for the
transition to the titanium aircraft of the future. This transition has already begun in
the soviet Union with the advent of mach 3 titanium fghters.

An accumulated knowledge of design strength of basic titanium materials and
components is applicable to all structures that can potentially use titanium. The
concepts developed for utilizing the potential strength of titanium through proper
design and technology are being applied to other metals such as aluminum and steels
with corresponding gains in structural efficiency. Thus we will have a firm base on
which to expand the wse of titanium into many industrial, commercial, and military
applications such as petrochemical, desalinization, and ground transportation and
maring sysbems,

The basic technology has been developed in the S8T program to use high-strength
fiber-reinforced structures in a high-temperature matrix system for use on selective
structural members such as floor beams and fuselage sheel stiffeners. These fibers,
such as boron and graphite, are approximately six times stronger and stiffer than
steel.

Other areas of technological progress having direct application to existing aircrafi
systems would include the following:

®  Graphite brake discs, which can apply to all future vehicles that will benefit
from high-energy-capacity lightweight brake systems.

®  Radial-ply aircraft tires, which run cooler, wear longer, have low pressures and
improved flotation. These apply to all military and civil aircraft,

®  Lightweight high-temperature corrosion- and  sonic-resistant biaxial load-
carrying structures, such as honevcomb and corrugated core sandwich. These
can benefit such widely diverse weight-critical structures as space vehicles,
hydrofoils, submarine hulls, portable military bridges, aircraft runways, and air
transportable equipment.

®  High-temperature fuel tank sealants, adhesives, clastomers, and pressure seals.
These apply to a variety of domestic and industrial areas: e.g., home appliances,
power leads, air conditioning equipment, and nuclear power systems, as well as
aerospace systems.

Some applications of titanium technology are shown in Figs. 6-F, 6-G, and 6-H.
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Propulsion Efficiency

The economics of the 55T has forced the development of a propulsion system
significantly more efficient with respect to fuel consumption and weight than any
existing design capable of flying at mach 2.7. In addition, a propulsion system for
commercial service requires a longer life and higher reliability than one designed for
military service.

The new technology required for the 88T propulsion system is directly applicable to
improvements in subsonic airplane engines and their installation as well as to
military airplanes. When applied to subsonic airplanes, the propulsion technology
required for the extreme conditions of supersonic flight will result in new standards
for engine life, reliability, operating costs, and airplane safety. The total result will
be an increase in air transportation productivity accelerated bevond the present rate
of design improvement.

Following is a briel description of 58T propulsion system developments which are
especially significant to other airplanes.

Engine

Metallurgical advances im component design in the engine are a primary source of
high thrust/weight ratio. General Electric has developed three new nickel-base alloys
for the G4 engine: A high-strength sheet/bar material that withstands 50°F higher
temperature than current alloys and will have a life increase from 4,000 (o 12,000
hours, a turbine blade/vane alloy with improved strength and corrosion resistance at
S0°F higher temperatures; and a third alloy. for turbine and compressor rotors,
offering a 50 percent increase in tensile and creep strength over the 718 Inconel
currently wsed.

General Electric has also developed a new titanium alloy that offers a 200°F
increase in temperature capability, up to 900°F. A high-temperature nickel-chrome
sheet metal has been developed for afterburners and nezzles that has double the
rupture strength, at 2,000°F, of previously used materials.

Hollow compressor blades and hollow rims in the compressor contribute to a
marked reduction in weight, The augmentor incorpoerates a shori-combustion-length
Mameholder design that provides a lightweight means of increasing the takeofT,
climb, and acceleration thrust of the 55T engine. The engine exhaust nozzle
incorporates ¢jector nozzle principles, plus aerodynamically positioned flaps to
further reduce weight.

The turbine provides efMicient operation at hagh turbine temperatures. This,
combined with a cooling technigque that improves the effectiveness of the air used to
cool the turbine, provides the extended life required for commercial operation. High
levels of compomnent performance, coupled with high turbine temperature 3t
supersonic cruise, result in the 55T engine being 10 to 15 percent more efficient
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than existing engines for mach 2.7 flight. These developments in turbine cooling
technology can be applied directly to subsonic fan engines, which also require high
turbine temperatures for optimum cruise efficiency.

Marfaciuring Processes

Several special joining, welding, and brazing techniques have been required for the
new General Electric alloys: burn-through welds for titanium, inertia welds of
L-700, diffusion bonding of titanium hollow blades. Electro-stream drilling 15 used
for the cooling holes. Thin sheet-metal inserts are drilled by laser. All these processes
are applicable to a wide range of industrial uses.

Air frnrake

The air intake is critical in designing a supersonic propulsion system. The 55T
employs an axisymmetric external/internal compression inlet of lightweight design
incorporating an advanced control system to permit operation at supersonic cruise at
optimum performance levels, The intake will have higher efficiency and lower drag
than have been achieved on any aircraft flying at supersonic speeds, equivalent to a
10 percent range advantage over present-day intakes.

Aerodynamic Efficiency
Electronic Pitch Damping

A pitch damper is being developed for the S5T that permits balancing the airplane to
center-of-gravity locations further aft than would be otherwise permitted. This
system reduces weight and drag by permitting the use of smaller flight control
surfaces and actuation systems, Noise produced by the aireraft on takeofl and
landing is also reduced. The system is designed to have integrity equivalent to
primary aircraft structure and, when developed, will benefit all future large aircrafi,

Handling Qualivies Criteria for Large Afrcraft

Rational criteria for pilot handling qualities of large airplanes are needed for sizing
control systems and design synthesis.

Flight simulator studies on the 85T have shown the airplane to be controllable under
conditions previously considered unacceptable. This is possible because of improved
flight displays for the pilot and because the airplane's size causes it to respond more
slowly to disturbances. Understanding of handling qualities eriteria is continuing,
and studies will be continued during flight tests of the 85T prototype.

Knowledge gained from the SS8T program will benefit future commercial and
military aircraft by reducing flight control system and airplane balance require-
ments. These reductions will save weight and improve performance.
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Development of Lightweight Components

Subsystems include the following: engine accessories, flight controls and displays,
hydraulics, electrical, avionics, environment (cabin pressure and temperature)
controel, insulation, and furnishings.

These subsystems are all essential to the mission. They are required to provide higher
levels of performance, safety, reliability, maintainability, and comfort than have
been necessary for subsonic operation.

For the 85T, the emphasis on least practical weight 15 far greater than for subsonic
aircraft; this has resulted inm the deliberate exploration, introduction, and exploit-
ation of new technical developments to achieve all of the above-mentioned
objectives. Among the subsystem technical developments to reduce weight are:

Electric throttles for precise redundant thrust control

Fly-by-wire primary flight control systems

Full-time stability augmentation (to reduce size and weight of control surfaces)
High-pressure (4,000 psi) hvdraulic system, using fuel as a heat sink
Titanium actuators (hydraulic)

Improved packaging of electrical and avionic components
Extensive use of “solid-state™ electronic devices

Lightweight electrical wire for high temperatures

Improved thermal and acoustic insulation for high temperatures
Sealants and lubricants for high temperatures

Lighter weight seats, galleys, and lavatories

Lightweight, flame-retardant, nontoxic cabin trim materials

& & & & & & & & & B B B

In general, these developments differ from those thus far obtained from military
programs because of the operational economics involved and because a commercaal
aircraft must be designed for a significantly longer flight life than a military aircraft.

The benefits of these new technical developments will be directly applicable to both
commercial and military aircraft since:

®  These subsystems are necessary to all aireraft,

®  Mew lightweight technical developments are exploitable as soon as they are
tested and proved and an indvsiry-based design and production knowhow is
developed.

®  Every component is essentially designed, developed, and produced by an
airframe  industry vendor, supplier, or subcontractor, not by the prime
contractor, even though the detail description of the need (and the financial
support) comes from the prime contractor,
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Manufacturing
Efficient Structure at Low Cost

The decision to use titanium as the basic structural material in the S5T necessitated
the development of significant technological advances in manufacturing processes of
titanium. Conventional machining methods, forming technigues, tooling concepts,
and material handling were inadequate for economical production of an SS5T.
Through extensive efforts in manufacturing research, the complexity ratio of
titanium processing to aluminum processing has been drastically reduced. (See Fig.
6-l.) This was accomplished through processing methods improvements, tooling
concept changes, and identification and elimination (through proper design) of the
most difficult operations,

For machining, research and development on cutters, drills, and coolants have
produced a tenfold improvement in metal removal rates. This, combined with new
equipment designed for fitanium cutting, numerical control, and multispindle
aperations, has brought the cost of titanium machining down sufficiently to
compare favorably with that of some aluminum and mild steels.

The technigues of forming titanium (Figs. 6-J and 6-K) have largely evolved from
the use of large heated dies and cumbersome equipment to local part heating with
conventional dies and die materials. This is accomplished through induction heating,
resistance heating, and controlled radiant heating with automated elongation
control. Local part heating greatly reduces tooling costs, fixed equipment
requirements, and part contamination that result from long exposure at very high
temperatures. For large, heavy, complex parts, the development of vacuum-creep
forming has significantly improved the choice of forming applications available to
the designer. This process also reduces significantly the facilities and tooling costs of
large presses and massive matched-die tooling.

The development of electromagnetic riveting with light, portable equipment has
reduced tacilities and process costs and has improved product quality. This has made
practical the manual driving of titanium alloy fasteners.

Development of automated resistance and fusion welding equipment for titanium
has reduced fabrication costs by eliminating many detail parts, while providing
improved structural efficiency by eliminating notches and material overlap.

Chemical processing has been developed as a complementary material removal
system. This permits milling of large skins to tapered and pocketed configurations
without a need for heavy, complex machine tools. Automated control of this
process provides uniform metal removal and exact part reproduction.

Titanium mill products available were very limited until development of high-quality
sheet and strip products became mandatory., The basic-metals industry responded to
that requirement with large facility improvements in rolling equipment. As a result,
titanium mill products are available equal in quality to those from the aluminum and
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steel industries. This was accomplished in conjunction with significant reduction in
costs through increased volume and production efficiency. Similar gains have been
made in the production of extruded shapes, tubing, and forgings.

Applicability to Other Products

Improvements in titanium processing and manufacturing technology and mill
products are available and usable on any metal structure system that uses titanium,
The impact of the improved technology has reduced the cost of fabricating titanium,
thus opening new potential applications for it, This increased usage will ultimately
have a further impact on costs as a result of increased volume and a broader
technology base.

The properties of titanium, combined with development of new processes,
equipment, and manufacturing techniques for application, provide increased
“spin-of ™" potential in the following representative areas:

#  Petrochemical imdustry—Reaction wvessels, high-temperature cracking wunifs,
absorption towers, pumps, and heat exchangers. (Titanium is highly corrosion
resistant in chlorine gas, mitric acid, and sulphur atmospheres.)

®  Food processing industry—Pressure vessels and piping systems where corrosion
i5 a problem.

L Auntomobile industry—High-strength, lightweight body frames, doors, floor
panels, and mufflers.

®  Oceanography— Lightweight, high-strength submersible hulls; highly corrosion-
resistant plumbing and instruments.

®  Desalinization—All components exposed to sea water and elevated tempera-
fures.

L Space exploration—Lightweight fuel and oxidizer containers, sandwich
structure, and heat-resistant components.

®  Airframe industry—Lightweight structure, heat-sensitive areas, and fatigue
areas.

Flight Qperaticns
Aidr Traffic Control

A significant economic advantage of an automatic airplane control, when designed in
conjunction with an automatic ground air traffic control, is much greater utilization
of the airspace and runways, with at least a threefold—and possible a tenfold—
improvement. This is the major reason why such a development would be profitable
to the airlines and to the government.,

Imcreased Airspace
The 55T will add 27,000 feet of vertical airspace to the 16,000 feet now available,

with the result that today’s levels of enroute airwavs traffic on international
overwater routes can be maintained in the S5T time period.
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In 1966 there were approximately 270 daily scheduled airling transatlantic crossings.
In the 55T time perned, these scheduled crossings will have increased to about 2,800
per day if all are by current jet airplane types, or 1,100 per day if all are by the new
large T4 7-1vpe jets.

If the world air transport transatlantic fleet is divided between 55T s and large jets
of the 747 type, there will be 300 daily crossings of the large jets and 900 crossings
of the 55T's. This combination increases the available cruise altitudes from 25,000
to 41,000 feet for the current jets to 25,000 to 72,000 feet for the combination
mixed fleet of large jets and S8T's. Since the speed of the 55T is about three times
that of subzonic jets, an 55T will utilize the airspace only one-third as long as a
subsonic jet. With a fixed distance separation system, a given airspace will
accommodate three times as many 55T's as subsonic jets in a given time.

Engine Moise Suppression

Development of methods to reduce engine noise is an essential element in the
development of the 58T as well as subsonic jet aircraft. Reduction of engine noise,
however, 158 more difficult for the 55T. Acceleration to supersonic speeds and
efficient supersonic cruise require engines with high-temperature high-velocity jets,
These engines are fundamentally noisier than the fan engines that are optimum for
the subsonic jets.

For some years, The Boeing Company and General Electric have conducted
extensive research and development programs to reduce engine noise levels. Much of
this effort has recently been directed toward engines for the 55T, This work will
continue during the 38T development program with the objective of obtaining up to
15 PMNdB of noise reduction for the production S5T. As part of this program the
following will be developed:

®  An improved understanding of the sources of engine noise and techniques for
reducing the noise level.

®  The ability to use high-temperature material such as columbium in the engine
exhaust system,

®* A jet noise suppressor capable of being retracted from the jet stream to
eliminate any adverse effect on engine efficiency when its use is not required.

®  Techniques for cheking the engine air intake to prevent forward propagation of
the compressor noise.

Although the specific noise suppression equipment to be developed for the SST will
not be used on other aircraft, significant technology advances will be obtained from
the development program. This technology will be directly applicable to reducing
the noise of subsonic as well as other supersonic aircrafl.
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MNATIONAL STRENGTH

The most important fact about commercial supersonic transportation is that the 85T
era has already begun. The United States had no voice in determining whether this
was timely; it will have no voice in determining whether other nations manufaciure
and operate S5T's, The only real decision the United States can make regarding the
85T is whether to compete. The benefits and spinoffs mentioned in the foregoing
chapters, resultimg from a U5, 55T program, will accrue to any nation that
manufactures a commercially viable SST. The cumulative impact of these benefits
will have a measurable effect on international, economic, military, and political
relationships for the remainder of this century.

The U5, decision (o participate in the manufacture and zale of the U5, 88T rests
largely on two pnimary considerations:

[.  The benenis to the nation must be commensurate with the investment and
risks,

2. The WL, 85T program must provide a competitive airplane with substantial
inherent speed and performance growth potential,

The benelits discussed previously indicate strongly that a successful U.S. production
program will provide a reazonable return on investment for all program participants,
It is also important to consider program benefits as they relate to total national
strength in the international ar¢na. Viewed from this perspective, the economic and
technological benefits from the program could more properly be called necessities,

Technology is generally regarded as a pivotal component of national strength,
leading to the strengthening of other primary components. Aviation technology is a
particularly significant factor in this respect in the 20th century,

The S5T prototype program requirements necessitate technological advance in
powerplants, materials, airframe structure, and systems. These developments will
result in an airplane capable of carrying high payloads economically at sustained
supersonic speed to nearly any intercontinental destination in half a day-a
significant achievement in the progress of man. These developments will also
contribute materially to other s¢gments of the aviation industry and to other
industries.

Translation of 35T technology into a fleet of commercial airliners through the
production program will directly impact the component of national strength that
affects most Americans: the economy. The most evident effect will be the increase
of employment related to the manufacture and operation of the 55T fleets. Less
noticeable, but important, will be the tangible increase in taxes paid to government
at all levels. Dollar strength provided by these taxes will become increasingly
important in view of the nation’s efforts to resolve domestic problems.

Internationally, export sales of U.S-built SST's will assist in improving this
country's world trade position, which has recently been in serious decline.
Anticipated export sales will substantially strengthen this trade position.



The existence of a wviable U.S-built 55T operated by foreign airlines will also
increase the probability of route and trade agreements favorable to the United
States,

In the area of physical resources, the performance requirements of the U.S. 55T will
stimulate development of currently unrealized natural resource potential. Titanium,
for example, is one of the most common metals in the earth’s surface, but in spite of
its remarkable physical qualities it has been rarely used in commercial or industrial
products because of high processing costs. The S8T requirements for production of
titanium in large volume will significantly reduce cost, making the metal usable in a
wide variety of industrial and commercial applications.

The U5, 55T contributions to national strength are more than commensurate with
the investment and risks.

In competition with foreign airplanes in airline service, the American product will be
strongly competitive, Its performance advantage will stem largely from the fact that
it starts from a later and superior technological base. The Concorde and TU-144 are
engineered near the upper limits of aluminum technology with respect to speed and
structural efficiency. By contrast, the U5, program, based on titanium technology,
establishes a nmew developmental plateau that will be difficult for competitors
immediately to attain. Thus, the United States, in its prototype program, is not only
faking steps (o unlock the whole supersomic technology for the benefit of our
national cconomy, but is also entering at a level that will become a stepping stone to
further growth and advancement in air transportation in the future,
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