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Toward New Horizons

FOLLOWING THE SUCCESS OF JET FLIGHT at subsonic

speeds, the next frontier featured flight beyond the speed

of sound. The man who showed the way, Gerhard Neu-

mann, started toward this goal in 1938 by finding a route

out of Nazi Germany. His father was a prosperous busi-

nessman, while Neumann himself had just received a de-

gree in aeronautical engineering. But he was no fan of

Hitler. He found a newspaper ad seeking engineers to ser-

vice German planes in China, and when he won that job,

it launched him onto an eventful odyssey.

He worked as a mechanic in a Hong Kong truck

plant, then repaired Chinese trucks on the Burma Road.

He made his way to Kunming, where he set up an auto-

repair shop. By then the war was on, and the Americans

had a fighter group in China, the Flying Tigers. He joined

them and quickly made his name through such feats as

carving a distributor rotor out of a water-buffalo horn.

Then in October 1942, a Japanese Zero fighter crash- 

landed in a remote part of the country. Neumann restored

it to flyable condition, which meant it would yield a bo-

nanza of military intelligence. That led him into the Office

of Strategic Services, predecessor to the CIA.

Working with the OSS, he ranged behind Japanese

lines, collecting information on their aircraft and other

equipment. His reports brought him to the attention of the

head of the OSS, "Wild Bill" Donovan, who ordered him
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to a briefing in Washington. Greatly impressed with him, Donovan set

in motion the proceedings that would make him an American citizen.

Along the way Neumann got married, and in 1947 he and his wife,

Clarice, set out on a ten-thousand-mile trip across Asia by jeep.

By then the jet engine was at the forefront, and Neumann learned

that General Electric was the place to go to work on them. When he got

to Tehran, Iran, he was ready to send a letter, but he didn't know where.

Clarice was from Connecticut and recalled that the company had a

plant in Bridgeport, so he mailed it there. Back in the States, in 1948, he

found that people in Bridgeport remembered him--not for his qualifica-

tions, but because his letter had beautiful stamps. They had sent it on to

the jet-engine center, in Lynn, Massachusetts, where he soon went to

work.

By late 1948 he was chief of the development lab, which was

testing compressors for new versions of the J-47, the engine for the B-47

bomber. In developing such components, a major and continuing prob-

lem was to avoid compressor stall. As Neumann describes it, when a

compressor stalls, the airflow pushes forward "with a big bang, and the

pilot loses all his thrust. It's violent; we often had blades break off

during a stall."

There was no easy way to avoid stall; it tended to occur when

compressors produced pressures higher than four atmospheres. A com-

pressor consists of numerous stages, or rows of blades, one behind the

other. Stall would arise because the low-pressure stages, close to the

front of the engine, would pull in more air than the high-pressure stages,

farther back, could handle properly. Neumann's colleagues would put

instruments along the length of a compressor, stage by stage, to see

where the stall was originating. "We would bend the blades slightly, by

a few degrees," he recalls. Then they would redo the tests.

Through such work, over time, they could get a suitable design.

The basic J-47 compressor, with eleven stages, reached maturity in this

fashion. Even so, this technique of cut-and-try would carry GE only so

far. In seeking higher engine pressures as a key to better performance,

they soon would face a new problem: that while a compressor might

perform well at its rated rpm and flight speed, it might stall at some

point during the intermediate operating conditions.

The problem, again, was that the forward part of the compressor

was feeding in more air than the rear stages could swallow. Pratt &

Whitney was addressing this issue in the J-57 with its twin-spool design.

That engine had a low-pressure compressor spool that could be made to
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spin at the proper rate to avoid choking the rear spool and prevent stall.

That was how this engine would achieve its high pressure of twelve

atmospheres. Neumann believed he could solve the problem differently,

in a way that would yield a superior turbojet.

His point of departure lay in the fact that the compressor had more

than rows of blades. Between each row was a stator, a set of stationary

vanes that would receive the airflow from the upstream row of blades

and direct this flow onto the downstream row. Neumann took the view

that varying the angle settings of these stator vanes, stage by stage,

would adjust the volume of airflow and prevent too much from coming

in, eliminating stall.

Working on a shoestring budget, Neumann and a handful of asso-

ciates scrounged the necessary parts and built a hardware model of such

a compressor. They also prepared a design for a full-scale version. Then

Neumann's general manager, Jim LaPierre, invited him to lunch and

had him talk about it. When he asked Neumann how much it would

cost to build, Neumann replied, "Half a million dollars." LaPierre re-

sponded, "You have it."

This new compressor was soon running on a test stand. It pro-

duced an efficiency so high that engineers thought their instruments

were in error. Even so, it pointed no path to the company's future, at

least for the moment, for GE had its hands full building J-47s for the

Korean War. But in 1951, with Pratt's J-57 looming before them, GE's

senior people decided they had to come up with something better.

LaPierre then laid on a competition in which two groups would study

twin-spool concepts. The second, headed by Neumann, would work

with the variable stator.

In October 1952, at a resort in French Lick, Indiana, the decision

came down: Proceed with Neumann's approach. The new turbojet was

the Variable Stator Experimental Engine, VSXE, which Clarice Neu-

mann nicknamed the Very Sexy. Its prototype was ready for test in

December 1953, and the management had sufficient confidence to run

it to full speed on the first try.

Suddenly its front end exploded as compressor blades sliced through

the casing. However, the engine itself was not at fault; the problem lay

with a defective tie-down link in the test cell. In January the engine ran

again, this time successfully, and logged six hours of run time during the

following month.

The Air Force, naturally, had been funding this work, but neither

its people nor GE's had waited for this success. During 1953 several GE

199

Gerhard Neumann's engine for supersonic flight. Top: High performance

appeared unattainable because, under certain flight conditions, the forward

compressor stages were pulling in more airflow than the rear ones could

swallow. Center: Neumann approached this problem by working with the

stators, stationary vanes fitted between successive rows of rotating com-

pressor blades. Bottom: He arranged for stators on the front stages to turn,

varying their angle to the flow. When set crosswise to the flow, as on the right,

these variable stators reduced the amount of airflow that their compressor

stages would pull in. This solved the problem of compressor stall, permitting

flight at Mach 2 and higher. (Art by Don Dixon and Chris Butler)
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managers had been working with Robert Widmer, a man from Convair

in Fort Worth, Texas, who was preparing concepts for a next-generation

bomber, the B-58. Widmer's group had been designing it to use Pratt &

Whitney's J-57 with afterburner. But the work at GE convinced him

that he could offer a much better aircraft by using GE's engines with

variable stators. The Air Force agreed, and directed GE to develop an

operational version, the J-79.

The J-79 would launch aviation into a new era, one of flight at two

and even three times the speed of sound. The engine itself matched the

J-57 in thrust, at fifteen thousand pounds with afterburner. But the J-79

really shone by achieving light weight. It came in below thirty-two

hundred pounds, some two thousand pounds less than an afterburning

J-57.

In turn, this combination of light weight and high thrust offered

unprecedented speed. That was because it would permit aircraft to

become smaller and less bulky, offering reduced drag. Indeed, design

studies at GE had pointed clearly to peak speeds of Mach 2, twice the

speed of sound, with afterburner. The company's engineers took to

putting up posters that read, "Mach 2 in View," and some of the posters

found their way into offices of the Air Force.

In the afterburning turbojet engine, the afterburner, a long pipe fitted to the jet

exhaust, injects extra fuel for more thrust. Such engines, first used by the

military, also powered the Concorde. (Art by Don Dixon and Chris Butle)
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The J-79, in turn, had been sized to fit the needs of the B-58, but

would first show its stuff in a fighter. This was the F-104, another of the

creations of Lockheed's Kelly Johnson. He had visited Korea during its

war and had talked with pilots of existing aircraft. He listened to these

fighter jocks' complaints: that they lacked enough of an advantage over

the Soviet fighters they faced, that enemy commanders could stay out of

reach at fifty thousand feet and direct the Chinese pilots in those air-

craft, that the American fliers had to throw out a lot of equipment to get

better performance. Kelly returned with a determination to build a

fighter that couldn't be matched, either for speed or for altitude.

The plane that resulted, the F-104, became known as "the missile

with a man in it." When the test pilot Tony LeVier first saw it, he asked,

"Where are the wings?" Each wing had a span of only seven and a half

feet. They also were very thin, which gave them proportions resembling

those of a razor blade. Indeed, their leading edges were so sharp that

ground crews covered them with wood.

With Air Force Major Walter Irwin in the cockpit, an F-104 went

on to set a speed record of 1,404 mph, Mach 2.12. That gave it an edge

on the B-58, which reached Mach 2 but could go no faster. Within the

Air Force, these achievements spawned a view that "if you can see it, it's

obsolete." Any plane in service or even in flight test would already be

old hat; the hot stuff would be on the drawing board. And as perfor-

mance records continued to fall like bowling pins, it seemed obvious

that aviation was ready to move wholeheartedly into an era of routine

supersonic flight.

It then was natural for people to envision that this new era would

also include commercial flight beyond the speed of sound. After 1960,

the most immediate focus of attention was a French-led effort to build

a supersonic airliner, the Concorde. The British were participating fully

in this project, and the question was what the Yankees would do to

match them.

The Concorde was earnest of a European aviation industry that

had mounted a strong comeback in the wake of the Comet. France, with

its government leading the way, had launched this comeback with the

Caravelle, a small jet airliner built by the firm of Sud Aviation in Tou-

louse. Significantly, its engines were British: Rolls-Royce Avon turbo-

jets, of 12,600 pounds thrust. The nose also carried the Union Jack,

being taken from the Comet II. In this fashion, the Caravelle set a

precedent for future Anglo-French cooperation in aviation.

202

The new airliner made a hit in Europe, for it could operate effec-

tively over the short ranges that separated the cities. Better still, it sold

in America as well. United Airlines bought twenty of them, putting the

first ones in service in mid-1961. That was a breakthrough; never before

had a French manufacturer sold aircraft to a U.S. airline.

What was more, the great French planebuilder Marcel Dassault

had spent the 1950s leading his country into its own supersonic pro-

grams. The company he headed, Avions Dassault, built the first Euro-

pean aircraft to break the sound barrier in level flight. The plane that

accomplished this feat-a MystËre IV-B-reached this mark in February

1954, only nine months after America's F-IOO had done it. Dassault

followed with his Mirage series of fighters. In October 1958 a Mirage

III-A reached Mach 2, the first time this had happened in Europe.

The British were also making sonic booms. The firm of Fairey had

its Delta 2 fighter, which in March 1956 set a world speed record at

1,132 mph, Mach 1.71. In addition, the Royal Aircraft Establishment at

Farnborough was a world-class repository of aeronautical research.

And while the French firm of SNECMA had built engines for the Mi-

rages, no one doubted that the British stood among the world's leaders

in the field of jet propulsion.

Political as well as technical considerations lay behind the develop-

ment of the Concorde. The British were only too painfully aware of how

close they had come to success with the Comet; the new realm of super-

sonic flight could give them a second chance. In France, led by the

strongly nationalistic Charles de Gaulle, there was widespread resent-

ment of American industries that were dominating a host of European

markets, including commercial aviation. This resentment was quite

similar to what Americans themselves would feel, two decades later, as

the Japanese took over increasing shares of the automobile and elec-

tronics markets.

In addition, part of the spirit of the times was a characteristic

attitude toward new technology. Today we see technology growing

from the work of private industry, as in Silicon Valley, but in 1960

many people saw it differently. The general view was that new technol-

ogy would not arise through the work of entrepreneurs but through

major government programs. This was in line with recent experience.

The wartime Manhattan Project had unlocked the power of the atom,

while other government-led efforts had brought forth radar and jet

propulsion. Moreover, in 1957 the Soviets had launched the first satel-
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lite into orbit. This showed that enormous prestige would come to the

nations that could achieve the most dramatic technical advances.

These influences militated strongly in favor of a major new initia-

tive in aviation, one that might heap laurels on London and Paris while

challenging what de Gaulle called "America's colonization of the skies."

The project could well be a joint one, for collaboration on the Caravelle

had given Britain and France aviation leaders a good deal of experience

in working together. What was more, both countries had ministries that

could run their engine and airframe companies as subcontractors to the

government.

Design studies ensued on both sides of the Channel, with the Brit-

ish and French exchanging points of view. Then during 1961, the Tory

government of Harold Macmillan found new reason to embrace the

French. That July, he announced that Britain would seek membership in

the Common Market, the predecessor to today's European Union.

Certainly, membership in this customs union would not come

automatically. France was its strongest power, and if Britain sought the

door to Europe, de Gaulle held the key. To win his assent was essential,

and a cooperative effort with France, dramatic in scope and having high

visibility, might do the trick. A Channel tunnel project might have been

particularly appropriate, but such a venture was not at hand. Instead, a

supersonic airliner would do splendidly.

Design studies were going forward at Sud Aviation and at British

Aircraft (BAC). By mid-1961 it was clear that their respective concepts

were broadly similar. Formal meetings between company officials be-

gan at that time, and there was action involving engines as well.

The firm of Bristol Siddeley had developed a fine twin-spool turbo-

jet, the Olympus. It was in military service with ten thousand pounds of

thrust and was being upgraded to twenty thousand pounds for use in a

supersonic bomber. The view within that company was that it could go

much farther. The managing director at Bristol Siddeley was Sir Arnold

Hall, late of the Comet investigations at Farnborough. As he would

recall, "We went to talk to my friends at SNECMA, the French engine

company, to see what they felt about it all. The result of these conversa-

tions was that we concluded that, if at any time there was an aircraft

project, the two companies would work together on the engine and we

would divide the work in a particular way-which might be simplified

by saying that Bristol Siddeley would do the rotating elements and

SNECMA would do the static elements. We went so far as to sign an
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intercompany agreement to this effect."1 That happened in November

1961. The engine that would result, the Olympus 593, would deliver

thirty-eight thousand pounds of thrust using its SNECMA afterburner.

Two weeks later it was the turn of the political leaders. Peter

Thorneycroft, the British aviation minister, met with Robert Buron,

France's minister of transport, and declared that BAG and Sud should

"cooperate in formulating a joint outline project." That proved not

quite so simple as having the French agree to work with a British engine.

But when these ministers met again, in March 1962, these firms held a

common concept for the airliner and stood prepared to discuss arrange-

ments for cooperation in a joint effort.

Then in June, Macmillan held a formal meeting with de Gaulle at

the Chateau de Champs, near Paris. Britain's Common Market negotia-

tions were a prime topic of discussion, and the meeting went unexpect-

edly well. Agreement on the Concorde now gained new urgency as a

means of affirming an Anglo-French partnership, and further govern-

ment pressure produced an agreement in October between BAG and

Sud. The firms agreed in particular to share the work fifty-fifty, with

separate production lines building complete aircraft at both Bristol and

Toulouse. Each nation would bear half the cost.

Ordinarily, such intercompany contracts would have been all that

anyone needed. But the four firms-Sud, British Aircraft, Bristol Sid-

deley, and SNECMA-would all be working as government subcon-

tractors, and the view within the two capitals was that the project

would need an intergovernmental agreement as well, having the force of

a treaty. This duly came forth, late in November, and it had the curious

feature of lacking a cancellation clause. Such clauses were standard in

company contracts, but the new British aviation minister, Julian Amery,

persuaded his cabinet to leave it out. He argued that it would allay

historical French fears of its neighbor across the Channel, of a perfidi-

ous British government that would renege on its commitment. At the

same time, it would guard against a France that might itself pull out of

the project and then build a supersonic airliner on its own with the help

of what its people would have learned from Britain. Leaving out an

escape clause meant that neither country could drop the project, even if

the leaders were to decide that the Concorde had no technical or eco-

nomic merit.

There was a certain casualness to the whole affair. The working

document that defined the BAC-Sud concept of Concorde, in October
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1962, came to only twenty pages. That made it considerably shorter

than the report that had launched the B-52 in 1948; but whereas that

Boeing report had been nothing more than a quickie study for Colonel

Pete Warden, the BAC-Sud document led directly to the ministerial

agreement. There was a similarly casual estimate of the costs that the

two nations would share, for in late 1962 each government supposedly

would put up no more than $224 million, at $28 million a year. For this

modest sum, de Gaulle might beat back the American colonization of

the skies, while Macmillan might expiate the shadow of the Comet and

win Common Market membership in the bargain.

The beginning of wisdom came in mid-January of 1963, less than

seven weeks after British Minister Amery had signed the agreement. In

a press conference at the Elysee Palace, de Gaulle vetoed British mem-

bership in the Common Market. Macmillan's application, he declared,

had posed "problems of great magnitude." The British were not pre-

pared to be true Europeans, "without reserve." To the contrary, their

continuing close ties to the United States meant that their membership

would create "a colossal Atlantic community," featuring "a control by

the United States and which would soon absorb the community of

Europe."

However, de Gaulle was willing to hold out hope. "The evolution

of Britain" might bring it slowly, "little by little," toward the Conti-

nent, "and one day perhaps will lead it to anchor itself." Emphasizing

his words, de Gaulle stated that "there is nothing to prevent the main-

tenance of close relations" between Britain and France, as "the two

countries have just shown in deciding to build together the Concorde

supersonic airliner."2

There it was. The Macmillan government had committed to the

project to show that the British were good Europeans who deserved

membership in the Common Market. Now de Gaulle was saying that

maintaining this commitment was one of the few things the British

could do to show that they might one day become good Europeans who

would deserve, possibly, another chance. This was not quite the same

thing as defining the technical and commercial prospects that could

allow the building of successful airliners, but such matters had not

weighed heavily on ministerial minds. When Macmillan had faced the

matter in a cabinet meeting, he said that he personally had found his

great-aunt's Daimler to be the ideal means of locomotion. It did not

exceed the sensible speed of thirty miles per hour, and a gentleman
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could enter it without removing his hat. But times had changed; people

wished to travel faster, and the country should proceed with the

Concorde.

Meanwhile, as Macmillan and de Gaulle were dancing their ga-

votte, similar matters of state were in the minds of some of America's

aviation policymakers. While Eisenhower was still in the White House,

Elwood Quesada, his Federal Aviation Agency administrator, had tried

to stir up interest in an American supersonic transport (SST) effort. He

got nowhere. But Jack Kennedy, who took office early in 1961, proved

to be far more receptive.

Kennedy, to be sure, was an activist, interested in discovering new

tasks that his government might pursue. He was not free to legislate at

will, for a coalition of conservative Senate Republicans and southern

Democrats would block many of his proposals. So basic a reform as his

bill to establish Medicare, for instance, went down to Senate defeat in

mid-1962 by a vote of 48 to 52. But Kennedy had a much better batting

average in launching new initiatives in aviation and space. As symbols

of a national spirit of can-do, they drew far less controversy, at least at

that time.

The trajectory that led to Kennedy's Apollo program, which aimed

at landing men on the moon by 1970, clearly foreshadowed the policy

decisions that would lead to an American SST. The space agency NASA

was an outgrowth of NACA, which as late as 1957 was still a backwa-

ter in the federal government. Like its British counterpart at Farnbor-

ough, NACA was a world-class repository of aeronautical facilities and

a key center for research. Yet it was so financially strapped that even its

research aircraft were Air Force hand-me-downs. The Soviet space suc-

cesses of 1957 and 1958 galvanized Congress and the President into ac-

tion, changing the agency's name and grafting to it the rocket-research

groups of the Naval Research Laboratory and of the Army's Wernher

von Braun. Ike also gave NASA a new task: to build and launch small

unmanned satellites. Then came JFK, and four months into office he

issued the far more sweeping goal of Apollo.

The road to the SST would similarly grow out of an expanding

reach for the FAA. As recently as 1956 that agency's predecessor, the

CAA, had also been a poor relation, unable even to purchase radars for

its regional air traffic centers. The Grand Canyon collision during that

year, together with the onrushing challenge of the jetliners, had spurred

new CAA action. During the next two years, helped by blossoming
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budgets, the CAA was transformed into the FAA, with more clout and

greater independence. But Kennedy, after 1961, would enlarge the

FAA's tasks far beyond its traditional concern for aircraft safety. He

would assign to this agency the job of directing the development of the

SST, a wholly new type of airliner. In their way, the SST's technical

challenges would compare with those of Apollo. And just as Apollo

represented a response to Soviet competition, so the SST would be

America's answer to the British and French.

There was never any prospect that the SST would go forward in the

usual way, as by having Convair tap into bank loans to build an airliner

based on the technology of the B-58. The costs were too great, as were

the technical uncertainties. What was more, airline officials, then busily

purchasing the current generation of jets, were far from thrilled at the

thought of being stampeded into the supersonic era. But within the

Kennedy Administration, the SST had a persuasive champion in Najeeb

Halaby, the new head of the FAA.

Halaby hit the ground running during the early months of 1961,

winning a congressional appropriation of $11 million with which he

launched a program of feasibility studies. Late in 1962, with the study

results in hand and the Concorde under way, he urged JFK to launch a

major SST program in response. Kennedy was not quite ready just then,

but he took the step of commissioning an interagency review headed by

his vice president, Lyndon Johnson, a strong SST supporter. By allowing

a number of senior officials to have their say, this review would consoli-

date support within the Administration as a whole.

While this review proceeded, Juan Trippe proceeded to stir the pot

in his usual way. A few years earlier he had set Pratt 8c Whitney against

Rolls-Royce, and Boeing against Douglas, to get the jetliners he wanted.

Now he was ready to play the same game at the level of national

governments. During the spring he let it become known, among Ken-

nedy's officials, that he intended to place a "protective order" for six

Concordes. He would much prefer, however, to purchase American

SSTs, should they become available. The effect within the Oval Office

was about what he expected.

In June 1963 he announced that he was taking options on the

European product, putting down money to reserve delivery positions on

the production schedule, though he was not actually committing to

make the purchases. By then Kennedy had the results of the interagency

review, which were favorable, and the day after Trippe's announcement
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he made one of his own. Addressing the graduating cadets of the Air

Force Academy, he declared:

It is my judgment that this Government should immediately com-

mence a new program in partnership with private industry to

develop at the earliest practical date the prototype of a commer-

cially successful supersonic transport, superior to that being built

in any other country in the world.3

In his formal message to Congress, sent in mid-June, he emphasized that

the government would put up no more than $750 million, while the

manufacturers would carry at least 25 percent of the development costs.

As Halaby put it, the challenge of the Concorde had pulled doubters

into line "like a limp civil rights protestor being hauled off to jail."

The SST, everyone agreed, would fly close to Mach 3. That had

been in people's minds all along. Now there was further reason for such

a decision, for the Concorde was to cruise at no more than Mach 2.2.

The reason lay in aerodynamic heating; the Concorde would be built of

aluminum, and that speed was close to the limit of what this metal could

stand. However, there was more than one-upmanship in the American

preference for Mach 3. Certainly any U.S. airliner would have to out-

perform the competition, and to reach Mach 3 would offer difficult

problems. But once they were overcome, the SST would have room for

growth.

The problems lay in the need to use new metals, able to withstand

the temperatures of higher speeds but more difficult to work with than

aluminum. North American Aviation had considerable experience with

the use of stainless steel for high-speed flight, having used it extensively

in two experimental Mach 3 aircraft, the Navaho intercontinental

cruise missile and the XB-70 heavy bomber. Titanium was another

strong possibility, for it was lighter in weight than stainless steel. Nei-

ther of these metals had the benefit of the decades of experience that

planebuilders had had with aluminum, but once they were in common

use a new realm of possibility would open up.

For however advanced an SST of the 1960s might appear during

that decade, in truth it would be no more than an early version. Subse-

quent decades would bring better and more powerful engines, and if the

SST had a proper design at the outset, later types could take advantage

of such progress. In particular, they could offer still more speed. The

Concorde would lack this opportunity; its aluminum structure would

forever leave it stuck at the low end of the supersonic scale. It might
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amount to no more than a successful Son of Comet, an interim craft that

would quickly fall behind the vaulting advances of the Americans.

Moreover, by 1963 flight at Mach 3 was considerably more than a

fond hope. At a secret CIA center located at Groom Lake, Nevada, and

well hidden from view, stood a fleet of ten new craft from Lockheed's

Skunk Works. Built of titanium, they would cruise at Mach 3.2 and

eighty-five thousand feet and would enter service as spy planes having

the designation SR-71.

This aircraft grew out of a series of exchanges between Kelly John-

son and a senior CIA official, Richard Bissell. What made it unique was

the unusual degree of care and effort needed to make it work. At its high

flight speeds, aerodynamic heating would produce temperatures exceed-

ing six hundred degrees. To withstand such heat, Johnson wanted to use

an alloy from Titanium Metals Corporation known as B-120, with the

strength of stainless steel but half the density. But this metal proved to

be particularly demanding.

Early samples of the alloy were so brittle that they would break if

they fell off a desk. They also were extremely hard and difficult to

machine. Lockheed's machinists had drill bits that could cut through

aluminum like butter, but those bits at first could drill only seventeen

holes in titanium before they wore out. Even when suitable alloys and

tools became available, titanium still remained extraordinarily sensitive

to contaminants. A line drawn on a sheet of this metal with a Pentel pen

would eat a hole in it within twelve hours. Bolt heads broke off when

heated. Spot-welded panels assembled in the winter held together well,

but the same panels produced in summer tended to fall apart.

The problem of the bolts was traced to cadmium, applied as a thin

rustproofing layer on workers' torque wrenches. The cadmium was

coming off in tiny particles and reacting with the titanium bolt heads,

sapping their strength. The spot-welded panels were weak because they

had been washed with municipal tap water, which was heavily chlori-

nated in the summer months. Johnson's managers raided the workers'

toolboxes for cadmium-plated wrenches and switched to chlorine-free

distilled water for cleaning the panels. The problems disappeared.

Similar difficulties lay in store at Pratt & Whitney, which was

adapting its J-58, originally built for a Navy attack aircraft, as the

SR-71's engine. In the words of William H. Brown, a senior manager,

We had to learn how to form sheet metal from materials which

previously had been used only for forging turbine blades. Once
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we had achieved this, we had to learn how to weld it successfully.

Disks, shafts, and other components also had to be fabricated

from high-strength, temperature-resistant turbine-blade-like ma-

terials to withstand temperatures and stresses encountered. I do

not know of a single part, down to the last cotter key, that could

be made from the same materials as used on previous engines.

Even the lubrication pump was a major development.4

Conventional rubber O-rings could not withstand high temperatures;

the builders developed steel rings. There was need as well for new

sealants. Penn State University came forward with a special lubricating

oil; the SR-71 would need five gallons of the stuff, with an oil change

after every flight, and if you took your '71 into the shop for such a job,

it would cost $650. Ordinary jet fuel would have boiled in flight.

Johnson took this problem to the famous aviator Jimmy Doolittle, a

vice president at Shell Oil. Shell developed a suitable fuel, JP-7, which

also served as hydraulic fluid. It circulated in a single pass through the

hydraulic system before being burned in the engines.

The test pilot Jim Eastham, who was among the first to fly this new

craft, recalls seeing it for the first time in 1962: "I was in a state of

shock. Who could imagine such a machine! Kelly reached down into his

desk, pulled out a photo-and I just stared at it. I couldn't believe what

I was seeing. The shape, the size." It was over a hundred feet long and

far more slender than most aircraft, with an immense engine pod, wider

than the fuselage itself, mounted within each wing.

What was it like to fly the SR-71 ? There were two crewmen, a pilot

and a reconnaissance systems operator, and both wore pressure suits

like those of astronauts. "They're a necessary evil," Eastham remem-

bers. "They come in several varieties: bad, worse, and miserable. You

were quite restricted in them, but there wasn't a lot of room in the

cockpit anyhow. It was a tight fit. You couldn't hear the engines; they

were behind you. You heard a hiss from the air conditioning."

The Air Force's Steve Grzebiniak, who went on to fly the '71

operationally, remembers more: "The SR-71 is a very cerebral aircraft.

It requires a tremendous amount of concentration, from the time you

strap in to the time you shut down the engines. You're constantly

watching, constantly doing, running checklists, managing systems.

There are manual backups; many times you take manual control of the

inlets or autopilot, or of the navigation systems. That's what we're there

for. You may be sitting there with most systems operating in automation.
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But you are the manager of those systems and you have to make sure

they're operating.

"Many of us are very adept at flying a hundred to two hundred feet

off the ground at 650 mph," he continues. "The pacing that is required

there is not unlike the pacing that's required at Mach 3 and 80,000 feet.

When systems deteriorate-an inlet disturbance, for instance-we have

a very short period of time to get the aircraft under control before it

reaches a condition that's nonrecoverable."

An SR-71 cockpit, then, was not a place where people had a lot of

time for sightseeing. Yet when a pilot or crewman had the opportunity

to look around, the view could rival that from orbit. At eighty-five

thousand feet the horizon lies some 350 miles away, and the curvature

of the earth is plainly visible. In Grzebiniak's words, "As we're going by

Salt Lake City, which is well to our north, we can look back on a really

clear day, see Pike's Peak behind us and start to see the coast looming

up ahead of us." Farther on, "the coast is obscured by the mountain

range. But you can see the mountains, and the ocean beyond. We could

probably see the Los Angeles area, then maybe the Oregon border."

Eastham has his own recollections: "The sky doesn't get black but

is a deep dark blue." The setting sun "is really quite spectacular because

there's very little twilight. And it's rather eerie, because you see the

sun-then you look down and it's pitch-black. The sun is a big glowing

globe in the blackness. It approaches the hard vacuum of the moon,

where everything is either sunlit or deep in darkness. Cities are sparkling

jewels in the black. You could see the whole Los Angeles basin at one

glance, and you could see the freeways if you looked for them. You

could see Baja, though not to the tip. Really, it's the only way to

travel."5

This was also the view of the people within the FAA, during 1963,

who had the responsibility of building an SST that would beat the

Concorde. Halaby got the program off to a running start in mid-August,

issuing a formal request for proposals from interested companies. But

during that summer, the planebuilders were offering not proposals but

complaints. The firms' heads-Lockheed's Courtlandt Gross, Boeing's

William Allen, and Lee Atwood of North American-all objected

strongly to the cost-sharing arrangements, under which they were to put

up 25 percent of the cost of the program. This was their way of declar-

ing that they were worried because the SST looked like a fine way to

lose money. They would do their duty as patriots if Uncle Sam would

carry more of the financial load, but in any case they had their higher
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duty to the stockholders. Allen was particularly blunt: "Government

must be prepared to render greater financial assistance than presently

proposed."

Kennedy responded by commissioning an outside review of this

issue, putting it in the hands of Eugene Black, former president of the

World Bank, and Stanley Osborne, chairman of Olin Mathieson. He

asked them not only to review the cost-sharing issue but also to cast a

broad net by talking as well to government officials. Their report

reached the White House a week before Christmas. By that time LBJ

was the new president.

Its conclusions were devastating to Halaby. It rejected his view that

the SST should go forward as a race with Concorde. It went so far as to

recommend that the program should be taken out of Halaby's hands

altogether, for the FAA had no staff ready to manage such a task. And

on the cost-sharing issue, it recommended that the government should

pick up 90 percent, not 75.

This report set in motion a Washington debate that eased Halaby

toward the margins of SST management and brought the defense secre-

tary, Robert McNamara, to the position of its central figure. The SST

remained within the FAA, but high-level decisions would go into the

hands of a presidential advisory group that McNamara would head.

This shift in power, from Halaby to McNamara, involved much more

than a question of personalities, of who from week to week might hold

the King's Ear. It reflected a basic change in the way the government

was preparing to run large technical projects such as the SST.

For many years, such project management had featured early com-

mitment to awarding contracts and proceeding with the work as soon

as people had a reasonably clear idea of what they were to do. Everyone

knew that problems would crop up along the way, but managers ex-

pected to apply their staffs' professional skills and to deal with them as

they arose. But the change that came in the mid-1960s broke decisively

with this tried and proven approach. The emphasis now would lie in far

more prolonged studies and analyses in an attempt to nail down every

possible problem in advance.

It seemed like a good idea at the time, but it played into the hands

of officials who wanted to put off decisions by arguing that they needed

more study. Nor would it succeed in foreseeing future problems; a vast

gap would remain between planning a project and carrying it out, and the

best-laid plans would continue to go awry. This change was real, and

found its reflection in the personalities of Halaby and of McNamara.
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Halaby had come up as a pilot, winning his license at age seven-

teen. He went on to work as a test pilot during the war, first for

Lockheed and later for the Navy. He then won a Yale law degree and

proceeded to hold a succession of positions in which he showed the

managerial talent that would bring him to the post of FAA administra-

tor. Yet his views remained colored by his life in the cockpit. He was no

advocate of prolonged studies and analyses. Rather, he insisted that "at

some point you know the only way to find out what the true costs are is

to start cutting metal, to build a prototype and to test it. Then you find

out what the airplane will really do." The way to proceed, he declared,

would be "not to conduct more refined studies, but to get someone on

the line doing the job, get a prototype being tested, and use experience

as the study, rather than more mathematical analyses."

By contrast, McNamara favored analysis over experience. The his-

torian David Halberstam has given a portrait of the man:

If the body was tense and driven, the mind was mathematical,

analytical, bringing order and reason out of chaos. Always rea-

son. And reason supported by facts, by statistics-he could prove

his rationality with facts, intimidate others. He was marvelous

with charts and statistics. Once, sitting at CINCPAC for eight

hours watching hundreds and hundreds of slides flashed across

the screen showing what was in the pipe line to Vietnam and

what was already there, he finally said, after seven hours, "Stop

the projector. This slide, number 869, contradicts slide 11." Slide

11 was flashed back and he was right, they did contradict each

other. Everyone was impressed, and many a little frightened. No

wonder his reputation grew; others were in awe.

He not only believed in rationality, thought a friend, he

loved it. It was his only passion. "If you offended it at a meeting,

you were not just wrong, you had violated something far greater,

you had violated his sense of the rational order. Like offending a

man's religion." If you did show a flash of irrationality or sup-

port the wrong position, he would change, speaking faster, the

voice like a machine gun, cutting into you: chop chop chop. You

miscalculated here. Chop. You left this out. Chop. You neglected

this. Chop. Therefore you're wrong.6

The SST was no more than the small change of McNamara's work,

preoccupied as he was with Vietnam, Procurement, the Force Structure,

and Managerial Reform. But his senior staff members included an
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economist, Stephen Enke, and under Enke's direction the Pentagon

emerged as the government's leading center of expertise on the SST's

commercial prospects.

Few people were bothered by the irony in this state of affairs or by

its consequence of the military reaching into this civil sphere of activity.

McNamara had come up as a managerial analyst within the Ford

Motor Company, and he asserted that the SST should stand or fall on

its promise of profit. He argued that the FAA should commit to build a

prototype only when suitably refined designs were in hand for both the

engine and the airframe and only after serious economic analyses

showed a reasonable prospect of success. After all, the essence of his

work as defense secretary was to insist that military programs should

receive this level of design and analysis before their managers could cut

metal for prototypes. McNamara would urge, successfully, that what

was sauce for the Pentagon's goose was sauce for the SST gander.

It would take three years, till the end of 1966, before the SST's

studies would reach this level of depth. In the meantime, the Concorde

was experiencing its own delays. The problems began in October 1964,

when a general election swept the Tories from power and returned the

Labour Party to predominance in Parliament. The Concorde program

just then was beginning to experience the massive cost overruns that

would mark its progress, and which were the inevitable result of infla-

tion, fluctuating exchange rates, redesign, and wishful thinking. As the

minister of aviation later told a parliamentary committee, the original

budget estimate was "really rather arbitrary" and "not a great deal

more than an inspired guess."

Harold Wilson took office as prime minister with a firm determi-

nation to cancel what his economics minister, George Brown, referred

to derisively as "prestige projects." The Concorde stood at the top of

the list. Brown raised the matter in his first policy paper, which he

presented to the new cabinet only three days after the election. By then

the British share of the program's cost had soared from $224 to $392

million, in less than two years. Wilson's ministers quickly decided to

withdraw from the Anglo-French supersonic entente. This decision in-

volved more than a shift in priorities, for their concern lay in defending

the value of the pound, staving off devaluation. To do this they would

need a substantial loan from the Yankees, who would not look kindly

on seeing the money go for a project that would compete with their own

SST.
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De Gaulle was incensed, the more so because he could smell the

American rat. His government took its stand on the terms of the 1962

agreement, and Wilson soon found that his situation was sticky indeed.

He asked his attorney general, Sir Elwyn Jones, for an opinion. As

Wilson later wrote,

Had we unilaterally denounced the treaty, we were told, we

could have been taken to the International Court, where there

would have been little doubt that it would have found against us.

This would have meant that the French could then have gone

ahead with the project no matter what the cost, giving us no

benefit from the research or the ultimate product. But the court

would almost certainly have ruled that we should be responsible

for half the cost. At that time, half the cost was estimated-

grossly underestimated as it turns out-at £190 million. This we

should have had to pay with nothing to show for it, the result of

what we considered a highly improvident treaty on the part of

Julian Amery.7

The British would cancel several of their own military aircraft projects,

but would proceed with Concorde and make the best of things.

On a more positive note, the year of 1965 brought new hope to the

American project. Finding himself increasingly ineffective, Najeeb Ha-

laby resigned from the FAA early that spring. For his replacement, LBJ

named Air Force General William McKee, who came with a strong

endorsement from McNamara. President Johnson made it clear that

above all, he was to give new direction to the SST program. For the

more traditional matters of commercial aviation, LBJ urged him to "get

yourself a good deputy administrator to run the FAA."

McKee's credentials were sterling, for unlike Halaby, he had had

long experience in managing large projects. He had directed his service's

procurement programs, and had served as its vice chief of staff. He also

was fresh from NASA, where he had been serving as an assistant admin-

istrator during the buildup for the Apollo program. To run the SST

program itself, McKee selected Jewell Maxwell, a brigadier general with

his own sparkling background: chief of staff of the Air Force Systems

Command; head of the bomber division at the main developmental

center, Wright-Patterson Air Force Base, the former Wright Field; and

commander of the space center, Vandenberg Air Force Base.

At the time he appointed McKee, Lyndon Johnson also accepted

another McNamara recommendation. This was that the FAA should
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delay picking engine and airframe contractors and hold off on building

an SST prototype. Instead there would be an additional year and a half

of studies and design work, with decisions on these next steps post-

poned until the end of 1966. Yet by picking McKee, who would steer

the SST effort with a strong hand, Johnson was making it clear that he

held a personal commitment to the program and that an SST would

stand as part of the Great Society.

McKee and Maxwell made a fine team, and with McNamara's bless-

ing they soon took firm control of the SST. With the British and French

also settling in for the long haul, it was as clear as anyone could see, during

1965, that supersonic airliners indeed would take wing and in time

would join the world's airlines. The drama of the DC-8 and 707 would

play out anew, with the Concorde and SST taking over their roles.

In addition, through a separate initiative, the Air Force was open-

ing up an entirely different prospect in the realm of subsonic flight. This

involved transport aircraft of unprecedented size, which would take

shape as the Boeing 747 and other wide-body jets. These might bring

enormous economies of scale, offering unprecedentedly low ticket

prices that could spark a vast new boom in air travel. Aviation then

would define its future through two federal initiatives: the FAA's SST

for supersonic flight, the wide-bodies for subsonic.

The Air Force held a burgeoning interest in very large transport

aircraft. These supported one of McNamara's policies: that the U.S.

should build up its airlift and sealift capacity to be ready to transport

troops and equipment wherever America might choose to intervene.

During the Kennedy years this policy had brought forth the Lockheed

C-141. Its loaded weight of 317,000 pounds put it in a class with the

707 Intercontinental, and its four Pratt &C Whitney turbofans closely

resembled those of Boeing's jetliners.

At General Electric, these successes of their competitor were natu-

rally quite galling. GE had introduced the U.S.-built turbofan, with its

aft-fan, using it to convince skeptics of these engines' merits. But Pratt

& Whitney's JT-3D proved better suited to most customers' needs, and

that firm walked off with most of the sales. As a GE senior manager put

it, "We converted the heathen but the competitor sold the bibles!" To

win back lost souls, GE would have to pursue research. The Air Force

was willing to help. The work that resulted did not focus on turbofans,

but featured a broad scope.

At Wright-Patterson Air Force Base, one of the bolder visionar-

ies was Weldon Worth, the chief scientist in its propulsion office. He

217

was sponsoring research on what he called an Aerospaceplane, a jet-

powered aircraft that might actually fly to orbit. He also had goals that

were somewhat more within reach. One of these was to lay a basis for

aircraft that would advance beyond the SR-71, attaining speeds as high

as Mach 3.5.

To achieve such speeds, a turbojet would need particularly low

weight for its thrust. That meant it would have to run very hot, and its

turbine blades would have to withstand unusually high temperatures.

GE's John Blanton took on the task of managing the construction of a

suitable test engine, the X-370. His colleagues addressed the turbine

problem by introducing a new technique for turbine-blade cooling,

having a thin film of cool air flow across each blade surface from front

to back. The air would stream through internal channels within each

blade and reach their surfaces through holes of diameter as small as

half a millimeter. Drilling these holes in the hard materials of turbine

blades was accomplished with a recent invention, the laser. The com-

plete X-370 ran in July 1961 and set a world record for producing high

thrust with low weight.

Blanton made a further contribution in the realm of large fans. A

current viewpoint held that these might find use in vertical takeoff and

landing (VTOL), a mode of flight in which aircraft would rise directly

into the sky and then fly at high speed. Fans then might achieve this goal

by serving both as compact helicopter rotors and as propellers. Blanton

built an experimental engine of this type; it looked like a big oil drum.

Another GE manager, Peter Kappus, proposed a VTOL engine that

would use twin fans of eighty-inch diameter. The Army became inter-

ested and laid on a program whereby GE would not only build this

engine with its fans but would use it to power an experimental aircraft.

This effort gave GE its introduction to the big fans that future engines

would rely on.

Still another element came from an in-house effort headed by an-

other GE manager, Fred MacFee. Its goal was a building-block turbojet,

a standard type that could grow to serve various needs. It might add an

afterburner to power an Air Force fighter; it might put a fan in front to

operate as a turbofan. This engine, named the GE-I, went forward as a

project beginning in February 1962. Initially its goal was to provide the

technical basis for a new turbojet that would power a highly classified

unmanned aircraft, one that would fly at high altitude.

The Air Force, meanwhile, was preparing to gaze deeply into its

crystal ball. General Bernard Schriever, who had headed that service's
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long-range missile programs, was now running Project Forecast. Its goal

was to see what the future might bring, and Schriever's staff was

particularly interested in information from industry concerning new

technologies. Through Cliff Simpson, a colleague of Weldon Worth at

Wright-Patterson, GE funneled information concerning its VTOL fan

engine and its existing turbofans. The Project Forecast report put these

elements together. It declared that the means were at hand to build

turbofans of very great thrust to power a new generation of transport

aircraft that would break all previous limits in size.

Pratt OC Whitney, on its part, was improving the turbofan by the

direct approach of building a better one. In May 1963 its management

elected to tap into company funds and to build an engine with more

bypass airflow, enabling twice as much air to flow through the fan and

past the engine's core as would run through the core itself. (In technical

terms, its "bypass ratio" was 2:1.) The Air Force soon kicked in with

money. The new turbofan was on a test stand in April 1964, aiming at

thirty-one thousand pounds of thrust.

GE by then had a fine-looking design on paper, but no hardware.

That March, the Air Force handed down the word: "You are to have an

engine running, or else you are out of the competition." Fortunately, the

engine didn't have to be full-size, and this made the problem easier. The

GE-I had been running since the previous November. With Gerhard

Neumann again taking charge, his staff proceeded to add a fan. The

resulting test engine had only half the peak thrust of its competitor at

Pratt, but it produced a bypass ratio as great as 8:1, four times better

than Pratt's. Everyone expected that this would do marvelous things for

the fuel economy, and it did. When running at full power, the engine

showed no more than half the fuel consumption of the best fanjets then

in service.

The proposal for the full-scale engine, the TF-39, came to ninety

volumes, and GE had to provide fifty copies of each. The shipment went

off to Wright-Patterson in an eighteen-wheel truck. However, the en-

gine's main features were easy to describe.

At the core would lie a turbojet having the unprecedented internal

pressure of twenty-five atmospheres. To achieve this, GE was using a

twin-spool compressor that also included variable stators, taking ad-

vantage of what people had learned concerning both approaches. The

combustor would be quite compact, because fuel burns readily in com-

pressed air. The turbine blades would use the new cooling technique

that John Blanton had introduced, with his laser-drilled holes. These
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blades would stand up to temperatures as great as twenty-three hundred

degrees, some five hundred more than had been the practice. That

boosted the fuel economy and provided plenty of power for the fan. The

fan, in turn, would have an eight-foot diameter. Total engine thrust

would reach forty thousand pounds.

Representative layout of a high-bypass turbofan engine, which powers

wide-body jets such as the Boeing 747. Bottom: The Rolls-Royce RB-211, a

specific example. (Art by Don Dixon and Chris Butler)
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In August 1965 the Air Force picked this engine to power its new

cargo jet, the C-5A. Late in September, Lockheed won the contract to

develop the aircraft itself, one that Newsweek would call Moby Jet.

Placed within a football stadium, it would stretch from the goal line to

the opponents' eighteen-yard line. Its wings would overhang both

teams' benches. Its cargo would accommodate heavily armored tanks.

Fully loaded, its weight of 769,000 pounds would double that of the

largest commercial jetliner.

Douglas and Boeing had competed with Lockheed for this award,

coming forth with similar designs, and at Boeing the immediate ques-

tion was how to turn such a concept into something that looked like an

airliner. For several reasons, the C-5A as such wouldn't do. It was too

big; it could carry far more passengers than the market could provide.

Its planned cruising speed, 506 mph, would also be too slow. It would

be costly to operate, and its design would emphasize military require-

ments for operation from short and unpaved landing strips rather than

hard-surface airports. Nevertheless, it could offer a basis for a new

airliner. The aircraft that would result was the Boeing 747.

Several concerns militated in favor of launching such a project. At

the forefront stood the strong interest of Pan Am's Juan Trippe. His vice

president of engineering, John Borger, had been talking with people at

Boeing even before Lockheed won the C-5A. Market projections also

favored the 747-and called for it to be huge.

As Boeing's John Steiner describes it, aircraft are designed to fit the

market four years after they enter service. For the 747, that would be

1973 or 1974. Traffic had been shooting up for several years at annual

rates of increase of around 10 to 12 percent; lately those rates had gone

up further. But if one projected no more than that they would stay in

this range, then airliners delivered in 1970 should accommodate 350 to

375 passengers.

The financial auguries were also propitious. During 1965, Boeing

built more aircraft than ever before. Even so, it couldn't keep up with its

orders; its backlog was rising sharply. Pan Am was still Pan Am, carry-

ing nearly six million passengers in 1965; four years later that number

would top ten million. The firm's profits were also strong and would

stay that way for a while.

Yet tlf ere also was the matter of those two great risk-takers Trippe

and William Allen, who now were in the twilight of their careers. To-

gether they had launched the jet age, with Allen going deep in the hole

to snare customers from Douglas, with Trippe dragging the airlines
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forward despite their doubts and reluctance. Together they were hoping

to launch the era of the SST, a matter in which Trippe already had

played Kennedy against de Gaulle as if they were no more than the

chairmen of competing corporations. A successful Boeing 747 would

stand as a similar achievement, flying down the long decades that lay

ahead, placing the stamp of these men upon aviation for as far into the

future as anyone might see.

At Boeing, Joe Sutter was the senior manager whose staff would

carry through the new airliner's design. The shift in focus, from C-5A to

747, went by prearrangement; Sutter knew he would head up the new

project as soon as the Air Force gave the C-5A to Lockheed. Returning

to the plant, he found some one hundred engineers who had been work-

ing on the C-5A design and who now would prepare concepts for

Trippe's latest world-beater.

Still there was a question: Just what would the 747 do for a living?

A widespread view held that the SST would be flying in a few years,

doing to the subsonic jets what they had done to the piston models. It

was possible that the SST would find itself restricted to overwater flights

because of the widespread annoyance it would produce with its sonic"

boom. But even if this happened and the 747 was to fly only on domes-

tic routes, it could find additional use in the field of air freight.

Accordingly, the 747 design would permit easy conversion for

cargo hauling. Trippe's initial requirement was that the plane should

accommodate two side-by-side rows of containers of the type that were

traveling by ship, rail, and truck. Their standard dimensions included

width and height of eight feet. To fit them into a fuselage of circular

cross-section, then, would require a diameter of twenty-one feet. Here

lay the origin of the wide-body cabin with its double aisles and ten-

abreast seating. It would give a feeling of spaciousness that travelers

would greatly appreciate, turning the passenger accommodation into

something resembling a public meeting hall.

From this basic decision soon came others. The 747 might sustain

hard landings in which these containers would rip free of their moorings

and hurtle forward with crushing force. Therefore it would be a good

idea to put the pilot and crew out of the way, with the flight deck high

above the cargo deck. That would also offer the opportunity to build in

a big upward-swinging nose door for easy loading of freight, as on the

C-5A.

For aerodynamic reasons, though, this flight deck could not simply

sit atop the front fuselage like a camel's hump. It would have to be
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faired smoothly with the rest of the fuselage, sweeping gently to the

back. That meant there would be a good deal of extra space to the rear

of the cockpit, and Suiter thought it would be a good place to put

air-conditioning ducts. Trippe had other ideas.

Remembering people's fond experiences with the downstairs cock-

tail lounge in his Boeing Stratocruisers, he felt that a similar lounge,

reached by a spiral stairway, would be just the thing. His suggestion

raised the obvious issue of extending the fuselage bulge all the way to

the tail and putting in a second deck of passenger seats, but Boeing's Ed

Wells vetoed that idea. Not only would it raise anew the matter of

having too much capacity, it would also run afoul of FAA rules. Those

rules required that in case of fire a planeful of passengers be able to

evacuate in only ninety seconds, and this just couldn't happen with a

double-decker. Still, all Trippe wanted was his cocktail lounge, and as

usual, he got his own way. The 747 received its center of cheer.

There also was the matter of an engine, and the big General Elec-

tric turbofan, the TF-39, wasn't exactly the obvious choice. GE's man-

agement believed that this engine would find a civilian market, and they

expected to pitch it to the airlines once the Air Force had paid for its

basic development. For the 747, though, it quickly became apparent

that even the TF-39 did not have enough thrust. This problem was far

from insuperable; engines, like airframes, stretch over time. But this one

would demand a major rework, a significant civilian effort that would

run parallel to the military's. GE took the view that the Air Force would

receive priority. That didn't suit Boeing, and the chance for a deal fell

through.

Pratt & Whitney had a different spirit. That firm had a virtual

monopoly on jetliner engines that were already in production, with

market share of 90 percent. But if the Air Force, Pan Am, and Boeing all

agreed that the wide-body jet was the coming thing, Pratt would have to

change with the times. Moreover, its own entry in the C-5A competition

would offer a good way to start. That engine was already running in

test. For the 747, Pratt would install a bigger fan. This new engine soon

matched that of GE, both in technical features and in performance.

Pratt would call it the JT-9D.

Boeing, meanwhile, faced the question of where to build its levia-

than. Its production facilities in Renton, south of Seattle, were busy

with 707s and 727s, while Plant 2, the main factory, had the 737. The

search for a new plant site led to Everett, a lumber town thirty miles

north of the city. Here stood Paine Field, a military base in World War
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II, along with an extensive forest of alders. Here the 747 would come

into existence.

The new Everett facility, quite simply, would feature the largest

enclosed space in the world, within a building spanning forty acres. At

Cape Canaveral stood the existing record holder, a vast hangar over five

hundred feet tall with room to assemble four of Wernher von Braun's

enormous moon rockets. The Everett plant would be bigger. A rail spur

from the main line would carry subcontractors' subassemblies, with

oversized freight cars to carry large aircraft sections. The completed

plant would cover rather more than a square mile and would have a

concrete apron with room for twenty of the big jets. Workers would

have no problem commuting, though; there would be plenty of free

parking.

Then in April 1966, Trippe formally ordered twenty-three passen-

ger and two freight versions of the 747, for a total of $531 million. Over

the next three months, five other airlines signed on for twenty-eight

more. With these orders, the die was cast.

The 747 represented one way to take advantage of the power of the

Air Force's new turbofans. At American Airlines, an executive named

Frank KoIk was thinking along lines that would part company with

Trippe's. He was vice president of engineering, holding a post that made

him the counterpart of Pan Am's John Borger. Like Borger, he was

responsible for determining what type of equipment his airline would

need and of working with the manufacturers to get it. And he too had

his eye on the new engines.

Kolk's attitude was that it was high time to put an end to Trippe's

habit of coercing the domestic airlines into buying equipment they

didn't need and could barely afford. As he put it, "In recent years there

has been a tendency for the manufacturers to evolve a design which has

one or two highly saleable and competitive features (e.g., economy,

speed, or comfort), and to sell it hard to one or two airlines, knowing

that the others could then not afford to do without it. This can be

described as very clever. It is certainly legitimate business, but it does

not give the many airlines, nor the traveling public for that matter, what

they most need at any given point in time."8

His answer would be another new airliner, one that would offer

wide-body comfort and the economy of the new high-bypass turbofans.

But his would be intermediate in size between the earlier jets and the

747. In his view, American Airlines needed "an airplane with 220 to

230 seats in a mixed-class configuration and a range of 1,850 nautical
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miles-provided that ability to operate out of close-in airports, such as

La Guardia, could be assured." La Guardia had a runway built on

pilings like those of a pier, which could carry 270,000 pounds, and this

would define the aircraft's weight. For economy, it would mount only

two engines. KoIk called this concept the Jumbo Twin. Others called it

the Airbus, a name that would recur.

In contrast with Trippe's strategy, to get there firstest with the

mostest, Kolk's proposal would lead toward a consensus whereby sev-

eral major carriers would jointly decide they wanted something like this

Jumbo Twin. The manufacturers were very much in on the discussions

as well. In fact, their involvement dated from April 1966, when KoIk

circulated a five-page memo and held his initial meetings at Lockheed

and Douglas. But Kolk's concept was a little too closely suited to Ameri-

can's route structure, which featured large numbers of flights between

New York and Chicago. At Eastern Airlines a key route ran from New

York to Puerto Rico, and that meant eighteen hundred miles over water.

FAA rules would then require three engines, not two, to assure safety if

one engine were to fail. Similarly, TWA's routes crossed the Rockies,

and the FAA would demand that Kolk's aircraft should maintain alti-

tude with an engine out. To do that with a twinjet would call for

fifty-five thousand pounds of thrust in each turbofan, which just then

wasn't in the cards. So the new aircraft would have three engines. It

would also grow considerably in both size and passenger capacity, as

planes usually do.

Of the two companies that were prepared to take on this new

project, Lockheed was definitely the leaner and hungrier. The C-5A was

vital to the company's future, but it would provide work only for its

plant in Georgia, not for the main facilities in Burbank. Moreover,

Lockheed had never really been a player in commercial aviation since

the days of the Super Constellation. Its management had failed to chal-

lenge Boeing and Douglas by offering their own jet. Lockheed instead

had put its money on the turboprop-powered Electra, only to find that

turboprops weren't what the market wanted.

Nevertheless, during 1966 Lockheed was matched with Boeing in

a competition that was the mirror image of the one in 1965. The earlier

bidding war had involved the C-5A; when Boeing lost, despite having

plenty of other work, its management immediately moved to pursue the

747. In 1966 the focus of attention was the SST, with these firms again

vying for acceptance of their respective proposals, and this time it was

Boeing's turn to win. Lockheed's president, Daniel Haughton, learned
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the news on the last day of the year, and his reaction was the same as

William Allen's. Haughton ordered that the people who had been work-

ing on the SST should shift gears and undertake a major effort on Kolk's

airliner. It already had the name Lockheed L-1011.

Douglas Aircraft was also interested in Kolk's ideas, and early in

1967 it received new resources with which to pursue this effort. Faced

with serious financial difficulties, it sold out to the firm of McDonnell

Aircraft, a builder of military fighters. The new firm of McDonnell

Douglas took its place as the fourth-largest American planebuilder,

after Boeing, North American, and Lockheed. The chairman of the

merged firm, James McDonnell, wanted very much to enter the airliner

business and to launch a new aircraft project. It took shape as the

DC-10.

And so by 1967, the commercial airline industry stood poised to

repeat its experience of the previous decade. During the immediate

postwar years, the Air Force had done a lot of hand-holding with Boe-

ing, as that firm led the nation into an era of federally funded jet

bombers and tankers. Then, amid this cornucopia of new technology,

Boeing and Douglas had faced the question of whether these develop-

ments could offer advantage in the more demanding world of the com-

mercial market.

Now, in 1967, this industry faced a similar challenge. On both

sides of the Atlantic, government-run projects were subsidizing super-

sonic airliners outright. In the United States, the Air Force had spon-

sored development of a new generation of turbofan engines, and had

pointed the way to immense new airliners by pursuing its own behe-

moth, the C-5A. And again the question was whether the aviation

industry could win advantage.

The technical challenges of the SST or Concorde might prove over-

whelming, for these craft would carry children and grandmothers where

only military pilots had gone before. Inconstant governments might

falter in their commitments. Airlines might decide not to buy these

planes, even if they were to become available.

The big subsonic wide-bodies offered their own questions. The 747

would soon raise the issue of whether Boeing was biting off more than

it could chew. Further, two major firms now stood ready to compete

head to head in the same market, pitting the DC-10 and L-1011 against

each other. This meant that Lockheed and Douglas would each pay the

very high up-front costs of development, flight test, certification, and

production for what would be, after all, virtually the same airplane. If
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the market proved unable to purchase enough planes to underwrite this

wildly expensive duplication, then red ink would flow as copiously as

jet fuel.

In the end, three great firms would drive to the edge of bankruptcy

as they pursued these aircraft and their engines. Boeing would fare

particularly badly. And its city of Seattle, in turn, would sustain blows

that would recall the hardships of the Depression.

