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THE WALTER BOYNE MILITARY AIRCRAFT SERIES

he McGraw-Hill Companies is pleased to present the Walter Boyne Military Aircraft
Series. The series will feature comprehensive coverage, in words and photos, of the
most important military aircraft of our time.

Profilesof aircraft critical todefensesuperiorityinWorldWar I I, Korea, Vietnam, theCold
War, the Gulf Wars, and future theaters, detail the technology, engineering, design, mis-
sions, and people that give these aircraft their edge. Their origins, the competitions be-
tween manufacturers, the glitches and failures and type modifications are presented along
with performance data, specifications, and inside stories.

To ensure that quality standards set for this series are met volume after volume,
McGraw-Hill is immensely pleased to have Walter J. Boyne on board. In addition to his
overdl supervision of the series, Walter is contributing a Foreword to each volume that pro-
vides the scope and dimension of the featured aircraft.

Walter was selected as editor because of his international preeminence in the field of
military aviation and particularly in aviation history. His consuming, lifelong interest in
aerospace subjects is combined with an amazing memory for facts and a passion for re-
search. His knowledge of the subject is enhanced by his personal acquai ntance with many
of the great pilots, designers, and business managers of the industry.

AsaCommand Pilot inthe United States Air Force, Colonel Boyne flew more than 5000
hours in a score of different military and civil aircraft. After his retirement from the Air
Force in 1974, hejoined the Smithsonian Ingtitution's National Air & Space Museum, where
he became Acting Director in 1981 and Director in 1986. Among his accomplishments at
the Museum were the conversion of Silver Hill from total disarray to the popular and well-
mai ntai ned Paul Garber Facility, and thefounding of thevery successful Air & Space/Smith-
sonian magazine. Hewas also responsiblefor the creation of NASM'slarge, glass-enclosed
restaurant facility. After obtaining permission to install IMAX cameras on the Space Shut-
tle, he supervised the production of two IMAX films. In 1985, he began the formal process
that will lead ultimately to the creation of a NASM restoration facility at Dulles Airport in
Virginia

Boyne's professional writing career began in 1962; since that time he has written more
than 500 articles and 28 books, primarily on aviation subjects. Heis one of the few authors
to have had both fiction and nonfiction books on the New York Timesbest sdller lists. His
books include four novels, two books on the Gulf War, one book on art, and one on auto-
mobiles. His books have been published in Canada, Czechosovakia, England, Germany,
Italy, Japan, and Poland. Severa have been made into documentary videos, with Boyne act-
ing as host and narrator.
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Boyne has acted as consultant to dozens of museums around the world. His clients aso
include aerospace firms, publishing houses, and television companies. Widely recognized
as an expert on aviation and military subjects, he is frequently interviewed on major
broadcast and cable networks, and is often asked by publishers to review manuscripts and
recommend for or against publication.

Colonel Boynewill bring his expertise to bear on this series of books by selecting authors
and titles, and working closely with the authors during the writing process. He will review
completed manuscripts for content, context, and accuracy. His desire is to present well-
written, accurate books that will come to be regarded as definitivein their field.



FOREWORD BY WALTER J.

ond revolutionin poalitical thinking. Together, these two revolutions are the best possi-
ble argument for the procurement of an adequate number of Lockheed Martin Boeing
F-22A Raptor fighter aircraft.

The first revolution was the demonstration of air power as it should be used—quickly,
decisively, and with overwhelming force. The United Nations built up their forces over
time, trained together in the theater, and then conducted one of the most brilliant and de-
cisve air campaignsin history. Local air superiority was secured amost immediately, the-
ater air superiority was secured within afew days, and total air dominance was established
before aweek had passed.

The second revolution, in political thinking, was in its way as dramatic as the demon-
stration of total dominance in air power. The people of the United States, whom Saddam
Hussein had expected to be infected with the "Vietnam syndrome" and opposethewar, re-
acted to the experience of total victory in an unusual way. The first reaction was one of
pride, that the United States had perfected technology capable of such brilliant feats of
bombing as were seen, almost in red time, on television. The second reaction was one
of pleasure, that so few American casualties had been incurred, and that so little collateral
damage had been inflicted on the Iraqgis.

From these two reactions a pattern of thinking emerged. First, the people of the United
Stateswanted to win al future wars in the same manner: quickly, decisively, and with few
American casualties. Second, they also wantedtowin al futurewarswith asfew enemy ca-
sudties aspossible.

Now thisisrevolutionary thinking. Never in the past has anation been concerned in ad-
vance about enemy casualties. It speaks well that there is a general consensus within the
United States that future wars should be won—but be won with minimum casualties on ei-
ther side.

The corollary to this desire, however, isthe requirement to maintain not air superiority,
as was so laboriously obtained over the skies of Germany during World War I, and so
grudgingly obtained inVietnam. Rather, what isrequired is air dominance, the creation of
an Air Force that will upon the outbreak of war completely and immediately suppress the
enemy's air forces and integrated air defenses.

Fortunately, the meansto achievethisair dominanceis at hand. If the United States has
the courage and the will to purchase enough Lockheed Martin Boeing F-22 Raptors, and
undertakes the sustained effort to train itsforcesin their use, the United States Air Force

The Persian Gulf War demonstrated one revolution in military affairs and caused a sec-
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will be able to achieve air dominance anywhere in the world upon afew hours notice. A
nation so blessed as to have the ability to create a superior aircraft like the F-22 surely
must al so be blessed with the wisdom and the courage to procure the aircraft in sufficient
numbers.

Steve Pace's narrative revedls, in explicit detail, just why the F-22 is such aformidable
weapon.



ries of historical references created to present the latest information about the world's

most exciting and interesting aircraft. Most important, the series is meant to be en-
joyed by experts and laypersons dike. Subsequent titlesin this serieswill illustrate the col-
orful histories of such great aircraft astheWorldWar || Boeing B-17 Flying Fortressand the
Consolidated B-24 Liberator. It will dso include modern aircraft such as the Boeing North
American B-1B Lancer, the Northrop Grumman B-2A Spirit, the Lockheed Martin F-117
Nighthawk, the Northrop Grumman F-14 Tomcat, the Boeing F-15 Eagle and F/A-18 Hor-
net, and the Lockheed Martin F-16 Fighting Falcon.

The purpose of this book is to inform those who like military aviation—aficionados,
buffs, experts, historians, and novices—of the progress being made on the F-22 Raptor de-
sign, development, and production programs. Within the pages of this book on the F-22,
the reader will find out exactly how this awesome fighter aircraft came into being and
whereits tremendous prowesswill takeit.

Chapter 1 describes how the Advanced Tactical Fighter program got its start, then pro-
gressed into aunique set of fighter and engine requirements, before metamorphosing into
the air dominancefighter of today. Chapter 2 covers the developmental aspects of the F-22
and describes how it challenged and defeated seven ATF competitors. Chapter 3 discusses
how the ATF prototype Y F-22A beat the ATF prototype Y F-23A, and the sad subsequent
demise of the U.S. Navy's proposed carrier-based ATF. Chapter 4 describes the many ups
and downs of the ATF program from late 1990 through the summer of 1997. Chapter 5 il-
lustrates the F-22's numerous structures and systems, including its armament, avionics
(electronics), cockpit, and engine. Chapter 6 reveds how the Raptor excdlled over the mag-
nificent Boeing F-15 Eagle, and introducesthe primary peoplein charge of the F-22'sinitial
success. Chapter 7 indicates how many F-22s will be built (under present planning) and
howthe U.S. Air Force (USAF) plansto usethem. Finally, Chap. 8 illustratesthe part stealth
has played first in the successes of the stealth fighter and the stealth bomber, and now how
it contributesto the survivability of the F-22 Raptor.

This is the premier volume in McGraw-Hill's new series of aviation history books, a se-

A Note on the Evolution of the F-22 Raptor

Since 1913, Lockheed Martin Corporation (formed by the merger of the Lockheed Aircraft
Corporation and Martin Marietta) has designed, developed, and produced alengthy line of
successful military combat aircraft. These include such outstanding aircraft as the P-38
Lightning of World War 11, the F-80 Shooting Star of the Korean War, and the F-104

PREFACE
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Starfighter of theVietnamWar. The F-80 and the F-104 were the products of Lockheed'sfa-
bled Skunk Works, aswerethe U-2 Dragon Lady, the SR-71 Blackbird, and the astonishing
F-117Nighthawk.

Lockheed alsowonthehard-fought Advanced Tactical Fighter (ATF) competition, which
now, has metamorphosed into the important F-22 Raptor program.

Officially classifiedasanair dominancefighter, theL ockheed M artin/BoeingF-22A Rap-
tor isintended to enhance the tactical capahilities of the USAF in general, and itsAir Com-
bat Command (ACC) in particular. It is being carefully developed to at first complement
and then succeed the Boeing (formerly McDonnell Douglas) F-15C Eagle air superiority
fighter aircraft. When the F-22 Raptor achieves its projected initial operational capability
(I0C) in 2004, the C version of the F-15, operational since the early 1980s, will have been
operational for more than 20 years. There is no doubt that the Raptor will successfully su-
persedethe USAF's F-15C Eagle—theworld's current ai r-dominating fighter aircraft.

Incredibly intelligent and pilot-friendly, matchless in overal performance and maneu-
verability, the F-22 Raptor isto be avery lethal warbird. Inanideal scenario, armedwithits
single 20-mm Vulcan cannon for close-up aerial combat and up to six radar-guided and
two heat-seeking missilesfor beyond visua range (BVR) work, alone F-22 could theoreti-
caly takeout 8, 9, or even 10 enemy fighters during asingle combat mission.

During an air-to-ground sortie, armed with two 1000-Ib class Boeing (formerly McDon-
nell Douglas) GBU-32 Joint Direct Attack Munition (JDAM) satellite-guided smart bombs,
withacircular error probable (CEP) of lessthan 15 m (current), and about 6 m (projected),
alone Raptor could destroy two strategic targetsfrom asfar as 15 mi away. It has a super-
cruise capability to fly supersonically [with a Mach number of more than Mn 1.0+ and as
much asMn 1.5] without using its afterburners. Such speedwill takeit far away fromitsde-
stroyed targets in amatter of minutes. If more speed is needed, it can light its afterburners
and escape at more than twice the speed of sound.

Acknowledgments
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RichardK ennedy, General ElectricAircraft Engines; and Shelley Carr, Walter Boyne, andthe
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Formulating the Aavanced
Tactical Fighter

The Soviet fighter threat has reached essential techno-
logical parity with us. We must not allow them, or any-
one else, to dominate the future.

RICHARD B. CHENEY Secretary of Defense

victory against any well-equipped adversary in a modern war. The need to maintain
complete air superiority isimperative. This need first became apparent during World
War I, when, for the first time, aircraft were extensively used for all-out warfare.

By the time the United States entered WorldWar |1, numerous advancesin U.S. military
aviation—especialy infighter-typeaircraft—had beenrealized. Nolonger were U.S. Army
and U.S. Navy biplane fighters armed only with two small-bore (.30-caliber) machine guns.
Instead, following a paradelike succession of airframe and powerplant advancements, the
Army and Navy had acquired a number of monoplane fighters with as many asfour large-
bore (.50-caliber) machine guns.

These single-wing army and navy fighters of late 1941—the Grumman FAF Wildcat, Se-
versky P-35, Curtiss P-36 Hawk, Bell P-39 Airacobra, and Curtiss P-40 Warhawk—auickly
proved to be inadequate. They were demonstrably inferior to Germany's M esserschmitt Bf
109 and Japan's Mitsubishi A6M Reisen (better known as the Zero).

Experience quickly dictated that the Army and Navy acquire avariety of much improved
fighter planes, heavily armed with sx to eight .50-caliber machine guns. These included
the ChanceVought F4U Corsair, the Grumman F6F Hellcat, the Lockheed P-38 Lightning,
the Republic P-47 Thunderbolt, the North American P-51 Mustang, and the Bell P-63 King
Cobra. The F4F, P-39, and P-40 fighters had fought valiantly, but after 1942, the more
advanced P-38, P-47, P-51, F4AU, and F6F fighters excelled, dlowing the United States to
gain and maintain air superiority in al theaters of operation.

The lesson was obvious. To prevent WorldWar 111, the United States had to continue to
produce matchless fighter aircraft, able to secure air superiority. The new fighters would
comejust as the jet age unfolded.

Thefirst generation of post-WorldWar 11 jet fightersincluded the Grumman FOF Panther,
theMcDonnell F2H Banshee, the L ockheed F-80 Shooting Star, and the Republic F-84 Thun-
derjet. These provided the training and logistic base necessary for the development of the
second generation of swept-wing aircraft that would be able to exceed the speed of sound.

Total and unyielding air supremacy is the number 1 reguirement to achieve a complete
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The North American XP-86 Sabre was originally designed with straight wings, but the
acquisition of data on swept-wing aircraft from Germany resulted in adecision to give the
wings a 35° sweep. When modified with swept wings, the USAF North American P-86
became the first production aircraft capable of breaking the sound barrier, although this
could only be done in adive.

The F-86 (the designation was changed from P for pursuitto F for fighter in 1948) went
into combat against the Mikoyan Gurevich MiG-15 during the Korean War. The MiG was
marginally superior in performance to the early Sabres, but the superior pilot training,
aggressiveness, and skill of the American pilots more than made up the difference.

Although the exact kill ratio of MiGsto F-86sis till debated, a generally accepted num-
ber is 792 MiGs shot down at acost of 78 F-86s. Thirty-nine pilots became aces in the F-86,
including the USAF "Ace of Aces' of the Korean War, Captain Joseph M cConnell, who had
16victories.

Despite its great success, the F-86, like any other fighter, had to be succeeded by the
improved "century series' types. These were successively more expensive and complex,
andincluded the North American F-100, the McDonnell F-101V oodoo, the L ockheed F-104
Starfighter, the Republic F-105 Thunderchief, and the Convair F-102 Delta Dagger and
F-106 DeltaDart.

Y et by 1965, when the United Stateswas about to enter thewar in Southeast Asig, theU.S.
forces had only two air superiority fighters. These were the excellent Chance Vought F-8
Crusader and the McDonnell (McDonnell Douglas after 1967) F-4 Phantom. Both aircraft
carried air-to-air missiles, but the F-8 was equipped with four 20-mm cannons from the
start while the Phantom did not carry an internal gun until the advent of the F-4E. (Gun
packs could be attached to external fittings.)

The F-8 used its guns to great advantage in the dogfights with MiG-17s, -19s, and -21s,
and achieved a much higher kill ratio than F-4s. All U.S. air-to-air missiles had been
designed for use against bombers, and had to be carefully managed to be effective during
combat with afighter.

Out with the Old and In with the New

The Soviet Union dso continued to build many new fighter prototypes, and one of the
most impressive of these was a fighter-interceptor aircraft designated MiG-25 and code-
named Forbatby the North Atlantic Treaty Organization (NATO). Thisnew air-superiority-
type fighter featured two very powerful turbojet engines and a speed approaching Mach
number 3 (Mn 3)—three times the speed of sound. It had been developed as an al-out
interceptor to challenge U-2s and SR-71s, and to meet and defeat the proposed trisonic
B-70 bomber that did not enter production.

As apart of an ongoing process, and to counter any challenge like that of the MiG-25,
USAF officialshad initiated its Fighter-Experimental (FX) programin 1966. Thisgenerated
a heated debate on the appropriate size for afighter, with the extremes ranging between a
33,000-Ibfighter and a60,000-1bfighter.

The long debate, and the experience gained in Southeast Asia, resulted in an intense
competition between a number of U.S. airframe contractors. On December 23, 1969,
McDonnell Douglas—builder of the F-4—was selected to build the FX. The FX was subse-
guently designated F-15 and named Eagle.

At EdwardsAir Force Base, California, McDonnell Douglas chief test pilot Irving L. "Irv"
Burrowsmadethefirstflight of the F-15A Eagleon July 27,1972 (USAF serial no. 71-0280).
Further flight testing of this and subsequent F-15A/B aircraft quickly demonstrated the
amazing capabilities of the extremely advanced air superiority fighter. It proved to be the
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most maneuverable, powerful, and agile fighter-interceptor aircraft ever produced for the
USAFTectical Air Command or TAG (Air Combat Command or ACC after June 1,1992).

Approximately the size and weight of aWorldWar | 1B-25 Mitchell twin-engine bomber,
the Mn 2.5+ F-15 instantly showed it could literally fly circles around any other fighter in
the skies. With its unique higher engine thrust to airframe:powerplant weight ratio, it
became thefirst airplane in the world to exceed the speed of sound while climbing straight
up! At thiswriting, about 27 years later, the F-15 arguably remains the best fighter in the
world. Yet with the advent of much improved fighters from other nations in the mid-
1980s—particularly fromtheformer Soviet Union, butalsofrom Europe—the USAF began
the process of selecting a successor to the F-15.

Air Superiority Fighter Rivalry

Inthemid- tolate 1980s, Russiaput into service apair of advanced fighter aircraft to counter
American fighters, including the F-15, the F-14 Tomcat, the F-16 Fighting Falcon, and the
F/A-18 Hornet.

Two important fighter aircraft from the Soviet Union—the Mikoyan Gurevich MiG-29
Fulcrum and the Sukhoi Su-27 Flanker—had been operational since early 1985 and mid-
1988, respectively. In response, the USAF initiated aprogram in mid-1983 to create anew
air superiority fighter for the 1990s and beyond. Intended to counter both existing and
future Soviet fighters, the new aircraft was cdled the Advanced Tactical Fighter (ATF).

TheUSAFsAeronautical SystemsDivision(ASD) atWright-PattersonAFB, Dayton, Ohio,
created its ATF System Program Office (SPO), and the ATF program was officialy begun.
ATF design concepts were solicited in September 1983. The ATF SPO awarded contracts
vaued at about $1 million each to seven airframe contractors: the Boeing Airplane Com-
pany, General Dynamics, Grumman Aerospace Corporation, Lockheed Corporation,
McDonndl Douglas Corporation, Northrop Corporation, and Rockwell International,
North American Aircraft. The respective ATF concepts had to be received by the ATF SPO
on July 31,1984.

Two powerplant contractors—General Electric and Pratt & Whitney, were selected to
participate in the ATF program under a 50-month duration Joint Advanced Fighter Engine
(JAFE) program whereby each firm received identical $202 million contracts in October
1983. One of these engineswoul d ultimately provide the propulsion system for thewinning
ATF aircraft.

Advanced Tactical Fighter Requirements

The prospective ATF contractors had to integrate the best overall features of current and
future technologies into their ATF proposals. The aircraft had to be capable of supersonic
cruise and maneuver, have stealth characteristics, and require far fewer hours of mainte-
nance per hours of flighttime than any previousfighter. Thewinning ATFwould be the one
that achieved the best i ntegration of these technol ogies into awell-balanced, cost-effective
air superiority weapon system.

To initially supplement and ultimately replace a formidable fighter such as the F-15
Eagle, the ATF System Program Office (SPO) hadtoformulateaconcentrated set of precise
requirements. In part, these included very high-speed integrated circuits or (VHSICs);
active wing camber control; high-pressure hydraulic systems; nonflammable hydraulic
systems; hydraulically actuated weapons racks; low-observable, or stealth, application;
voice command and control; conformal, or blended, sensors; shared antennas; integrated
flight control system and propulsion system controls; short takeoff and landing (STOL)

3
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capability; two-dimensional, thrust-vectoring, and thrust-reversing exhaust nozzles; arti-
ficia intelligence; advanced composite materials for airframe and skin structures, ad-
vanced datafusion and cockpit displays; integrated el ectronicwarfare system or (INEWS);
integrated communications-navigation-identification avionics (ICNIA); variable-speed,
constant-frequency electrical generator; onboard oxygen-generating system; fiberoptic
data transmission; and an advanced fighter engine.

Joint Advanced Fighter Engine Requirements

The old adage "an airplane can only be as good asits propul sion system" has always proved
to be true. Without the proper powerplant-airframe combination, no airplane can be suc-
cessful. InWorldWeaer 11, the altitude performance of Allison-powered North American P-51
Mustangs had been inadeguate. When the Allisons were replaced by Rolls-Royce Merlin
engines, the Mustang became aworld beater—arguably the best piston-engine fighter of
that war.

To create an adequate propulsion system for the ATF, the ATF SPO had to draft explicit
qualifying factors. Theseincluded supersonic cruise capability (Mn 1.5+) without augmen-
tation (afterburning); an 800-mi range; 35,000-1b thrust class power rating (full thrust, sta-
tic a sea leve); and the incorporation of two-dimensiona thrust vectoring exhaust
nozzles. Thrust reversers, once stipul ated, were later deleted from the JAFE requirements.
All of this was to be done at a unit cost of $40 million in 1985 dollars. (This was later
reduced to $35 million.) The ATF engine competition was as intense and as important as
the airframe competition.



Developmental Highlights

ATF SPO by July 31,1984 as had been directed, and evaluations began in early August.

Three months later, in November, the Milestone One System Acquisition Review
Council (MOSARC) programreview was held. Thiswasthefirst major acquisition program
evaluation and decision point of the Department of Defense (DoD) on the till very young
ATFprogram.

On October 8, 1985, the USAF issued itsformal Request for Proposal (RFP) document to
the industry, soliciting contractor plans for the Demonstration and Validation (Dem/Val)
phase of theATF program. Technica proposa sweredueat the ATF SPOin 60 days, while cost
and price proposals were due 75 days later. The officials in the ATF SPO received the
responses and evaluated them during a 6-month source selection process. This narrowed
down the number of seven ATF design conceptstofive, eliminating Grumman and Rockwell.

The Dem/Val phase included eval uation of engineering data, wind tunnel tests, mockup
inspections, subsystem tests, person-in-the-loop simulations, and maintenance demon-
strations leading to detailed designs suitable for full-scale development (FSD) of the two
competing ATF aircraft. Thesewould ultimately compete against one another in awinner-
take-all fly-off competition.

Another source selection was schedul ed to follow the Dem/V a phase (including the fly-
off) and result in the selection of asingle contractor or contractor team to develop, flight-
test, and produce the ATF. That choice would be made in the fall of 1986, with the projected
first flights of both ATF contendersto occur in 1990.

A Il seven airframe contractors submitted their respective ATF design concepts to the

Joining Forces

The astronomical development costs of the advanced technology integration processes
made the risks of the competition so high that the manufacturers were forced to team up
to share ATF development expenses, production, and profits. Two contractor teams
resulted: L ockheed/Boeing/General Dynamicsand Northrop/M cDonnell Douglas. These
teaming agreementsincluded follow-up design, manufacture, test, and support of the ATF,
with the understanding that the winning airframe contractor would be prime contractor,
and the teammate(s) would be principal contractor(s).

CHARTER



6

F-22 RAPTOR

On October 31, 1986, the ATF designsfrom Lockheed and Northrop were selected. They
would be the prime contractors, while their team members would be the principal con-
tractors. Each contractor team would build two flyabletest aircraft along with an associ-
ated static (nonmoving) structural and fatigue test airframe. Each contractor team would
also be required to fly its ATFs with both the General Electric and the Pratt & Whitney
engines. This began a 50-month-long Dem/V al phase to end no later than December 31,
1990. At this time the model 1132 L ockheed/Boeing/General Dynamics ATF design was
designated Y F-22A , whilethe model N-14 Northrop/McDonnell DouglasATF designwas
designated Y F-23A. Simultaneously, the P& W model PW5000 ATF engine was designated
Y F119-PW-100andtheGE model GE37 ATFenginewasdesignated Y F120-GE-100.

Lockheed and Northrop each received afixed-price contract of $318 million for thefinal
Dem/V al phase, whichincludedflight-test and evaluation (FT & E). At compl etion, one con-
tractor team would advance to the FSD phase (Milestone Two) of the ATF program. The
FSD [now engineering and manufacturing development (HMD)] phasewasto last about 5
yearsand lead to the ATFs1OC inthelate-1990s. The breakup of the Soviet Union, with the
resulting reduction in U.S. defense spending, has resulted in both schedule delays and a
reductioninprocurement quantity for theATF.

The USAF had hopedto procureat least 750 ATFsto supplement, then replace, itsfleet of
F-15s. Later ATF procurement plans reduced the total buy to 648, then 438. At thiswriting
total ATF production has been reduced to 339 aircraft.

ATF Rollouts and First Flights

Appearing before its YF-22A riva, the first of two Northrop/McDonnell Douglas Y F-23A
ATF prototype aircraft (87-0800) was unveiled on June 22, 1990 at EdwardsAir Force Base
(EAFB). No new military aircraft had beenfirst shown at Edwardsbefore or after the L ock-
heedY F-12A wasrevealedin 1964. DuringtheY F-23A'sroll out ceremony, itwasannounced

Unofficially nicknamed Black Widow I, the first of two Northrop/McDonnell Doug-
las YF-23A ATF prototypes, the P&W YF119-powered one flies near Edwards AFB.
The GE YF120-powered YF-23A reportedly exceeded Mn 1.6 while supercruising.
(USAF/HO.)
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that thenew ATF aircraft was equipped with two P& WY F119-PW-100 engines,; thenumber
2 aircraft would be outfitted with two GE Y F120-GE-100 engines.

TheY F-23A began a series of low- and medium-speed taxi runs to evaluate nose wheel
steering, brakes, control feel, and other standard tests on July 7, 1990. On the following
August 27, Northrop chief test pilot A. Paul Metz completed a successful 50-minute first
flight of the YF-23A at EAFB. After taking off at 7:15 A.M. local time, the aircraft reached an
altitude of 25,000 ft and atop speed of Mn 0.70 before landing at 8:05 A.M. Functiona
checks of basic subsystems were performed during its maiden flight. Following the flight,
Metz said, "The airplane flies very clean, much cleaner than we expected. During the
climbout | was using considerably less power than | expected, and the escorting aircraft
were on afterburnersjust to stay with me—with my landing gear down. It appears to have
a tremendous amount of excess thrust and that's exactly what we wanted with this air-
plane."

Twodayslater, thefirst of two L ockheed/Boeing/General DynamicsY F-22A ATFproto-
type aircraft (N22Y F) was publicly displayed inside Lockheed's Site 10 facility at U.S. Air
Force Plant 42, in PaAmdale, California. This aircraft (called Prototype Air Vehicle 1 or
PAV-1) was fitted with two GEY F120-GE-100 engines.

The number 2 Y F-22A (N22Y X, and later, 87-0701) appeared next, but the late arriva of
its planned engines (two P& WY F119-PW-100s) dightly delayed its original rollout sched-
ule. Thenumber 1Y F-22A (nicknamed Lightningl P) madeitsfirst flight on September 29,
1990 with Lockheed ATF chief test pilot Dave Ferguson a the controls. During the 18-
minuteflight from Palmdal e to Edwards, Ferguson attained aspeed of 288 mph (mi/h) and
an atitude of 12,500 ft. After the relatively short flight, he said, "It was avery easy airplane
tofly," adding, "l would be happy to put fuel init andfly it this afternoon.”

Thesecond, GE-powered, Y F-23A madeitsfirstflighton October 26,1990withNorthrop
test pilot Jm Sandberg at the controls. The flight lasted 44 minutes and the aircraft reached
an altitude of 15,000 ft and a speed of 360 mph.

Under an $818 million contract from the USAF, Lockheed/Boeing/General Dynam-
ics (later Lockheed Martin/Boeing) created two YF-22A ATF prototypes. On August
29, 1990, the first of two YF-22AS was publicly unveiled for the first time at Lock-
heed's Site 10 facility at U.S. Air Force Plant 42 in Palmdale, California. (Lockheed
Martin Corporation.)
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Evolution of stealth. In this rare photograph taken in January 1991, a Lockheed
Martin F117A Stealth Fighter, the world's first operational aircraft designed to
exploit low-observable or stealth technology, poses with the P&W YF119-powered
YF-22A ATF prototype. While the former was designed on a two-dimensional com-
puter program, the latter was created on a computer with three-dimensional capa-
bility. (Lockheed Martin Corporation.)

At dawn on December 11,1990, pilots of the two YF-22As are completing their pre-
flight checklists at Edwards AFB. Shortly after this photograph was taken, they took
off and flew in formation for the first time. (Lockheed Martin Corporation.)
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Four dayslater, onOctober 30, theP& W-poweredY F-22A madeitsfirstflightfromPamdale
to Edwards—a 14-minutetest hop, flown by L ockheed test pilot Tom Morganfeld. The flight
culminated after the aircraft had reached aspeed of 360 mph and an altitude of 10,000 ft.

The competition was on in earnest; both teams had flown both of their prototypes, each
one powered by a competing engine.

Worlds Apart: The YF-22A and YF-23A in Contrast

To meet the very same specifications that had been listed by ATF planners in September
1983, the seven ATF airframe contractors came up with fundamentally similar designsin
terms of wing area, sweep, and general size. The L ockheed and Northrop designs were per-
haps the most different of all, with the YF-23A appearing dim and almost sensuous in
design, andtheY F-22A appearing shorter, with an angular muscularity. TheY F-22A'sangu-
larity provides astealthy quality, and stemsfromits F-117 Stealth Fighter ancestry.

YF-22A

The Lockheed YF-22A features a single-seat cockpit covered by a large, high-visibility
canopy. The two engines are mounted close together on the centerline of the 38-ft-long
fuselage, which is20ft wide at its broadest point. The engines are fed by diamond-shaped
intakes. There are three internal weapons bays one on either Sde of the fuselage, and the
other mounted ventrally on centerline. The airplane has two fixed, outward-canted vertical
dabilizers with large-area trailing-edge rudders, and twin al-movable tailplanes that dou-
ble as horizontal stabilizers and elevators (stabilators). Itsall-movable, close-coupled stabi-
lators mount in line with the very thin, semi-trapezoid-shaped wings and actually overlap

AR

On November 28 and December 20, 1990, respectively, General Dynamics test
pilot Jon Beesley and Lockheed test pilot Tom Morgenfeld fired nonexplosive AIM-9
Sidewinder and AIM-120 Slammer air-to-air guided missiles. Both pilots were flying
YF-22A number 2 when they made these live missile firings. YF-22A number 2 is
shown after the missile firing with USAF Lt. Col. Jay Jabour at the controls. Note the
illustrations of two missiles on the exterior of the right engine's air intake. (Lock-
heed Martin Corporation.)
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Both Northrop/McDonnell Douglas YF-23A ATF prototypes fly in formation in the
summer of 1990. The YF-23As featured the all-moving V-tails. This unique feature
helped reduce the aircraft's radar cross section while eliminating the unwanted
mechanical devices and weight of conventional horizontal tailplanes. (USAF/HO.)

them. The wing's notched inboard trailing edge permits stabilator and flap clearance. The
wing is swept back 48° at the leading edge, and swept forward about 15° at the trailing edge.

The YF-22A impressed the USAF with its vertical speed
capability. The F-15C Eagle can exceed Mn 10 in a straight-
up climb, and the F-22A Raptor will better that performance.
(Lockheed Martin Corporation.)

The wings incorporate leading-edge flaps, inboard
trailing-edge flaps, and outboard ailerons for lift and
maneuverability. The Y F-22A was equipped with two-
dimensional, thrust-vectoring engine exhaust nozzles,
and these may have been important initsfinal selection
as the competition winner.

YF-23A

The Northrop YF-23A was one of the most beautiful
fighter aircraft in history, its blended body and shielded
engine intakes giving it avery deek appearance and a
clear relationship to the Northrop Grumman B-2A
Spirit. There are no corners or right angles, and the sur-
faces have no creases or sharp folds. Like its counter-
part, it aso features a single-seat cockpit arrangement
with engines mounted close to the centerline, with
ventral air inlets. Engine installation is unusual. The
intakes are placed under thewing (so as to ensure high
angle-of-attack maneuvering capability) while the
engines are canted upward into separate blended bod-
ies The long slender fuselage has chines not unlike
those of the SR-71 or theNorthrop Y F-17.

Thebroad wingistriangular in shape and tapersinto
the fuselage. Its leading edge is swept back 40°, while
the trailing edge is swept forward by the same amount.
The YF-23 has aV-tail which works in roll, pitch, and
yaw. Two large all-moving tail planes are canted outward
a 50°. The wing features leading edge flaps, inboard
flaps, and ailerons that droop. The trailing-edge con-
trols function normally—uwith ailerons providing roll



control and flapsincreasing lift—but they also serve as
speed brakes and rudders. In its genera appearance,
theY F-23A appearsto be optimized for highlift andlow
drag, and thus for long range and high speed.

Comparing the ATF Powerplants

Generd Electric and Pratt & Whitney took different
approaches to meet the exact same set of ATF engine
requirements that were put forth by the ATF SPO. In
part, these are described below.

YF-119-PW-100

ThePratt & Whitney Y F119 enginehasamoreconserva
tive design than that of its competitor, and features sig-
nificantly fewer and more durable components than
previous fighter engines. It is able to operate at super-
sonic speeds for extended periods without augmenta-
tion; theactua timeremainsclassified. YF119 (seeTable
2-1) development started in 1983 and was sel ected over
theY F120to power the F-22in April 1991

YF120-GE-100

General Electric'sY F120 enginewasmoreradical thanits
competitor, featuring variable-cycle technology. This
enabled theY F120 to operate like a conventiona turbo-
jet engine at supersonic speed, while demonstrating the
characteristics of amore fuel-efficient turbofan engine
at subsonic cruise speeds. The demonstrator engine,
designated XF120, set a record for test duration and
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This three-dimensional, computer-generated rendering
shows the highly detailed ballistic vulnerability analysis
modelthatwas developedforthe F-22A Raptor. Vulnerability
analysis is conducted on an aircraft and its systems in order
to determine their ability to withstand damage. (Lockheed
Martin Corporation.)

TABLE 2-1 YF119-PW-100 Details

Type Twin-spool, augmented low-bypass turbofan
Thrust 35,000-b class

Combustor Annular

Turbine Axial flow/counterrotating

An excellent close-up view of the number two YF-22A as it
rendezvous with a tanker. The first aerial refueling was
accomplished on October 26, 1990. Note the excellent visi-
bility afforded the pilot. (Lockheed Martin Corporation.)

Numerous models ofthe F-22's final configuration had to be
built for wing tunnel evaluations and other purposes, This is
an exact %o0-scale model of the aircraft that was crafted by
expert modelmakers. (Lockheed Martin Corporation.)
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parameters measured at the USAF'sArnold Engineering
Devel opment Center or AEDC at Tullahoma, Tennessee.
The scheduled 37-hour test period was the longest con-
tinuous turbine engine test in AEDC history; and, a
record 875,000 measurements were taken during the test
period.

TheY F120 featured a dual-spool, vaneless, counter-
rotating turbine. It aso hasimproved materials and 40
percent fewer parts than GE's 29,000-1b thrust class
F110-GE-129 fighter engine as used by the Block 50
F-16C Fighting Falconaircraft.

YF120 development started in 1983 and was passed
over infavor of theYF119 in April 1991. It is of interest
that an updated version of the F120 is to be evaluated
in both the Boeing X-32 and Lockheed Martin X-35
Joint Strike Fighter prototypes (see Table 2-2). Earlier,
only the P& W H 19 wasbeing considered.

The YF-22A in Review

The Dem/Val phase of the ATF program began on
October 31, 1986 and culminated with an intensive
flight-test program at Edwards AFB in late 1990. In
just over 3 months of flight testing, the two Y F-22A

From December 10 to 17, 1990, YF-22A number 1 flew a
series of high-angle-of-attack or high-alpha attitude tests.
Antispin parachute and canister attached, the YF120-
powered aircraft reached an ADA of 60° while it remained
under full control. (Lockheed Martin Corporation.)

prototypes demonstrated maximum Mach number,
supercruise capability, high-angle-of-attack (high-
alpha) maneuverability, aerial refueling, missilefirings,
and thrust vectoring. The vectored thrust is useful in

TABLE 2-2 YF120-GE-100 Details

both high angle-of-attack (AOA) maneuvers and for
sustaining speed in high-speed turns.

The supercruise capability (supersonicflightwithout afterburner) was demonstrated on
both aircraft using the different sets of YF119 and Y F120 engines. The high-AOA work
accomplished by YF-22A number 1 was impressive and gave the team high confidence in
the F-22's stability and flight controls.

Atota of 74 flightswereflown onthetwoYF-22Asfor atota of 91.6 hours. After contract
award in July 1991, another 39 flights totaling 61.6 hours were subsequently flown on the
Y F119-powered number 2 YF-22A in afollow-on Dem/Val flight-test effort.

TheY F-22A andthe F-22A aresimilar in shape, but thereareanumber of differences. The
| eadi ng-edge sweep-back angle of thewingshasbeen reduced 6° (from 48to 42°); the cock-
pit canopy has been moved forward 7 in to improve over-the-nose visihility for the pilot, and
the engine air inlets have been moved back 14 in to improve over-the-side visibility for the
pilot; the shape of the wing trailing edges and the horizonta stabilizers and elevators (stabi-
lators) have been changed to improve the aircraft's
stealth characteristics, aswedl as for structural strength
and aerodynamics refinement; al so, the prominent ver-
tical tails of the Y F-22As have been reduced in size by

Type Variable-cycle turbojet/turbofan about 20 percent.

Thrust 35,000-b class Asaresult of the demanding schedule of the Dem/V al

Combustor Annular program, the team designed the verticad tabilizers of
) ] ) theY F-22A |larger than necessary to avoid potential spin

Turbine Axial flow/counterrotating

problems. When the spin problems never materialized,
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On October 31, 1986 the Lockheed/Boeing/General Dynamics team became one
of two teams selected to compete in the Dem/Val phase of the ATF program. Now
some 12% years later, three EMD F-22A Raptors are flying in the skies near
Edwards AFB. (Lockheed Martin Corporation.)

the airframe designers were able to reduce the size of the verticdl tails of the F-22A to make
the aircraft more aerodynamically efficient by reducing drag and weight.

The first YF-22A was later brought to Lockheed Martin Aeronautical Systems (LMAS) in
Marietta, Georgia, where it was used as an engineering mockup. It now resides at the Air
Force Museum in Dayton, Ohio.

When F-22 production swings into high gear in the early 2000s, this artist render-
ing of LMAS's facility alongside Dobbins ARB will become a reality. The main
assembly building is located at the upper right. (Lockheed Martin Corporation.)

13
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Pratt & Whitney logo.

The F16 Fighting Falcon is a relatively small and light air combat fighter. A two-seat
F-16 from Edwards is shown as it escorts Raptor 01 during its first flight. Their size

comparison isinteresting. (Lockheed Martin Corporation.)

As mentioned above, the second Y F-22A was used in the follow-on Dem/Val flight-test
programin late 1991 and early 1992. Returning to Edwards after atest flight on April 25,
1992, it experienced a series of pitch oscillations. With the landing gear retracted, the air-
craft hit the runway, did, and burned. Although no longer flightworthy, the externa dam-
agewas later repaired, and it was airlifted to the Rome Air Development Center at Griffiss
AFB, New York, where it received representative F-22 wings and empennage and is till
being usedto validate aircraft antennapatterns. Fina disposition of the secondY F-22A has

(Pratt & Whitney Large
Military Engines.)

TABLE 2-3 YF-22A Specifications

Propulsion system Two 35,000-1b thrust class P&W

YF119-PW-100 afterburning turbo-
fan engines (PAV-1), or two
35,000-Ib thrust class GE YF120-
GE-100 afterburning turbofan
engines (PAV-2)

not yet been determined. (See Tables 2-3 and 2-4.)

Propulsionsystem

TABLE 2-4 YF-23A Specifications

Two 35,000-b thrust class P&W
YF119PW-100 afterburning turbo-
fan engines (PAV-1), or two
35,000-Ib thrust class GE YF120-
GE-100 afterburning turbofan
engines (PAV-2)

Wingspan 43 ft, 0 in (13 m) Wingspan 43 ft, 7 in (133 m)
Wing area 830 sq ft Wing area 900 sq ft

Length 64 ft, 2 in (196 m) Length 67 ft, 5in (20.6 m)
Height 17 ft, 8.9 in (5.4 m) Height 13 ft, 11 in (4.3 M)
Empty weight 31,000 Ib (estimated) Empty weight 29,000 Ib (estimated)

Gross weight

62,000 Ib (estimated)

Gross weight

62,000 Ib (estimated)

Service ceiling

65,000 ft (estimated)

Service ceiling

65,000 ft (estimated)

Maximum speed

Win 2.2+ (Mn 15+ in supercruise)

Maximum speed

Mn 2.2+ (Mn 15+ in supercruise)
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The Winner Take All Fly-Off

Competition

Northrop YF-17 Cobra during the mid-1970s, the winner-take-all fly-off competition

|- ike the competition between the General Dynamics YF-16 Fighting Falcon and the

between the Lockheed YF-22A and the Northrop
YF-23A was held on paper rather than as an all-out,
unarmed air-to-air duel. By using computerized sen-
sors and dataacquisition, the USAF was able to quickly
compare the figures generated by the two ATF con-
tenders.

The YF-22A versus the YF-23A

Both ATF teams had created two excellent prototype
fighter aircraft. Despite the YF-23A's earlier rollout, it
soon appeared that the Lockheed/Boeing/General
Dynamics team had taken the initiative. The first YF-
22A initially achieved supercruise speed on November
3, 1990; the second, on December 27, 1990. Although
classified, theY F-22A's supercrui se speeds are probably
above Mn 15.

The first YF-23A flew to a speed of Mn 143 at 42,000
ft on November 14, 1990 in its first demonstration of
supercruise, and reportedly hit Mn 1.6+ in alater flight.
The actual speed remains classified.

In aperiod of 7 flying days during December 10-17,
1990, the first YF-22A performed nine high-AOA test
flights (14.9 hours), which included flight at 60° AOA.
These high-alpha flights fully demonstrated the YF-
22A's exceptional maneuverability at dow speeds and
high pitch rates.

It took an exceptional fighter prototype aircraft to win out
over the extraordinary Northrop/McDonnell Douglas YF-
23A. The Lockheed Martin/Boeing YF-22A was that aircraft.
As the late Ben Rich, second president of Lockheed Mar-
tin's famed Skunk Works, put it, "The F-22 is a performing
miracle. It can fly supersonic without afterburners, and
using a revolutionary Thrust Vector Control System, can fly
at extreme angles of attack while changing directions at
high speeds, thereby outperforming any other airplane in
the world—all this with the stealth invisibility achieved by
the F-117A" (Lockheed Martin Corporation.)
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The YF-22A was designed at the Skunk Works in 1988. The Lockheed Corporation
(now Lockheed Martin Corporation) agreement in late 1992 to acquire the Tactical
Military Aircraft business of General Dynamics Corporation (GD) linked Lockheed's
renowned advanced design and development skills with CD's widely recognized
integration and production expertise. The YF-22A and F16 Fighting Falcon symbol-
ize the strength and technological capabilities of this corporate union. (Lockheed
Martin Corporation.)

"l don't believe any other aircraft in the world could have done what we did with the
YF-22," said General Dynamics (now Lockheed Martin Tactical Aircraft Systems) test pilot
Jon Beedey. "We accomplished in oneweek what other programs set out to do in ayear or
more." He added, "It always did what | wanted it to do and never did anything that | didn't
want it to do." In those nine test flights, flown by Beedey and USAF Major Mark Shack-

To adequately house two F119 engines and as many as
eight AAMs internally, the YF-22A and its F-22A successor ity role with the USAF starting in 2004, ensuring continued
have relatively wide fuselages as shown in this head-onview ~ U-S. air dominance of the skies well into the next century.
of the ATF prototype. (Lockheed Martin Corporation.) (fhe Boeing Company.)
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The premier F-22A resembles a praying mantis as it rotates for its very first take-
off. Production F-22As will not have instrumentation booms on their noses as Rap-
tor 01 does here. (Lockheed Martin Corporation.)

elford, "We achieved our test objective, an unprecedented 60° angle of attack, and till had
control power," Beedey said.

Earlier, on December 4, 1990, the second Y F-22A successfully fired an inert AIM-9M
Sidewinder air-to-air missle over the China Lake Naval Weapons Center in California
Then on December 20,1990, the same aircraft successfully fired an inert AIM- 120C "Sam-
mer" air-to-air missle over the Pacific Missle Test Center off Point Mugu, California.

Surprisingly, the Northrop/McDonnell Douglas team did not conduct any missile firings
or high-AOA maneuvers with their YF-23A aircraft. The reason for this remains unclear.

The P&W YF119-powered YF-22A banks left toward a moist Rogers Dry
Lake (note water at lower right) at Edwards AFB in early 1992 during its
second Dem/Val flight-test phase. Its exceptionally large all-titanium thrust
vectoring exhaust nozzles are noteworthy. (Lockheed Martin Corporation.)

17
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FIRST-LOOK
FINST—ImAUNCM

FIRST-KILL

SENSOR CAPABILITY

With its first-look, first-shoot, and first-kill capability, the F-22's radar covers far more area than any current adversary's radar.
An enemy's aircraft would be spotted and destroyed before it ever saw the Raptor. (Lockheed Martin Corporation.)

Compare the proposed Navy Advanced Tactical Fighter (tem-
porarily designated F-22C) with Raptor 01 as it climbs to
10,000 ft during its first flight on September 7,1997. (Lock-
heed Martin Corporation.)

Choice Words

In arelatively short period of time, then, from their
respective first flight dates in August and September of
1990 to the end of their flight-test programs in late
1990, theY F-22A sflew at total of 74 timeswhiletheY F-
23Asflew atotal of 50 times.

Earlier, on November 2, 1990, the USAF released its
final RFPto end the Dem/V al phase and move onto the
FSD (now EMD) phase. On that day, it was announced
that ATF source sel ection eval uationswoul d begin after
December 31, 1990 and that the winner of the ATF
competition would be selected by mid-1991 with an
immediate announcement.

Asit had been determined early on, thebest ATF air-
frame-powerplant combination would go forth. With
such a great deal at stake, both General Electric and
Pratt & Whitney held their breath to see who would
build the ATF powerplant, while the Lockheed- and
Northrop-led ATF airframeteamsdid the same.

a distinguished scientist tells you it can't be done, he is probably wrong. If a techno-nerd
at Lockheed says it can be achieved, he is probably right.

After ahard-fought competition which had spanned nearly 8 years, the Secretary of the Air
Force, Donald Rice, announced on April 23, 1991—about 2 months early—that the L ock-
heed/Boeing/General Dynamics team had won the ATF battle and would be awarded the

EMD contract.

It was a so decided that the P& WY F119-PW-100 ATF engine would be produced as the
propulsion system for the F-22 production aircraft. In other words, it was the number two
YF-22A (N22Y X), powered by the P& WY F-119 engine, that would ultimately lead to the
production of the Lockheed M artin/Boei ng F-22A Raptor of today .
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F-22's Final Assembly
Lockheed Martin Aeronautical Systems, Marietta, GA

Inlet Assembly
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The F-22's seven-step final assembly stops are pointed out in this illustration. (Lockheed Martin Corporation.)

The Navy Advanced Tactical Fighter

The U.S. Navy's (USN) best shipboard fighter is the
Northrop Grumman (formerly Grumman) F-14Tomcat.
It is an aircraft carrier-based area- and point-defense
fighter-interceptor, armed with asingle 20-mmVulcan
cannon and as many as six long-range AIM-54 Phoenix
radar-guided missiles. It can also carry a number of
radar-guided AIM-7 Sparrow, heat-seeking AIM-9
Sidewinder, andradar-guidedAIM-120"Slammer" mis-
dles in various armament packages. The first example
of the Tomcat first flew on December 21,1970.

The USN's next best shipboard fighter is the multi-
role Boeing (formerly McDonndll Douglas) F/A-18
Hornet. It performs as both a light-attack bomber
and an air superiority fighter/fighter-interceptor. First

Aluminum

GrTharmoplastics
13%

+
GrThermosets
10%

Titarnium
24%

13%

Adv al  Stesl
2% 5%

The F-22 uses about the same type and quantity of various
materials as the YF-22A prototypes. (Lockheed Martin Cor-
poration.)
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LOW OBSEAVABLE INLETS
AND NOZEILES

HIGH INTERMNAL FUEL CAPACITY

BLEMDED WING{BODY
= Blruoturaly ahicnnt

THRAUST YECTORING
» Unirsited mmancosimalilin

INTERMAL WEAPGOHNS CARRIAGE

SUPERCRUISE GAPABILITY

The Raptor was designed with a three-dimensional computer program, unlike the F-117, which
was designed with a two-dimensional one. As a result, the F-22 has a more sophisticated
shape. (Lockheed Martin Corporation.)

flown in preproduction prototype form on November 18,1978, the F/A-18 dso has asingle
20-mmVulcan cannon and carries awide assortment of bombs and missiles.

In 1986, during the early days of the Advanced Tactical Fighter program, the Tomcat was
aready 16 years old, and the Hornet was 8 years old. The USN began to look at its future
fighter requirements. It was privy to the USAFsATF program, and it sought to incorporate
anavalized version of the ATF into its carrier fleets. This gave birth to the Navy Advanced
Tactical Fighter or (NATF) program.

The USN thought a carrier-based version of the ATF would be the perfect replacement
forits F-14 Tomcat series of fighters. The ideawasto create anavalized ATF with strength-

= ¥ & 7 =

vl e ds = b ah &) - el i

With its two very advanced P&W turbofan engines, the Raptor can take on any
adversary's fighter and win the battle. (Lockheed Martin Corporation.)
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To ultimately replace the Northrop Grumman F-14 Tomcat, operational
since 1974, the U.S. Navy considered procurement of a carrier-based,
swing-wing version of the F-22 called the NATF. Instead, it opted for
improved F-14s called Super Tomcats and improved F/A-18s called Super
Hornets. Other than its variable geometry wings (a la the F-14), the NAFT
featured a beefier landing gear and arresting gear package for carrier land-
ings. In addition, its stabilators and its cockpit and canopy were of differ-
ent configurations. (Lockheed Martin Corporation.)

AVIONICS OPERATIONAL REQUIREMENTS
PERFORMANCE

« BASED ON ZONES OF OPERATIONAL INTEREST

GENERAL SITUATIONAL AWARENESS

2 TARGETS PRIORITIZATION BY ID AND/OR THREAT
POTENTIAL

[N

3 ENGAGE OR AVOID DECISION

4 DETECTION TO ALLOW DENIAL OF THREAT
ADVANTAGE

5 IMPLEMENTATION OF DEFENSIVE REACTIONS
AZIMUTH AND ELEVATION COVERAGE VARY BASED ON

EXPECTED THREAT ENCOUNTERS AND TRADE-OFFS OF
SENSOR PERFORMANCE

« INFORMATION VARIES WITH EMISSION CONTROL MODE
& AUTONOMOUS/ COOPERATIVE OPERATION

A VAILABILITY/SUPPORTABILITY
' OPERATIONAL AVAILABILITY DETERMINES:
- MAINTENANCE-FREE OPERATING PERIOD

" INTEGRATED ONBOARD DIAGNOSTICS
REQUIREMENTS

" TWO-LEVEL MAINTENANCE SYSTEM

The avionics operational requirements for combat-ready F-22s is shown
here. During Desert Storm, USAF F-15Cs downed more than 30 aircraft with-
out any losses. Moreover, their mission-capable rate was higher than 85 per-
cent; that is, they were ready to fly into combat more than 85 percent of the
time. The F-22's mission-capable rate is to exceed 95 percent. (Lockheed
Martin Corporation.)
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This view from directly above shows offthe Raptor's multihued light-to-medium-gray

paint scheme. It will nearly disappear against blue or gray daytime skies when
viewed from below. (Lockheed Martin Corporation.)

ened landing gear (for hard and short landings aboard carriers) and folding wings for
reduced carrier stowage space.

Unfortunately, the NATF program was terminated in the early 1990s and the Navy devel-
oped its F-14D Super Tomcat and its F/A-18E/F Super Hornet aircraft for its immediate
needs. However, as the Super Tomcat and Super Hornet aircraft grow increasingly older, the
long-extinct NATF program could be revived as the Navy Air Dominance Fighter (NADF)
program. A navalized version of the F-22 would meld well with the USN's upcoming Joint
Strike Fighter (JSF). Nevertheless, thisremainsto be seen.

From ATF to ADF

Both the airframe and engine teams set to work immediately to create the world's best
fighter aircraft. Even the ensuing buyouts and mergers which revol utionized the aerospace
scene did not impair the smooth running of the ATF development program. (Lockheed
acquired General Dynamics in Fort Worth, then merged with Martin Marietta to form
Lockheed Martin. Boeing acquired Rockwell's North American aircraft interests and
McDonnellDouglas.)

Approximately 9 years and 5 months had elapsed from October 31,1986 to April 9,1997,
when the premier Lockheed Martin/Boeing F-22A Raptor was first shown to the public.
During this near-10-year timeframe, the prototype Y F-22A Advanced Tactical Fighter had
been changed into the letha F-22A Air Dominance Fighter.
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and powerplant had culminated in the form of the single-seat F-22A and the projected

tandem-seat F-22B, world affairs had dtered drastically. The Berlin Wall had been torn
down, the ColdWar had ended, and the Union of Soviet Socialist Republics (USSR) had dis-
banded. The Persan Gulf War had been easly won, primarily by an unprecedented show-
ing of modern airpower. Defense spending was cut back by almost 40 percent over the next
5years. Most military aircraft production programswere being either dramatically reduced
or completely terminated.

Unfortunately, even though military aircraft production totals shrink, their program
costs often continue to rise. In the case of the F-22, the original 750-plane requirement
costing an estimated $26.2 billionwas quickly reduced to 648 aircraft that was estimated to
cost some $86.6 hillion. After the Bottom Up Review, completed by the DoD in September
1993, the planned quantity of F-22s was reduced to 438 aircraft at an estimated cost of
$71.6 billion. Then, inmid-May 1997, after the release of the Quadrennial Defense Review
Report, the total F-22 production amount was reduced even further to 339 aircraft. In an
effort to save funds, an F-22 production sowdown was required, which increased rather
than decreased the single-unit price of each F-22. At thiswriting the cost of an F-22 now
stands at about $30 million.

By the time the Lockheed M artin/Boeing and Pratt & Whitney combination of airframe

F-22 Production Program Slowdown

The original EMD contract called for the manufacture of seven single-seat F-22A and two
tandem-seat F-22B aircraft with the first flight of EMD airplane number 1 (an F-22A) to
take place in mid-1996. It also stipulated that the first full-production F-22A wouldfly by
mid-1999, and that the first operational squadron would be active in the year 2003.

However, by February 24, 1995, when the USAF approved the final design of the F-22A
aircraft, the first EMD F-22A had not flown yet, and the projected dates of the F-22A/B evo-
lution had drastically dipped.

23
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Considered the first-generation stealth aircraft, this artist's concept of an SR-71A
Blackbird fully illustrates its wing-to-engine nacelles blending, fuselage chines, and
inward-canted vertical tails, which all contribute to its stealth capabilities. (Lock-
heed Martin Skunk Works.)

With music, speeches, videos, and a laser light show, the premier EMD F-22A's
public debut on April 9,1997 was attended by some 2500 invited guests. General
Richard Hawley, commander of the USAF's Air Combat Command, the ultimate user
of the aircraft, announced the official name for the next-generation fighter: Raptor.
"This is the day we officially name a remarkable—in fact a revolutionary—new
multimission fighter," said Gen. Hawley. (The Boeing Company.)



VISTA, T-33, and the 757 Flying Test Bed:
F-22 Support Aircraft

In an effort to expedite the time-consuming flight test
schedules of the F-22A Raptor, the Lockheed Martin/
Boeing team employed three very different aircraft for
assistance. These are the NF-16 VISTA, a Lockheed
T-33, andthe 757 Flying Test Bed aircraft.

VISTA

Flying aspecialy configured F-16 Fighting Falcon, test
pilots compl eted tests onthefirst block of flight control
laws for the F-22 in 1996, more than ayear before the
first flight of the actual aircraft.

Theflight control laws (the complex set of computer
instructionsthat keep amodernfighter aircraft flying)
for the F-22 were programmed in theVariable Stability
In-flightSimulator TestAircraft (VISTA), ahighlymodi-
fied, one-of-a-kind F-16D (86-0048) that, through a
sophisticated control system, can emulate the flight
characteristicsof another airplanein flight.

A total of 21 sortiestotaling 26.8 hourswereflownin
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This head-on view of Raptor 01 during its rollout ceremony
shows its deep, diamond-shaped fuselage to good advan-
tage. Its very large engine air inlets are noteworthy. (Lock-

the NF-16D (the official designation for the VISTA air-
craft; with N meaning specia test, permanent) in two
test phases. The first test session was devoted to com-
paring the baseline flying qualities of the F-22 to proposed and potential changes in the
aircraft's pitch and roll characteristicsfor landing, air refueling, and formationflying. The
second phase focused on two aspects of F-22 flying qualities. The first aspect concerned
how the control laws perf ormed during an enginefailure, and separately, two different fail-
ures of the hydraulic system, including a dual hydraulic failure that resulted in mechanical
failure of one horizontal tail, one rudder, an aileron on one wing, and a flaperon on the
other wing. The second aspect considered the effects of not accurately achieving the pre-
dictions of the F-22's aerodynamics and structural characteristics. The so-called parameter
variationtest flightsalowed for relatively large changes to be made in the Raptor's stability
and flight control power.

In smooth air, the various failures and parameter variations were almost indistinguish-
ablefromthose of thebaseline F-22. In more severewind and turbulence, somedifferences
could be noted, but the aircraft remained well behaved, and respectable landings could be
made even with a severely degraded aircraft as aresult of the simulated dual hydraulic fail-
ure. Inthefinal analysis, the overal results of the NF-16D VISTA testswere excellent.

heed Martin Corporation.)

Lockheed T-33

In December 1997, one of Boeing's privately owned Lockheed T-33A T-Bird aircraft
(N12416), usually used for Boeing's commercia jetliner flight-test and photographic
chase duties, was suspended from the 80-ft-high ceiling of Boeing'sF-22 AvionicsIntegra-
tion Laboratory in Seattle for radar cross-section—or radar profile—testing. It is being
used for acalibrated airborne target in F-22 radar testing. Once installed in the range, the
T-Bird was rotated and pitched through awide range of angles to measure its full radar
profile. To accommodate the T-33sweight (9300 | b), a special hoist-and-hanger mecha-
nism was installed beneath the radar range's turntable. The T-33 has atelemetry package
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that transmits its position and velocity to test engineers at the F-22 AIL while "flying"
againstthe F-22'sAN/APG-77 radar. That type of datawill helpthemverify theradar'sper-
formance. Radar testing against the T-33 began in May 1998 using a test radar located
within Boeing's AlL.

Thenow-classic T-Birdwasused extensively for many, many yearsasthe USAF'sprimary
jet-powered trainer.

757 Flying Test Bed

In October 1998, the F-22A's FlyingTest Bed (FTB), amodified Boeing company-owned 757
jetliner (thefirst onebuilt), wasinitially used by Boeing to integrate and flight-test the Rap-
tor'shighly integrated avionics suite. Boeing hasthelead for testing the F-22's avionics sys-
teminthe current EMD program.

The 757 FTB sports an F-22 forward fuselage section (built by LMAS in Marietta)
installed on the 757's forward-pressure bulkhead. The structure houses the AN/APG-77
multimode active, electronically scanned array radar designed for the Raptor.

A second modificationwastheinstall ation of asensor wing on the crown of the 757'sfuse-
lage immediately behind the flight deck. Electronic warfare (EW) and communication-
navigation-identification (CNI) sensors mount directly on the sensor wing, which is
designed to simulate the sensor positioning found on the F-22'swings. The configuration
provides high-fidelity dataandallowsthe FTB to emul ate the sensor capabilities of the F-22
inredistic, real-time operations.

Thenose modificationwas completed in August 1997 at Boeing'sWichita, Kansas, facil-
ity, and inflight radar testing began shortly thereafter. Boeing completed theinstallation of
the sensor wing in December 1998.

An artist's concept of the F-22 Flying Test Bed (FTB) also known as the 757 FTB or
simply FTB, sportingan F-22forwardfuselage (nose) installed onthe 757'sforward-
pressure bulkhead housing the Northrop Grumman AN/APG-77 radar. Immediately
behind the 757's flight deck is the sensor wing on the crown of the fuselage.
Mounted directly on the sensor wing are the electronic warfare or (EW) and commu-
nication, navigation, and Identificationsensors. (The BoeingCompany.)



Agonizing Reappraisals

”ﬂ--

A close-up view of the F-22 forward fuselage attached to the Boeing 757
FTB. The 757 FTB (N757A) is the first 757 built. Boeing installed the
sensor wing in late 1998. (The Boeing Company.)

757 Flying Test Bed Configuration
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e 757 FTB configuration shows the numerous F-22 avionics that are being tested. Test racks and seating for more
than 25 technicians shown. (Lockheed Martin Corporation.)
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Internal modifications to the twin-jet 757 include structural supports for the special
nose and sensor wing structure and the installation of unique electrical power, liquid-
cooling, and instrumentation systems. Avionics racks, test station racks, and seating for
more than 25 technicians are located in the 757 ATB cabin.

The F-22B Takes a Back Seat

In the past, to facilitate the transition or pilotsinto new fighter aircraft, a small number of
them are built with two seats and dual flight controls. In this way, by the time the pilots
were ready to transition into the new single-seat fighter they had been assigned tofly, they
had been fully familiarized with the aircraft and itsflying characteristics. For example, the
F-15D isatwo-seat fighter-trainer aircraft for the single-seat F-15C Eagle. Inthebeginning,
itwasno different for the F-22. However, inan effort to further reduce the ever-rising F-22
development costs, the fighter-trainer version of the Raptor was dropped.

Then, onJuly 10, 1996, the F-22A/B airframeteam received an official notificationfrom
the USAF that it had postponed its requirement for the design and development of the
then-germinating two-seat F-22B aircraft. Therefore, the two planned EMD F-22Bswere
replaced with two additional one-seat F-22As. Thus, al nineEMD F-22swill now besingle-
seat models.

Rollout Ceremony and First Flight of Raptor 01: The Spirit of America

Thefirst EMD F-22A was almost completed by March 6,1997, when it was moved fromthe
final assembly areain Lockheed Martin Aeronautical System's B-| building to the newly
constructed B-22 engine noise attenuation facility, called a"hush house," where it under-
went fueling operations and engine runs.

Littlemorethan amonthlater, on April 9, sporting itspatriotic Spirit of Americanoseart,
the premier F-22A—marked "Raptor 01" on the outer sides of itstwo vertical tails, thefirst
of nineEMD aircraft (91-0001)—was publicly unveiled in ceremoniesat L ockheed Martin
Aeronautical Systems facility in Marietta, Georgia. During the ceremony, the new fighter
waschristenedwithits official name: Raptor. (Raptorsarebirdsof prey.)

Asoriginally planned, thefirst of nine EMD F-22A Raptorswas scheduled to take place
on or before May 29, 1997. However, anumber of minor yet significant gremlins attacked
Raptor 01. Among these problemswere aircraft braking and landing gear retraction/exten-
siondifficulties. It took about 3”/2 monthsto address and correct the difficulties. Finaly, in
late August, the aircraft was cleared for ground testsleading up toitsfirst flight.

Earlier, onJune 10, the Pratt & Whitney F119-PW-100 enginewas granted itsinitial flight
release. Before Raptor 01 could make its maiden flight, however, it had to complete the
groundteststhat included low-, medium-, and high-speed taxi tests. This series of taxi tests
evaluated its nose landing gear whedl steering system, the braking system, and the opera-
tion of the arresting gear at 30, 60, and 110 knots. The instrumentation system on the air-
craft was likewise thoroughly examined during these ground tests.

The long-awaited first flight of the first Raptor occurred on Sunday, September 7,1997 at
Dobbins Air Reserve Base (ARE) in Marietta, Georgia, with F-22A chief test pilot A. Paul
Metzunder itscockpit canopy. Liftoff cameat 10:18 A .M. local time. Flying chaseonthefirst
flight was fellow contractor pilot Jon Beedey in an F-16 Fighting Falcon and Lt. Col. Steve
Rainey, thefirst USAF pilot tofly an F-22A, in asecond F-16 chaseaircraft.

In preparation for the first takeoff, al three aircraft taxied onto the runway. The two
F-16s took off first and started a dow 360° turn back toward the runway. Metz remained
on the runway, making final instrumentation checks with the mission control room
team.
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General arrangement drawing of the canceled two-seat Lockheed Martin/Boeing F-22B fighter trainer. Though it was to
have a rear seat, its overall measurements remained identical to the single seat F-22A. Two EMD F-22Bs were to be
built, but to save money and development time the USAF decided against them. (Lockheed Martin Corporation.)

Metz rel eased the brakes, simultaneously easing the twin throttlesto military power with
hisleft hand. The P&W Fl 19 engines spun up, and the F-22 started to roll downtherunway.
At about 140 knots, M etz eased back on the sidestick controller with hisright hand. The air-
craft rotated and lifted off. The landing gear remained down as the F-22A climbed to the
north.

Themost impressivefeature of thefirstflight wasthe Raptor'srate of climb. Evenwithits
gear down, the two F-16 chase aircraft found it difficult to keep up with the F-22. The two
P&W F-119 engines produce a colossal amount of thrust, some 70,000 Ib in afterburner.
The F-22 was scheduled to climb out at about a25° pitch anglein military power, but Metz
had to rai se the nose even higher several timesto keep the F-22A's speed constant. Therel-
aively steep climb angle was afunction of the requirement to maintain constant vel ocity
(speed) under afixed engine power (thrust) setting.

Raptor 01 reached an altitude of 15,000 ft (2.84 mi) in lessthan 3 minutes. Once at that
atitude, Metz leveled off and then cycled the F119s through a series of power changes. The
engine afterburners were not used during the aircraft's initial flight, during which amaxi-
mum angle of attack of 14° was attained.

About midway through the near 1-hour-long test hop, Metz raised the landing gear and
increased the Raptor'saltitudeto 20,000ft, themaximum altitudef or theflight. At 20,0001t
he performed additional engine transients and evaluated low-speed cruise performance
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As a Lockheed Martin flight line technician guides it ahead, the awesome size of
the Raptor becomes obvious. When the Raptor becomes operational, its maximum
takeoff weight will exceed 60,000 Ib. (Lockheed Martin Corporation.)

before descending. On hisway down, Metz flew formation on Beedey's F-16 to establish
the F-22's handling qualities during relatively demanding piloting tasks.

The preplanned flight profile culminated with the landing gear again lowered for apair
of ssimulated landing approaches at 10,000 ft. Metz then made his final approach to Dob-
bins ARE. As the Raptor's main landing gear touched down, Metz aerobraked (held the
F-22A'snosehigh) to dow theaircraft to about 100 ktsbeforelowering itsnoselanding gear
to the runway and applying the brakes. For this initia flight, he used the full length of the
runway before the aircraft came to afull stop. The flight lasted 58 minutes from liftoff to
touchdown at 11:16 A.M. Duringtheflight, the F-22A attained amaximum speed of 250 kts
and amaximum load of 3g [three timesthe force of (accel eration dueto) gravity].

Another view of the premier EMD F-22A (AF 91-0001) as it taxis toward the main
runway at Dobbins ARE. Operational F-22s will excel over the F15 Eagle much as
the F-15 excelled over the F-4 Phantom Il. (7he Boeing Company.)
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Liftoff! Looking every bit like the bird of prey it's named after, the Raptor breaks ground and takes
wing or the first time on September 7, 1997. In addition to greater lethality and survivability, the

R22 design calls or higher reliability, maintainability, and sortie (mission) generation rates than
the F15 it will replace. (Lockheed Martin Corporation.)

Metz had flown twice around atriangular route which had taken him about 40 mi north
from Dobbins to an area near Rome, Georgia, and then southwest toward Alabama, and
back to the vicinity of Dobbins. After the flight, Metz said: "The Raptor has wings," and
added, The test programwill demonstrate that it hastalons as well"

As of April 1997, Paul Metz had more than 6000 hours and more than 33 years of experi-
enceflying 72 aircraft types. Beforejoining LMAS, Metzwasthe Northrop chief test pilot on

he Northrop/McDonnell DouglasY F-23A program. Hewas named LMAS chief test pil ot
tor the F-22 in October 1992,
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With its landing gear still extended, Raptor 01 performs a series of low-speed

maneuvers to verify its handling characteristics. With its balance of increased
speed and range, enhanced offensive and defensive avionics, and reduced observ-
ability, threats that the F-15 will no longer be able to counter will be defeated by the
F-22. (Lockheed Martin Corporation.)

A two-seat F16 Fighting Falcon (AF 78-0088) of the 412th Training Wing at
Edwards AFB flies chase Raptor 01 over Georgia. The F-22's primary objective will

be to establish absolute control of the skies through the conduct of counterair
operations. (Lockheed Martin Corporation.)
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With the sun coming from its right side, Raptor 01 shines brightly on its maiden
flight. The first flight was preceded by a series of taxi tests. These tests were used
to evaluate the Raptor's nose landing gear wheel steering, the braking system, and
the operation of its arresting gear at 30, 60, 90, and 110 knots. The arresting gear
is to be used in emergency landings. (Lockheed Martin Corporation.)

Raptor Ol's second flight took place on September 14,1997 with Lockheed Martin Tacti-
cal Aircraft Systems F-22 test pilot Jon Beesley at the controls. The flight, shortened by a
telemetry problem, lasted 35 minutes. Beesl ey hadworked onthe A TF/F-22 programfor 10
years and had accumul ated about 20 hoursin 13 flightsin theY F-22A prototype aircraft.

Final assembly of the second HM D F-22A (Raptor 02) was completed on schedule, and
theaircraft wasrolled out of the 3.5-million-sg-ft main assembly buildingat LMAS facil-
ity in Mariettaon February 10, 1998. The aircraft was towed across the runway at adjoin-
ing Dobbins ARE, down the Lockheed Martin production flight line, and over to the F-22
engine test facility—the hush house, where it underwent fueling and fuel tank integrity
checks. Once those operations were complete, the aircraft (4002) was towed across the
ramp to the company's robotic paint facility, where it received its two-tone gray camou-
flage paint scheme. Then it was towed to the flight line to be prepared for its maiden
flight.

Raptor 02 madeitsfirst flight 11 daysahead of schedule on June29,1998with Metz at the
helm. Itwasflownto an altitude of 20,000 ft at speeds of up to 280 mph (250 knots). Lt. Cal.
Steve Rainey flew chaseinan F-16.

Metzflewtheaircraftfrom DobbinsARE, lifting off therunway at 140 knotswith Raptor
0O2s F119 engines at military power (full power without afterburner). He performed
maneuversdesignedto demonstrateflying qualities, includingbank-to-bankrolls, flight at
varied engine power settings, and landing gear retraction and extension. Theflight lasted 1
hour and 6 minutes.

TomBurbage, theF-22 Team program officemanager, said, " Thefirstflight of thesecond
F-22 istestimony to theviability and vitality of thisprogram.” He added, "Weworked hard
to incorporate the lessons learned on Raptor 01, and we succeeded. This airplane was
brought to flight much more easily and efficiently than thefirst. Well continueto learn and
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improve through the remaining seven EMD aircraft aswe prepare to enter production next
year[1999]."

F-22 Flight-Test Operations

Theflight-test operationsfor the Air Dominance Fighter programfall under what is caled the
F-22 Combined Test Force (CTF), anintegrated government/contractors-led test team that was
formedfor thepreparation, planning, conduct, and reporti ng of the F-22'sflight-test program.
Thisintegrated test team is composed of personnel from many locations, including the
AirForceFlight Test Center (AFFTC) at EdwardsAFB, Californig; theAir Force Operational
TegtandEvauationCenter (AFOTEC) atKirtland AFB, NewMexico; Air Combat Command
(theultimateuser of theRaptor), at Langley AFB, Virginia; Pratt & Whitney; theF-22 SPO at
Wright-Patterson AFB, Ohio; andtheL ockheed M artin/Boei ngteam.
Thevariouspersonnel and organi zationsfunctioning asthe F-22 CTF areresponsiblefor

 Estimating the scope of the air vehicleflight-test program
 Organizing the test team to accomplish assigned tasks

» Determining and obtaining sufficient resources (budget, schedule, material, facilities,
and personnel) for successful accomplishment of theflight-test program

» Developing planning and documentation that adequately describes theflight test
program

« Conducting the flight-test program in a safe, efficient, and effective manner
* Reportingtheflight-test program status, accomplishments, significant problems, and results

Because of the geographic locations of the various organizationsinvolved, the CTF at first
functioned as avirtual colocated entity by using methods such as frequent face-to-face
meetings and videoteleconferencing. Fully colocated operation of the F-22 CTF com-
mencedwiththeddlivery of thefirst EMD F-22 to EdwardsAFB.

The F-22 CTF started with about 290 people and is to build to amaximum of 650 people
in 2001. Initially the CTF was comprised of a 60/40 percent mix of contractor and USAF
personnel. Astesting progresses, the mix is projected to shift to 50/50 percent. The organi-
zationwill be commanded by an USAF officer, with acontractor deputy. Theinternal orga-
nizationisbuilt around integrated product teams (1PTs), which producetheflight-test data
on their respective products.

The Airworthiness | PTis permanent at Marietta, Georgia, and is responsible for taking
the EMD F-22sfrom manufacturing throughinitial ground tests, flight-test airworthiness,
andtheir ferry flightsto EdwardsAFB. The/Mir Vehiclel PTisresponsiblefor dl testsonthe
firstthreeEM D aircraft, whiletheAvionicsl PTwasintendedto dothesamefor thesx EMD
avionics test aircraft. All other participants support the IPTs, enabling the test pilots to
receive their assignments from flight operations but work directly for the IPT when con-
ductingflight tests.

Preparation and Planning Phase

The major objective of the F-22 CTF during this phase is to determine the various IPT
requirements and to ensure that they are consistent with published plans and are fully
traceable to contractual product specifications, or are required to measure the military
utility of the F-22 Weapon System. From these requirements, detailed Test Information
Sheets(TISs) arewritten, toverify theactual content of thetest program. They i dentify sup-
porting resources (instrumentation, dataprocessing, personnel, facilities, equipment, etc.)
and define documented methods and processes of operations.
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Flight Test Requirements Working Groups

Flight Test RequirementsWorking Groups (FTRWGS) areset up to executethetest planning
process. The FTRWGS responsibilities and location were determined by the Lockheed
Martin/Boeing assignment of product and/or technology design responsibility on the
basis of the integrated product team (IPT) philosophy. This enhanced communications
between the various product |PT personnel and the test IPT personnel, particularly in the
early stages of test requirement identification.

The working groups are generally divided by disciplines. The groups had to decide
exactly what had to be tested and who would be doing the tests. The working groups
remain intact throughout the test program, and are responsible for the test conduct, data
analysis, and reporting for their particular technical discipline.

Instrumentation, Data Processing, and Software

Each one of the nine F-22 Raptors to be built in the current EM D phase will be dedicated
toflight test, and each one of these aircraft will be heavily instrumented to record flight-
test data.

Unlike past aircraft development programs, theflight-test IPT wasbrought in at thevery
beginning of the F-22 program (EMD contract award). On other aircraft, the flight test was
normally brought in after the aircraft was built and had to integrateflight-test instrumen-
tationwhereit couldfindroomtoinstall it. Onthe F-22 then, flight-test | PT worked closely
with the aircraft's designers, and the instrumentation incorporated in the original aircraft
design was (and till is) installed during construction of the aircraft. In other words, the
EMD F-22sflying at thiswriting are fully instrumented.

So with the planned instrumentation already installed as the first EMD F-22 entered
final assembly in March 1997, flight-test IPT was able to start telemetering data to the
Flight Test Control Roomin Marietta, Georgia, which beganthe actual checkout of the data
processing system.

A large orange-colored box with flight instrumentation flies in the EMD F-22's right-
hand main weapons bay; armament test aircraft will use a different location. The box,
called the instrumentation data acquisitions package, acquires datafrom more than 30 re-
mote units scattered throughout the aircraft. The box contains a high-speed datarecorder
that retains dl theflight data. It aso encrypts and transmits selected parameters back to
the mission control station on the ground viatwo antennas on the aircraft. The instrumen-
tation box stayswith the aircraft for its entireflight-testlife.

The flight-test data processing requirements are split into real-time data collection for
saf e and efficient test conduct and postflight dataprocessing. The USAF isresponsiblefor
the real-time collection, while the contractor team is responsible for the postflight pro-
cessing. The contractor team and the USAF agreed to use the same computer software pro-
gram to collect and process flight-test datain 1991.

Subsequent Flight-Test Activities: Raptors 01 and 02

Withtwo test hops out of Dabbins ARE completed, Raptor 01 wastransported viaal ock-
heed Martin C-5B Galaxy to theAir Force Flight Test Center at Edwards AFB, California,
arriving there on February 5,1998. The premier F-22 had been partially disassembled for
its trip to Edwards. After its reassembly, it underwent a series of system functional
checks.

Following its system functional tests, Raptor 01 performed a series of high-speed taxi
tests, again to make sure that its nose whed steering, brakes, flying surfaces, and so on
worked properly. They did and the aircraft was cleared for flight. On May 17,1998, nearly a
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year after its public debut in Marietta, Georgia, Raptor 01 made a successful third flight—
its first at Edwards AFB.

After theflight, USAF Lt. Col. Steve Rainey said, "The aircraft handled like a dream,"
adding "It's the best flying aircraft | have flown, and it sets a new standard of excellencein
fighter aviation." It was atrue test flight with three objectives. envelope expansion flying
qualities, speedbrake handling qualities, and formation flying qualities. Rainey said each
of the three test points was flown precisely as briefed and that the flight was a successful
test mission.

The aircraft had remained aloft 1 hour and 20 minutes. It was accompanied during all
phases of flight by an F-15flown by thefirst persontofly the aircraft, Lockheed Martin test
pilot Metz; Raptor 01 checked out "Code One," meaning that the aircraft returned to base
with no deficiencies and was ready tofly again.

Lt. Col. RaineyjoinedtheF-22 System Program Officein 1994, andin 1996, becameoper-
ations officer for the F-22 CTF at Edwards AFB. He was the first USAF pilot to fly the F-22A
Raptor. Raptor 02joined Raptor 01 at EdwardsAFB onAugust 26, 1998, Afterits 10:35A .M.
EST (Eastern Standard Time) takeoff at DobbinsARB, piloted by Lt. Col. Rainey, Raptor 02
flew nonstop cross country and landed at noon PST (Pacific Standard Time) on the main
runway at Edwards. En route, the aircraft conducted several air refueling evaluations
behind Boeing KG-135 Stratotankers. "The flight went exactly as planned," said Rainey,
after the aircraft's first cross-continental flight. "I'm running out of adjectives to describe
the way the F-22 flies. This is the best aircraft I've ever flown in aeria refueling. It is an
extremely stable platform and ajoy tofly." Rainey flew at 28,000 ft at Mn 0.7 during the 4.4-
hour flight. "We have achieved yet another milestone in the F-22 program,” said Lt. Cal.
C. D. Moore, commander at the F-22 CTF at Edwards.

Ashadbeenreported earlierin September 1997, nineEMD F-22A Raptor aircraft (LMAS
S/Ns4001 to 4009) wereto be usedintheflight-test program. And duringthe EM D phase—
scheduled to last until the year 2002—these nine aircraft are to fly approximately 2409
flights and cover some 4337 test hours, about 1.8 hours per flight per plane.

Attheend of EMD intheyear 2002, F-22A number 1 will be placed intoflyablestorage at
Edwards AFB. The planned disposition of F-22A number 2 has not yet been determined.
While F-22A number three is to be used for testing any nonavionics modifications or
changes to the airframe (possibly a two-seat cockpit arrangement). At least three addi-
tional F-22A s (which onesremainto be seen) will keep onflyingfor follow-on avionicstest-
ing (primarily the Block 4 avionics software that will include helmet-mounted cueing),
AIM-9X Sidewinder missileintegration, andJoint Tactical | nformationDistribution System
(JTIDS) send-capabilityevaluations.

Thelast two EMD F-22As (4008 and 4009), featuring al the required improvements and
changes needed for the first seven EMD Raptors, are essentialy production-quality air-
craft. Those two aircraft, in addition to the two production representative test vehicle
(PRTV) aircraft (4010 and 4011), will be the four aircraft that the USAF will use for initial
operational test and evauation (IOT&E).

During IOT&E, the Air Force Operational Test and Evaluation Center at Kirtland AFB,
New Mexico will operate the aircraft as an operational unit would. USAF crew chiefs and
flight line maintenance personnel will maintain the aircraft. Dedicated IOT&E will run
from mid-2002 until early 2003, and at the end of IOT& E, the AFOTEC will file its report to
Congress attesting to the worthiness of the F-22A Raptor to enter into its full production
status.

ThenineEMD F-22A aircraftwill beused primarily asfollows:

4001 Flyingqualities, flutter, loads, and high angle of attack; AvionicsBlock 1 configura-
tion



Agonizing Reappraisals

4002 Propulsion, performance, and stores (interna/external) separation

4003 Flyingqualities, flutter, loads, and GBU-32 JDAM integration; AvionicsBlock 2
configuration

4004 Integrated avionics, CNI (communication-navigation-identification), and low
observables (stealth) testing

4005 Integrated avionics, radar, CNI, and armament
4006 Integrated avionics and observables testing; Avionics Block 3 configuration

4007 Integrated avionicsand air vehicle performance (maximum rate of climb, speed,
supercruiseperformance, etc.)

4008 USAFIOT&E, integrated avionics, and observables
4009 USAFIOT&E, integrated avionics, andlow-observabl etests

The first two HMD F-22A aircraft made their first flights in the late summer of 1997 (4001)
and summer of 1998 (4002); the third was scheduled for summer of 1999 (4003). Thelast Six
of these EM D F-22A aircraft are scheduled (at thiswriting) to maketheir firstflightsinthe
fall of 1999 (4004), late spring of 2000 (4006), late summer of 2000 (4006), winter of 2000
(4007), spring of 2001 (4008), and winter of 2001 (4009), respectively.

Chuck Killberg, chief F-22 test pilot for Boeing, made hisfirst flight on July 9, 1998 at
EdwardsAFB. Itwasthe 12thflight of Raptor 01, whichlasted 1.3 hours. Duringthe flight,
Killberg took the aircraft to 20,000 ft at a maximum speed of 250 knots (280 mph). The
sortie tested a number of the Raptor's handling qudities and completed a number of
propulsion system test points, including several in-flight engine restarts. He reported
zero in-flight glitches. "We had afantastic flight," Killberg said. "It was very much what
we expected based on the simulations we've been doing for the past seven years. Of
course, it was afantastic opportunity for me, and | was thrilled to finaly get into the air
in the F-22."

Killbergjoined Boeing asitsF-22 chief test pil ot in 1991. He hasflownfor morethan 6000
hoursin 140 types of aircraft, and manages Boeing'sfleet of |aboratory assets, includingthe
757 FTB. He made his second F-22 flight thefollowing day, on July 10. Theflight wasalittle
shorter, at 1.1 hours. Killberg tested some of the aircraft's low-altitude handling qualities
and conducted additional in-flight engine restarts.

Killberg is dated, at this writing, to make the first flight of Raptor 03 in the summer of
1990. Thefirst flight of Raptor 03 will not be much different from those of Raptors 01 and
02. The aircraft isto fly aprofile similar to that flown by Raptors 01 and 02 on their first
flights, but thelanding gear will beraisedimmediately after takeoff.

Raptor 03 is unique in other ways, however. Itisthefirst EMD F-22A to have an internal
structurethat isfully representative of the production aircraft, and it is being used to per-
form demonstrationsto 100 percent of the Raptor's structural loads. It isalso thefirst Rap-
tor used to test the operation of the advanced M-61A2 V ulcan cannon. It will also be used
in acoustic surveys at Edwards AFB. In these surveys, the engineswill be operated at vari-
ous power settings from idle through maximum power to obtain data on the resulting
structural effectsand potential physiological effects on maintenance personnel.

Grounded Raptors

The fourth and fifth F-22s to roll out of the factory will never fly. These two F-22As are to
remain on the ground at LMASSs Mariettafacility for atic |oads testing and fatigue testing.
These nonflying Raptors carry LMAS serial numbers 3999 and 4000, while the flying
F-22As, asmentioned previoudly, list as4001 through 4009.
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Static loadstesting on aircraft 3999 begins after the airplaneisplaced into astatic testing
fixture. The fixture allowsloads to be applied to various parts of the airplane at varying
degreesto test its structural strength under highly controlled and closaly monitored condi-
tions. Generally, theseloads are applied to simulate loads experienced in actual flight.

In steps, the static test article istaken to the aircraft's load limit first; that is, the design
limit of the structure. In the "ultimate test" the structure will be taken to 150 percent of its
load limit. Successful completion clearsEM D Raptor 03 to demonstrate maximumloadsin
flight.

All of these test results are used to update structural models, also called finite el ement
models (FEM s). These models are representations of the airplanethat break downits struc-
ture into discrete mathematical units called elements. The model is used as abasisfor al
structural analysis.

For fatigue testing, aircraft 4000 is placed in atest fixture similar to the one used for
static loads test. The airframe is then loaded in many cycles over long periods to simulate
stresses associated with expected operational use. The testing evaluates the durability of
theairframe by "flying" it on the ground in aflight-by-flightmanner around the clock. The
airframe accumulates alifetime of stresses in about 8 months of testing. The airframewill
be put through two lifetimesto evaluate its basic durability. [twill then be subjected to two
more lifetimes of extended fatigue and damage tol erance testing.
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Structures and Systems

ust how elaborate a modern weapon system actually is. However, both its manufac-

turers and its customers have worked together from the start to accomplish limited
complexity throughout its incubation processes. In amultimission fighter, many interde-
pendent structures and systems are required.

One only hasto look at acutaway or phantom view illustration of the F-22A Raptor to see

The Fuselage

Three major sections make up the F-22's fusel age structure. Front to back, these are the for-
ward fuselage section, middle fuselage section, and aft fuselage section.

wiring bundles and connections; hydraulic, oil, and other fluids' plumbing; and so on. In the first view the F-22 Iron Bird does
not have the nose attached, while in the next view, the nose is attached. (Lockheed Martin Corporation.)
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| LMAS-GEORGIA 35%
BOEING 32.5%
[ ] LMTAS-TEXAS 32.5%

& PRIME
" © SUPFORT
LMASIGA | LMTASITX | BOEING

WEAPON SYSTEM INTEGEATION < 0 o
AIRCRAFT SUBSYSTEMS

= CAEW STATION, ENVIRBOMMENT CONTROL o L] Q
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» FLIGHT CONTROL SYSTEM o O o
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AVIONICS

* ARCHITEGTURE o o 0

» ELECTRONIC COMBAT & COMMMAWY L8] Ll o

» SOFTWARE, RADAR o o &
TEST AND EVALUATION o o o
SUPPORT SYSTEM o & )
TRAINING SYSTEM o o o

Money-based breakdown of F-22 prime and support work share between LMAS in Georgia, LMTAS in
Texas, and Boeing in Seattle. (Lockheed Martin Corporation.)
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Breakdown of F-22 material applications. (Lockheed Martin Corporation.)



Forward Fuselage Section

The forward fuselage section of the F-22 is manu-
factured by Lockheed Martin Aeronautical Systems
(LMAYS) in Marietta, Georgia. It consists of the struc-
ture aft of the radar bulkhead, the cockpit area, nose
landing gear wheelwell, and F-| fuel tank (the leading
fuselage fuel tank). It is made up of approximately
3000 parts consisting mostly of aluminum alloys and
composite materids. The forward fuselage adso con-
tains wiring harnesses, various types of tubing, cock-
pit instrument fixtures, avionics racks, and cockpit
canopy mounts.

The F-22's forward fuselage section is dightly more
than 17 ft long; measures abit morethan 5 ft wide at the
widest point; 5 ft, 8 in high at the talest point; and
weighs about 1700 Ib.

Made up in two sections, the forward fuselage is
joined together by two long, and relatively wide side
beams, and two longerons running the entire length of
the assembly. The beams, manufactured of composite

Structures and Systems 41

The full-size F-22A Raptor Communication, Navigation, and
Identification (CNI) modelis located at Lockheed Martin Tac-
tical Aircraft Systems' Fort Worth, Texas, CNI test area facil-
ities. (Lockheed Martin Corporation.)

material, also provide an attachment point for the Raptor's chine, the outer fuselage edge
that provides smooth aerodynamic blending into the engine air inlets and wings. The 17-
ft-long aluminum aloy longerons form the sills of the F-22's cockpit, and the canopy rests

on them.

This wind tunnel model (designated D-6) was used primarily to build the
aerodynamic database for the F-22's design and is one of 23 models that
were used in the Raptor's wind tunnel test program. A total of 16,930
wind tunnel test hours were completed validating the aerodynamic config-

uration of the F-22. (Lockheed Martin Corporation.)
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With four 600-gal (2270-liter) external fuel tank facsimiles attached to
the F-22 fuel system simulator, one of many fuel system tests is run at
LMTAS. This is a test of the Raptor's center-of-gravity control. (Lockheed
Martin Corporation.)
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Beginning construction on Raptor 01 on November 2, 1995 LMAS employees
Tommy Cole (left foreground) and L. D. Fleeman (left background) load the lower
cap on to the nose landing gear wheelwell sidewall (known as a "web") while Den-
nis Watts (right foreground) checks one of the frames that will be attached to the
web. Harold Morris (right background) is doing a preinstallation check on the other
web. This was the first phase of building the first forward fuselage section. (Lock-
heed Martin Corporation.)

The cockpit canopy isalso built by LMASin Marietta, andisabout 140inlong, 45 inwide,
27 in high, and weighs approximately 350 Ib. To evaluate emergency cockpit canopy sepa-
ration maneuvers, seven test canopieswere built for the rocket-powered ded test program,
which simulated emergency pilot-€jection activities.

Theintegrated forebody, aso known as the radar dome (cover) or radome, is of compos-
itematerial. Itismanufactured by L ockheed Martin Skunk Worksin PAlmdale, California.

Middle Fuselage Section

The middle fuselage section is the largest and most complex of the F-22 assemblies. It is
about 17 ftlong, 15 ft wide, and 6 ft high; it weighs about 8500 I b.

The middle fuselage is consdered to be the heart of the Raptor as amost every one of its
systems pass through it, including the hydraulic, electrical, environmental control, and
auxiliary power systems, aswel as the aircraft's fuel. In addition, there are two fuel tanks
(F-2 and F-3), four internal weapons bays (the two side bays, and the two sections of the
main bay that is separated), the 20-mm cannon, and the auxiliary power unit (APU).

Middlefuselage bodies of thenine F-22 EMD aircraft are assembled at L ockheed Martin
Tactica Aircraft Sysems(LMTAS) inFortWorth, Texas.

Aft Fuselage Section

The aft fusel age section is built by the Aircraft and Missile Systems Division of the Boeing
Company in Sesttle, Washington.
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i s i
This is the second forward fuselage assembly to be built as
itwas loaded into its assembly fixture in January 1996. This
part, called the forward fuselage keel beam, runs from nose
wheelwell to the radar bulkhead along the bottom of the for-
ward fuselage section. (Lockheed Martin Corporation.)

The aft fuselage section of the F-22 houses the two
Pratt & Whitney F119 engines that power it. It so con-
tainsamajor part of the aircraft's environmental control
systemandfuel, electrical, hydraulic, and enginesubsys-
tems. The aft fusdlage section has to contend with the
high heat from the engines as well as the stresses of
supersonic speed and high-gmaneuvers. The aft fuselage
is 19ftlongand 12 ft wide, andweighs 5000 Ib as shipped.
It is 67 percent titanium dloys, 22 percent aluminum
dloysand 11 percent composite materia sby weight.

About 25 percent (by weight) of the aft fusel age con-
sists of large electron-beam-welded titanium aloy
forward and aftward booms. The largest of these
booms, the forward boom, ismore than 10 ft long and
weighs about 650 Ib. The welded booms of the aft
fuselage are extremely weight-efficient and greatly
reduce the use of traditional fasteners (rivets, etc.) by
about 75 percent. A major part of the F-22's aftward
fuselage section is the empennage or tail group. The
empennage consists of the vertical and horizontal
tailplanes. The two vertical stabilizers (each one hav-
ing arudder) are of a multiple spar construction, and
feature hot isostatic pressed (HIP) cast rudder actua-
tor housings. The edges and rudders are made of com-
posite materials and both surfaces (the unmoving
vertical tails and movable rudders) have embedded
very high-frequency (VHF) antennas aswell as other
antennas. The rudders can be deflected outward to
act as speed brakes.

The horizontal tailplanes known as stabilators (combined horizontal stabilizers and ele-
vators) are made of honeycomb materials with composite edges. They are all-moving
assemblies and are deflected up and down by the composite pivot shaft (CPS). The F-22's
stabilators are al movable and close-coupled. They are mounted directly aft the wings on
the very same plane and their entire bodies deflect both up and down and they are fitted
so close that the leading edges of their apexesfit right into the inboard trailing edges of the

wings.

buildings. (Lockheed Martin Corporation.)
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tin Corporation.)

A close-up view of an F-22 midfuselage section as it is placed in to its final assem-
bly area at Fort Worth. (Lockheed Martin Corporation.)
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Manufactured by Wyman Gordon in North Grafton, Massa-
chusetts, this midfuselage bulkhead is the world's largest
titanium alloy forging. (Lockheed Martin Corporation.)

The Wings

Boeing manufactures thewings for the F-22, minusthe
leading-edge flaps, trailing edge flaps ailerons and
their related parts. Each of the F-22 swings measures 16
ft (sideof body) by 18ft (leading edge) andisroughly tri-
angular in shape. Together, the wings give the Raptor's
planform a modified delta shape. The thin wings are
designed to cruise at supersonic speeds for extended
periods and to withstand extremely high-gmaneuvers.

By weight the Boeing-built portion of thewing is 42
percent titanium dloy; 35 percent composite materi-
als, and 23 percent aluminum daloy steel alloy, and
other materials such as fasteners and dips. Each wing
weighs about 2000 | b.

Traditional aircraft materials such as aluminum al-
loys and sted alloys make up only about 20 percent of
the F-22's structure by weight. The high-performance
capabilities of the Raptor requires a significant use of
titanium aloys (42 percent of dl structural material)
and composite materials (24 percent). Both titanium
dloys and composite materials are stronger and lighter
than aluminum and steel, and offer better protection
against corrosion. Titanium aso offers higher tempera-
ture resistance—an especialy useful characteristic
near the exhaust nozzles of the F119 engines.

e -

Another Wyman Gordon bulkhead is attached to the F-22's midfuselage section.
(Lockheed Martin Corporation.)
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Boeing crane operators and assembly mechanics load a "center keel" for

the first Raptor's aft fuselage section into an assembly fixture. (The Boe-
ing Company.)

On September 26,1996, Boeing employees moved the titanium alloy and
composite material aft fuselage section for the first of nine EMD F-22As
into position for high-precision automated drilling. A data-driven, laser-

guided drilling machine then drilled more than 2000 holes into the struc-
ture. (The Boeing Company.)
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The wings of Raptor 01 are shown in final assembly on May 29, 1996 at a Boeing
facility in Seattle. Each F-22 wing measures about 16 ft (side of body) by 18 ft (lead-
ing edge) and weighs about 2000 Ib on completion. (The Boeing Company.)

The first Raptor takes shape; the Boeing-built wings of the first EMD F-22 are being
mated (final processes) to the aircraft's fuselage. The aircraft's forward fuselage

section was built by LMAS, the midfuselage section by LMTAS, and the aft fuselage
section by Boeing. (Lockheed Martin Corporation.)
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Airframe Structural Materials by Weight

The current F-22 weight distribution is as follows: titanium aloy 64 (Ti-64), 36 percent;
thermoset composites, 24 percent; aluminum aloy (AT), 16 percent; other materias, 15
percent; steel dloy, 6 percent; titaniumalloy 62222 (Ti-62222), 3 percent; and thermopl as-
tic composites, 1 percent. (Other materialsinclude coatings, paint, transparency, radome,
tires, brakes, sealants, adhesives, sedls, actuators, gases, and fluids.) Different titanium
alloys have different applications on the F-22. Ti-62222 is avery high-strength alloy that
was introduced on the Raptor.

Onthe F-22, the number of parts made from thermoset compositesis about a50/50 split
between epoxy resin partsand bismaleimide (BM1) parts. Theaircraft'sexterior skinsareall
BMI, which offer high strength and high temperature resistance. Thermoplastic compos-
ites are aso highly durable materials but, unlike thermosets, thermoplastics can be
reheated and re-formed.

TheAirMet 100 sted dloy used inthe F-22's main landing gear is another innovation. It
is one of the first applications of a special heat treatment of steel, which provides greater
corrosion protection to the main landing gear piston axle.

The Pratt & Whitney F119-PW-100 Turbofan Engine

The Pratt & Whitney F119-PW-100 turbofan engineis aradical advance in fighter aircraft
propulsion. The F119 engine develops more than twice the thrust of current engines under
supersonic conditions, and more thrust without afterburner than conventional engines
with afterburner.

TheF-22 ispowered by two of theserevol utionary 35,000-1b thrust class (the actual max-
imum thrust rating is classified) F119 turbofan engines. By comparison, the engines pow-
eringthe USAF'scurrent F-15 and F-16 fightershave maximum thrust ratingsranging from
23,000 to 29,000 Ib.

Fighter aircraft propulsive systems achieve additional thrust by directly injecting fuel
into the exhaust fire of ajet engine. Thisprocess, called afterburning, givesafighter aircraft
arocketlike boost of speed as the fuel ignites within ajet engine's exhaust chamber. The
penalties are increased fuel consumption, greater heat, and worse, a greater infrared or
heat signature visibility to the enemy.

The design requirement called for the two F119s in the Raptor to propel it to speeds
above Mn 15 (the actual Mach number is classified) without the use of afterburners. This
givesthe Raptor agreater operating range and stealthier flight operation.

F119-PW-100 Features

The F119 required agreat deal of risky innovation to achieve its goals. These included the
following:

* Integrally bladed rotors. 1n most stages, disks and blades are machined from a single
piece of metd alloy for better performance and less air leakage.

* Longchord, shroudlessfan blades. Wider, stronger fan blades eliminate the need for the
shroud, aring of metal around most jet engine fans. Both the wider blades and the
shroudless design enhance engine efficiency.

* Low-aspect, high-stage-load compressor blades. Once again, wider blades offer grester
strength and efficiency.

* Alloy Chigh-strength burn-resistant titaniumcompressor stators. P&W'sinnovativetita-
nium alloy increases stator durability, allowing the engine to run hotter and faster for
greater thrustand efficiency.
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« Alloy C in augmentor (afterburner) and exhaust nozzle. The same heat-resistant tita-
nium aloy protects aft components, permitting greater thrust and durability.

e Floatwall combustor. Thermally isolated panels of oxidation-resistant high-cobalt

material make the combustion chamber more durable, which helps reduce powerplant
maintenance.

» ATovisiblesmoke. Thisreducesthe possibility of an enemy visually detecting the engine
exhaust of an F-22.

 Improved supportability. All components, harnesses, and plumbing are located on the
bottom of the F119 engine for easy access. All line replaceable units (LRUs) arelocated
one deep (units are not located on top of one another). In addition, each LRU can be
removed with just one of the six standard tools required for engine maintenance.

» Fourth-generation full-authority digital electronic engine control (FADEC). Dual-
redundant digital engine controls—two units per engine, two computers per unit—
ensure unmatched reliability in F-22 engine control systems. The same experience that
introduced full-authority digital control to fighter engines works with the aircraft sys-
tem to make the powerplant and the airframe function together as a singleflight unit.

Pratt & Whitney's balanced approach to the F119 design process, using a team approach
called integrated product development (1PD), led to an engine asinnovativeinitsreliability
and support as in its overal performance. Assemblers and flight line mechanics partici-
pated in the F119's design from its inception. The result is that ease of assembly, mainte-
nance, and repair are designed into the engine.

The F119 has 40 percent fewer major parts than do current fighter aircraft engines, and
each existing part is more durable and does its job more efficiently. Computational fluid
dynamics (CFD)—the study of airflow using advanced computers—Iled to the design of

A Pratt & Whitney F119-PW-100 engine is shown hanging from one of
P&W's old J75 turbojet engine (the engine used by the USAF F105
Thunderchief and F-106 Delta Dart fighters) slings. Two F119s, without
their afterburners in operation, propel the F-22 past Mn 15. (Pratt & Whit-
ney Large Military Engines.)



The Lockheed Martin F-117A Nighthawk, which was a third-generation stealth aircraft, was a Skunk Works achieve-
ment just like its SR-71A Blackbird stable mate—the first-generation stealth aircraft. The Have Blue prototypes were
the second-generation. The fourth-generation is the Northrop Grumman B-2A Spirit, while the fifth-generation is the
Lockheed Martin/Boeing F-22A Raptor. Thus, Lockheed is the hands-down leader in the creation of stealth aircraft
products. Here are 17 F117s at Langley AFB in late 1990, just before they were flown to Saudi Arabia for subsequent
action in Desert Storm. (U.S. Air Force.)

During its official unveiling ceremony inside Lockheed Martin's Plant 10 facility in Palmdale, California, the first
of two Lockheed/Boeing/General Dynamics (now Lockheed Martin/Boeing) YF-22A prototypes appears publicly
for the first time on August 28, 1990. (Lockheed Martin Corporation.)



flight with Lockheed ATF chief test pilot David L. ("Dave") Ferguson at its controls. As a matter of historical significance,
Dave Ferguson was the second person to fly the Lockheed Martin F-117A Nighthawk, the world's first, and still only, Stealth
light-attack bombardment aircraft. (Lockheed Martin Corporation.)

The Pratt & Whitney YF119-powered YF-22A made its first fight on October 30, 1990 with Lockheed test pilot Tom
Morgenfeld in its seat. (Lockheed Martin Corporation.)




With their first flights respectively occurring on August 27 and October 26, 1990 at Edwards AFB, the two
Northrop/McDonnell Douglas YF-23A ATF prototypes fly in formation, circa late 1990. First to fly, the black

one (YF119-powered) was nicknamed the Black Widow Il. Second to fly, the multihued light to medium gray one
(YF-120-powered) was dubbed the Gray Ghost (U.S. Air Force.)

Powered by two Pratt & Whitney YF119-PW-100 prototype engines, the YF-22A prototype 2 (87-0701) flies near
Edwards AFB. This is the airframe-powerplant combination that the USAF selected for what has how become

the F-22A Raptor. The YF-22A's nose landing gear retracted aft while the F-22A's retracts forward. (Lockheed
Martin Skunk Works.)




This is another view of the YF119-powered YF-22A, with its landing gear now retracted, near Edwards AFB, in
late 1991. With Tom Morgenfeld at its controls, it resumed flight test activities on November 30, 1991 with a
1.6-hour flight. Originally owned by Lockheed and marked with civilian registration number N22YX, it was
remarked with USAF serial no. 87-0701 after it was purchased by the USAF. (Lockheed Martin Skunk Works.)

F119-PW-100

Although the Pratt & Whitney F119-PW-100 engine does not appear very complicated in this phantom view, it
is an extremely advanced propulsion unit. It develops more than twice the thrust of current engines under
supersonic conditions, and more thrust without afterburner than conventional engines with afterburner. (Pratt
& Whitney Large Military Engines.)



Two Pratt & Whitney F119-PW-100 turbofan engines with a combined thrust output of 70,000 Ib propel the F-22A
Raptor. Since the maximum gross takeoff weight of a full-production Raptor is to be about 60,000 Ib, the aircraft will

have a tremendous engine power (thrust) : airframe weight (pounds) ratio permitting the F-22A to rapidly accelerate
while flying straight up. (Pratt & Whitney Large Military Engines.)

With Lockheed Martin F-22 Raptor chief test pilot A. Paul Metz standing nearby, the large-scale F-22 paint
application test model is shown. By using a highly sophisticated and fully computerized robot paint
machine, Lockheed Martin can automatically paint the nine EMD F-22As as well as the 330 subsequent-
production Raptors with predetermined paint schemes. (Lockheed Martin Corporation.)



With "Spirit of America" emblazoned on its left side, the first of nine EMD F-22A Raptors, called Raptor 01, is
spotlighted during its heavily attended public debut on April 9,1997. The "Spirit of America" banner was later

removed and was not present when the aircraft made its first flight about 5 months later. (Lockheed Martin
Corporation.)

With Paul Metz at the controls, on September 7, 1997, Raptor 01 graces the skies near Marietta, Georgia.

Similar in size and weight to its immediate predecessor, the Eagle, operational Raptors will take over the F-15C's
air superiority role. (The Boeing Company.)




Raptor 02 departs Dobbins ARB on June 29, 1998 for its first flight. The shape of the F-22 perhaps
contributes to the most important part of its stealth capability. (Lockheed Martin Corporation.)

As it banks to the right, Raptor 02 (AF 91-0002) flies through cumulus and cirrus clouds. Using its after-
burners, the F-22 is capable of more than Mach number 2 (Mn 2+) at altitude (Mn 1.5+ without afterburners)
and Mn 1+ at sea level. (Lockheed Martin Corporation.)



The F-22 features two wide-chord, large-area vertical tails with large-area rudders. Canted outward for stealth
reasons, its vertical tails offer excellent low-, medium- and high-speed stability. The ED on the tail denotes
Edwards AFB. (Lockheed Martin Corporation.)

During its third flight test out of Edwards AFB, the second of nine EMD F-22A Raptors—the Raptor
02—flies over Rogers Dry Lake near the USAF's Air Force Flight Test Center and NASA's Dryden
Flight Research Center. (Lockheed Martin Corporation.)
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An F119 engine being test-run in afterburner. Although the F119s thrust
vectoring exhaust nozzles are relatively heavy, they enhance the F-22's
performance. (Pratt & Whitney Large Military Engines.)

engine turbomachinery of unprecedented efficiency, giving the F119 more thrust with
fewer turbine stages.

F119/F-22 Engine Exhaust Nozzle

The H 19 engine exhaust nozzle for the Raptor istheworld'sfirst full-production vectoring
nozzle, fully integrated into the airframe-powerplant combination as origina equipment

Thetwo-dimensional nozzlevectors enginethrust 20° up and 20° down for improved air-
craft agility. This vectoring increasses the roll rate of the F-22 by 50 percent and has features
that contribute to the aircraft's stealth requirements. Heat-resistant components give the
nozzles the durability needed to vector engine thrust, even while the afterburners arein use
With precision digita controls, the nozzles work like another flight control surface on the
Raptor. Thrust vectoring is an integrated part of the F-22's flight control system, which
alows for seamless integration of dl componentsworking in response to pilot commands.

The nozzle assemblies are manufactured at Pratt & Whitney'sWest Palm Beach, Florida
}‘aqilllittyy. Thisis Pratt & Whitney's Large Military Engine design and prototype construction

acility.

F119 Production Schedule

In the Engineering and Manufacturing Development (EMD) phase of the F-22 Raptor pro-
gram, Pratt & Whitney is continuing the design, development, and qualification processes
of three products. 26 EMD flight test F119 engines, the F119 engine support system, and
the F119 enginetraining system.

At thiswriting, for the current production total of 339 F-22 Raptor aircraft, Pratt & Whit-
ney will manufacture 775 F119 engines. This number will provide engines for the 339

51



52

F-22 RAPTOR

General Electric's YF120-GE-100 engine. Although it pushed a YF-23A ATF
prototype to a still-classified top speed, it lost out to P&W's YF119-PW-
100 engine. Compare this photo with that of the F119 engine on page 50
to see the difference in their exterior plumbing and thrust vectoring
exhaust nozzles. (General Electric.)

planned aircraft (two per aircraft) plus sufficient spares; 22 of these 775 engines are for the
nine EMD F-22 aircraft (two per aircraft) plus spares.

F-22 Airframe-Mounted Accessory Drive

Built by Boeing, the F-22 Air frame M ounted Accessory Drive (AM AD) transfer sshaft power
from theAir Turbine Starter System (ATSS) to theFl 19 enginesfor engine starts, and from
the engines to agenerator and hydraulic pumps for the electrical and hydraulic systems.

The AMAD transmits power required by the high-performance F-22 throughout the
flight envelope and incorporates a highly reliable lubrication system that services the
AMAD-mounted generator and ATSS aswell as gearbox components.

F119 Engine Trailer

TheBoeing-developed FI 19 enginetrailer (designated A/M 32M -34) isan important piece of
ground support equipment that isrequired for removal and installation of the F-22'sengines.
Thetrailer also supportsthe enginefor on-basetowing, air transport, and ground transport
shipments. For both air and ground shipments a shipping adapter (a support framethat fits
over the top of the engine and attachesto thetrailer to secure the engine) isalso required.

Duringengineingtallation, thetrailer providesafive-axis(vertical, lateral, pitch, roll, and
yaw) adjustment capability to precisely align the engineto the air cr aft. Fine adjustmentsin
the vertical and lateral directions are also provided for load transfer of the engine to and
from the aircraft.

Oncealigned, theengine didesfrom thetrailer'srailsdirectly to asimilar set of extension
rails placed in the aircraft's engine bay. From there, the engine is pushed onto the engine
mounts. The lower segments of two of the aircraft's engine bay frames (numbers 5 and 6)
drop down to allow for enginefitting.

Only eight connections have to be made between the power plant and the airframe, and
with the dropout links, maintenance personnel will be able to remove and replace an
enginein about 75 minutes. TheA/M 32M -34 enginetrailer isabout 14 ftlongand 6ft wide,
and has an empty weight of 3400 | b; maximum payload capacity is 7500 | b. When fully low-
ered by means of its mechanically actuated scissor s-lift assembly, thetrailer'sheightisonly
38 in; maximum height is5 ft.
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Flight-Critical Avionics and Systems

To successfully create and market such an advanced tactical fighter asthe F-22, its design-
ers and developers had to incorporate numerous flight-critical avionics and systems,
which are described in the text below.

Vehicle Management System

The vehicle management system (VMYS) providesflight and propulsion control. TheVMS
enables the pilot to maneuver the F-22 to its maximum capabilities. The system includes
hardware, such as the control stick, throttle controls, rudder pedals and actuators, air
data probes, accelerometers, leading-edge flap drive actuators, and the primary flight
control actuators. The VMS aso encompasses the software that controls these devices;
the VM S became operational when Raptor 01 was flown for the first time in September
1997.

The flight control software and flight control laws that underpin theVMS aretested in a
specidized laboratory at LMTASin FortWorth. The VMSIntegration Facility (VI P), asthis
lab is caled, consists of an F-22 cockpit and flightworthy F-22 hardware and software. The
VIF has been operational snce March 1995.

Utilities and Subsystems

The utilities and systems for the F-22 include these subsystems: the integrated vehicle
subsystem controller, environmental control system, fire protection, auxiliary power-
generating system, landing gear, fuel system, electrical system, hydraulics, and arresting
system.

Integrated Vehicle Subsystem Controller (IVSC)

The IVSC is the system responsible for aircraft integration, control, and diagnostics.

LOCALZER

Y r
s \ / h__— BAND 2 AFT ARBAY
i Y

. - |
—/‘“ BAND 2 AFT

7 UPPER IFDL ASSEMBLY
A i i ARRAY
< _-(’g_ }>n . H VP ANTENNAS &—.
o = GPS ANTEMNA
- =t =
=t / £ _-BANDZAFT
CHI CONTROL PANELS * = T e

INLET IFDL ASSEMBLY

NY

"::“... |
/ W ST BAND 2 AFT ARRAY
BAMND 2 FWD ARRAY

LOCALIZER

UFPER L BAND ANTENNA

UHF ANTENNA

The F-22's communications-navigation-identification upper-surface aperture locations. (Lockheed
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The F-22's three-level integrated avionics system. (Lockheed Martin Corporation.)

Environmental Control System (ECS)

The F-22 uses atotally integrated ECS that provides thermal conditioning throughout the
flight envelope for the pilot and the avionics. The five basic safety-critical functions the
ECS mugt take care are avionics cooling, adequate air to the pilot, cockpit canopy defog-
ging, cockpit pressurization, and fire protection.

Air Cycle System (ACS)

The air cycle system takes bleed air from the F-22's two engines (which enters the system at
1200 to 2000°F and coals it down in the primary heat exchanger (PHX) to approximately
400°F. From the heat exchanger, the air is fed into the ar cycle refrigeration package
(ACRP). Theair must bedry, sothe system also includeswater extractors.

Whenthe air comes out of the ACRP, it is chilled to approximately 50°E The flight-critical
equipment is cooled by this air. This air is also fed into the Normalair-Garrett-built
onboard oxygen-generating system to provide breathable oxygen to the pilot, to operate
the breathing regulator/anti-g (antigravity) valve on the pilot's ensemble, to provide
canopy defogging and cockpit pressurization.

Liquid Cooling System

Unlike other fighter aircraft, the F-22 uses liquid cooling, rather than air cooling, for the
mission avionics. The Raptor is breaking new ground in liquid cooling and the environ-
ment in which it works. Resistance to high temperature and dur ability were the driving fac-
torsin theliquid cooling design. Allied Signal is the primary supplier of the liquid cooling
equipment.

The closed-loop liquid cooling system isdivided into two loops. oneforward and one aft.
These systems use brushless, direct-current (DC) motor pumps that are connected for
redundancy. The medium used in the liquid cooling system is polyalphaolefin) (PAO).

The forward loop is used to cool the mission-critical avionics and keep them at a com-
fortable (for them) 68°F. The PAO passes through the vapor cycle system, and afilter,and is
routed to the avionics and then out to the wings to cool the embedded, or blended, sensors.
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Fromthere, the now-warm PAO coolant entersthe aftloop, whichallowsit to passby the air
cyclemachine, which coolsthe system by receiving transferred heat. The PAO thenisrouted
to thefuel tanks, wherethe heat is dumped. No coolantis mixed inthefuel, however, asthis
isaclosed-looped cooling system. Thefuel inthe tanksisused only as aheat sink.

Thermal Management System (TMS)

The thermal management system is used to keep the aircraft's fuel cool. The air-cool edfuel
cooler (ACFC) takes air from the boundary layer diverter between the engine air inlets and
the aircraft's forward fuselage section. Hot fuel passes through the heat exchanger and
cools it down. "Greatly simplified,” as Lockheed Martin describes it, "this is essentially
blowing on hot soup to cool it down enough to edt it."

Fire Protection

Fireprotectionisprovidedfor the F-22's engine bays, the APU, and for dry bays such asthe
landing gear wells, the side-of-body cavities, the linear linkless ammunition handling sys-
tem (LLAHS), the onboard inert-gas generation system, left and right air-cooled fuel cool-
ers, and the environmental control system bay.

The Raptor usesinfrared and ultraviolet sensors for fire detection and Halon 1301 for fire
suppression. The Halon 1301 isthe only ozone-depleting chemical onthe F-22, and efforts
are under way to find a replacement suppressing chemicd.

Auxiliary Power Generation System (APGS)

The APGSfor the F-22 isbeing devel oped, built, and tested by Allied Signd Aerospacefor
Boeing. The APGS consists of an auxiliary power unit (APU), and a self-contained stored
energy system (SES). The APGS provides secondary aircraft power for everyday main
engine ground start, aircraft ground maintenance, and in-flight emergency power for air-
craft recovery. The APGS uses the G-250 APU, a450-horsepower turbine engine that uses
state-of-the-art materials and design resulting in the highest power density APU in the
industry (horsepower:weight ratio).

Fuel System

There are eight fuel tanks on the F-22, including one (designated F-1) inthe forward fuse-
lage section behind the pilot's gjection seat. The other seven tanks are located in the mid-
dle and aft fuselage sections (three: F-2, F-3, and F-4) and the wings (four: W-1L and
W-2L/W-3R and W-4R). The Raptor will burn Jet Petroleum formula eight or JP-8, a naph-
thalene-based fuel with arelatively high flash point. The F-22 has a single-point ground-
fueling receptacle, and it can be refuel ed without the need for ground power. It also has a
Xar-made aeria refueling receptacle on the topside of the aircraft in the center of the fuse-
lage directly behind the cockpit. Itis covered by two butterfly doors that have integral low-
voltage lights to aid boom operators during night refueling operations.

The F-22 dso hasthe OBIGGS equipment that rendersthefuel tanksinert asthefuel is
depleted. By filling the tanks with inert nitrogen gas as the fuel is used, the fumes are
suppressed, and the chance of explosion from gunfire or other ignition source is nearly
eliminated.

F-22 Avionics System

The requirementsfor the F-22's avionics system are derived from the F-22 weapon system
concept, which presented the guiding principles for the overall weapons system. The inte-
grated avionics system is one of the essential elements that will give the Raptor the tactical
advantage it needs over the fighter threats of the future. The other essentia elements
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The federated avionics system for the current generation of EMD F-22 aircraft.
(Lockheed Martin Corporation.)

include stealth, maneuverability, and supercruise capability, aided by the aircraft's first-
look, first-shoot, and first-kill capability.

Avionics System Design

Trandating the system requirements into a producible, affordable, and maintainable
design has been the work of the EMD program so far. The basic concept, derived from the
Pave Fillar program in the 1980s [which included development of integrated communica-
tions, navigation, identification avionics (ICNIA) and integrated el ectronic warfare system
(INEWS) systems], wasto provide al the signal and data processing resourcesin a central
collection of modular processors, linked to the sensors, subsystems, and pilot by way of
high-speed databuses. The F-22 architecture providesjust such asystem, interfaced to the
air-cooled, flight safety-critical systems such asthe aircraft'sflight control system.
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The F-22's electronic warfare or (EW) locations are shown. (Lockheed Martin Corporation.)

Common Integrated Processor

The Hughes-built Common Integrated Processor (CIP) is the brain of the F-22's avionics
system. Rather than the radar system, the ICNIA system, and the INEWS system having
individual processors, the CIR which is not much bigger than a breadbox, supportsall sg-
nal and data processing for dl sensors and mission avionics.

Striking the now-classic Boeing pose near Washington's Mount Rainier as so many
of its aircraft have, still without its sensorwing, the 757 FTB heads south on a flight
out of Seattle. (The Boeing Company.)
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Therearetwo CIPsineach F-22A , with 66 modul ed otsper CIP. They haveidentical back-
planes, and all the Raptor's processing requirements can be handled by only seven differ-
ent types of processors. Currently (early 1999), 19 of 66 slotsin CIP number 1 and 22 of 66
dotsin CIP number 2 are not populated and are available for growth. Each CIP moduleis
limited by design to only 70 percent of its capability, so the F-22 has 30 percent growth
capability with no change to the existing equipment. There are space, power, and cooling
provisions in the aircraft for a third CIP, so the requirement for a 200 percent avionics
growth capability in the F-22 can be met eadly.

AN/APG-77 Radar

TheRaptor's Northrop Grumman/Texas | nstruments-built AN/APG-77 radar isan active-
element, electronically scanned (nonmoving) array that features a separate transmitter
and recelver for each of the antenna's several thousand, finger-sized radiating elements.
Most of the mechanical parts common to other radars have been eliminated, thus making
the radar more reliable.

This type of radar antenna, which is integrated both physically and electromagnetically
with the airframe, provides the frequency agility, low radar cross section (RCS), and wide
bandwidth necessary to support the F-22's air dominance mission.

The AN/APG-77 radar system is paramount to the F-22'sintegrated avionics and sensor
capabilities. It will provide pilots with detailed information about multiple threats before
the adversary's radar ever detectsthe Raptor.

Avionics Software

The software that provides the avionics system'sfull functionality is composed of approxi-
mately 1.7 millionlines of code. Inaddition, 90 percent of the softwareiswritteninAda, the
DoD's common triservice high-order computer language. Exceptions to the Adarequire-
ment are granted only for special processing or maintenance requirements. When the first
Raptor made itsfirst flight in September 1997, it carried only 20 percent of the final soft-
ware load that will be required for the full avionics suite.

The avionics software isto be integrated in three blocks, each building on the capability
of the previous block.

Block 1 is primarily radar capability, but Block 1 does contain more than 50 percent of the
avionics suite'sfull-functionality source lines of code or SLOG and provides end-to-end
capability for thesensor-to-pilot dataflow. ThefourthEMD F-22will bethefirst raptorto
have afull avionics suite, and at thiswriting, it was scheduled tofly in late 1999.

Block 2isthe start of sensor fusion. It adds radio-frequency coordination, reconfiguration,
and someé ectronicwarfarefunctions. Block 2isto beintegratedintothe F-22inlate 1999.

Block 3 encompassesfull sensor fusion built on electronicwarfareand CNI functions. It has
an embedded training capability and provides for electronic counter-countermeasures
(ECCM). Itisscheduled to beintegrated into the aircraft in the spring of 2000. Block 3.1,
which addsfull GBU-32 JDAM launch capability andjoint tactical information distribu-
tionsystem (JTIDS) receive-only capability, will beintegratedin April 2000.

Theproposed Block 4 softwarewill be post-EMD. Itisscheduled to beintegrated onthe OC
F-22sin2005 andwill likely include hel met-mounted cueing, AIM-9X Sidewinder missile
integration, and JTIDS send-only capahility.

The Cockpit

The F-22 Raptor's cockpit represents arevolution over current "pilot offices," asitisopti-
mized to alow the pilot to operate as atactician, not a sensor operator. "For the humanis
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This is the first cockpit canopy for the first Raptor as it appeared in January 1996.
It is approximately 140 in long and 45 in wide and weighs about 350 Ib. (Lockheed

Martin Corporation.)

The Boeing-developed tactical displays for the F-22 are shown on this sim-
ulator. The defense display on the left gives pilots the information they
need to protect themselves against threats. The situation display in the
middle provides them with overall situation awareness and navigation
information. The attack display on the right gives them the information
necessary to attack a target. (The Boeing Company.)
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agood differentiator, but a poor integrator,” according to Lockheed Martin. It added, "the
F-22 cockpit lets the pilot do what humans do best, and it fully utilizes the power of the
computer to dowhat it does best.”

N While that changeto tactician is the biggest advance the F-22's cockpit has over current
fighter cockpits, there are severd other digtinctive features, including

» The F-22's cockpit is one of the very first "al-glass' cockpits for tactical fighter aircraft-
there are no traditional round-dial standby or dedicated instrument gauges.

* |t accommodates the largest range of pilots by size (the central 99 percent of the USAF
pilot population) of any tactical fighter aircraft.

« ltisthefirst baseline night-vision goggle or (NVG) -compatible cockpit.
* It has designed-in growth capability for helmet-mounted systems.

» The canopy is the largest piece of polycarbonate formed in the world with the greatest
zone 1 (highest-quality) opticsfor compatibility with helmet-mounted systems.

The Raptor's cockpit design also ensures pilot safety with an improved version of the
proven zero/zero (zero atitude/zero speed) Boeing Advanced Concept Ejection Seat
(ACESII) gjection seat and anew pilot personal equipment and life support ensemble.

Pilot/Air Vehicle Interface

The Head-Up Display (HUD), supplied by GEC-Marconi Avionics, offersawide field of
view (30° horizontally and 25° vertically) and serves as aprimary flight instrument for the
pilot. The F-22's HUD mounts atop and directly in the center of the main control panel
immediately in front of the pilot's eyes. It is approxi-
mately 4.5 in high and uses standardized symbology
developed by the Air Force Instrument Flight Center
(AFIFC). It does not present information in color, but
the tactical symbol st is the same that is used on the
Raptor'sHead-Down Display (HDD) screens.

During F-22 canopy bird drike tedts, it was found
that the HUD combiner glasswould shatter the canopy
To solve this problem for al nine of the F-22 EMD air-
craft, the Raptor's HUD now has arubber buffer strip
onit that will effectively shield the polycarbonate of the
canopy from abird strike. Designisalso underway for a
HUD that will collapse during abird strike, but would
remain upright under al conditions. Additionally,
investigations are ongoing into the possibility of having
the HUD combiner glass laminated similar to house-
hold safety glass to prevent flying glass in the cockpit
following abird srike.

The integrated control panel (ICP) is the primary
means for manual pilot data entry for communica-
tions, navigation, and automatic pilot information.
Located under the glare shidd and HUD, this keypad
entry system also has some double-click functions,
much like a computer mouse for rapid pilot access

Anotherview of an F-22 cockpit simulator shows a pilot firing
a missile launch at a target. Note right hand on control stick
and thumb on fire button. (Lockheed Martin Corporation.)

and/or use.
There are sx liquid crystal display (LCD) panelsin
the caockpit. These present informationin full color and
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arefully readable in direct sunlight. The LCD panels offer lower weight and less areathan
the cathode-ray tube (CRT) displays used in most current aircraft. The lower power
requirements of LCD panelsalso provide areliability improvement over CRTs.

Thetwo up-front display (UFD) panelsmeasure3inby4inin sizeand arelocated to the
left and right of the | CP discussed above. The UFD panels are used to display integrated
caution-advisory-warning data and communications-navigation-identification data and
serve as the standby flight instrumentation group and fuel quantity indicator suite.

The standby flight group (SFG) isawaysin operation and, although it is presented on
LCD panel displays, it shows the basic information (attitude indicator, rate of climb/
descent, etc.) the pilot needstoflytheaircraft. The SFG istied to the last source of power in
theaircraft, so if everything dsefails, the pilot will till be abletofly the aircraft.

The primary multiple-function display (PMFD) is an 8-by-8-in color display that is
located in the middle of the main instrument panel, under the | CP discussed above. Itisthe
pilot's principal display for aircraft navigation (including showing waypoints and route of
flight) and situation assessment or a "God's-eye view" of the entire environment around
(above, below, both sides, front and back) the aircraft.

Three secondary multiplefunction display (SMFD) screensaredl 6.25inby 6.25in, and
two of them are located on either side of the PMFD on the instrument panel with the third
underneath the PMFD between the pilot's knees. These are used for displaying tactical
information (both defensive and offensive) aswell as nontactical data such as checklists,
subsystem status, engine thrust output, and stores management.

Cockpit Display Symbology

The tactical information shown on the displays is designed to be intuitively recognized by
pilots so that they can be aware of the situation around them by a glance at the screen.
Enemy aircraft are shown asred triangles, friendly aircraft are green circles, unknown air-
craft are shown as yellow squares, and wingmen are shown as blue F-22s. Surface-to-air
missile sites are represented by pentagons (along with an identification of exactly the type
of missile and itslethal range).

There arefurther refinements to the shape and color of the symbols. A filled-in triangle
means that the pilot has amissile firing-quality solution against the enemy target, while an
open triangleis not afiring-quality solution.

The pilot has a cursor on each screen, and can request the aircraft's avionics system to
retrieve more information. The system can determine to a 98 percent probability the tar-
get's type of aircraft. If the system cannot make a solid identification to that degree, the dr-
craft is shown as an unknown.

Oneof the original objectivesfor the F-22 wasto increase the percentage of fighter pilots
that make "kills" The inter/intraflight data link (IFDL) is one of the most powerful tools
that make al F-22s more capable. All Raptors can be linked together to trade information
without radio callswith each one of the accompanying F-22s.

Each pilot is then free to operate more autonomously because, for example, the leader
can tell at a glance what the wingperson's fuel state is, what weapons are remaining, and
eventhe enemy aircraft targeted. Classic tacticsbased onvisual "tallyho™" (visua identifica-
tion) and violent formation maneuvers that reduce the wing man to "hanging on" may
have to be revised in the light of such capabilities.

Hands-on Throttle and Stick

Unlikemost modernU.S. fighters, the F-22 hasahands-onthrottleand stick (HOTAYS) side-
stick controller (similar to an F-16's) and two engine throttles. These are the aircraft's pri-
mary flight controls. The GEC-built stick is located on the right console, and there is a
swing-out, adjustable armrest. The stick isforce-sensitive and has athrow (travel range) of
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only about 314 in throughout its 360° circle of operation. Thetwo FI 19 enginethrottles are
located on the | eft console.

Both the sidestick controller and the engine throttles are high-use controls during air
combat. To support pilot functional requirements, the grips include buttons and switches
that are both shape- and texture-coded to control more than 60 different time-critical
functions. These buttons are used for controlling the offensive weapons targeting and
release and defensive systems, although some of these, such as chaff and flares, can oper-
ate both automatically and manually.

Pilot Accommodations

Previous fighter cockpits were sized to accommodate the fifth percentile to 95th per-
centile pilots (arange of only 90 percent). The F-22 cockpit is sized to accommodate the
0.5 percentile to 99.5 percentile pilots (the body size of the central 99 percent of the
USAF pilot population). This represents the largest range of pilots accommodated by
any tactical fighter aircraft now in service. The rudder pedals are adjustable; and impor-

tantly, the pilot has 15° over-the-nose visibility aswell as excellent over-the-side and aft
visibility.

Lighting

The cockpit interior lighting isfully night-vision-goggle (NV G)-compatible, asisthe exte-
rior lighting. The cockpit panels feature extended life, self-balancing, electroluminescent
(EL) edge-lit panelswith an integral life-limiting circuit that runs the lights at the correct
power setting throughout their life. It starts at half power and gradually increases the power
output to ensure consistent panel light intensity over time. As one result, the cockpit
adways presents a well-balanced lighting system to the pilot. The panels produce low
amounts of heat and power and are very reliable.

The aircraft a'so has integral position and anticollision lights (including strobes) on the
wings. The low-voltage EL formation lights are located at critical positions for nighttime
flying operations on the aircraft. These are located on either side of the forward fuselage
section under the chine, on the tip of the upper left and right wings, and on the outside of
both vertical stabilizers. There are similar air refueling lights on the butterfly doors that
cover the air refueling receptacle.

Life Support Ensemble

The F-22'slife support system (LSS) integrates al critical components of clothing, protec-

tive gear, and aircraft equipment necessary to sustain the pilot's life while flying the air-

craft. Inthe past, these components had been designed and produced separately.
TheRaptor'sLSS componentsinclude

» Anonboard oxygen-generating system (OBOGS) that suppliesbreathable air to the pilot

» Anintegrated breathing regul ator/anti-g (BRAG) vave that controlsflow and pressureto
the facemask and pressure suit garments

* A chemical/biological/cold-water immersion (CB/CWI) protectionensemble

» An upper-body counterpressure garment and alower body anti-g garment that acts as a
partial-pressure suit at high altitudes

* An air-cooling garment, which will aso be used by pilots on the U.S. Army's RAH-66
Comanche helicopter to provide thermal relief for the pilot

» Helmet and hel met-mounted systems, including chemical/biological (C/B) goggles and
C/B hood, and the M BU-22/P breathing mask and hose system.
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Back in the early 1940s, Northrop designed several fighter air-
craft in which their pilots would lie prone to absorb a force as
great as 12g during combat maneuvers. These never went into
production, however. Seated upright, today's fighter pilots are
expected to pull at least 99 during combat maneuvers. The
F-22's Boeing-engineered life support system (LSS) is shown.
(Lockheed Martin Corporation.)

The Boeing-led support system development and its suppliers designed the life support
system with the F-22's advanced performance capabilities in mind. The separate compo-
nents of the life support system must simultaneously meet pilot protection requirements
established by the USAF in the areas of higher-altitude flight, acceleration, heat distress,
cold-water immersion, C/B environments, fire, noise, and high-altitude/high-speed-
speed gjection.

Emergency escape-system tests have demonstrated that the life support will protect
pilots when exposed to wind speeds of up to 600 knots. Current life support systems are
designed to provide protection only up to 450 knots. The head-mounted portions of thelife
support system are about 30 percent lighter than existing systems, which improves mobil-
ity and endurance time for pilots. With its advanced design, the HGU-86/P helmet that is
used by F-22 pilots during EM D reduces the stresses on apilot's neck by 20 percent during
high-speed g ection compared to the current HGU-55/P helmets. The F-22 pilot's helmet
fitsmore securely as the result of an ear cup tensioning device andis easily fitted to apilot's
head. The helmet provides improved passive noise protection and incorporates an active
noise reduction system for superior pilot protection.

The aforementioned CB/CWI garment is to be worn by pilots when they fly over large
bodies of cold water or into C/B warfare situations. These garments meet or exceed USAF
requirements. During cold-water immersion tests, the body temperature of the test sub-
jects wearing the garments fell no more than afraction of a degree after sitting in nearly
32°Fwater for 2 hours. Current CWI suits allow body temperatures to drop below the min-
imum of the body's normal temperature of 98.6°F within \*A hour.
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Cockpit Canopy

The Raptor's cockpit canopy is about 140 in long, 45 in wide, and 27 in high, and weighs
about 360 Ib. Itis of arotate/translate design, which means that it comes down, sidesfor-
ward, and locks in place with pins, and then reverses the process to open. The F-22's
canopy is a much more complex piece of equipment that it would appear to be.

The F-22 canopy'stransparency (made of Sierracine) featuresthelargest piece of mono-
lithic polycarbonate material formed today. It has no canopy bow, offersthe pilot superior
optics (zone 1 quality) throughout (notjust inthe areanear the HUD), and offersthereg-
uisite stealth features.

The canopy is resistant to C/B and environmental agents, and has been successfully
tested to withstand the impact of a4-Ib bird at 350 knots of indicated airspeed. It aso pro-
tectsthe pilot from lightning strikes.

The®/4-in-thick polycarbonate transparency is actually made of 2%/g-in-thick sheets that
are heated and fusion-bonded (the sheets actually meld to become a single-piece article)
and then drape forged. The F-16's canopy, for comparison, is made up of laminated sheets.
A laminated canopy generally offers better bird-strike protection, and because of the lower
altitude where the F-16 operates, this is an advantage. However, lamination also adds
weight aswell as reduced optics.

As engineered, the chance of postejection canopy-seat-pilot collison is minimized as
the F-22 canopy (with frame) weighs dightly more on one side than the other. When the
canopy isjettisoned, theweight differential isenoughto makeit dice nearly 90° to theright
asit clearstheaircraft.

ACES Il Ejection Seat

TheF-22 employsanimproved version of the Boeing (formerly McDonnell Douglas) ACES
Il (Advanced Concept Ejection Seat) emergency €jection seat that is used in nearly every
other USAF jet-powered combat aircraft. The seat has a center mounted (between the
pilot'slegs) gjection control.

- ARM FESTRAINT

OKYREN REG
AND HOSES ™

ELECTRICAL
DISCOMNECTS ™

CiGEN REGLLATOR
AND HOSES

ELECTRICAL o 'T — oL
OISCOMNMELTS -

CR(YISEN TEE

FLOGR

5 e g
FACIAINAL e |

The right and back sides of the F-22's ACES Il emergency ejection seat is illustrated in this draw-
ing. (Lockheed Martin Corporation.)
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The F-22 version of the Boeing-built ACES Il includes severa improvements over the
previousACES seat models. Theseimprovementsinclude:

» Theaddition of an active armrestraint systemto eliminate arm-flail injuries during high-
speed gjections.

» Animprovedfast-acting seat stabilization drogue parachute system to provide increased
seat stability and safety for the pilot during high-speed gjections. The drogue ‘chute is
located behind the pilot'shead, rather than at therear of the seat, and is mortar-depl oyed.

A new electronic seat and air craft sequencing systemthat improvesthe timing of the vari-
ous events that have to happen in order for the pilot to gject (initiation, canopy jettison,
and seat catapult ignition).

* A larger capacity oxygen bottlethat gives the gjecting pilot more breathing air to support
gection at higher dtitudes (if required).

TheF-22 ACESII gection system usesthe standard anal og three-mode seat sequencer that
automatically senses the seat speed and altitude, and then selects the proper mode for
optimum seat performance and safe recovery of the pilot. Mode 1 is low speed, low alti-
tude; mode 2 is high speed, low altitude; and mode 3 is high altitude.

The Armament System

We want the other guy to quit in the bottom of the first inning and go home.

TheF-22 isawarbird, asits official nameimplies. Itsweaponsinclude the AIM-9M/-9X
Sidewinder, theAIM-120C"Slammer," the GBU-32 Joint Direct Attack Munition (JDAM),
and the M61A2 20-mm Vulcan cannon and, in addition, externdly carried stores of many
types.

The AIM-9M/-9X Sidewinder

OntheF-22, asingleAIM-9M/-9X Sidewinder iscarriedwithineach oneof the Raptor'stwo
side weapons bays, which are located on either side of the fuselage on the outside of the
engine air inlets. The side bays are covered by two thermoset composite doors that run the
length of the missile compartment and are hinged at the top and bottom of the bay.

The new version of the Sidewinder, the AIM-9X, isin devel opment at thiswriting. Itisto
replacetheAIM-9M variant. AlthoughtheAIM-9X isdlightlylongerthanthe AIM-9M, itwill
gtill fitinthe F-22's sideweaponsbayswithout modification. TheAIM-9X isto retain many
of the earlier Sidewinder's capabilities while strengthening the design with airframe im-
provements and advanced seeker technology, including focal plane arrays, adaptive com-
pensation techniques, and infrared (heat) signals processing.

The Raytheon/Lora AIM-9M is currently the only operationa USAF variant of the
Sidewinder. It has an all-aspect (any direction) intercept capability, improved defenses
against infrared countermeasures, enhanced background discrimination capability, and a
reduced-smoke rocket motor.

The AIM-9M is9ft, 5inlong with adiameter of 5in. It has afin span of 2 ft, 1 in and
weighs 191 Ib. Its maximum speed is more than Mn 2.0, with arange of more than 10 mi. It
is supplied with a high explosive, blast fragmentation warhead that weighs 20.8 Ib. It is
powered by asingle Thiokol Hercules Mk. 36 solid propel lant rocket motor.

The Raytheon Company and Loral Autoneutronics-built AIM-9M iscarried on aLock-
heedMartinTactical Aircraft Systems(LMTAS)-built LAU-141/A hydrauliclauncher, caled
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Using three ordnance technicians, an AIM-9 is loaded into
the F-22's right-side weapons bay. One AIM-9 can be car-
ried inweapons bays on either side. (Lockheed Martin Cor-

poration.)
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An F-22 internal, external, and ferry weapons carriage capability is shown. The eight missiles in its
ferry configuration cannot be fired. (Lockheed Martin Corporation.)

a trapeze launcher. This launcher, which uses some components from the existing LAU-
128/A launcher, isbasically the wingtip launch rail from an F-16 with a swing-out mecha-
nismthat extendsrapidly. TheLAU-141/A isa sofitted with amissilemotor plumedeflector,
which prevents damage to the side weapons bay as the missile launches off the rail.

Each Sidewinder isloaded by opening the F-22's side weapons bay doors, extending the
trapeze launcher rail, diding it onto the rail, retracting the missile, and closing the doors.
Most Sidewinders are loaded manually, using athree-person load crew to evenly distribute
the 191 Ib of weight for each missile (about 63 1b for each person).

To launch a Sidewinder from an F-22, the side weapons bay doors open. After the doors
open, the trapeze launcher, with missile attached, extends to put the missile's seeker into
the dlipstream. The missle's nose-mounted heat seeker acquires the target, after which the
Sidewinder's rocket motor ignites and the AIM-
9M/-9X flies of the rail. The trapeze launcher
then retracts, and the weapons bay doors close.
Once launched, the F-22 pilot can depart the
area, as the Sidewinder is autonomous after it
leaves the launch rail, following its seeker to the
target. The entire Sidewinder launch sequence,
from doors opened to doors closed, takes only a
few seconds.

The AIM-120C "Slammer"

The Raptor's chief weapon is the radar-guided
Hughes Missile Systems and Raytheon Com-
pany-builtAlM-120CAdvanced M edium-Range
Air-to-Air Missle (AMRAAM), which is unoffi-
cidly nicknamed "Slammer" by fighter pilots. It
supplements, and in some cases, replaces the
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The LAU-141/A trapeze launcher is shown with an AIM-9 Sidewinder missile. (Lockheed Martin
Corporation.)

Raytheon/Hughes AIM-7 Sparrow series of radar-guided air-to-air missles which have
been used since the late 1950s.

The AIM-120C provides all-weather, all-launch environment capability for the F-22, in
addition to the USAF's F-15 Eagle and F-16 Fighting Falcon, the U.S. Navy's F-14 Tomcat, as
well asthe U.S. Navy'sand U.S. Marines F/A-18 Hornet.

This three-dimensional, computer-generated rendering shows the left-side
weapons bay of an F-22 with an AIM-O9M Sidewinder loaded. The F-22 will
also be compatible with the next-generation Sidewinder, the AIM-9X, which
has been in development since mid-1995. (Lockheed Martin Corporation.)
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AIM-9 Sidewinder weapon-fit testing at LMTAS, Fort Worth,
Texas. (Lockheed Martin Corporation.)

Using an MJ-1 loader, an AIM-120 is loaded into the F-22's
main weapons bay. Up to six AIM-120s can be carried.
(Lockheed Martin Corporation.)

This deadly missile features multiple target engage-
ment capability, increased maximum launch range, a
reduced-smoke rocket motor, and improved handling
and maintenance qudities. TheAMRAAM entered into
development in 1981, and the 33rd Tactical Fighter Wing
at Eglin AFB, Florida, wasfirst to operate itin early 1990.

The AIM-120C "Sammer is carried internally inthe
Raptor's maln weapons bay, which is located on the
undermost part of the fighter on centerline. The maln
bay is closed by a palr of thermoset composite bifold
doors that open outward toward the F-22's wingtips.
Depending on the mission requirement, two, four, or Six
AMRAAMSs canbecarriedwithinthe main bay.

EachAIM-120iscarried on an EDO Corporation-built
LAU-142/A pneumatic-hydraulic AMRAAM Vertical Eject
Launcher (AVEL). Tominimizemisslemovementwithin
the main weapons bay, AVEL s are built to be strong and
weighjust below 113 Ib each. The AVEL, built mostly of
aluminum aloy, hasa9-instroke, and gjectsamissileout
of the bay at more than 25 feet per second (fps) with
a force of 40g (40 times the force of gravity) at maxi-
mum acceleration. In addition, unlike prevalling missile
launchers on other fighter arcraft, the LAU-142/A AVEL
needs no pyrotechnics (explosive charges), and requires
less logigtics support than other launch systems.

The missiles are loaded from the opposite side of the
F-22 Raptor fighter (missiles in the left side of the
weapons bay are loaded from the right and vice versa),
in order to clear the open mainweapons bay doors. The
current MJ-1 load vehicle (called a "jammer" or a
"dammer" jammer) is used to load the AIM-120s into
the F-22. The AMRAAMS s are staggered within the bay
to prevent fins on nearby missiles from clashing with
each other when they are launched.
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Each AIM-120 receives target in-
formation from the F-22 prior to
launch by way of aMilitary Standard
(MIL-STD) 1760 data bus. Once
launched, anAMRAAM canoperate
independently of the Raptor, as it
has its own interna guidance sys
tem and an active radar, allowingthe
F-22 pilot to "launch and leave" that
is, to fire amissile, or missiles, and
leave the areq, thus avoiding a close-
in dogfight. In addition, a missile
can receive midcourse target up-
== Wb’ . ; datesfromthelaunch alrcraft.

B -l = = With the F-22's first-look, first-
AIM-120"Slam mer"weapon-fittesting atLMTAS. (Lockheed shoot, first-kill capability in any
MartinCorporation.) environment, the entire missile

launch sequence—doors opened,
AVEL egjectingthemissile, missileignition andflyaway,and doorsclosing—takes only afew sec-
onds. This schedule holds true whether one, or as many as six, AMRAAMs arelaunched.

The AIM-120C AMRAAM has ahigh-explosive, direct-fragmentation warhead that weighs
48 Ib. Its powerplant is atwo-stage, solid propellant rocket motor provided by Aergjet. Itis 12.0
ftlongwith 7 in diameter and hasafinspan of 1 ft, 6 in. It weighs 345 Ib, has arange of about 30
mi, and has an approximate Mn 4.0 cruise speed.

Inatypical combatoad, theF-22 carriessix AlM- 120Cs—threein each sideof themal nweapons
bay, with the center missiles staggered ahead of the two inboard and two outboard missiles.

The GBU-32 Joint Direct Attack Munition (JDAM)

TheBoeing GBU-32 JDAM isatail guidancekit that convertsexistingunguidedfree-fall "dumb"
bombsinto near-precision-guided "smart" bombs. It dso includes strap-on strakesthat attach
to the bomb's body for stability. It has no propulsion system.
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Two 1000-b class GBU-32 JDAMs can be carried by an F-22. They are carried
side by side within the Raptor's main weapons bay on EDO-built BRU-46/A
bomb racks. (Lockheed Martin Corporation.)
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Guidedtoitsintended target by an Inertial Navigation System (INS)/Global Positioning
(satellite) System (GPS), the GBU-32 has an approximaterangeof 15mi. For the Raptor, the
JDAM tail guidancekitisattachedto the Mk. 83 1000-1b class conventional warhead bomb.
The combined weight of the Mk. 83 bomb and the IDAM tail guidancekit isabout 1015 Ib.
The JDAM gives the F-22 a highly accurate, autonomous, high-altitude all-weather con-
ventional bombing capability.

TheGBU-32JDAM iscarriedonlyintheF-22'smai nweaponsbay. Only two GBU-32swiill
be carried in this fashion, one inboard of either side of the main weapons bay as close to
centerline as possible. When loaded with two GBU-32s, there is still enough room within
the main weapons bay to carry two AIM- 120s (onein either side of the bay), in addition to
the AIM-9s carried in either side weapons bay. This means that even on acombat mission
to attack ground targets, the Raptor retains significant air-to-air combat capability. Thereis
a2000-Ib class GBU-31 JDAM, but the F-22 Raptor will carry only two of the 1000-1b class
GBU-32s.

The M61A2 20-mm Vulcan Cannon

For close-in dogflghting capability, the F-22 is armed with a single, rotary-action, six-
barrel, hydraulically operated 20-mm Catling gun-type cannon. Built by General Dynam-
ics Armament Sygems, the Vulcan cannon is integrally mounted in the Raptor and is
located on the right side of the aircraft between the top side of the wing root and fusel age.
A gun door, located in the wing root area, is hydraulically controlled to open when firing
the gun, which alows the 20-mm rounds and blast pressure to clear the muzzles. With a
fixed forward-firing mount, the cannon has a 480-round closed-loop ammunition feed-
storage subsystem housed integrally under the right wing root/fuselage for easy live
ammunition upload and download of empty shell casings.
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The government-furnished equipment (GFE), General Dynamics-built M-61A2 20-mm cannon sys-
tem for the F-22. The cannon, called Vulcan, has been the mainstay of USAF cannon-armed fight-
ers since the late 1950s. (Lockheed Martin Corporation.)
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TheV ulcan cannon system consists of the M61A2 gun, the Linear LinklessAmmunition
Handling System (LLAHS), the hydraulic drive system, and the gun door/gun port-gas
purge system. The cannon's maximum rate of fire is 6000 rounds per minute, and it has an
effectiverange of several thousandyards. However, in actual close-inair-to-air combat, an
F-22 pilot would most likely set therate of fire at 100 rounds per minute. This much slower
rate of fire gives the pilot a shot density to better enable a "kill," for with only 480 rounds
available, the pilot can use the gun only five times per combat sortie.

TheRaptor'sM61A2isalightweight version of the M61A1, aproven gun, whichhashbeen
inuse sincethelate 1950s It wasfirst put into USAF service on another Lockheed fighter—
theF-104Starfighter.

The M61A2 is gover nment-fur nished equipment (GFE), that is, purchased by the govern-
ment under separate contract and furnished to the F-22 contractor team. Power to operate
theVulcan cannon is provided by hydraulic pressure supplied by the raptor's hydraulic sys-
tem. Each of the gun's six barrels fires only once during each revolution of the barrel clus-
ter. The six rotating barrels—which have been machined down in thickness to decrease
weight—contribute to long weapon life by minimizing barrel erosion and heat generation.

Externally Carried Stores

Accordingtothe USAFAir Combat Command, the F-22 Raptor isranked asamultimission,
air dominance fighter; that is, if properly modified and/or configured, it can carry and
deliver just about anything in the U.S. arsenal. Much like its immediate predecessor, the
F15 Eagle, its externa stores can range from the smallest conventional high-explosive
warhead gravity bomb, to al types of air-to-air and air-to-ground missiles, to the highest
yielding nuclear devices.

Whenused asastealthy fighter-bomber—the USAF isnot goingtoinvest $60.8 billion (in
fiscal year 1997 dollars) for 339 fighter aircraft that cannot double in brass as attack alr-
craft—the Raptor will strike surreptitioudly. It will attack at relatively high speed, utilizing
precision-guided munitions and smart bombs to hit tactical targets. For larger strategic
targets, it can be equipped with advanced cruise-type missiles with nuclear warheads.
However, a stealthy aircraft such as the F-22 will not be used for close support, where it
would encounter all types of antiaircraft artillery and missile fire. Instead, it will be an elu-
sive, quick-striking machine that unerringly hitsitstargets and then utilizes speed, stealth,
and electronics to disappear.

The F-22's primary combat configuration is "clean," that is, with al its armament
carried internally and no external stores. This is an extremely important factor in the
Raptor's low-observable (stealth) characteristics. Moreover, it improves the aircraft's
aerodynamics by dramatically reducing parasite drag, which, inturn, improvesthe F-22's
maneuverability, range, and speed. Yet, if required, the Raptor can carry externally
mounted stores.

The F-22 has four underwing hardpoints, each capable of carrying 5000 Ib. A single-
pylon design, which features forward and aft sway braces, an aft pivot, electrical connec-
tions, and fuel and air connections, is used on each hardpoint. Depending on the mission,
either ajettisonable 600-gal external fuel tank or two pivot, so when stores are jettisoned,
the forward attach point is released first, the pylon rotates on the pivot, and then the aft
pivot is released. This action alows the pylon, along with the tank or launch rail, to clear
the aircraft whenitis released into the dipstream. Other components are

TheBRU-471Arack. TheBRU-47/A rackisnot the sametype of rack that isused internally
on the F-22 to carry the 1000-1b class GBU-32 JDAM, athough they are similar and
both are in use. There are no plans to carry GBU-32s externally on the Raptor, and the
BRU-47/A istobeused only to hold an external fuel tank.
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TheLAU-128/Arail launcher. The LAU-128/A rail launcher isthe standard rail launcher
used today on the F-15 Eagle and can carry either of the missiles used on the F-22 Raptor:
the AIM-9 Sidewinder or AIM-120"Sammer." However, the two missiles carried on arail
launcher must be of the same type for F-22 aircraft weight and balance considerations.

The 600-galfuel tank. The 600-gal fuel tank is similar to the same external tanks used on
the current F-15 Eagle aircraft. However, anew tank is being devel oped that contains baf -
fles to prevent thefuel from doshing. Thisgivesthetank better center of gravity (CG) con-
trol, whichallowsfor safer jettisoning of the tanks.

The Radar System

A joint venture of Northrop Grumman's Electronic Sensors and Systems Division (ESSD)
and Texas | nstruments I ncorporated is devel oping the advanced AN/APG-77 radar system
for the F-22. The radar will give an F-22 pilot unprecedented capability in air-to-air com-
bat, allowingthe pilot to track, target, and shoot at multiplethreat aircraft before the adver-
sary'sradar ever detectsthe Raptor.

Thefirst AN/APG-77 radar syssemwasin aNorthrop Grumman rooftop testing labora-
tory inBaltimore, Maryland, where hardware and softwareintegrationtook place as part of
system-level tests. The radar tested was the first of nine systems delivered to the Lockheed
Martin/Boeing team by the Northrop Grumman and Texas | nstruments team as part of the
EMD phase of the program.

The F-22A's radar system features an active, electronically scanned array antenna that
operates in about 25 modes and provides the aircraft with long-range target acquisition,
target track, and fire control capability. It features a separate transmitter and receiver for
each of the antenna's radiating elements. Thistype of antennaprovides the agility, low RCS,
and wide bandwidth necessary to support the F-22's air dominance mission.

The first radar test flight took place on November 21, 1997, 3 weeks ahead of schedule,
aboard the 757 FTB aircraft, configured to support F-22 integrated avionics flight-test
activities.

The 757 FTB was operated out of Northrop Grumman ESSD's Baltimore facility in sup-
port of the F-22 radar engineering flight tests through the summer of 1998. It was later
returnedto Boeing'sF-22 Avionics|Integration Laboratory (AIL) in Seattle, Washington. At
Boeing'sAlL, the F-22 radar will be integrated with the avionics mission software and other
aircraft avionics sensors such as the electronic warfare system and the communications,
navigation, and identification system.

System integration and testing of thefirst F-22 radar lasted throughout 1997. Asabove, in
late 1997, the radar was delivered to Boeing's F-22 Seattle AIL Laboratory, where engineers
integrated theradar with other F-22 avionics. Additional EM D radar systemswill be flight-
tested on the 757 FTB and on F-22A flight-test aircraft.

The Northrop Grumman/Texas Instruments team completed about 75 percent of the
EMD phase on schedule, within costs and meeting all performance regquirements.

Full-scale production of the AN/APG-77 radar for the F-22 was scheduled to beginin
mid- to late 1999.

The Landing and Arresting Gear

The Raptor uses atricycle landing gear arrangement, with the standard two main landing
gear assemblies (eachwith asinglewheel) and a single-whedl, steerable nose landing gear
assembly. The main landing gear retracts outward and upward into wellsthat arelocated in
the mi df usel age section and inboard wing sections. The nose landing gear retractsforward
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The F-22's main landing gear. (Lockheed Martin Corporation.)  The F-22's nose landing gear. (Lockheed Martin Corporation.)

and up into the forward fuselage section on centerline. It should be noted that the Y F-22A's
nose gear retracted aft. Thischange of directionisto help eliminate possibleforeign-object
damage (FOD) to production F-22 engines.

The landing gear assemblies are made of AirMet 100 metal dloy, which provides greater
strength and corrosion protection and are manufactured by Menasco. The main landing
gears use adual-piston design and are sized to withstand a collapsed gear or flat tire landing.

The Raptor'sAllied Signal-built carbon brakes are dwaysin antiskid mode, which means
that the pilot has one less thing to remember to activate. The pilot applies pressure on the
brakes by using the rudder pedals, but only after the F-22's weight-on-wheels sensor
engages on landing.

The nose landing gear wheel is adirect-drive system, in which hydraulic forceis applied
to the nose wheel pivot to turn it. The nose gear is mechanically driven to align itself cor-
rectly beforeretraction.

As a safety precaution, the nose wheel clamshell doors and the lower inboard landing
gear doors are physicdly linked to the landing gear itself. If an emergency extension (caled
blowdowri) isrequired, the doorswill beforced to open asthe gear comes down. Also, the
gear-down and locked indicatorsin the cockpit arebattery-operated, so if dl other systems
malfunction, the pilot still has away of knowing whether the landing gear is down and
locked.

The three tires on the F-22 are Michelin Air-X steel-belted radias. Goodyear Bias-ply
tireswill alsobequalified for theaircraft.

The F-22's landing gear doors are compatible with its low-observable design, and feature
sawtoothed edges.

The F-22 has an arresting hook in an enclosed fairing that islocated on the underside of
aircraft on centerline. Thishook, between the engines, is deployed in an emergency to stop
the aircraft by means of hooking onto awire cable strung out across the end of arunway.
These barrier engagements work much like the arresting gear of an aircraft carrier.

While the Raptor has an arresting hook, it does not have the heavier structure necessary
to withstand the stresses of a carrier landing. The shape of the arresting gear hook is not
compatiblewiththe aircraft'slow-observable design, and thus requires afairing and doors.
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helL ockheed M artin/Boeing F-22A Raptorwill initially augment, and ultimately, super-

sede the Boeing (formerly McDonnell Douglas) F-15 Eagle series of air superiority

fighter aircraft. Thisis achallenging task. At thiswriting, and for anumber of yearsto
come, the F-15 Eagle is and probably will be the best operational fighter aircraft in the
world. Nevertheless, the Raptor will be aworthy successor to the Eagle.

The YF-22A versus the F-15C in Mock Air-to-Air Combat

A simulated air-to-air combat exercise held in early 1991 pitted the YF119-powered
Y F-22A against an opposing F-15C Eagle near Edwards AFB. An Edwards-based F-15C,
flown by atopnotch pilot, took ontheY F119-powered Y F-22A prototype. The actual re-
sults remain classified. Raptor chief test pilot Paul Metz said: "In the end, we must
demonstrate through actua test datathat the production F-22 is at least twice as effec-
tive as the current F-15 [C/D] models." Metz continued, "It is unfortunate that most of
the work done to date [December 1997] remains classified but | can assure you that the
Raptor'stalons are far more deadly than two, four, or even 10 F-15s. It'sthat good." Metz
added, "The secret of the F-22 lies as much in its computer power and stealth as it does
inits ability tofly high and fast and 'turn on adime.' While the first three Raptorswill be
basically engines and airframes, Raptors 04 through 09 will be full-up fighters with
radar and all of the other sensors that comprise what's called a ‘weapon system.' These
later aircraft represent the F-22 as it will be flown by operational fighter pilots into the
future."

Atfirst glance, then, looking at the basic comparison matrix in Table 6-1, there do not ap-
pear to betoo many differences between the F-15C and the F-22A. While the F-22's maxi-
mum speed and service ceiling numbers remain classified, one can logically assume that
they equal or surpassthoseof theF-15. Sincethe F-22A'sprototype, theY F-22A, isrumored

CHARTER

75



76

F-22 RAPTOR

Operational since the early 1980s, the McDonnell Douglas
(now Boeing) F-15C Eagle is currently the world's premier air
superiority fighter. With its two very powerful P&W F100-PW-
220 turbofan engines (about 23,500 Ib thrust each), the
F-15C has a thrust-to-weight ratio exceeding 1:1. Therefore,
as shown here, an F-15C easily accelerates to beyond Mn
10 while climbing straight up. An F-15C from the Alaskan Air
Command is freeze-framed in late 1983 as it zooms above
Mt. McKinley, Alaska. (McDonnellDouglas viaAFFTC/HO.)

to havetotally outperformed an F-15C inthe mock agrial dual, it is clear that the F-22A has
arate of climb, aroll rate, and maneuverability far superior to those of the F- 15C.

F-22 Program Directors, Managers, and Vice Presidents

TheAir Force Materiad Command (AFMC) Advanced Tecticd Fighter (ATF)-cum-F-22 Sys-
tem Program Office at Wright-Patterson AFB, Ohio has had a number of directors since
June 1983. In chronological order, thesedirectorsinclude Col. Albert Picarillo, June 1983to
December 1986; Cal. (later Brig. Gen.) James A. Fain, December 1986 to June 1992; Brig.
Gen. Robert F. Raggio, July 1992 to January 1996; and Brig. Gen. Michael C. Mushala, Janu-
ary 1996 to present.

In October 1985, Sherman A. Mullin became the ATF team program officevice president
and general manager for Lockheed Aircraft Corporation (later Lockheed Martin Corpora-
tion) in Burbank and Palmdale, California. He served in this capacity until December 1990,
when he became the third president of Lockheed's famed Skunk Works.
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Raptor 01 on final approach to Dobbins ARB after its September 7,1997 first flight.
(F-22 Team.)

TABLE 6-1 Comparing the War-fighting Capabilities of the F-1SC and the F-22A

F-15C

Powerplant

Two afterburning Pratt & Whitney F100-PW-220 25,000-Ib (11,250kg) thrust
class turbofan engines

Primary armament

One 20-mm M61A-1 cannon (940 rounds of ammunition), four AIM-7 or AIM-
120, and four AIM-9 AAMs

Maximum speed

Mn 2.5+

Service ceiling

65,000 ft (19,697 m)

Length 63ft, 9in (19.43 m)
Height 18 ft, 8 in (5.69 m)
Wingspan 42 ft, 10in (13.06 m)
F-22A
Powerplant Two afterburning Pratt & Whitney F119PW-100 35,000-Ib (15,890-kg) thrust

class turbofan engines

Primary armament

One 20-mm M61A-2 cannon (480 rounds of ammunition), six AIM-120s, and
two AIM-9 AAMs

Maximum speed

Mn 2.2+ (actual Vny is classified)

Service ceiling

50,000+ ft (15,240+ m) (actual ceiling is classified)

Length 62 ft, 1in (189 m)
Height 16 ft, 5in (5.0 m)
Wingspan 44 ft, 6 in (136 m)
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The F-22A Raptor is shorter in length and height than either the F-15C or YF-22A.
Its wing span at 44 ft, 6 in is greater than either one. Today's Raptor is very simi-
lar in size to yesterday's Eagle. (Lockheed Martin Corporation.)

Since December 1990, Lockheed Martin Aeronautica Systems has had severd ATF pro-
gram vice presidents and team program office genera managers. These include James A
(Micky) Blackwell, December 1990 to April 1993, Gary A. Riley April 1993 to November
1995; and C. T. (Tom) Burbage, November 1995 to present. Donald L. Herring became F-22
vice president and deputy team program office genera manager for Lockheed Martin

At 64 ft, 2 in long, the YF-22A is 4 in shorter than an F-15C. Their respective wing
spans are nearly identical: 43 ft, O in versus 42 ft, 9% in. (Lockheed Martin Cor-
poration.)



The Eagle Meets the Bird of Prey 79

L ="y
The F-22 is widely regarded as the most advanced fighter in the world, combining a
revolutionary leap in technology and capability with reduced support requirements
and maintenance costs. It will replace the aging F-15C as America's front-line air

superiority fighter, with deliveries to user squadrons beginning in 2002. (Lockheed
Martin Corporation.)

The F-22 is designed to provide notjust air superiority, but air dominance, winning
quickly and decisively with few U.S. and allied casualties. The Raptor also has an

inherent near-precision (later full-precision) air-to-ground capability. (Lockheed Mar-
tin Corporation.)
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This is a quite dramatic view of Raptor 01 during its first flight. During the Raptor's
public debut on April 9, 1997, Secretary of the Air Force Sheila Widnall said, "To a
fighter pilot, quality of life is an F-22." She added, "This is a success story that is
still a work in progress." (F-22 Team.)

The F-22A's combination of stealth, integrated avionics, maneuverability, agility,
and supercruise capability will give Raptor pilots a first-see, first-fire, and first-
destroy capability against aircraft of any potential enemy, (Lockheed Martin Corpo-
ration.)
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Just before retracting its landing gear for the time in flight, Raptor 01 appears to be
landing on the clouds. Raptor 02 joined 01 at Edwards in mid-1998, and has since
enjoyed good flight-test activities. (Lockheed Martin Corporation.)

Aeronautical Systems in February 1994. Charla K. Wise is the vice president and program
director for the F-22 program at Lockheed Martin Tactica Aircraft Systems in Fort Worth,
Texas. She was formerly employed by LMTAS predecessor, General Dynamics, and among
many other assignments, became director of F-16 programs in 1987. The vice president
and F-22 program manager for Boeing Defense and Space Group is Robert D. Barnes. Since
February 1997, Barnes has been responsible for Boeing work on the F-22.

The Raptor's twin outward-canted vertical stabilizers are required for its stability at
very high speeds. Although the F-22's maximum speed is classified, it probably
matches the F-15C's announced maximum speed of Mn 2.5. (F-22 Team.)
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Paul Metz is seen seated beneath the F-22's large all-

around-view cockpit canopy. Note the width of the F-22's in-
strument panel. (F-22 Team.)

Paul Metz gives the thumbs-up sign as he egresses Raptor
01 after its very successful first flight. (F-22 ream.)
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Excellent in-flight view of Raptor 01 shows off its sporty lines. (F22 Team.)

At Pratt & Whitney Large Military EnginesinWest Palm Beach, Florida, Walter N (Walt)
Bylaw has been seniorvice president of the Fl 19 program, since June 1995 In 1998 he be
came vice president of the P&W Fl 19 program. He was preceded by Gary Plourde who was

9 program manager from May 1983 to May 1985; Plourde led the PW5000 demonstra-
tion program that led to the Y F119.

The F-22's instrument panel is complex. (F-22 Team.
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opment that began with the first indigenous U.S. fighter design to reach production,

the Thomas Morse MB-3, abiplane fighter of 1918. The Thomas-M orse was succeeded
by a brilliant series of fighters, each one incorporating modern developments. In the
process there were aircraft that were clearly defined as being leaps ahead of their prede-
cessors. The North American F-86 was such an advance over the Lockheed P-80, and the
McDonnell F-4 was similarly aleap forward over the North American F-100. However, no
previous aircraft had yet superseded an airplane with such outstanding and till world-
class characteristics as those of the Boeing (formerly McDonnell Douglas) F-15 Eagle. For-
tunately, the Raptor has the necessary performance and equipment to do just that.

The Lockheed Martin Boeing F-22A represents the culmination of years of fighter devel-

The F-22 Mission

When it becomes operational in 2005, the F-22A's primary objective will be to establish ab-
solute control of the skies through the conduct of counterair operations. The F-22A will
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This four-view of the F-22A Raptor shows its flight control surfaces, side and main weapons bays,
and landing gear doors, among other things. (Lockheed Martin Corporation.)
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Displaying its Spirit of America logo, Raptor 01 is towed to the flight line after its
April 9, 1997 rollout ceremony. Armed with a 20-mm cannon and up to eight AAMs
carried internally, and another four to eight AAMs carried externally, the Raptor will
indeed be a dedicated bird of prey. (Lockheed Martin Corporation.)

aso have aprecision ground strike capability. It will be able to defeat threats that the F-15
would no longer be able to counter, by means of itsincreased speed and range, enhanced
offensive and defensive avionics, and much reduced observability.

The F-22's design also emphasizes reliability and maintainability of its systems to
achieve its intended mission-capable rate. Operational Raptor squadrons will appreciate
its projected 95 percent or higher mission-capablerate, which will ensurethat aircraft will
be immediately available for subsequent combat missions.

Another view of Raptor 01 as it is towed to the LMAS flight line at Dobbins ARB in
Marietta, Georgia. (Lockheed Martin Corporation.)



After retracting its landing gear for the first time in flight, EMD F-22A number one
flies at 10,000 ft above the state of Georgia. One Raptor test pilot, USAF Lt. Col
Steve Rainey, said, "It's the best flying aircraft | have flown, and it sets a new stan-
dard of excellence in fighter aviation." (Lockheed Martin Corporation.)

Who Will Operate the F-22 Raptor

Two of thefirst outfitsto get F-22swill bethe 79th Test and Evaluation Group at Eglin AFB
Florida, and the 412th Test Squadron at Edwards AFB in California. These unitswill be re-
sponsible for the ongoing test and evaluation processes associated with the Raptor's flying
and fighting tactics and its weapons systems and weapons delivery techniques.

Although no actual beddown assignments have been made at this writing the 14
Fighter Wing and its three fighter squadrons (the 27th, 714, and 94th) at Langley AFB, Vir-
ginia, will most probably receive the first operational F-22As. The next two might be the
33rd Fighter Wing and 53rd Wing a Eglin AFB in Florida.

Other possible F-22 user candidates include the 3rdWing, Elmendorf AFB, Alaska- 18th
Fighter Wing, Kadena Air Base, Japan; 48th Fighter Wing, Royal Air Force or RAF Lalcen-
heath, England; 52nd Fighter Wing, Spangdahlem Air
Base, Germany; and the 366th Wing, Mountain Home
AFB, Idaho.

Building the F-22

The number of manufacturing processes required for
the completion of each F-22A Raptor is astonishing.
Lockheed Martin sad it best: "If building an aircraft
that has been described as ‘the only thing more com-
plex than a human body' in five separate geographic lo-
cals wasn't challenging enough, the F-22 team also had
to build an aircraft to tolerances on the order of ten-
thousandths of an inch in order to meet its stealth re-
quirements.”

When the first EMD F-22A's fusel age was mated in

Mission: Possible

87

Marked in the USAF ACC's 1st Fighter Wing colors (tail code

. . FF), a yxo-scale model shows off the aircraft's large, outward-
thetall of 1996, the computer-designed pi went to canted engine air inlets. (Lockheed Martin Corporation.)
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From about 15 mi away, an F-22 sends one of its two GBU-32 JDAMs on its way to-
ward a predetermined target. With a CEP of only about 6 m 234 in, the satellite-
guided JDAM is an extremely lethal weapon. (Lockheed Martin Corporation.)

gether just asthe designershad predicted. Inthefinal assembly, theforward fusel age that
was madein Mariettawas mated to the middle fusel age made in FortWorth, and that mid-
fusel age was mated to the aft fuselage made in Seattle, and al thistook only afew daysto
accomplish. Thefirst set of wings was mated in less than 48 hours. The vertical tailplanes
went on inlessthan aday.

Theintegrated product team (I PT) philosophy under whichthe F-22 airframeand Fl 19
powerplant are being developed has paid big dividends in the manufacturing area. Be-
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This artist's concept of Raptor state of the art in July 1997 depicts Paul Metz in
Raptor 0L (Lockheed Martin Corporation.)
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tween the two body mates and the wing joins, only 40 shims had to be generated, all about
the thickness of a sheet of paper.

CATIA and COMOK

The computer revolution has changed the detail design process of the aircraft. With the
IBM/Dassault Systems-designed computer-aided, three-dimensional interactive applica-
tion (CATIA), the aircraft designer can design the parts of the F-22 as a solid object, not
merely lines on aflat page.

With COMOK (ateam-developed computer mockup simulation), the designer can visu-
alize every aspect of the design, including complex routing for wires, tubes, and cables. The
tremendous computer capability meant that no full-scale engineering mockup was re-
quired for the F-22, saving thousands of worker-hours and perhaps millions of dollars.

These advanced computer programs alow the design engineer and the manufacturing
engineer actual look-sees inside the structure beforeit is built. More than simply avisual-
ization, the computer data that creates these images are precisely stored design measure-
ments that can be transferred, again by computers, between the team's many locations, in
Marietta, Georgia; Fort Worth, Texas; Sesattle, Washington; West Palm Beach, Florida; East
Hartford, Connecticut; and to supplier locations throughout the nation.

Parts of the aircraft fit remarkably well when received in Marietta, where final assembly
takes place, even though no master tool was sent to trial-fit the pieces. More than 270 mas-

LMAS quality assurance engineer Bryant McKee uses an ad- ~ From the X (x-ray) files, LMAS quality assurance engineer
vanced optical contour measurement system to examine ~ Dave van Proyen uses an advanced x-ray system in May
and quantify surface variances of a test panel on May 15, 1996 to measure porosity in an aircraft part made of com-
1996 that is representative of an F-22 forward fuselage sec- ~ Posite material. This new device, called the energy-sensitive
tion. (Lockheed Martin Corporation.) X-ray system, uses an x-ray tube source (suspended above)

with an eight-channel, energy-sensitive detector located
below the part. (Lockheed Martin Corporation.)
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ter tools have been eliminated as confidence in the
three-dimensional toolsgrew. Amazingly, aspart of the
IPT process, the team found that it could hold toler-
ances to /. in on parts.

Aircraft Materials Composition

The aft fuselage section of the F-22 consists of mostly
high-strength titaniumalloys, asit hasto hold the Rap-
tor's Fl 19 engines, and it must be able to withstand the
tremendously high temperatures that the engines cre-
ate. The middle fuselage section transitions from tita-
nium (in the larger, load-bearing bulkheads) to forged
aluminum bulkheads and aluminum frames. The for-
ward fuselage section contains a composite fuel tank
(behindthepilot'sACESI| g ection seat) and ismade of
machined aluminum. The wings are made of compos-
ite spars and skinswith titanium reinforcement.

Final Assembly

Final assembly operationsfor the air dominancefighter
takeplaceinthe3.5-million-sg-ftB-I buildingatLMAS
Marietta facility. However, other things necessary for
the F-22A specifically take place in nearby facilities.
These include composite parts fabrication, painting,

In a demonstration of a tool that will be very important in the

assembly of F-22s, LMAS' Bryant McKee inspects the gap
between the avionics bay access door and the forward fuse-
lage of the YF-22A ATF prototype, circa early 1996. (Lock-
heed Martin Corporation.)

radar cross-section (RCS) verification, ground-based
engine runs, andflight operations.

RCS Verification Facility The largest of the newly con-

structed facilities at Marietta is the RCS verification
building. This 50,000 sg-ft fully enclosed structure is used to test the "stealthiness’ of each
F-22 when it comes off the assembly line.
The main section of this building features a 45-ft-diameter turntable with precise posi-
tioning capability that allows for testing of finished Raptors. The facility has a separate 60-
by-210-ft anechoic chamber for aircraft antennatesting.

How Many F-22s Will Be Built

At thiswriting, because of ever-increasing costs for new and advanced military aircraft—
especially bombers and fighters—and the "peace is breaking out all over" philosophy, the
USAF plansto procure 339 F-22sthroughtheyear 2011. Specifically, thismeansatotal pur-
chase of nine EMD aircraft, two PRTV aircraft, six initial production aircraft, and 322 full-
production aircraft.

InJuly 1998 the USAF awarded the L ockheed M arti n/B oei ng teamtwo contractstotaling
up to $70.7 million for advanced procurement and program support for two F-22A pro-
duction representative test vehicles or (PRTV'S). These contracts, valued at up to $2.1 bil-
lion, include optionsfor thetwo PRTVsandfor thefirst six initial production (IP) F-22As.
Therefore, atthiswriting, 17 Raptorsareonorder: nineEM D F-22As, twoPRTV F-22As,and
Sx IPF-22As.

"These contracts lead us from EMD into production, and bring to fruition months of
hardwork by the entire F-22 team, including contractors and the U.S. Air Force," said Tom
Burbage, F-22 general manager and LMASF-22 programvice president. "Drafting perfor-



Machinist Mike Osborne, Boeing Defense and Space Group manufactur-
ing, uses a horizontal-boring mill to cut part of an F-22 aft fuselage frame
in February 1995. A week earlier, the air vehicle Critical Design Review, a
major milestone, was completed. (The Boeing Company.)

mance-based contracts while ill producing and testing HMD aircraft brought a special
challenge."

The contract for PRTV F-22A long-lead materials includes not-to-exceed options for
PRTV full award and Lot 1 advance procurement for sx IP aircraft that came about in De-
cember 1998, and Lot 1 full award scheduled for December 1999.

Boeing uses advanced processes to build wing skins for the F-22. Agnes
Ulrich, Boeing plastic bench mechanic, monitors an automated contour
tape-laying machine that applies layers of advanced composite resin-
impregnated tape on top of a precisely curved surface to form a wing skin.

Automated fabrication replaces the conventional and labor-intensive hand-
layup method. (The Boeing Company.)
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Atthiswriting, then, in additiontothenine EMD F-22As, the USAF plansto buy thetwo
PRTV aircraft and 12 productionlotstotaling 339 F-22 aircraft, at an estimated cost of $34.7
billioninfiscal year 1998 dollars.

How the Raptor Is Expected to Perform When It Becomes Operational

Air superiority is the prerequisite ass in all our military op on land, at sea

The primary mission of the F-22 Raptor, fully armed with eight air-to-air missiles and its
built-in 20-mm cannon, is air dominance. It is to gain and maintain complete air superi-
ority throughout the entire theater of operations. Although air dominance is the F-22's
chief mission, it has abuilt-in secondary air-to-ground capability. In this scenario, loaded
with two satellite-guided GBU-32 JDAMS, its air-to-air missiles, and its onboard 20-mm
cannon, it can destroy two ground installations and till be able to engage and destroy
enemy fighters.

The F-22 could aso serve in the so-called wild weasd role. Armed with two AGM-88
high-speed antiradiation missiles (HARMS), a single F-22 could take out at least two
ground radar installations while maintaining its fighting capabilities.

For prestrike targeting information and poststrike bomb damage assessment (BDA),
F-22s could befitted with special equipment pods for high-speed photographic reconnais-
sance and mapping duties. Although there are no announced plans to create any recon-
naissance fighter or RF-22 aircraft, the Raptor could easily perform the reconnaissance
role.

The F-22 Raptor will be a multiple-mission aircraft. Whether intercepting bombers,
fighting fighters, photographing or decimating ground-based facilities, it will be one very
deadly warbird.
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The Future

fighter aircraft in the world—to be the best of the best. To do this, in part, it must rely

he future of the F-22 Raptor largely depends on its ability to fly and fight like no other
Theavily on its low observable, or stealth, attributes.

In December 1977 and July 1978, Have Blue 1001 and 1002 made their respec-
tive first flights. Built by Lockheed Martin's famed Skunk Works, these Experimen-
tal Survivable Technology or XST models represented low observable or stealth
aircraft. Following 88 flight tests between them (36 for XST-1 and 52 for XST-2), the
USAF was convinced that stealth would work. The immediate result was the Lock-
heed Martin F117 Nighthawk—the world's first, and still only, operational stealth
light-attack fighter-bomber. (Lockheed Martin Corporation.)
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The USAF/DARPA Have Blue competition boiled down to an
entry from Lockheed and another from Northrop. Both firms
built pole-mounted models that were thoroughly tested on
radar ranges. (Northrop Grumman Corporation via Chris
Wamsley.)

Stealth

The Lockheed Martin/Boeing F-22A Raptor is a fifth-
generation operational stealth aircraft. It was preceded
by the Lockheed Martin Skunk Works SR-71 Blackbird
anditsA-12/M-12/Y F-12/D-21 predecessors, theHave
Blue and Tacit Blue prototypes, the Lockheed Martin
F-117 Nighthawk, and the Northrop Grumman B-2A
Spirit.

The F-22 is a dedicated low-observable, or stedlth,
fighter aircraft and is optimized to take full advantage
of this highly successful and combat-proven technol-
ogy. At first glance, the Raptor shows its association
with the basic shaping standards of a stealthy aircraft
configuration. The leading and trailing edges of its
wings and tailplanes have matching sweep angles (a
design technique called planform alignment). Its fuse-
lage and cockpit canopy employ oblique lines. The ac-
cess panels, weapons bays doors, landing gear wells
doors, cockpit canopy-to-fuselage junction, and other
surface interfaces have sawtoothed or radically slop-
ing lines. The twin vertical stabilizer tails are canted
outward. The faces of the Raptor's twin F119 engines
are deeply hidden by a pair of serpentlike air inlet
ducts. Its weapons, during actual combat conditions,

are carried internally rather than externally. Not surprisingly, shaping alone provides up
to 85 percent of an aircraft's stealth requirements. The remaining 15 or so percent is ac-
complished through radar-absorbing material (RAM), radar-absorbing structure (HAS),

and other classified means.

After Lockheed had successfully demonstrated that its XST aircraft could actually
fly, and fly undetected by the best radar systems available, itwon a contract to build
five full-scale development and 59 production F117A stealth fighters. As the star
aircraft of Operation Desert Storm, the K117 thoroughly proved that stealth
worked. An F117A (number 816) of the 49th Fighter Wing, Seventh Fighter
Squadron is shown. (Lockheed Martin Corporation.)



The fourth generation of stealth aircraft, the Northrop Grumman B-2A Spirit uses a
different approach to obtain its low observability. Instead of the F-117's facted ap-
proach, it employs an all-flying wing configuration, numerous compound curves

and rounded edges to accomplish its stealth capability. (Boeing Airplane Company.)

The following article was written by Alan Brown, who retired as director of engineering at
Lockheed Corporate Headquartersin 1991. Heisgenerally regarded as one of thefounding
fathers of gedth, or low-observable technology. Mr. Brown served a number of years as di-
rector of low observables technol ogy at L ockheed Aeronautical Systems Company in Mari-
etta, Georgia. From 1978 to 1982, he was the program manager and chief engineer for the
F-117 stealth fighter and had been active in steath programs since 1975. This article ap-
peared in 1992, and part of it is excerpted below.

e el

Another type of stealth aircraft was the Northrop Tacit Blue (Whale), which
was created to demonstrate that a low observable surveillance aircraft
with a low probability of intercept radar and other sensors could operate
close to the forward line of battle with a high degree of survivability. The
Tacit Blue Technology Demonstration Program ran from 1978 to 1985.
Only one of these aircraft was built for flight-test activities, and it made
135 flights over a 3-year period. (Northrop Grumman Corporation.)

The Future
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after it received its multihued gray paintjob and just before its public debut. As the
F-22 is of about the same size and weight as the F-15C Eagle, its low observability
makes it much more survivable than its forerunner. (Lockheed Martin Corporation.)

The premier USAF, Lockheed Martin, Boeing, and Pratt & Whitney EMD
F-22A Raptor is shown at its April 9, 1997 unveiling at Marietta, Georgia.
Named Spirit of America and dubbed Raptor 01, the first of nine EMD
F-22s made a grand entry. (Lockheed Martin Corporation.)
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Originally scheduled to fly in May 1997, and after several delays because of various
minor problems, the premier Raptor made its maiden flight on September 7,1997.
Piloted by Lockheed Martin chief F-22 pilot Paul Metz, Raptor 01 took to the air at
1018 A.M. local time for a successful first flight. (Lockheed Martin Corporation.)

Fundamentals of Stealth Design

Designforlow observahility, and specifically for lowradar crosssection (RCS), beganadmost as
soon asradar wasinvented. The predominantly wooden de Havilland M osquito was one of the

first aircraft to be designed with this capability in mind.

Against WorldWear |1 radar systems, that approachwasfairly successful, but it would not be
appropriate today. First, wood and, by extension, composite materials, are not transparent to
radar, although they may be less reflective than metd; and second, the degree to which they
are transparent merely amplifies the components that are normally hidden by the outer skin.

These include engines, fuel, avionics packages, eectricd
and hydraulic circuits, and people.

In the late 1950s, radar-absorbing materials were in-
corporated into the design of otherwise conventionally
designed aircraft. These materials had two purposes: to
reduce the aircraft cross section against specific threats,
and to isolate multiple antennas on aircraft to prevent
cross talk. The Lockheed U-2 reconnaissance airplane is
an exampleinthiscategory.

By the 1960s, sufficient analytical knowledge had dis-
seminated into the design community that the gross ef-
fects of different shapes and components could be
assessed. It was quickly redlized that aflat plate at right
angles to an impinging radar wave has avery large radar
signd, and acavity, smilarly located, dso hasalargere-
turn.

Thus, the inlet and exhaust sysems of a jet aircraft
would be expected to be dominant contributors to radar
cross section in the nose-on and tail-on viewing direc-
tions, and the vertical tail dominates the side-on signa-
ture.

Airplanes could now be desgned with appropriate
shaping and materials to reduce their radar cross sec-
tions, but as good numerical design procedures were not
avalable, it was unlikely that a completely balanced de-
signwould result. In other words, there was aways likely

o - ™.

Near Edwards AFB in September 1998, Raptor 02 is shown
on a test hop. With more than 70,000 total pounds of en-
gine thrust, thrust-vectoring exhaust nozzles, close-coupled
stabilators, and numerous otheradvanced aerodynamicfea-
tures, operational F-22s will outperform any other fighter air-
craft in the world. (Lockheed Martin Corporation.)
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to be a component that dominated the return in a particular direction. This was the era of the
Lockheed SR-71"Blackhird."

Ten yearslater, numerical methods were developed that dlowed a quantitative assessment
of contributionsfrom different parts of abody. It wasthus possibleto design an aircraft witha
balanced radar cross section and to minimize the return from dominant scatterers. This ap-
proachled to the design of the Lockheed F-117A and Northrop B-2 stealth aircraft.

Over thepast 15 [now 22] yearsthere has been continuous improvement in both analytical
and experimental methods, particularly with respect to integration of shaping and materials.
At the same time, the counterstealth faction is devel oping and increasing understanding of its
requirements, forcing the stealth community into another round of improvements. The mes-
sageis, thatwith dl the dramatic improvements of thelast two decades, thereislittle evidence
of leveling off in capakility. This article, consequently, must be seen only as a snapshot intime.

Radar Cross-Section Fundamentals

There are two basic approaches to passive radar cross section reduction: shaping to minimize
backscatter, and coating for energy absorption and cancellation. Both of these approaches
have to be used coherently in aircraft design to achieve the required low observableleves over
the appropriate frequency range in the el ectromagnetic spectrum.

Shaping
There is atremendous advantage to positioning surfaces so that radar wave strikes them at
closeto tangential angles and far from right anglesto edges, aswill now beillustrated.

To afirst approximation, whenthediameter of asphereissignificantly larger thantheradar
waveength, itsradar cross section isequal to its geometric frontal area.

Thereturn of aone-square-meter sphereis compared to that from aone-meter-square plate
at different look angles. One case to consider is arotation of the plate from normal incidence
to ashalow angle, with the radar beam at right anglesto apair of edges. The other iswith the
radar beam at 45 degreesto the edges.

Thefrequency issdlected so that thewave ength is about Mo of thelength of theplate, inthis
casevery typical of acquisition radars on surface-to-air missile systems.

Atnormal incidence, aflat plate actslikeamirror, anditsreturnis30 decibels (dB) above (or
1,000 times) thereturn from the sphere. If we now rotate the plate about one edge so that the
edgeisawaysnormal to theincomingwave, wefind that the cross section drops by afactor of
1,000, equal to that of the sphere, when the look angle reaches 30 degrees off normal to the
plate.

Asthe angleisincreased, thelocus of maximafallsby about another factor of 50, for atotal
change of 50,000 from the normal look angle.

Now if you go back to thenormal incidence case and rotate the plate about adiagonal rela-
tiveto theincomingwave, thereisaremarkabledifference. Inthis case, the cross section drops
by 30 dB when the plateis only eight degrees off normal, and drops another 40 dB by thetime
theplateis at ashallow angle to theincoming radar beam. Thisisatotal changein radar cross
section of 10,000,000!

Fromthis, itwould seemthat it isfairly easy to decreasetheradar cross section substantially
by merely avoiding obviously high-return shapes and attitude angles.

However, multiple-reflection cases have not yet been looked at, which changethe situation
considerably. Itisfairly obviousthat energy aimedinto along, narrow, closed cavity, whichisa
perfect reflector internally, will bounce back in the general direction of its source. Further-
more, the shape of the cavity downstream of the entrance clearly does not influence this con-
clusion.

However, the energy reflected from astraight duct will be reflected in one or two bounces,
while that from acurved duct will requirefour or fivebounces. It can be imagined that with a
little skill, the number of bounces can be increased significantly without sacrificing aerody-
namic performance. For example, a cavity might be designed with a high-cross-sectiona as-
pect ratio to maximize the length-to-height ratio. If we can attenuate the signal to some extent
with each bounce, then clearly there is a significant advantage to amultibounce design. The
SR-71inletfollowsthese design practices.
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However, thereisalittlemoreto the story thanjust the so-called ray tracing approach. When
energy strikes a plate that is smooth compared to wavelength, it does not reflect totally in the
optical approximation sense, i.e, the energy is not confined to areflected wave at a comple-
mentary angle to the incoming wave.

Theradiated energy, infact, takesapatternlikeatypical reflectedwavestructure. Thewidth
of the main forward scattered spike is proportional to the ratio of the wavelength to the di-
mension of the radiating surface, as are the magnitudes of the secondary and tertiary spikes.
The classcd optical approximation applies when this ratio approaches zero. Thus, the
backscatter—the energy radiated directly back to the transmitter, increases asthe wavelength
goes up, or the frequency decreases.

When designing acavity for minimum return, itisimportant to balance theforward scatter
associated with ray tracing with the backscatter from interactions with the first surfaces.
Clearly, an accurate calculation of the total energy returned to the transmitter isvery compli-
cated, and generdly hasto be done on a supercompulter.

Coatingsand Absorbers

Itisfairly clear that although surface alignment is very important for external surfaces and
[engineair] inlet and [engine] exhaust [nozzl€] edges, thereturn fromtheinside of acavity is
heavily dependent on attenuating materials. It is noted that the radar-frequency range of in-
terest covers between two and three orders of magnitude. Permeability and dielectric constant
are two propertiesthat are closely associated with the effectivity of an attenuating material.

They both vary considerably with frequency in different waysfor different materials. Also,
for acoating to be effective, it should have athicknessthat is closeto aquarter wavel ength at
thefrequency of interest.

High Temperature Coatings

Reduction of radar cross section of engine [exhaust] nozzlesisaso very important, andiscom-
plicated by high material temperatures. The el ectromagnetic design requirementsfor coatings
are not different from those for low temperatures, but

structural integrity isamuch bigger issue.

Summary

The low signatures achieved by modern specia -purpose
aircraft are due to a combination of shaping, material,
material selection, and careful attention to detail design.
Budgeting of component signatures across awide range
of frequenciesand attitude anglesismandatory. Just asin
Iabrl]ackout, the game can be given away by one chink of
ight.

The Future of the F-22

The future of the F-22 Raptor looks very bright, indeed,
if predicated on the demonstrated performance of the
aircraft. No other country currently has the capability
to create an aircraft with the F-22's capabilities, and it is
not obvious whether any will have such capability in

e |

the future. However, the continuing decline in military
budgets might result in areduction in the total number
of F-22s to be produced. This, combined with the in-
evitable attrition of operational use, might mean that
as advanced asthe F-22 s, itwill not be availablein suf-
ficient quantity to meet worldwide threats.

S < b
The F-22 is destined to be the world's air dominance fighter.
While the more capable world nations strive to design, de-
velop, and produce the Raptor's equals, the F-22 will undergo
continuous upgrading to maintain its status. (Lockheed Mar-
tin Corporation.)
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Lockheed Martin and Boeing are in the process of building and flying what could be
called the sixth-generation stealth aircraft: the Joint Strike Fighter (JSF). Each firm is
to build and fly two versions of the JSF. At this writing, Boeing's two JSF demon-
strators—designated X-32A and X-32B—and Lockheed Martin's two JSF demon-
strators—designated X-35A and X-35B—are to fly sometime in 2000. One X-32 and
one X-35 will be capable of vertical and short takeoffs and landings, while one X-32
and one X-35 will make conventional takeoffs and landings. This artist's concept
shows a Lockheed Martin conventional takeoff and landing version in USAF 20th
Fighter Wing of Shaw AFB, South Carolina markings. (Lockheed Martin Corporation.)

heed Martin JSF is shown here in U.S. Marine Corps dress. Whichever ver-
sion of the V/ISTOL JSF wins a production contract, it is to ultimately
replace the USMC's Boeing AV-8B Harrier [—the famed Jump Jet. (Lock-
heed Martin Corporation.)



Conclusion

As brilliant as the McDonnell Douglas (now Boeing)
F-15 design was, the passage of time has seen the emer-
gence of anumber of fighters with the capability to suc-
cessfully engage it in combat. Because it lacks stealth
capability, the F-15 isvulnerable to missile attack from
fighters. In a situation in which the rules of engage-
ment delay the F-15's attack, or in which the hostile
fightersfiremissiles from the front quadrant, the F-15s
couldlosetheair battle. At best, they will haveto fight a
battle of attrition—and the United States, as a super-
power should not have to engage in such combat. Fore-
most among the foreign fighters with significant
capability to engage the F-15 successfully are the
Mikoyan Gurevich MiG-29 Fulcrum and Sukhoi Su-27
Flanker. In addition, Russia continues to create new
and advanced fighter aircraft, including the the Sukhoi
Su-30MK, Sukhoi Su-37, and anexperimental forward-
swept wing Sukhoi fighter. All of these have some
stealth characteristics.

Several excdlent foreign fighter aircraft are adso
scheduled for production. These include the Alenia/
British Aerospace/ CASA/Daimler-Benz Eurofighter Ty-
phoon, the Dassault Aviation/Snecma/Thomson-CSF
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Shadowed by two World War ll-era North American P-51D
Mustangs, a pair of USAF Boeing JSFs are on the prowl. In
November 1996, the U.S. Department of Defense awarded
Boeing a contract to proceed with the 51-month Concept
Demonstration Phase (CDP) ofthe JSF program. (The Boeing
Company.)

Carrying ten 500-Ib class bombs each, two USMC Boeing JSFs come on
shore to attack an undisclosed target. Escorted by two WW-II era Chance
Vought F4U Corsairs, these two JSFs are coming in fastand low. (The Boe-
ing Company.)
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Using its stealth capability to full advantage, in this artist's concept, an F-22 has
just released both of its 1000-b class GBU-32 JDAMs from its main weapons bay.
The GBU-32 is a near-precision standoff weapon guided to its target by means of
an inertial measurement unit updated in flight with data from Global Positioning
System (GPS) satellites. (Lockheed Martin Corporation.)

L R, : e "
In this artist's concept of a USAF 366th Wing F-22 from Mountain Home AFB,
Idaho, the aircraft has just killed one adversary and has fired on another with two
of its AIM-120C "Slammer" AAMSs. In actual combat action, the F-22 would most
likely be beyond visual range of any real adversaries. If the F-22 operates as ad-
vertised, they would not even know what had fired on them, or what had hit them.
(Lockheed Martin Corporation.)



The USAF announced in early 1996 that the 325th Fighter Wing at Tyndall AFB,
Florida, will be the "schoolhouse," or training wing, for F-22 pilots once the aircraft
enters USAF inventory. In this artist rendition, a Tyndall-based F-22 makes a maxi-
mum-performance takeoffwith both afterburners ablaze and vortices coming offits
flyingsurfaces. (Lockheed Martin Corporation.)

Rafal e, and the Saab JAS 39 Gripen. Inthewrong hands—and they will be soldworldwide—
these could easily challenge the F-15's air superiority.

The F-22 is designed to meet al of these challenges and establish total air dominance at
the outbreak of hostilities. Air dominance does not imply a battle of attrition; it means that
the F-22swill shoot down dl enemy oppositionwith little or no losses. To do this, the F-22
Raptor will not only have to be the best fighter in the world; it will have to be available in
sufficient quantity to handlethreatsin two or more theaters of war.

Critics of the F-22 program complain that the F-15, despiteitsage, is still superiorto air-
craft of other nations. And, as General Richard E. Hawley, an experienced F-15 pilot and
commander of the USAF's Air Combat Command, observed, "If you're up against aViet
NamWar-eraMiG-21, you don't need an F-22."

The problem will arise when an enemy has ample numbers of aircraft equal to the F-15,
and instead of awar such asin the Persian Gulf, the United States might find itself engaged
inWorldWar Il style combat. Production of an adequate number of F-22swill prevent this
scenario from developing, for the Raptor isexpected to be 10times as effective asthe F-15,
and is thus absolutely necessary to achieve immediate air dominance.

The F-22 has aremarkable combination of capabilities. Its supersonic cruise capability
will get it into the target area at long range; its stealth will keep its arrival secret from the
enemy. The Raptor's first-1ook, first-shoot, and first-kill capability will clear the skies of
enemy planes at long range. If adogfight does ensue, its thrust vectoring for superior low-
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As he flies near Mount McKinley, Alaska, an F-22 pilot from the Third Wing at ElImen-
dorf AFB enjoys the view during a training sortie. A USAF pilot said: "While the 15
is the best all-around fighter I've ever flown and the F16 is great fun-to-fly hot rod, |
can't waitto get my hands on a '22." Note how the close-coupled stabilators on the
F-22 meld with the trailing edges of the wings. (Lockheed Martin Corporation.)

speed agility and maneuverability, missiles, and cannonswill ensure itsvictory. The F-22 is
clearly the finest fighter in the world. The most expensive course the United States could
take would be to cut expenditure on the F-22 and try to make do with F-15s. If the F-22 is
procured in adequate numbers, it will preserve peace by preventing wars—no enemy will
dare to take on Raptorsin agrial combat.



F-22 Specifications

Primary mission

Mission capabilities

User

Wing area
Wings pan
Length
Height

Powerplant

Maximum speed at sea level
Maximum speed at altitude
Supercruise speed

Service ceiling

Maximum rate of climb
Combat range

Maximum ferry range

Empty weight
Gross weight

Primary armament

Air dominance fighter

Fighter-bomber, fighter-interceptor, high-speed photographic recon-
naissance and wild weasel

USAF Air Combat Command
840 sq ft

44 ft, 6in (13.60 m)
62ft,1in (18.90 m)

16 ft, 5in (5.08 m)

Two augmented (afterburning) 35,000-lb thrust class (158-kiloton
class) Pratt & Whitney F119PW-100 turbofan engines with two-
dimensional thrust-vectoring exhaust nozzles

900 mph

Mn 2.5+ (estimated)

Mn 15+ (estimated)

65,000 ft (estimated)

40,000 fpm (ft/min) (estimated)

2000 mi with internal fuel (estimated)

5000 mi with four 600-gal (2,270-liter) externally mounted fuel
tanks (estimated)

34,000 Ib (estimated)
65,000 Ib (estimated)

Four (minimum) or six (compressed-carriage) AIM-120 AMRAAMs
internally, two AIM-9M (later AIM-9X) Sidewinder AAMs internally,
and a single rotary-action six-barreled M-61A2 20-mm Vulcan can-
non with 480 rounds of ammunition

APPENDIX A
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Secondary armament

Optionalarmament

Two AIM-120 AMRAAMSs internally (compressed), two AIM-9 AAMs
internally, two 1000-b class (450-kg class) GBU-32 JDAMs inter-
nally, and one M-61A2 Vulcan cannon (480 rounds)

Six AIM-120 AMRAAMs internally (compressed), eight AIM-120 AM-
RAAMs externally, two AIM-9 AAMs internally, and one M-61A2 Vul-
can cannon (480 rounds)



APPENDIX B

F-22 Production

Planned F-22A Production (as of Mid-1999)

Calendar year of full

Lot number Lot size contract award

1 2 199 (PRTV F-22AS)
2 6 2000 (IP F-22AS)

3 12 2001

4 20 2002

5 30 2003

612 36 per year* Yearly 2004-2010*

12 17* 2011*

*The government's System Program Officer has received guidance
from the Acquisition Executive to plan for a 339-aircraft program
and has passed that information on to the contractor team.

Planned END F-22A Production (as of Mid-1999)

LMAS productionnumber USAF serial number Comment
3999 None assigned Static structural loads test airframe
4000 None assigned Static fatigue test airframe
4001 91-0001 First flight on 09-07-97; Paul Metz
4002 91-0002 First flight on 06-29-98; Paul Metz
4003 91-0003 First flight scheduled for mid-1999;

Chuck Killberg; Block 2 avionics

4004 91-0004 First flight scheduled for February 2000;
Bret Luedke; stealth testing
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Planned EMD F-22A Production (as of Mid-1999) (Continued]

LMAS production number USAF serial number Comment

4005 91-0005 —

4006 91-0006 Block 3 avionics

4007 91-0007 —

4008 91-0008 —

4009 91-0009 —

4010 99-7?777? First of two PRTV F-22As

4011 99-77?7? Second PRTV F-22A
4012-4017 00-????/-2??? Six initial-production F-22As
4018-4339 — Full-production F-22As

Beddown Locations Actual operational locations have not been announced at this writ-
ing. However, at this writing, two test and training F-22s have been assigned to the 412th
TW at the Air Force Flight Test Center, Edwards AFB; more will follow. A number will be as-
signed to the 325th Fighter Wing for F-22 pilot training at Tyndall AFB, Florida, and anum-
ber will be assigned to the Air Force Fighter Weapons School at NellisAFB, Nevada.



F-22 Chronology

1972

JULY 27 The first example of what would become Americas premier fighter, fighter-
bomber, and fighter-interceptor—the McDonnell Douglas (now Boeing) F-15A Eagle—
madeasuccessful firstflight at EdwardsAFB. Atthetime, thefirst Eaglewasto theworld
what the first Raptor istoday: the best thereis.

1976

OCTOBER TheF-15 Eagle achievedinitial operational capability (10C) with the 1st Tacti-
cal Fighter Wing, 27th Tactical Fighter Squadron, at Langley AFB, Virginia.

1981

JUNE Tofindaneventua replacement for theF-15 Eagle, thefirst request forinformation
(RFI) was issued to the industry. With this action, the Advanced Tactical Fighter (ATF)
program had begun.

OCTOBER TheUSAF finisheditsevaluations of theresponsesto itsindustrywide RFI re-
lease dealingwiththe ATF project.

NOVEMBER The USAF formally identifies arequirement for anew air superiority fighter,
the ATF, toultimately replacethe F-15 Eagle.
1983

MAY Pratt & Whitney initiates design of its PW5000, whichislater designated Y F119-PW-
100; simultaneously, General Electric begins design of the GE37, later designated Y F120-
GE-100.

APPENDIX C
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SEPTEMBER The USAF awards concept definition contracts to seven aircraft manufac-
turers capable of producing the Advanced Tactical Fighter, or ATE The seven aircraft
manufacturers included Boeing, General Dynamics, Grumman, Lockheed, McDonnell
Douglas, Northrop, and Rockwell. Simultaneoudly, j oi nt advanced fighter engine (JAFE)
Demonstration/Validation or Dem/Val contracts are awarded to General Electric and
Pratt& Whitney.

1985

SEPTEMBER Theformal ATF Request for Proposal or RFP was issued. Pratt & Whitney
fabricated thefirst F119 engine parts.

NOVEMBER TheUSAFissuesmorestringent |low-observables(stealth) goalsfortheATF.
1986

MAY Secretary of the Air Force Edward Aldridge announced that as part of the Packard
Commission guidelines, the ATF Dem/Val program would now include prototype air-
craft, engines, and aprototype avionics demonstration.

JUNE TheUSAF awardscontractsto Pratt & Whitney and General ElectricfortheATF pro-
totypeengines, whichweredesignated Y F119-PW-100andY F120-GE-100, respectively.

AUGUST Lockheed, Boeing, and General Dynamics signed a Memorandum of Under-
standing leading to ateaming agreement on the ATF program.

SEPTEMBER Assembly on the first Y F119-PwW-100 engine began. 1t would begin testing
the following month.

OCTOBER31 TheL ockheed/Boeing/General Dynamicsteamisone of two teams sel ected
to compete in the Dem/Val phase of the ATF program. The team will build two Y F-22A
prototypes. Simultaneoudly, the second of two teams—Northrop/M cDonnell Douglas—
weresd ectedtobuildtwoY F-23A prototypes. TWoATF competitors, Grummanand Rock-
well, were eliminated.

1987

JULY 10 Theorigina design of theY F-22 was determined to be technically and competi-
tively unacceptabl e by the L ockheed/Boeing/General Dynamicsteam.

JULY 13 TheL ockheed-led ATF contractor teaminitiated newY F-22 configurationdesign
and development.

JULY 17 Initial tests of theY F-22's avionics system are carried out on the team's Avionics
FlyingLaboratory (AFL) aircraft, aBoeing-owned Boeing 757 jetliner.

OCTOBER The new configuration of theY F-22A is selected.
DECEMBER Therequirementfor thrust reverserswaseliminated fromthe ATF program.

1988

NOVEMBER 10 Thelong-rumored existence of a sedth fighter was officially announced
during a press conference at the Pentagon. It was designated F-117A (not F-19, as had
been widdy rumored) and was being produced by Lockheed, which was employing
someof itsstealth characteristicstoitsY F-22A ATF prototypeaircraft.

NOVEMBER 22 The premier stealth bomber, the Northrop (now Northrop Grumman)
B-2A, madeitsfirst public appearance. Suddenly, low observables, or stealth technol o-
gies, were running rampant and it had become obvious that the winning ATF design
would be relying heavily on this new and exciting technology.



1989

AUGUST RFPs on the Full-Scale Development (FSD) phase of the ATF program were
drafted.

OCTOBERG6 TheDefense Acquisition Board approved a6-month delay in early FSD air-
craft work, thereby extending the Dem/V al phaseto mid-1991.

1990

JANUARY Fina assembly of thefirst YF-22A prototype began at Lockheed's Palmdale,
California, Site 10facilitywithintheU.S. Air Force Plant 42 complex.

FEBRUARY Final assembly of thesecondY F-22A prototypebegan.
JUNE 8 Pratt & Whitney ddivered thefirst flyable YF119 engine to L ockheed.
JUNE 17 Pratt & Whitney deliveredits secondflyableY F119 engineto L ockheed.

JUNE 22 The first of two Northrop/McDonnell Douglas YF-23A ATF prototype aircraft
(87-0800) rolled out at EdwardsAFB; itscivil registration number isN231YF. It wasnick-
named Black Widow 1.

AUGUST The second prototype YF119 engine (Y F604-2) completed accelerated mis-
sion testing. The first prototype YF119 engine (YF605-1) completed flight clear-
ance testing for the YF-22A at the Arnold Engineering and Development Center in
Tennessee.

AUGUST 27 ThepremierYF-23A, powered by two Pratt & Whitney Y F119s, completed a
successful firstflightat EdwardsAFB; itwasflownby Northrop ATF chief test pilotA. Paul
Metz (now Lockheed Martin F-22 chief test pil ot).

AUGUST 28 The first of two L ockheed/Boeing/General DynamicsY F-22 Lightningl | XT?
prototypeaircraft (N22Y F) madeitspublicdebut at L ockheed'sPlant 10in Palmdale. The
first Prototype Air Vehicle or PAV-1, is powered by two General Electric YF120-GE-100
turbofan engines.

SEPTEMBER 29 Thefirst YF-22A (N22YF), powered by two GE YF120s, madeitsfirst flight
out of PAlmdale, and it landed at Edwards AFB; it was piloted by L ockheed ATF chief test
pilot Dave Ferguson.

OCTOBER 25 Major Mark Shackelford becamethefirst USAF pilot tofly theY F-22A pro-
totype. Thisflight also marked thefirst timetheY F-22 wasflown at supersonic speed.

OCTOBER 26 ThesecondY F-23A (87-0801), powered by two GE 'Y F120s, made a success-
ful first flight at Edwards AFB; it was piloted by Northrop test pilot Jim Sandberg. It was
nicknamed Gray Ghost.

OCTOBER 26 Withthetanker aircraft being aBoeing KC-135 Stratotanker, thefirst aerial
refueling of aY F-22 took place.

OCTOBER?29 Pratt & Whitney delivereditsthirdflyableY F119 (aspare) to L ockheed.

OCTOBER 30 The second YF-22A Lightning Il aircraft (PAV-2), powered by two P&W
Y F119s, madeitsfirstflight from Palmdaleto EdwardsAFB; itwasflownby L ockheed test
pilotTomMorgenfeld.

OCTOBER31 TheUSAFissueditsRFPfor ATFFSD and moveditsFSD decisionto April
1991, the ATF contractor team would then be selected.

NOVEMBER 3 As carried out with PAV-1, powered by two GE YF120s, the Y F-22A's ability
to supercruise, or fly at supersonic speeds without using its afterburners, was demon-
strated for thefirst time.

F-22 Chronology
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NOVEMBER 14 The first YF119-powered Y F-23A achieved Mn 143 for its highest re-
ported supercruise speed; the second Y F120-powered YF-23A's maximum achieved su-
percruise speed is classified but is rumored to be Mn 1.6.

NOVEMBER15 TheGeneral ElectricY F120-poweredY F-22A'sthrust-vectoringcapability
was demonstrated for thefirst time.

NOVEMBER 23 The Pratt & Whitney Y P119-powered Y F-22A (PAV-2) demonstrated its su-
percruise capability for the first time.

NOVEMBER 28 General Dynamicstest pilot JonBeesley (flying PAV-2) fired an unarmed
AIM-9 Sidewinder heat-seeking air-to-air missile over a range at the Naval Weapons
Center at ChinaLake, California. Thiswasthefirst live missilefiringinthe entire ATF
program.

DECEMBER 1 The Pratt & Whitney-powered Y F-22A's thrust vectoring capability was
demonstrated for the first time.

DECEMBER 10 Testing of the YF-22A's ahility to reach high-angle-of-attack (or high-
alpha) attitudesbegan. All the high-alphatestswere conductedwith PAV-1. TheY F-22A
reached areported maximum AOA of 60° degrees

DECEMBER 11 ThetwoY F-22A prototypeswereflowninformationfor thefirst time.

DECEMBER 17 High aphatestingwas completed. TheY F-22A (PAV-1) attained an un-
precedented 60° AOA attitude and remained in full control.

DECEMBER 20 Lockheed test pilot Tom Morgenfeld, flying PAV-2, successfully fired an
unarmed AIM-120 radar-guided AMRAAM over the Pacific Missile Test Range off Port
Mugu, Caifornia.

DECEMBER 28 TheY F-22A's maximum Mach number (Mn 2.0+) was achieved. During
the Dem/Val flight test program, PAV-1 wasflown 43 timesfor 52.8 hours and PAV-2was
flown 31 timesfor 388 hours. Intotal, then, thetwo ATF prototypeswereflown 74 times,
accumulating 91.6 flying hours.

DECEMBER 31 TheLockheed/Boeing/General Dynamicsteam submitted itsATF FSD
proposal to the USAF.

1991

JANUARY Lockheed'sF-22 programofficesbegintorelocatefromBurbank, California, to
Marietta, Georgia.

JANUARY 3 ThelL ockheed/Boeing/General Dynamicsteam madeitsoral summary pre-
sentation to the USAF.

APRIL 22 U.S. Air Force Secretary Dr. Donald Rice announced that, because of declining
defense budgets, the total number of ATFs to be procured is now reduced from 750 to
648 aircraft.

APRIL 23 Air Force Secretary Dr. Donald Rice announced at a Pentagon briefing that the
L ockheed/Boeing/General Dynamics Y F-22A airplane and the Pratt & Whitney YF119-
PW-100 engine combination had won the ATF competition. Dr. Rice said that the
F-22/F119 combination offers"clearly better capability with lower cost, thereby provid-
ing the Air Force with atrue best vaue." Therefore, the USAF awarded a $9.55 hillion En-
gineeringand M anufacturing Development or (HM D) contracttothelL ockheed/Boeing/
General Dynamicsteam.

JUNE Thenumber oneY F-22A prototypewasflown aboard alL ockheed C-5 Galaxy toAn-
drewsAFB, Maryland, toparticipateinthe USAF's" StealthWeek," aninformal exhibition



for Congress and the media. The YF-22A was displayed with a Lockheed F-117A
Nighthawk stealth fighter, an Advanced Cruise Missile, and a Northrop B-2A Spirit
stealth bomber.

JUNE23 Thenumber oneY F-22A wasflownto Mariettaaboard aC-5. Theairplane, never
to be flown again, was then put to use as an engineering mockup.

AUGUST 2 TheUSAF awarded the L ockheed/Boei ng/General Dynamicsteam a$9.55 bil -
lion contract to begin EMD (formerly FSD) of the F-22. Eleven flyable (nine single-seat
F-22As and two tandem-seat F-22Bs) aircraft and one static test airframe and onefatigue
test airframe would be built under this particular contract. Pratt & Whitney, under a sep-
arate $1.375 billion contract for engine development, would build 33 flightworthy F119-
PW-100 turbofan engines; the contracts were signed the next day. At this time it was
announced that thefirst EMD aircraft would fly in mid-1996 (then May 1997 but Septem-
ber 1997 actual) thefirst productionaircraftinmid 1999, and IOC in 2003 (2005 actual).

SEPTEMBER The number two Y F-22A prototype was trucked from Edwards AFB to
Palmdale for aplanned layup and the installation of test equipment. It was trucked back
to Edwards in mid-Octaber.

OCTOBER 30 The number two YF-22A (N22Y X) resumed flight testing at Edwards AFB as
Lockheed test pilot Tom Morgenfeld made a 1.6-hour sortie.

NOVEMBER 13 Ground was broken in Marietta for the L-22 building, the new office
home of the F-22 program. A three-story, 150 000-sg-ft building was scheduled for com-
pletion in late-1992. During construction, the plans were revised to make L-22 afour-
story building; it was scheduled for occupancy in spring, 1993; actual occupancy began
on April 26, 1993.

DECEMBER 16 Theexternal designof the F-22wasfrozenduringtheAirvehiclerequire-
ments/design review update. This alowed wind-tunnel and radar cross-section (RCS)
models to be built, the internal design to be completed, and eventually prepare tooling
for manufacturingtheaircraft.

1992

JANUARY 10 With 53.0 hours of total flight time accumulated during Dem/Val and the
postcontract award flight-test phase, the FI 19-powered Y F-22A surpassed the number of
hoursflownby PAV-1(52.8) duringDem/Val.

JANUARY 21 With 44 flights completed during the two flight test phases, the number of
sortiesflownin PAV-2 surpassedthetotal flownin PAV-1 (43) duringDem/Val.

APRIL 7 With 40.3 hours flown, PAV-2 had flown more hours in the postcontract award
flight-test phasethanit did during Dem/V al (38.8).

APRIL 11 Air Force Lt. Cal. Jay labour made the 32nd test sortie in PAV-2 since the re-
sumption of flight test in October 1991. The second Y F-22A had flown moretimes during
this phase than it did in Dem/Val (31).

APRIL 25 Returning to Edwards AFB after atest flight, the second Y F-22A experienced a
series of pitch oscillations at about 40 ft above the runway. With landing gear retracted,
the aircraft hit the runway, did about 800 ft, and caught fire. Although no longer flight-
worthy, the external damage was later repaired, and it was flown aboard a C-5 to the
RomeAir Development Center at GriffisSAFB NewY ork, whereitwastoundergoaseries
of antennatests. Inal, PAV-2 had been flown 70 timesfor atotal of 100.4 hours.

JUNE Ciritical design reviews (CDRs) are held for al F119 EMD test engine compo-
nents. These thorough reviews of the engine mark completion of the detailed design
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phase of the program and ensure that the F119 was ready to proceed into fabrication
and assembly.

JUNE 4 TheF-22'sdesignreview update (DRU) was compl eted.
DECEMBER 17 ThefirsstHMD Fl 19 enginegoestotest.

1993

JANUARY Asthe result of afiscal year 1993 funding shortfall due to cost increases and
Congressional budget cuts, theF-22 EM D program schedul ewasrephased. Key eventsin
the devel opment process would now occur anywhere from 6 to 18 months later than
originally scheduled. The rephasing aso reduced the number of aircraft to be built dur-
ingEMD from 11to9 (whichtill includedtwo F-22B tandem-seat fighter trai ners); thus,
7 single-seat, and 2 tandem-seat aircraft. The F119 engine program was a so rephased,
and Pratt & Whitneywould now build only 27 (rather than 33) flightworthy EM D engines.

MARCH 1 Lockheed Corporation completed the acquisition of General Dynamics' Fort
Worth Division, Texas. That $1.5 billion purchase (which was announced the previous
December) increased L ockheed's majority share of the F-22 program from 35 to 67.5 per-
cent. Boeing's 32.5 percent share of the program remains unchanged.

APRIL 26 Occupancy of the L-22 building begins. This four-story, 200,000-sg-ft facility is
home to more than 900 people working on the F-22 program at Marietta. The building
adso has a 251-person conference center.

APRIL 30 TheF-22airvehiclepreliminary designreview (PDR) wascompleted. ThisPDR
completed the third and final phase of preliminary design work on the F-22. Thiswas
aso thefirst major event held in the new L-22 building in Marietta.

DECEMBER 8 Albert Ferara, amilling machine operator at Boeing Defense and Space
Group, Kent, Washington, began fabrication of the first part of the first flyable EMD
F-22A. The part, made of titanium, is one of eight forward boom keelson panels that
would make up one section of the F-22's aft fusel age section.

1994

FEBRUARY 10 Asoneresult of the continuing downsizing of the U.S. military forces, the
USAF announced that the number of production F-22sto be procured had been reduced
from 648t0442, reduced from 750 to 648 earlier.

MARCH 4 It was announced that the F-22 Air Force/industry design team had identified
someshortfallsintheaircraft'sradar cross-section (RCS) signature. Theshortfalls, which
were identified through a new computer modeling technigue, were to be addressed by
late spring through an intensive effort. The fixes involved the reduction in number of
drain holes on the bottom of the aircraft and combining access panels.

OCTOBER 6 CharlesWilkey, amilling machine operator at LASC in Marietta, began fab-
rication of thefirst part LASC built for thefirst flyable F-22. The aluminum part wasfor
an engine air inlet duct frame segment.

NOVEMBER Acquisition of P&W F119 flight-test engine long-lead-time hardware was
initiated.

DECEMBER 9 Secretary of Defense William Perry, often referred to as the "father of
stealth," announced $8 billion in budget changes to seven Department of Defense mod-
ernization programs. These included a 10 percent reduction in the Fisca Y ear 1996 re-

search and development funding for the F-22. This cut necessitated a third rephase of
the F-22 program.



DECEMBER Lockheed Fort Worth Company, in Texas, began fabrication of the first
graphite composite parts for thefirst midfusel age section of thefirst flyable F-22.

1995

FEBRUARY 24 The USAF approved the final design of the F-22A. The formal portion of
the F-22 air vehicle critical design review (CDR) was completed. Thisreview of the F-22
air vehicle marked compl etion of the detailed design phase of the program and ensured
that the F-22 was ready to proceed into fabrication and assembly.

MARCH 15 Lockheed Corporation and Martin Marietta completed their "merger of
equals." The combined enterprise was named L ockheed Martin Corporation. Lockheed
Aeronautical Systems Company (L ASC) became Lockheed Martin Aer onautical Systems
(LMAS), andL ockheed FortWorth Company (L FWC) becameL ockheedMartinT actical
Aircraft Sysems (LMTAS).

APRIL 20 TheUSAF awardedthelL ockheed M artin/Boeingteama$9.5million, 24-month
study contract to explore derivativesto the F-22 aircraft. Pratt & Whitney was awarded a

separate $500,000 contract to explore improved F119 engine performance. The USAF
later curtailed this study.

JUNE 27 Assembly of the first flyable F-22 began as workers loaded the first midfuselage
bulkhead into an assembly fixtureat LM TASin FortWorth. Thismilestonewas achieved
ahead of schedule.

JULY Pratt & Whitney'sredesigned F119 turbine demonstrated improved fuel efficiency
and elimination of turbine blade vibratory stress.

JULY 24 Wind tunnel testing of the F-22's configuration was completed. Twenty-three
models were tested in 14 facilities throughout the United States and in Germany during
the 16,930-hour wind tunnel program that began in 1991.

OCTOBER 4 Assambly of the first flyable F-22 began at Boeing Military Airplanes as
workers loaded parts for the aft fusel age section into an assembly fixture.

NOVEMBER 2 Assembly of the first flyable F-22 began at LMAS in Marietta as workers
loaded parts of the nose landing gear whed well into an assembly fixture.

1996

JANUARY 17 Boeingbeganassembly of thefirst shipset of wingsfor thefirstflyable F-22.
Theleft, or port, wingwas started first.

FEBRUARY Tests of the F-22's flight control laws began in the Variable Stability In-
flight Simulator Aircraft (VISTA), a highly-modified, one-of-a-kind Lockheed Martin
F-16D Fighting Falcon (86-0048) that, through a sophisticated control system, emu-
lates the flying characteristics of another type of aircraft while in flight. These tests,
which took place over upstate New Y ork, were flown in two sessions and were com-
pleted in May 1996.

MAY 6 Pratt & Whitney began assembly of the first flight test Fl 19 engine at its Middle-
town, Connecticut, facility.

JULY 9 Pratt & Whitney conducted a"Last Bolt" ceremony at Middletown to mark the
completion of the first flight-test F119 engine.

JULY 10 Theairframe team received formal notification from the USAF that deferred the
requirement for design and development of the two-seat F-22B fighter trainer. The two
planned EM D F-22Bswere replaced by two single-seat F-22As, so dl nineEM D F-22s
would now be single-seat aircraft.
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AUGUST 29 LMTASinFortWorthheld atriceremony to commemorate the compl etion of
the midfuselage section for the first flyable F-22, mating of the midfuselage for F-22
number 2, and loading the first midfuselage assembly for F-22 number 3.

SEPTEMBER 6 The midfuselage for thefirst flyable F-22 (ship 1) arrived in Marietta after
a4-day truck trip from LM TAS in Fort Worth. Shortly thereafter, the mating of thefor-
ward fuselage to the midfusel age sections began.

SEPTEMBER 24 Pratt & Whitney announced that the first flight test F119 engine had
been deliveredtothe USAE Itwasthentakento Arnold AFB, Tennessee, for testing, after
whichitwasto bedeliveredto LMASin Marietta

OCTOBER 1 Northrop Grummanannounced that thefirst developmental AN/APG-77,
the electronically steered, active element, phased-array radar unit to be used in the
F-22, began system-level integration and test. The AN/APG-77 radar system had
been developed by Westinghouse, and was later purchased by Northrop Grumman
Corporation.

OCTOBER 8 The first of two flight-test EMD F119 engines was delivered via truck to
LMAS in Marietta.

OCTOBER 16 The aft fuselage section for thefirst flyable F-22 arrived in Marietta, and
mating operations began. It was delivered from Boeing's Seattle via C-5 Galaxy.

OCTOBER 27 Thecompletedfuselageforthefirst F-22waslifted fromthebody matetool
to the wing mate tool.

NOVEMBER 9 The wings for the first F-22 arrived from Boeing's Sesttle facility to Mari-
etta, and mate operations began 2 dayslater.

DECEMBER Electrical powerwasappliedtothefirst F-22for thefirsttime.
1997

JANUARY 16 Thefirst P&W Fl 19 engine was test-fitted into the first EMD F-22A.
JANUARY 21 The F-22A's left vertical stabilizer was installed.

FEBRUARY 6 TheF-22A'srightvertical stabilizerwasinstalled.

FEBRUARY 17 H 19 engineendurancetestingwascompleted.

MARCH 6 Thefirst F-22A, nearly complete, was towed from its final assembly areain
LMAS B-I building to the newly constructed B-22 engine noise attenuation facility—
called a"hush house," where it underwent fueling operations and engine runs.

MARCH 31 TheP&W Fl 19-PW-100 enginewasgrantedinitial flight release (I FR) status.

APRIL 9 Thepremier EMD F-22A waspublicly unveiledin ceremoniesat LMASinMari-
etta. During the ceremony, the fighter was christened with its official name: Raptor.

MAY Thefirstflight of thefirst Raptor wasto occur. Moderate problems, including land-
ing gear and whesl braking difficulties, delayed thefirst flight for 4 months.

MAY 15 Quadrennial Defense Review Report was released. It reduced the F-22 overall
production quantity from 438 to 339.

JULY31 Thefirst F-22A Raptor's F119-PW-100 engines were run at full afterburner (max-
imum power) for the first time. Tied down, the engines were brought up to full after-
burner one at atime.

SEPTEMBER Thefirst F-22A Raptor underwent a series of low-, medium-, and high-
speed taxi tests to check nose wheel steering, brakes, and so on.



SEPTEMBER 7 Lockheed Martin F-22A chief test pilot A. Paul Metz successfully com-
pletesthe maidenflight of thefirst HM D F-22A from Marietta, Georgia; theflight lasted
58 minutes.

SEPTEMBER 14 Lockheed Martin F-22A test pilot Jon Beesley completed the second
flight of F-22A number 1. Theflight, cut short because of atel emetry glitch, lasted about
35 minutes.

NOVEMBER21 ThefirstAN/APG-77radartestflighttook placeaboardthe757FTB (for-
merly AF2) aircraft.

1998

FEBRUARY 5 Thefirst F-22A Raptor (4001) was delivered to Edwards AFB, California, via
aC-5 Galaxy.

FEBRUARY 10 Thesecondof nineEM D F-22A Raptor aircraft (4002) wasrolled out of the
3.5 million-sg-ft main assembly B-I building in Marietta.

MARCH Thefina production readiness review (PRR) for the F119 engine took place at
P&W's facility in West PAlm Beach, Florida; subsequent to the PRR, the F119s full flight
release was granted.

APRIL The number 1 YF-22 prototype, painted and marked like the P&W Y F119-
powered Y F-22 prototype, was enshrined at the U.S. Air Museum at Wright-Patterson
AFB, Ohio.

MAY 17 The first F-22A Raptor aircraft made its first flight at Edwards AFB. The flight

lasted 1 hour and 20 minutes, and its general speed was at or below 350 knots (525 mph).
ItwasRaptor Ol'sthirdflight.

JUNE Boeing completed and delivered its third aft fusel age section 3 weeks ahead of its
revised schedule. Once attached to therest of the aircraft, it will never fly, for this section
was built for the static structural loads airframe.

JUNE TheUSAF granted L ockheed Martin and Boeing 87 percent of a$44 millionincentive
for work performed from October 1997 to March 1998. It also recognized the F-22 team
with a specia 100 percent award fee—$20 million—for an F-22 production-affordability
analysis conducted in 1998 by the contractors. The total amount was about $58 million
(two-thirdsto L ockheed Martin Corporation, one-thirdto TheBoeing Company).

JUNE 29 The second F-22A Raptor (LMAS 4002) made its first flight out of Dobhins Air
Reserve Base; Paul Metzwasthepilot.

JULY 1 Raptor 02 made its second flight at Dobbins ARB.

JULY 9 Raptor 01 made its 12th flight; first F-22 flight by Chuck Killberg, chief F-22 test
pilotfor Boeing.

JULY 10 Raptor 01 made its 13th flight; Chuck Killberg was the pilot.

JULY 10 Lockheed Martin announced that the USAF had awarded the L ockheed Mar-
tin/Boeing F-22 team two contracts totaling up to $70.7 million for advance procure-
ment and program support for two F-22A production representative test vehicles
(PRTVSs). Thesecontracts, valued at upto $2.1 billion, includeoptionsfor thetwo PRTVs
and the six initial production (IP) IP F-22As. The two PRTVs and the six IP F-22As have
been assigned LMAS production numbers4010-4017. At thiswriting, the USAF plansto
buy the two PRTV aircraft and 12 production lots totaling 339 F-22 aircraft, at an esti-
mated cost of $34.7 billion in fiscal year 1998 (FY 98) dollars. FY 98 began on October 1,
1997 and ended on October 31,1998.
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JULY 30 Lockheed Martin Tactical Aircraft Systems in Fort Worth, Texas, completed a se-
ries of AIM-9 and AIM-120 weaponsfit tests on an F-22A.

AUGUST 23 Raptor 02flew for 4.6 hours, the longest sortieto date, and air-refueled two
times. This duration sortie was highly successful and served as a dress rehearsa for the
aircraft's upcoming ferry flight to Edwards AFB.

AUGUST 26 Raptor 02 (AF 91-0002) flew from Dobbins ARB to Edwards AFB in a4-hour,
35-minutenonstopflight. Theflightincludedtwo aerial refuelingsby twoBoeingK G-135
Stratotankers.

AUGUST 31 Raptors01 and 02 completed 59.4 flying hoursin 38 flights.
SEPTEMBER F-22Integrated avionicsflighttestingat Boeingwiththe 757 FT B began.

SEPTEMBER Whileflying at high altitudes and throttle settings, Raptor 02 experienced
enough engine (left) vibration to prematurely terminate aflight test. Subsequently, the
left engine was removed, and after athorough inspection, it was found that it had been
improperly installed. The enginewas not at fault.

SEPTEMBER 1 Raptor 01 reached anangleof attack or (AOA) of 16° at Edwar dsAFB.

SEPTEMBER 7 The first anniversary of the first flight of the premier F-22A Raptor was
celebrated by the USAF, ACC, Lockheed M artin/Boeing, Pratt & Whitney, and numerous
other F-22 program participants. At this time, the aircraft had achieved Mn 0.95 and an
altitudeof 40,000ft.

SEPTEMBER 21 Lockheed Martin Tactical Aircraft Systems delivered the fifth EM D F-22A
mi df usel age section 2 weeks ahead of schedule. This midfusel age sectionwill be used for
the second nonflying F-22 (LM AS serid no. 4000). Itisoneof 11 midfuselagesto bebuilt
duringthe EM D phase of the programby LM TAS' Fort Worth, Texasfacility. The mid-
fuselage sectionfor thefirst of two nonflying F-22s (LMAS seria no. 3999) wasdelivered
in July 1998,

OCTOBER 12 Thefirst EMD F-22A discovered supersonic flight for the first time. Piloted
by Lockheed Martin test pilot Jon Beedey, Raptor 01 hit Mn 1.1 during anearly three-
hour flight at EdwardsAFB.

NOVEMBER 1 Todate, Raptor 01 hadflown 29 sortiesand 40.2 hoursand Raptor 02 had
flown 11 sortiesand 21.2 hoursfor agrand total of 40 sorties and 61.4 hours. These two
aircraft were scheduled to achieve 183 total flight hours on or before December 31,
1998. At thistime, Raptor 03 (4003) is scheduled to arrive at Edwardsin March 2000;
first deliveriesto operational unitsisto beginin 2002, and | OC isdated for November
2004.

NOVEMBER 23 Thetwo flying Raptors achieved an earlier announced goal of 183 fly-
ing hours, flights above 40,000 ft, an AOA exceeding 18°, and aerial refuelings. Flying
some 122 total flight hours between them since November 1, the two 412th Flight
Test Squadron F-22As accumulated a grand total of 183 flight hours to meet the cri-
teria for long-lead funding. At this time, the development, test, and evaluation
(DT&E) is scheduled to end in 2002 with the initiation of dedicated initial opera-
tional test and evaluation (10T & E) tofollow. Asof today, F-22 pilots at the Combined
Test Force, Edwards Air Force Base, Calif., have logged 184.4 hours in the program's
two current, flight-test F-22s, surpassing the Congressional mandate. The first F-22,
Raptor 01, has flown 45 sorties and 79 flight hours, including 4.42 hours of super-
sonic flight. Raptor 02, the second off the assembly line, has flown 41 sorties and
105.4 flight hours.



Future Milestones (projected)

1999

JANUARY 1 Envelopeexpansiontohigher supersonicflightand 20° AOA wasmet by Rap-
tors 01 and 02 by this date.

MIDYEAR The USAF's Low-Rate Initia Production (LRIP) contract for the F-22A isto be
awarded. ThisLot 1 production contract stipulates that two aircraft be delivered in late
200l and early 2002.

MIDYEAR Thefirstflightof EM D F-22A number 3 (Raptor 03) i stotakeplaceby thistime;
Chuck Killbergisto bethe pilot.

SEPTEMBER 30 Thelast of 27 EMD P&W Fl 19 flight test enginesis scheduled to be de-
livered to LMAS.

LATE Thefirst flight of F-22 number 4 (Raptor 04) is scheduled to take place with Bret
Luedke asthepilot. Itisthefirst Raptor to have acompletely operational avionics site.

2000
EARLY The USAF is scheduled to award the Lot 2 production contract. These six F-22As
areto be delivered in 2002.

FEBRUARY ThefourthEM D F-22, Raptor 04, isrescheduledtomakeitsfirstflightat Dob-
binsARB with Bret L uedke at the controls; thisflight was delayed from late 1999.

JUNE Raptor 04 (4004) isto beginflight testswith Block 3Savionicssoftware.

2001
EARLY The USAF is scheduled to award the Lot 3 production contract. These 12 F-22As
areto be delivered in 2003.

MIDYEAR Thelastof nineF-22sto bebuilt duringthe EM D phase of the Raptor program
isscheduled to be delivered to the USAF.

2002
EARLY The contractor portion of the EM D phase of the F-22 program is scheduled to be
completed.

EARLY TheUSAF isscheduledto awardthelLot 4 production contract. These 20 F-22As
areto be delivered starting in late 2003 and running through 2004.

MIDYEAR First F-22 ddliveriesto user squadronsareto begin.

2003

EARLY The USAF's dedicated IOT&E program is scheduled to be completed, thus offi-
cidly endingthe EM D phase of the F-22 program.

EARLY The USAF is scheduled to award the Lot 5 production contract. These 30 F-22As
areto be delivered starting in late 2004 and running through 2005.

2004

EARLY The high-rate production decision for the F-22 is expected to be made by the
USAF. ThisLot 6 contract will cover 48 aircraft. TheseF-22swill bedeliveredinlate 2005
and 2006.
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LATE TheF-22A Raptor was scheduled to enter operational service, meeting itsinitial op-
erational capability (10C).

2005

EARLY TheF-22A is expected to enter operational service, delayed from late 2004.
2007

SEPTEMBER 7 The 10th anniversary of Raptor 01 'sfirst flight is to be celebrated.
2011

LATE Thelast of 339 F-22As currently planned for USAF procurement will be delivered.
Breakdown is as follows: nine EMD F-22As, two PRTV F-22As, six IP F-22As, and 322 FSP
F-22As.

2022

SEPTEMBER 7 The 25th anniversary of Raptor O1's first flight.
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ACC
ACESII
ACF

ADF

AFB
AFFTC
AFFTC/HO
AFMC
AFOTEC
AGM
AlM
AMAD
AMRAAM
AN

APU

ARE
ARPA
ASD

ASP

* Activated June 1,1992; combines the former Strategic Air Command and Tactical Air Command.

Air Combat Command*

Advanced Concept Ejection Sest |1

Air Combat Fighter

Air Dominance Fighter

Air Force Base

Air Force Flight Test Center

Air Force Flight Test Center History Office
Air Force Materiel Command*
Air Force Operational Test and Evaluation Center
Air-to-Ground Missile

Airborne Intercept Missile®
Airframe Mounted Accessory Drive

Advanced Medium-Range Air-to-Air Missile®

Army and Navy

Auxiliary Power Unit

Air Reserve Base

Advanced Research Projects Agency
Aeronautical Systems Division

Air Superiority Fighter

Standard emergency gjection seat used in bomber and fighter aircraft, including the F-22.
*Formerly Air Force Systems Command or (AFSC).

$The AIM-9M Sidewinder as currently used by the F-22.

*The AIM-120C "Slammer" as currently used by the F-22.
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ATF
BMI
BVR
CEP
CNI
CPS
CTF
DARPA
DemA/d
DoD
EAFB
ECS
EMD
EW
FADEC
FSD
FSP
FTB
FT&E
FTRWG
FX
GBU
GE
HIP
HUD
ICNAI
INEWS
10C
IOT&E
P

IPX

IR
JAFE
JDAM

MAS
KTAS
LMAS
LMTAS
LO

LWF

MiG

Mn
MOSARC
NADF

Advanced Tactical Fighter
Bismaeimide
BeyondVisual Range
Circular Error Probable
Communication-Navigation-ldentification
Composite Pivot Shaft
Combined Test Force
Defense Advanced Research Proj ects Agency
Demonstration and Validation
Department of Defense
Edwards Air Force Base
Environmental Control System
Engineering and M anufacturing Devel opment
ElectronicWarfare
Full-Authority Digital Electronic Engine Control
Full Scale Development
Full Scale Production
Flying Test Bed
Flight-Test and Evaluation
Hight Test RequirementsWorking Group
Fighter-Experimental
Guided Bomb Unit
General Electric
Hot Isostatic Pressed
Head-Up Display
Integrated Communications-Navigation-ldentification Avionics
Integrated ElectronicWarfare System
Initial Operational Capability
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Knots Indicated Air Speed
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Lockheed Martin Aeronautical Systems
Lockheed Martin Tactical Aircraft Systems
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Mikoyan Gurevich
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Navy Air Dominance Fighter



NATF
NATO

PRTV
P&W
RAM
RAS
RCS

RFI

RFP
SLAMER

STOL

TAC
USAF
VHP
VHSIC
VISTA
WS
YF

The P prefix was used to the late 1940s to denote USAF fighter-type aircraft; the P for pursuit prefix

Navy Advanced Tactical Fighter
North Atlantic Treaty Organization
Pursuit*
Production Representetive Test Vehicle
Pratt and Whitney
Radar-Absorbing Material
Radar-Absorbing Structure
Radar Cross Section
Request for Information
Request for Proposal
Standoff Land Attack Missile, Expanded Response
System Program Office
Short Takeoff and Landing
Sukhoi
Tactical Air Command
U.S. Air Force
Very High Frequency
Very High-Speed Integrated Circuits
Variable In-flight Stability Test Aircraft
Weapon System
Service Test Fighter/ Service Test Turbofan Engine

was changed to F for fighter in June 1948.

Acronyms
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labour, Lt. Cal. Jay, 9

Joint Advanced Fighter Engine, 4

Joint Strike Fighter, 22

Killberg, Chuck, 37

Lockheed Martin Aeronautical Sys-
tems, 41, 43
Lockheed Martin/Boeing, 25
Lockheed Martin C-5B Galaxy, 35
Lockheed Martin Skunk Works, 43
L ockheed Martin Skunk Works aircraft:
A-12,94
D-21,94
F-117A.94
Have Blue, 93-%4

127



128  INDEX

Lockheed Martin Skunk Works aircraft
(Cont.):
M-12,94
SR-71"Blackbird," 2,24, 94
U-2"Dragon Lady," 2
XST, 93
YF-12, 94
Lockheed Martin Tactical Aircraft Sys
tems, 33, 43

McConnell, Capt. Joseph P., 2
Metz, A. Paul, 7, 36
Mikoyan and Gurevich aircraft:
MiG-15 Falcon (also "Fagot"), 2
MiG-17 Fresco, 2
MiG-19 Fanner, 2
MiG-21 Fishbed, 2
MiG-25 Foxbat, 2
MiG-29 Fulcrum, 3
M61A1 Vulcan 20-mm cannon, 71
M61A2 Vulcan 20-mm cannon, 70-71
Morganfeld, Tom, 9
Mullin, ShermanA., 76
Mushala, Brig. Gen. Michael C., 76

Navy Advanced Tactical Fighter, 18
21

Navy Air Dominance Fighter, 22

NF-16D VISTA, 25

North Atlantic Treaty Organization, 2

Pacific MissileTest Range, 17

Picarillo, Col. Albert, 76

Plourde, Gary, 83

Pratt & Whitney large military engines:
PW5000, 6
P&WF119-PW-100, 6-7, 11,49-52
P& WXF120, 11
P& WY F119-PW-100, 11
P&WJ75, 50

Radar-absorbing material, 94
Radar-absorbing structure, 94
Radar cross-section, 25, 97-99
Rafale, 101, 103

Raggio, Brig. Gen. Robert E, 76
Rainey, Lt. Col. Steve, 33, 36
Rhodes, Jeff, 65

Rich, BenjaminR., 15

Riley, GaryA., 78

Saab JAS 39 Gripen, 103
Sandberg, Jim, 7
Shackelford, Maj. Mark, 1617
Spirit of America, 96
Stealth Technology Aircraft (opera-
tional types):
First generation (Lockheed SR-71
"Blackbird"), 2,94
Second generation (Lockheed F-117
Nighthawk), 94

Stealth Technology Aircraft (opera-
tional types) (Cont.}:
Third generation (Northrop Grum-
man B-2 Spirit), 95
Fourth generation (Lockheed Martin/
Boeing F-22 Raptor), 94
Sukhoi Aircraft:
Su-27 Flanker, 3
SU-30MK, 101
Su-37,101
Super Hornet, 21
Super Tomcat, 21

Tacit Blue (Whale), 94-95
Tactical Air Command, 3
ThomasMorse MB-3, 85

Widnall, Sheila (Secretary of the Air
Force), 80
Wise, CharlaK.,81

X-32A (Boeing's JSF prototypes), 12,
100-101

X-35A/B (Lockheed-Martin's JSF proto-
types), 12,100-101

YF-16 Fighting Falcon, 15
YF-17 Cobra, 15
YF-22A,9-10, 14-15
YF-23A, 910, 1415



THE AIR FORCE ASKED FOR
A RADICALLY NEW FIGHTER.

ENTER THE F-22 RAPTDOR.

When it becomes operational in the near future, it will be the most formidable aircraft ever buiit. Scorchingly
fast, uncannily stealthy, and equipped with a deadly array of modern armaments, it is potent enough to follow
in the vaunted footsteps of the Boeing F-15C Eagle. Most of all, it has earned the right to be calied the first
Air Dominance Fighter.

Get ready for a close encounter with the Lockheed Martin F-22 Raptor.

The F-22 was designed with a single goal in mind: to achieve air dominance—which means nothing less
than the complete and utter suppression of all enemy air activity so other aircraft can carry out bombing runs
with impunity. Through this eye-opening chronicle—based on intensive research and never-before-published
insights—you’ll get a high-adrenaline, insider’s look at the F-22: its origins, technology, and the masterminds
responsible for its development.

Detailed here are the Raptor's fearsome arsenal of features—never before seen in a fighter—including ...

= Complete stealth characteristics

= Supercruise (the ability to fly at Mach 1.5 or better without the use of afterburners—
an aviation first)

= A vectored thrust which allows for tremendous maneuverability

Profusely illustrated, this riveting volume takas you behind the scenes, through every stage of our mili-
tary’s quest for the F-22. Going from drawing board to wind tunnel, from test flight to tactical deployment,
this is the not-to-be-missed profile of the leading-edge fighter of the 21st Century.

~ WALTER J. BOYNE MILITARY AIRCRAFT SERIES
The Sky Warriors of Yesterday, Today, & Tomorrow

Each volume in the Walter J. Boyne Military Aircraft Series provides an extensively illustrated look at America's top
combat aircraft, from pre-WWII to conflicts yel lo come. Internationally renowned, Walter J. Boyne is a former
USAF Gommand Pilot and the number one aviation author. He is also pasl Director of the Smithsonian Institution’s
National Air & Space Museum.
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