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The aeronautics research flights so important in the early 1950s continued into the early 1960s.
From the latter part of the 1960s up to the present, flight-testing has been primarily of prototypes of
various operational aircraft rather than of research aircraft.

(7 bjectives ——

Discuss the flights of the X-15.

Discuss the XB-70.

Discuss the importance of composite materials.

Discuss solar aircraft.

Discuss the advancements in military aerospace.

Discuss the advancements in civil aviation and general aviation.

Aeronautical Research

The X-15

The two X-series aircraft, which were flown during the 1950s and 1960s, were the X-15 and the
XB-70.

The X-15 project was a joint Air Force, Navy and NACA project aimed at building an airplane that
could fly at a speed of 4,500 mph and reach an altitude of 250,000 feet. At this speed and altitude, the
temperature of the aircraft would reach 1,200° F. To withstand this temperature, the X-15 was constructed
of a nickel-steel alloy called Inconel X.

The X-15 was 50 feet long and had a 22-foot wingspan. It weighed about 33,000 pounds, of which
over 18,000 pounds was fuel. The X-15 was rocket powered and was launched by dropping it from a
specially modified B-52. The first powered flight took place in September 1959, and the aircraft
reached a speed of almost 1,400 mph. The first eight flights of the X-15 were piloted by North American
Aviation test pilot Scott Crossfield. The first government flight was performed in March 1960, by
NASA test pilot Joe Walker.

Flight testing continued through 1967 with the three X-15s performing over 200 flights. In the end,
the X-15 exceeded both of its design goals. It reached a speed of 4,534 mph (Mach 6.72), which is
twice as fast as a rifle bullet, and it reached an altitude of 314,750 feet, which is 59.6 miles straight up.
The pilots on these record-setting flights were Major Robert White, USAF, for the speed record, and
NASA test pilot Joe Walker for the altitude record.
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The X-15, piloted by Scott Crossfield,
is carried aloft by a B-52. Because of
the altitude and speeds attained by
Crossfield, many aviation historians
consider him to be America’s first
astronaut. The color photo shows the
X-15in 1960.

XB-70

In 1954, the United States Air Force requested bids on a contract to build a supersonic replacement
for the B-52. This aircraft would have to fly three times the speed of sound and at an altitude of 70,000
feet. North American Aviation won the competition and received a contract to build two prototypes.
The result was the XB-70, one of the largest, fastest and most controversial aircraft ever built. The first
XB-70’s initial flight was September 1964, and the second one first flew in July 1965.

In 1964, Congress decided the Air Force did not need a supersonic bomber and canceled the program.
The Air Force and NASA used the two prototypes for supersonic research. In October 1964, the
XB-70 reached its design speed (2,000 mph) and altitude (70,000 feet) requirements. In June 1966, the
second XB-70 prototype was destroyed in a mid-air collision. Number one is now at the United States
Air Force Museum at Wright-Patterson Air Force Base, OH.

Since the Wright Flyer, aircraft research and design have been continually changing as aircraft
designers determined which configuration produced the best performance characteristics—especially
at high speeds. While performance has always been the major design factor in the past, today other
factors are also important.
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The XB-70

Other Research

For the military, changing air tactics, advanced weapons systems and new technology advantages
in aerodynamics, structures and propulsion have entered the design picture. Beginning in the mid-
1970s, fuel efficiency and environmental considerations became driving forces in commercial avia-
tion, as well as in military aviation.

Research in the past was always limited by weight and stress limitations. Many designs looked
good on paper, but could not be tested because the aircraft would be too heavy and/or unable to with-
stand the in-flight stresses. However, advances in construction materials in the 1970s overcame some
of these limitations.

Super-strong, but lightweight, nonmetallic, epoxy graphite composite materials were developed
that were stronger than many common metals used in aircraft construction. These composites were
tested in every major structural component of an aircraft—from the wings and fuselage to helicopter
rotor blades. Research tests demonstrated their strength and opened new doors either to go back to old
designs that were more efficient or to advance to new, previously untested designs.

One such advance came in 1988 when the FAA certified Beech Aircraft Corporation’s all composite
Model 2000 Starship I. The business airplane’s fuselage and wing structure use epoxy graphite and
honeycomb sandwich panels made of epoxy resin.

Other research was conducted on airfoil design, which produced some revolutionary concepts. The
list contains forward-swept wings (FSW), oblique wings, joined wings, mission-adaptive wings,
supercritical wings, winglets and canards.

Sweeping the wings forward goes back more than 100 years to pre-Wright experiments of the
1870s. The concept was flight tested earlier in this century and has theoretical advantages. Its use had
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been overshadowed by rearward-swept wings, since forward-swept wings needed to be structurally
stronger in high-speed flight.

In the past, this meant making the wing heavier using conventional metal alloys. Composite-material
technology made the FSW practical. This technology enables the wings to be made lighter, smaller and
less costly than equivalent performance planes with rearward-swept metal wings. The FSW design
also reduces weight cost and drag.

Test data showed that this technology provided an aircraft that can weigh less, fly longer and turn
very tight at supersonic speeds. The X-29A was built in the early 1980s to demonstrate the capabilities
of forward-swept wings.

The Forward-swept Wings of the X-29A

Another research project was on oblique-winged aircraft. This type of aircraft is also known as
adaptive-wing, skewed-wing or pivoting-wing aircraft. The oblique-wing aircraft (OWA) changes form
during flight for optimum lift under different circumstances and can be rotated to different positions
for the best aerodynamic characteristics.

The ability to change the wing angle provides efficiency at both low and high speeds. For takeoff,
landing and low-speed cruise, the wing is perpendicular to the fuselage; at high speeds, the wing is
pivoted to different oblique angles.

NASA flight-tested an oblique-wing aircraft in 1982 and called the aircraft the AD-1 Scissors. In
this aircraft, the wing rotates around its vertical axis, with one end pointing forward and the other end
rearward. This design explored the feasibility of using an adaptive wing as a low-drag, supersonic
airfoil for future transport airplanes.
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Another project explored winglets. An airfoil produces lift by creating pressure differences on its
upper and lower surfaces. At the wingtips, this difference in pressure produces wingtip vortices. This
swirling air increases drag, decreases lift and can produce potentially dangerous air turbulence around
airports. The winglets, placed in a vertical position at the end of the wings, eliminates the vortices and
improves the efficiency of the wing.

Two other projects explored canards, and mission adaptive wings. Carnards are horizontal surfaces
forward of the main wings and are used for trim and control. The use of canards increases maneuver-
ability and can allow the main wings of an aircraft to be smaller and lighter. The picture of the X-29A
shows an excellent view of the canards forward of the wings.

Mission adaptive wings are now used
on several different aircraft. This type of
wing is similar to the one used on the B-1B
bomber. This wing maintains its best
efficiency under most flying conditions by
moving forward for slow speed flight and
folding to the rear for supersonic flight.

The research and development benefited
military, as well as commercial aircraft.
Both military and commercial aviation
wanted aircraft to be faster, with higher per-
formance. Two of these advanced aircraft
were developed to fly over enemy territory
at high altitude. They were the U-2 and
SR-71.

The B-1B Lancer is affectionately known as the “Bone.”

Faster Than a Bullet -
The SR-71 Blackbird High-
Altitude Reconnaissance Aircraft

The U-2 High-Altitude
Reconnaissance Aircraft
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The X-33 Advanced
Technology Demonstrator
is an unmanned vehicle,
launched vertically like a
rocket and lands horizon-
tally like an airplane.

The X-43A, shown below, is part of NASAs experimental hypersonic flight research program that seeks to demonstrate

airframe-integrated, “air-breathing” engine technologies that promise to increase payload capacity for future vehicles
including faster than Mach 5 and reusable space launchers.
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The Convair XF2Y-1 Sea Dart was an experimental jet-powered sea plane. It is on permanent
display at the San Diego Aerospace Museum.

Significant developments in new materials and designs allowed the construction of stealthy aircraft,
which were almost invisible to radar. The B-1B grew out of studies beginning in 1962. Unlike America’s
past bomber designs, which emphasized high-altitude capabilities, the B-1 was designed to be a low-
altitude penetration bomber. To defeat Soviet defenses, the bomber was designed with low-observable
technology, which produces a radar cross section 1 percent that of the older B-52.

Two other aircraft, the B-2 bomber and the F-117A, are true “stealth” aircraft designed to be invisible
to enemy radar. The B-2 bombers have a unique flying-wing design and can only be described as a
radical departure from conventional aircraft designs.

Research and Development and Civil Aviation

Armed with the experience of building large jet aircraft for the military, the Boeing Company
unveiled the 707-120 in 1954. The 707 outclassed every airliner in use at that time in all aspects...
size, speed, range and capacity. It was the 707 that revolutionized the commercial aviation industry
and went on to become the standard long-range jet of the 1960s. The 707 also found service with the
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Air Force as the C-135. It was followed shortly by other similar long-haul jets—the Douglas DC-8 and
the Convair 880 and 990.

So immediate was the success of the 707 and DC-8 airliners, that both Boeing and Douglas began
working on smaller, short-haul jets. The first short-haul jet was the French Caravelle I which first flew
in 1955 and went into service with Air France in 1959. More than 200 Caravelles in four models were
manufactured. This aircraft had a jet engine attached to either side of the rear fuselage and carried
between 65 and 90 passengers. United Airlines was the only US carrier to fly the Caravelle I.

In February 1963, Boeing unveiled a new short- and medium-haul trijet called the 727. The 727s
have been produced in five models and is the most successful jet ever built. Over 1,700 of these
aircraft have been manufactured. The other short-haul Boeing aircraft, the 737, is a twinjet airliner. It
went into service in 1968 and carries 80 to 113 passengers. More than 800 of the 737s have been built.

Douglas entered the short-haul market in 1962 with the announcement of their twinjet DC-9. The
DC-9 flew for the first time in February 1965. The DC-9 resembles the Caravelle in the placement of
the engines, but is a larger aircraft that carries from 80 to 115 passengers. More than 1,000 of these
aircraft have been sold.

By the mid-1960s, jet airline travel had reached a peak. In April 1966, Boeing announced they
would begin production of the Boeing 747. This jumbo jet was huge even when compared to the 707.
It had a wingspan 65 feet longer than the 707, and its fuselage was nearly 90 feet longer and almost
twice the diameter. The 747 offered a new standard of luxury that included seating for 385 passengers
and an upstairs cocktail lounge.

The Boeing 707

The Boeing 747
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The Boeing 757 and 767 (Boeing photo)

Both Lockheed and Douglas entered the jumbo-jet field in 1966 with announcements of intent to
build a medium-haul jumbo jet. The Douglas DC-10 flew first in August 1970, while the Lockheed
L-1011 flew in November 1970. In addition to following a very similar timetable, the two aircraft are
very similar both in appearance and in performance. They are both trijets with one engine under each
wing and the third on the tail. Inthe DC-10, the rear engine is mounted above the fuselage, while in the
L-1011, it is mounted inside the rear fuselage. They both carry about 350 passengers for distances up
to 4,000 miles. Both aircraft have been very successful. Over the years, improvements to the basic
models of the 747, DC-10 and L-101, have continued to keep these aircraft in the marketplace.

Before 1978, the Americans had the technological edge over foreign aircraft manufacturers, with
85 percent of all world airliners being US manufactured and designed. By 1978, the technology gap
had narrowed to the point that US aircraft manufacturers began to feel a technological threat from
abroad, especially from the A-310 advanced-technology transport. This threat gave rise to the
introduction of a new family of advanced-technology jetliners for the 1980s. The DC-9 Super 80, the
Boeing 767 and the Boeing 757 are three aircraft that were developed to improve efficiency using
advanced technology.

Airbus Industry continues to put the pressure on American aircraft manufacturers with the
introduction of the Airbus A-320 in late 1988. This commercial transport is designed for short and
medium ranges powered by twin turbofans. It also incorporated several technological firsts. It was the
first subsonic commercial aircraft to have control by fly-by-wire throughout normal flight. It also has
a centralized maintenance system, side stick controls in the cockpit in place of control columns, and
has composite materials that makeup the major elements of the airplane’s primary structures.
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The Boeing 777’°s “Glass Cockpit”

In the early 1960s, the Bristol Aeroplane Company (which later became part of the British Aircraft
Corporation (BAC)) in England and Sud-Aviation (which later became Aerospatiale) in France were
both working on designs for a supersonic passenger airliner. They both came up with very similar
designs for a delta-wing aircraft which could carry about 100 passengers and fly at about Mach 2.2
(1,400 mph). They also both discovered that the development costs of such an aircraft would be so
high that neither nation could afford to build it.

In November 1962, an international agreement was signed which would allow BAC and Sud-
Aviation to jointly build the aircraft, and the governments of Britain and France would share the
development costs. Thus, the Concorde was born.

At that time, unknown to anyone in the Western World, the Soviet Union was also working on a
supersonic transport (SST) known as the TU-144. The TU-144 was very similar to the Concorde in
size and shape, but was designed to fly a little faster at Mach 2.35 (1,500 mph).

The United States, not to be outdone, decided to enter the SST competition. However, the Concorde
and the TU-144 already had a head start because the United States did not start its SST program until
1965. The American SST contract was awarded to Boeing. They called their SST the Model 2707.
Due to its late start, it was evident that the 2707 could not beat either the British or the Russian SST
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into service and
lost both public
and government
support. The
project was even-
tually canceled be-
fore the 2707 ever
flew.

The TU-144
won the race into
the air, but a
disastrous crash
allowed the
Concorde to beat
the Russian SST

The Concorde (EAA) into commercial
service. On May 24, 1976, the Concorde began flying from London and Paris to Washington DC. The
flight takes less than 4 hours.

General Aviation

From 1958 to 1982, general aviation in the United States grew at a faster rate than military or
commercial aviation. This is not generally true in other nations of the world (with the exception of
Canada). There are three main reasons for this: (1) geography, (2) expense and (3) freedom to fly.

The United States is a very large nation, while some European countries are smaller than most of
our states. To fly from Amsterdam to Rome, would require crossing through four independent nations
and asking permission of each to enter its airspace. This trip is shorter than the trip from San Francisco
to San Diego in California. Because of the short distances and excellent ground transportation, there is
no real reason to fly within any of the European countries.

Also, the expense of owning and operating a general aviation aircraft is very high, and the United
States is one of the few nations in the world with a standard of living that will permit the average
person to own an airplane. Most nations of the world do not have a developed aviation manufacturing
industry, so if a citizen of one of these nations wants to own an airplane, he or she would have to import
one from the United States. In addition, the cost of fuel in most foreign countries is almost twice as
high as in the United States. Finally, many nations of the world are ruled by a government that does not
want its citizens to have the right to fly whenever and wherever they want.

As mentioned previously in this text, immediately following World War I, Beech, Cessna and
Piper began to build all metal, single-engine monoplanes. These aircraft evolved through the years to
become more and more sophisticated. The pilots wanted them to fly higher, faster and further, so many
became turbocharged and were equipped with retractable landing gear. More instruments and elec-
tronic aids were added, all of which led to the general aviation aircraft of today.
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The Beechcraft
King Air

Navajo

In the 1950s, the manufacturers began adding twin-engine aircraft to their inventories. This was an
answer to the need for business and executive aircraft. The first of these twin-engine aircraft was the
Beechcraft Twin Bonanza in 1951, followed by the Aero Commander in 1952, and the Cessna 310 and
Piper Apache in 1953. During the 1960s, more and more innovations were added to these twins, and
by the end of that decade, most manufacturers had twin-engine aircraft as fancy as the commercial
airliners.

It was also during the 1960s that the first turbojet business and executive aircraft were built. The
first was the British Hawker Siddeley 125, a twinjet that entered service in 1963. American business
jets included the Learjet (1964), the North American Sabreliner (1966) and the Grumman Gulfstream
11 (1967).

During the 1980s, aircraft such as the Gulfstream IV (1986), Learjet 55 (1981) and Beechcraft
Starship 1 (1988) were built using the newest technologies in composites, airfoils and engines to in-
crease performance, while making the aircraft economical to operate.

As research and development continues, military, commercial and general aviation aircraft will
continue to benefit. Aviation will continue to get better, faster and less expensive.

o)
< \ Ke; Terms and Concegts

B X-15and XB-70 B supercritical wings

B composites B solar powered aircraft

B forward-swept wings B stealth technology

B oblique-wing aircraft ® B-1B, B-2, F-117

B winglets B long-haul jets vs short-haul jets
B canards B jumbo jets

B mission-adaptive wings B advanced technology jets

B joined wings B supersonic transports
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SELECT THE CORRECT ANSWER

Epoxy graphite composite materials have been developed that are stronger than many common
metals used in aircraft construction.

The Boeing 747-600 is the world’s first airliner to be built totally out of composite materials.
The first twin-engine General Aviation aircraft was the Beechcraft Twin Bonanza.

Th U-2 and the SR-71 were developed to fly over enemy territory.

The B-52 is a “stealth” aircraft.

The first turbojet business land executive aircraft was the British Hawker Siddeley 125.

The Boeing 727 was the most successful jet ever built.

The DC-4 was the Douglas entry into the jet-powered, short-haul market.

Douglas built the first jumbo jet, the DC-10.
The A-320 is an advanced-technology airliner using composite materials for the majority of the

aircraft’s primary structures.

. The TU-144 is the US equivalent to the Concorde supersonic transport.

Between 1922 and 1928, general aviation aircraft sales reached an all-time high.

13. The (XB-15/ XB-70) was designed as a bomber.
14. The (XB-15/ XB-70) was rocket-powered.

15. The (XB-15/ XB-70) was constructed of a nickel-steel alloy called Inconel X.

MATCHING

16. X-29A a. Oblique wings

17. AD-1 Scissors b. Winglets

18. Eliminates wingtip vortices c. Forward-swept wings
19. B-1B d. Mission-adaptive wings

171



