by Clarence L. Johnson

he Lockheed U-2 subsonic,
high-altitude reconnaissance
plane first flew in 1955. It went
operational a year later. It became
obvious to those of us who were
involved in the U-2 program that
Russian developments in the radar
and missile fields would shortly
make the U-Bird too vulnerable to
continue overflights of Soviet terri-
tory, as indeed happened when
Francis Gary Powers was shot
down on May Day of 1960.
Starting in 1956, we had made
many studies and tests to improve
the survivability of the U-2. Few
gains were forthcoming except in
cruise altitude, so we took up stud-
ies of other designs. We examined
the use of new fuels such as boron
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slurries and liquid hydrogen. The
latter was carried into the early
manufacturing phase because it
was possible to produce an aircraft
with cruising altitudes well over
100,000 feet at a Mach number of
2.5. This design was scrapped, how-
ever, because of the terrible logistic
problems of providing fuel in the
field.

It was still apparent that we
would need a manned reconnais-
sance aircraft that could be dis-
patched on worldwide missions

Clarence L. “Kelly" Johnson is a consult-
ant to Lockheed’s advanced projects group,
which he headed at the time it earned the
industry sobriquet, “Skunk Works.” This
is the story of one of its most successful
products, an aircraft whose ultimate capa-
bilities are still a highly guarded secret and
one still ahead of its time.
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Artist’s conception (right) of
an SR-71 at altitude is a view
only a spacecraft—or another
Blackbird—would have. Among
world aircraft records still held
by the design are: speed over

a straight course—2,193 mph;
speed over a closed circuit—
2,092 mph; and altitude in
horizontal flight—85,069 feet.
The photo at right shows the
only method available 20 years
ago for testing the plane’s new
J58 engine: Exhaust of another
jet engine was run through its
intake, simulating high ram-air
temperatures at cruise speed.

The world’s first titanium plane flew

years ago. Even now, nothing outperforms
it. It has photographed every hot spot
from Cuba to the Falklands. Here, for

the first time, is:the builder’s story.




Two-person SR-71 crews wear pressure
suits very similar to astronaut gear;
cooling load (skin temperatures at
right—"‘L” means lower surface)
was a major design challenge.

when required. From vulnerability
studies, we derived certain design
requirements for this craft: a cruis-
ing speed well over Mach 3, a cruis-
ing altitude over 80,000 feet and a
very low radar cross section over a
wide band of frequencies. Electronic
countermeasures and advanced
communications gear were
mandatory. The aircraft
needed at least two en-
gines for safety reasons.

Operating at ram-air
temperatures of over 800° F.
immediately ruled out alumi-
num as a basie structural ma-
terial, leaving only various al-
loys of titanium and stainless
steel. It meant the develop-
ment of high-temperature plas-
tics for radomes and other struc-
tures, as well as a new hydraulic flu-
id, greases, electric wiring and
plugs, and a whole host of other
equipment. The fuel had to be stable
under temperatures as low as —90°
F. in subsonic cruising flight during
aerial refueling, and to over 350° F.
at high cruising speeds when it
would be fed into the engine fuel sys-
tem. There, it would be used first as
hydraulic fluid, at 600° F'., to control
the afterburner exit flap before
being fed into the burner cans of the
powerplant and the afterburner it-
self.

Cooling the cockpit and crew
turned out to be far more difficult
than on the X-15 research airplane,
which could fly twice as fast (but
only for a few minutes per flight).
The rubber tires of the landing gear
had to be protected from the heat
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by burying the re-

traction wells in the
fuselage fuel tanks for radiation
cooling.

Special attention had to be given
to the crew escape system to allow
safe ejection from 0 mph at sea level
to Mach 4 at over 100,000 feet.

The problems of taking pictures
through windows subjected to a hot,
turbulent airflow on the fuselage
also had to be solved.

Beginning in April 1958, I made a
series of competitive proposals for
Mach 3-plus reconnaissance aircraft
to the C.ILA. and to the U.S. Air
Force. These airplanes were desig-

nated in the Skunk Works (Lock-
heed’s advanced projects group) by
design numbers of A-1 through A-12.
In August 1959, our A-12 design was
declared the winner, whichgaveus a
limited go-ahead for a four-month
period to conduct tests on certain
models and to build a full-scale
mock-up. In January 1960, we got a
full go-ahead on the design, manu-
facturing and testing of 12 aircraft.

We discussed the next version of
the aircraft, an Air Defense long-
range fighter (designated YF-12A),
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with the Air Force
in March 1960. They
were very pleased with
our proposal. In early Janu-
ary 1961, I made the first propos-
al for a strategic reconnaissance

bomber version.

We were encouraged to continue
our company-funded studies on the
aircraft. As we progressed in the
development, we encountered very
strong opposition in certain Air
Force quarters on the part of those
trying to save the North American
B-70 program, which was in consid-
erable trouble. Life became very
interesting in that the SR-71 was
competing with an airplane five
times its weight and size.

The first A-12 flew on April 26,
1962. In June, the Air Force evalua-
tion team reviewed our design and
the YF-12A mock-up, and we were
given good grades.

QOur discussions continued with
Gen. Curtis LeMay and his Strategic
Air Command officers. In December
1962, we were finally put on contract
to build the first group of six SR-T1
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aircraft. The first YF-12A flew early
next August.

Going back to the origins of the
final design, the required perfor-
mance in speed, altitude, and range
made it evident that a thin, delta-
wing platform with a very moderate
wing loading was required to allow
flight at very high altitude. A long,
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slender fuselage
was necessary to

contain most of the
fuel, as well as the
landing gear and payloads. To re-
duce the wing trim drag, the fuse-
lage was fitted with lateral surfaces
called chines, which actually con-
verted the forward fuselage into a
fixed canard which developed lift.

The hardest design problem on the
airplane was making the engine air
inlet and ejector (tailpipe) work
properly. The inlet cone had to move
almost three feet to keep the shock
wave where we wanted it. A comput-
er-controlled hydraulic actuator
was required to provide operating
forces of up to 31,000 pounds under
certain flow conditions in the na-
celles. To account for the effect of
the fuselage chine airflow, the inlets
were pointed slightly down and in
toward the fuselage.

The use of dual vertical tails
canted inward on the engine na-
celles took advantage of the chine
vortex in such a way that the direc-
tional stability improved as the an-
gle of attack of the aireraft in-
creased.

All the usual low- and high-speed
wind-tunnel tests were run on the
various configurations of the A-12
and YF-12A, and continued on the
SR-71. Substantial efforts went into
optimizing chine design and conical
camber of the wing leading edge. No
useful lift increase was realized
from the use of wing flaps of any
type, so we depended entirely on our
low wing loading and powerful
ground effect to get satisfactory
takeoff and landing characteris-
ties.

Wind-tunnel data on fuselage trim
effects were of marginal value be-
cause of two factors: structural de-
flection due to fuselage weight dis-
(Please turn to page 106)
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THE BLACKBIRD’S POWER PACKAGE

nmany ways, the development of the
J58 engine by Pratt & Whitney more
than 20 years ago paralleled the Lock-
heed adventure into unknown engineer-
ing. Not only would the new mill be
required to handle inlet air
temperatures of 800° F. (see
the photograph below) at
speeds of Mach 3 and above, but
it would burn a fuel that would also be
used as a hydraulic fluid and coolant,
reaching temperatures as high as 600°
F. before combustion.

“We had to learn how to form sheet
metal from materials which previously
had been used only for forging turbine
blades,” recalls William Brown, then
engineering manager on the project for
Pratt & Whitney. ““| do not know of a sin-
gle part that could have been made from
the same materials as those used on
previous engines.”

Because of the great difficulty of
maintaining a smooth airflow through jet

engines at high Mach numbers, a
“bleed-bypass cycle” involving several
sets of nacelle orifices (see drawing
below) was originated. This cycle main-
tains an optimum ratio between the
intake and exhaust flow rates at all
speeds. A movable ‘“spike” is also
required to position the supersonic
shock wave that forms in the inlet.
Computer simulation was unavail-
able, so engine/airframe integration was
mainly a matter of flight and ground test-
ing. Inlet “stalls” followed by dangerous
overheating were an early flight prob-
lem. It was also discovered that the
placement of an air-conditioner dump
valve too near a temperature sensor
was causing one engine to constantly
run faster than the other. And in one
instance, during a ground run-up to
peak power, a J58 actually ingested its
own Pratt & Whitney nameplate,
mounted near the inlet, causing major
damage to the engine.—Robin Nelson

Drawings show the changes necessary in the J58 engine's configuration as it pro-
gresses from ground start to high cruise speed. High-angle-of-attack maneuvers con-
tribute to inlet “'stalls”—air refuses to flow—which necessitate a restart procedure.

J58 ENGINE AIRFLOW—STATIONARY AIRCRAFT
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“ THE 'BLACKBIRD’ STORY
(Continued from page 73)

tribution; and the effect of fuel
quantity and temperature. The lat-
ter was caused by fuel on the bottom
of the tanks keeping that section of
the fuselage cool, while the top sec-
tion got increasingly hotter as fuel
was burned. This tended to push the
chines downward due to differential
expansion of the top and bottom of
the fuselage.

By far, the most tunnel time was
spent perfecting the nacelle inlets,
bleed designs and the tailpipe. We

took mére than 250,000 pressure
readings on a quarter-scale model.
We knew nacelle air leakage would
cause high drag, so an actual, full-
size nacelle was fitted with end
plugs and air leakage was measured
carefully. Proper sealing paid off
well in flight testing.

With the engines located halfway
out on the wing span, we were quite
concerned with the very high yaw-
ing moment that would develop in
an engine-inlet stall. So we installed
accelerometers in the fuselage to
immediately sense the yaw rate and
command the rudder booster to ap-

or more.
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ply 9° of correction within 0.5 seec-
onds. This device worked so well that
our test pilots very often couldn't
tell whether the right or left engine
had blown out. They knew they had
a blowout, of course, from the bad
buffeting they received with a
“popped shock.” Subsequently, an
automatic restart device was devel-
oped which limits this engine-out
time to a very short period.

Titanium alloys

The decision was made to use var-
ious alloys of titanium for the basic
structure of the Blackbirds. Only
titanium and steel had the ability to
withstand the operating tempera-
tures encountered. Aged B-120 tita-
nium weighs half as much as stain-
less steel per cubic inch, but its ulti-
mate strength is comparable, so con-
ventional construction was possible,
using fewer parts than with steel.

High-strength composites weren’t
available in the early 1960s. We did
develop a good plastic which has
been remarkably serviceable, but it
wasn’t used for primary structure.

Having made the basic material
choice, we decided to build two test
units to see if we could reduce our
research to practice. The first unit
would be used to study thermal
effects on our large titanium wing
panels. We heated up this element
with the computed heat flux that we
would encounter in flight. The sam-
ple warped into a totally unaccept-
able shape. To solve this problem, we
put chordwise corrugations in the
outer skins and ran the tests again.
At the design heating rate, the cor-
rugations merely deepened by a few
thousandths of an inch and on cool-
ing, returned to the basic shape. I
was accused of trying to make a 1932
Ford Trimotor go Mach 3, but the
concept worked well.

The second test unit was the for-
ward fuselage and cockpit, which
had over 6,000 parts in it of high cur-
vature and thin gauges, as well as a
highly complex canopy. This ele-
ment was tested in an oven where
we could determine thermal effects
and develop cockpit cooling sys-
tems.

We encountered major problems in
manufacturing this test unit be-
cause the first batch of heat-treated
titanium parts was extremely brit-
tle. In fact, if you pushed a piece of
the structure off your desk, it would
shatter on the floor. We finally
resolved the problem by replacing
our whole acid pickling setup.

We developed a complex quality-
control program. For every batch of
10 parts or more, we processed three
test coupons which were subjected
to the identical heat treatment of
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sides objects of the above type, the
engine sucked in rocks and asphalt
pieces from the taxiways and run-
ways. An intensive campaign to con-
trol FOD at all stages of construc-
tion and operation brought the prob-
lem under control.

Initially, air-temperature vari:
tions along a given true altitue
would cause the Blackbird to wa,-
der up and down over several thov-
sand feet in its flight path. Improved'
autopilots and engine controls have
eliminated this problem.

There are no other airplanes fly-
ing at our cruising altitude except
an occasional U-2, but we wanted to
avoid weather balloons sent up by
the FAA. If we were to hit the
instrumentation package while
cruising at over 3,000 feet per sec-
ond, the impact could be deadly.

Lowering the boom

Flight planning had to be done
very carefully because of sonie-boom
problems. We received complaints
from many sources. One man stated
that the mules on his pack train
wanted to jump off the cliff trail
when they were “boomed.” Another
complainant protested that fishing
stopped in lakes in Yellowstone Park
if a boom occurred, because the fish
went down to the bottom for hours. I
had my own complaint when one of
my military friends boomed my
ranch and broke a $450 plate-glass
window. I received no sympathy on
this, however.

The SR-71 first flew in December
1964. It was in service with the Stra-
tegic Air Command a year later. In-
flight refueling turned out to be very
routine. Over 18,000 such refuelings
have been made to date by all ver-
sions of the Blackbird and it has
exceeded Mach 3 over 11,000 times.

It has also flown over 15,000 miles
with refueling to demonstrate its
global range. It is by far the world’s
fastest, highest flying airplane in
service. I expect it to be so for a long
time to come.

Editor’s Note: Many months of effort
were required for Kelly Johnson to
clear the above material for publica-
tion through Defense Dept. and
C.I.A. authorities. Because the air-
craft is still routinely performing the
most eritical and sensitive recon-
naissance missions, its ultimate per-
may not be
known for many years. Trouble
spots, even those as far-flung as the
Falkland Islands, become immedi-
ately subject to unseen Blackbird
“migrations”—proof that its range is
truly worldwide. PM




