“HASING THE SILYEERE BULLET

inder the belly} as well a5 racks under the conformal tanks and launcher rails
or air-to-air missiles (up to eight can be carried). Low Altitude Navigation
nd Targeting Infrared Night (LANTIRN) pods mounted under the engine

ntakes add [R navigation and targeting capabilities, allowing for night low-
evel navigation and attack tactics. The Strike Fagle can deliver a full range of .
lumb bombs as well as guided munitions (Maverick and laser-guided 7§

ombs).” It s also armed with a 20 mm Gading gun,

The only major problem faced by the F-15E was expense. The aircraft per- 4
vemed well in its assigned role and encountered few developmental problems,
ut the “E” cost about 50 percent more to acquire and operate than the “C.”
“his helps explain why the USAF cut the original procurement plan of 392 3
ack to 209. More recently, improved versions of the F-15 are regarded by ¢

ome as threats to the Air Foree's next proposed fighter aircrafr, the F-22,7

It is clear that the F-15 has been an outstanding success. It overcame en-

ine problems to give the Air Force greatly enhanced air-to-air cambat capa-
ility and later almost unprecedented air-to-ground capabilities. The atrcraft’s
wellence was seen early on and then demonstrated decisively in combar, Cru-
al te this success was good cooperation between the USAF and McDongnell-
ouglas. Many in governmenr and industry deserve credit for this accom-
lishment, perhaps none more than the project managers who provided sttong
adership: General Benjamin Bellis (USAF) and Dlonald Makvern (MeDon-
cll-Douglas) B

The reformers played a major role and made critical conttibutions to the
-13. The result was neither the lean, mean, austere fhighter favored by the re-
rmces, nor the big, sophisticared aircraft they opposed. In many respects it
pped both schools of thought and melded them into a superb air superionity
zheer that after twenty years is arguably the finest in the world, Nevertheless,
ere were those who had setious reservations about how the Eagle had curned
1t. The reformers saw it as a prime example of whar the 1., fighter devel-
vtnent system produced, that is, how a good design became needlessly bur-
-ned with cquipment that was heavy, expensive, and of questionable re-
bility and wiility. Thus, some of those that pushed hardest for the F-15
gan to advocate another machine that was closer to the reformers’ vision of
proper {or pure) air superiotity fighter.®!

4

The F-16

Lightweight to Multipurpose Fighter

long with the F-15, the F-16 maintains its place as one of the best air-ro-

air fighrers flying in the world today. It certainly is a great commercial
suceess, with 4,000 being built and serving in abour twenty countries. As
notable as these accomplishmenes is its unusual development, wherein 2
number of diverse events and unlikely people came together to produce chis
exceptional airerafr.

There was a direct connection between the development of the F-15 and
the F-16. The reformers were unhappy with the way the F-13 had murned our,
believing it had been compromised beyond help. They were corsect thar the
USAF would attempt co enhance aircraft performance, and in so deing add
complexity, weight, and expense to the fighter as it matured. All would agree
that these changes would detract from flying performance, but the refermers
claimed that fighring performance alse declined, which was disputed by the es-
tablishment. Therefore, once the uliimare path of the F-15 was clear, the re-
formers worked to develop an aircraft closer to theit ideals, An admiring bi-
ographer has written thar they were involved in “late night meetings, assumed
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"The USAF sought to supplemenr its B-15s with g smaller, cheaper, and mor:
maneuverable stable mate. The General Dynamic F-16 Falcon’s cxceptional
petformance, especially its maneuverability {made possible by new “fy-by-wirc”
Flcctrm.:.ic cantrol system) emerged through a successfui Hyoff competition, This F-160
15 carrying 20 ECM pod on its left cutboard pydon and a LANTIRN navigation pod on
the side of its engine intake. Phato coureesy of Defense Visual Informarion Center.

names, all night work sessions in local motels, and the sort of collusion and
inerigue that is now cereainly illegal and was questionable then. Bur withour
it, the F-16 would never have been developed. For the F-16 was developed in
spitc of the system, ourside the system, and in competition with the system
as it dlen existed.™ The reformers’ goal was to produce 2 small, simple, reliable,
:and inexpensive ligheweighe fighter with the best performance for visual, close-
in, mancuvering, air-te-air combat.

. Cutiously, the reformers and the establishment essentially wanted the same
thing. Air Force leaders realized they could not afford 1o equip all their fighrer
units with the F-15, and thercfore pushed for what was deemed a “high-low”
mix, a fighter force consisting of F-15s and lower cast, but still high-performing,
fighters. One problem with this approach was that the low-cost fighter could
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not be too good or else it would threaten the F-15.% As seen by the reformers:
“Within the Air Force, loyalty to the F-15 became what profession of faith in
the Blessed Virgin is within the Chureh; a prerequisite act of belief for ali who
seek membership.™ In addition to the reformers and the establishment, three
other groups played a significant role in the F-16'5 development.

The sea service was a third parcy o the F-16' story. The Adr Force was
fearful during che late 1960s and 1970s that it would again be forced o em-
ploy Navy designed and developed squipment as it had with both the F-4 and
A-7. One of the uniformed teformers concluded his briefings to his Air Force
andiences in 1970 with the assertion thar there were two threats menacing the
USAF, one octernal and one internal. His final slide read: “Unless the ULS. Air
Foree thoroughly studies high performance austeee fighters and is prepared
to consider them as a necessary complement to other air superiority aircraft,
the 1.5, Air Force may be either outgamed by the Navy (again), andfor out-
fought by the Russians.™ The rank order of the threats may be insmmctive.

A fonrth player in this unusual saga was the Office of the Seeretary of De-
fenge {O8D). A change from Democratic to Republican control of the ad-
ministration in 1968 led to a turnover in personnel at the top of the Depart-
ment of Defense (DoDY). This, along with tortid eriticisms of the performance
difficulties and cost overmans of the F-111 and C-5A aircraft, generated an in-
creased interest in a different process for selecting aircraft for development.

Finally; the F-16 received 2 big boost from overseas. The North Adantic
Treaty Organization’s desire to modernize its fighter arm led four European
conntries to propose a joint manufacturing venture with the Unived Seates.
The lure of standardizing NATO aircraft, as well as earning profits overseas
propelled the F-16 above the normal Air Force and defense politics. Thar it
was to survive and flourish is yet another testament to its inherent worth, and
most of all to its good fortune. Whart should be seressed is chat the timing just
happened; it probably could not have been betrer planned to permit this un-

usual fighter to make its way to success through so hostile an environment.

Developing a Concept: The Lighteeighs Fighter and Prototyping
Fighters have grown larger and heavier throughour their history, which added
to some of their performance elemencs but subtracted from ethers. Through-
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out, many fighter pilots expressed a marked preference for 2 small, light, high-
pc:f-ﬁ:rrmmg aircraft, equating a better fiying machine with a berver fighting ma-
chine. Onc problen:, made clear, for example, by a 1964 Tactical Air Foroe

pilot conference, was that pilots could not agree on which performance ele:
ments to emphasize: speed and ceiling or maneuverability, The nexr vear cha
Air Force conducted formulation studies that included the F-X (fighter ex- !
petimental} airceaft, as well as another lighter machine called ADF (Advanced
Day Fighter). The latter was designed o outperform the MiG-21 by 25 perl :
cent. As already noted, the ADF idea was swept aside in the quest for what be- =I

came the F-15° '

This general concepr received a boose in the 1960s, when the Unité;:l :
States attempted o produce a simple, inexpensive, high-performing fighter for '}
its allies. In 1962 the United States picked the Northrop N-156, which be- -.!
came known as the F-5 Freedom Fighter, for this role, The single-seat, twin- i
engine aircraft’s low cost, ease of maintenance, and high reliability made it 2 '.
very attractive aircraft, but not to the USAE Although the USAF ;uccessf"uﬂ}r'
tested one squadron in the Vietnam War in late 1965 and early 1966, the Air *:
Force did not adopt the Northrop fighter. It wanted a more capable, more ad-

vanced, more sophisticated aircraft. Nevertheless, twenty-six countries have
employed F55.5

The lightweight fightet concept received another boost in July 1969 when 3
President Richard Nixon delivered a speech on Guam char put fu;m the policy . - :_
of the United Staces backing up local forces in fights against aggression, e .- g
so-called Guam or Nixen Doctrine. The Department of Defense followed up
by pushing for che development of new afrcraft for foreign arms sales. The gov- - g
ermirnent wanted a fighter with 2 100 nm radius in a councer-air role and the .::::
ability to provide close it support. Although the Air Force favored the Vought

design, a revised F-8, Sectecaty of the Air Force Roberr Seamans picked the
E-5 in November 1970. Here was a fighter in the spirit of the reformers.”

At the sae time, the reformers were pushing toward the same goal ofa -
ligheweight, high-performance fighter. Pierre Sprey and John Boyd were ad- -
vocating Sprey’s concept called the “F-XX,” a small, single-engine, fixed-wing ..
fighter weighing less than 25,000 pounds and propelled by an engine with

35,000 pounds of thrust. The idea was to cut weight ruchlessly in all areas, em-
phasize maneuverability over speed, and forego radar-guided air-to-air mis-
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siles. As a consequence of the last requirement, only 500 pounds would be
allocased for avionics, including radar. Although such an aiecraft would have
a 1op speed no greater than Mach 1.6, it would have twice the acceleration,
slightly more range, and better turn pecformance than the F-4. And costs
would be significantly lower than the Navy's F-14 or the Air Force’s F-13.
Sprey formulared this concept as early as 1968 and had the audacity to tout
such 2 machine in a keynote speech he delivered ac the American Institure tar
Acronautics and Astronaurics conference held in March 1970 in St. Louis,
home of McDonnell-Douglas and the F-15. Instead of being the good guest
and praising the triumphant F-15 team, Sprey encouraged greates efforts on
the par of the design establishment to produce 2 fighter better than che F-15.
Further, he called for a nose-to-nose fyoff competition w select the best air-
ctaft for the air superiority role.®
Others had similar ideas. In 1968 Assistant Secretary of Defense Alain Ent-
hoven authorized General Dynamics (GD) and Northrop to study the design
of such an aireraft. Another contriburor was Colonel Everest Riccioni, an Air
Fotce fighter pilor, actonautical engineer, and a chinker. Riccioni was allied
in spirit and mind with the reformers and had written an Air War College the-
¢is in 1968 thar endorsed theit ideas and explicidly acknowledged Boyd.* Howr-
ever, it was not until he was posted to the Pencagon in January 1370 that he
joined them dircerly in theie fight for what would become the F-16. As one
scholar has put it: “Boyd ultimately sold Congress on the F-16, Sprey sold
OSD and the Secretary of Defense and Riccioni foughr the fight within the
Air Staff. They made quite a formidable team.”'®
Riccioni was able to keep the ball rolling in February 1971 by making a
stnall amount of money (certainly by Washington standards) available to Gen-
eral Dynamics ($150,000) and Northrop ($100,800) to study the concept.'!
The Air Force considered theee different lightweight fighter designs: a single-
engine fighter built around the F-15s Pratt and Whitney F100 engine, and a
single-engine and twin-engine aircraft designed around 2 General Fleciric en-
gine. These machines would carry limired avionics and armament for visual
conditions in ordet 1o keep the weight below 20,000 pounds, and preferably
as low as 17,000 pounds. Speed over Mach 1.6 was not specified. When Ric-
cioni learned that the Navy was also studying a lightweight fighter, he shill-
fully used this information to prod the Alr Force establishment inte action,
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rifice. The reformers believe the Air Force sent him to an assignment in South

Korea as an exile because of his support for the lightweight fighter, The Air

Force establishment saw it somewhat differendy: Riccioni disobeyed a direct

order to not raise the lightweighe fighter issue. 2
At this point the lightweighr Aghter was gaining support within the DolD,

albeic not ar the highest levels, As early as mid-1969 a draft Presidential Memo 3
on Tactical Air emerged from Do) suggesting that both the USAF and Navy. -§
adopt such an aireraft as a substirute for cheir expensive F-14s and F-15s. Both
services objected. The lines were drawn between the cstablishment that wanted 3
as many F-14s and F-15s as possible, and the reformers who presented an -

alternative '

Support for the lightweight fighter then emerged from the top echelons
of the DoD. The Air Force was under pressure to change its procurement

process because of both cost overruns and performance shortfalls demonseraced

embarrassingly in two of its high profile programs, the F-111 and C-5A. Se-

nior decision. makers believed thar the existing system of buying aireraft by .
means of paper competition and then locking in the price by contrace {Total |
Package Procurcment) was preducing scandals and headaches, instead of first- -}

rate, reasonably priced equipment. In addition to criticisms of the cost and
petrformance problems, there wete allegations of companies buying in ac un-

realistically low prices and then jacking up the costs by “gold-plaring” {adding .
very costly cxeras), not to mention taking unnecessary risks by using unproven

technologies. The new deputy secretary of defense, David Packard, favored
selection on the basis of actual hardware in realistic tests, a “ly-before-you-
buy” concept. {Not menrioned in most accounts is thar this was a return to

previous practices.) More important, both Secrerary of Defense Melvin Laied
and Secretary of the Air Force Robert Seamans supported this view, There- -
fore, when a Blue Ribborn Presidential Commission in July 1970 strongly -

recommended that prototyping be used, the stage was set for a change in
procedure, i€

This turn of events caught the services by surprise. The USAF may not ."-
have liked this change but used prototyping to its advantage. It was able to 1}
employ the new merhod in the A-X program approved by DoD in March -3
1970 that evolved into the A-10 (see chapter 5), but it had to scramble to come E
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up with other suitable programs. Secretary Packard had $200 million and che
USAF meant to obtain as much of it as possible, certainly is “faiy” share. Air
Force Systems Command sifred through 220 proposals before sefecting six
nominees. One was clandestinely funded as the Have Blue program (see chap-
ter G), and two others were made 2 part of the protogyping experiment. In Au-
gust 1971, Dol released a Progeam Decision Memorandum that approved
Alt Force plans and funds for the lightweighs fighter and advanced transport.
(One source claims chat they were the only ones that could be ready on such
short notice.)*® Packard made clear the intention of the program in testimory
to Congress in the fall of 1971, He stated thar DoD was “interested in pur-
suing a lghtweight fighter, principally to demonstrate technology; high ma-
nenverzbiliry, and good control ability throughoue the performance range of
the aircraft.”'
In January 1972 the Air Force released the lightweight fighter requese for
proposal {REP) to industry. The request met che spirir of the new procedure
in a number of ways. First, at rwenty-one pages it was physically much shorrer
than previous instructions and limited contractot’s responses (o sixty pages.
These documents were simple and clear, in contrast to previous RFPs that ran
ro hundreds, if not thousands, of pages and contractor’s responses measured
in feet! Second, it gave the contracrors much more latitude than in the pase,
establishing goals o achieve, rather than mandating rigid specifications. Ear-
lier the Air Force Prototype Study Group had supgested goals that were gen-
erally followed. These included a maximum weight of 20,000 peunds, excep-
tional performance and maneuvering in the transonic region (Mach .& to 1.6},
operations in high “g” environment, and a top speed of Mach 1.0 t0 1.2 at sea
Jevel and Mach 2.0 ar altitude, The group expected both excellent pilot visi-
bility and handling in an ajreraft armed with a high-velocity cannon and low-
cost air-to-air missiles. It was to have wing hardpoints for munitions, electronic
countermeasures {ECM}), and systems to provide a credible air-ro-ground ca-
pability. As the aircraft was a demenstration vehicle, nota fully combat-ready
weapons system, its avionics were to be held toa mission-cssential minimum.
The government expected the fighter to cost about $3 milkion each (Ayaway
¢osth on a run of dhree hundred aircraft over three years. {At the biddet’s brisf-
ing, General James Stewart emphasized that the coneractors had great freedom
in everything but the price.) The Air Force issued a program memorandum in
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December 1971 chat laid out the requirements, abourt the same as those noted
above with two exceptions: the top speed was reduced 1o Mach 1.6, and un-
refueled radius extended to 500 nm. The Air Force also expected the compa-
nies to experiment and demonstrate various advanced technologies suitable
for the next generation of fighters, not high-risk technologies.'”

Five of the nine companies contacted responded with their proposals in
February 1972, Each company included nor only the sixty pages of paper bur
wind tunnel data and wind tunnel models as well, (USAF testing of the mod-
els failed to confirny two contractors’ submissions.) The ?SL‘l:ﬂndﬂl:}" sOurces are
unclear about the rank order for the top three but indicate that Boeing and
General Dynamics (GD) were either first or second, and Northrop was ranked
third. One source writes thar Northrop was included in the final cut rather
than Boeing because of the similarities between the Bocing and GD designs,
whereas the Northrop design was somewhat different, The pairing of GD and
Northrop would compete designs of single-engine against twin-cngine, one
vertical il versus two, and fly-by-wire as opposed to conventional controls.
It may have been that the GD dc&:ipl‘l was picked over the Boeing d::_i':gn he-
cause it offered mote advanced Iccimﬂlng}-.

As in most cornpetitions, there were other elements involved aside from
technical merit, Same of these were undoubtedly factors, bur others were the
cynical comments of critics and the sour grapes of losers. These include that
GD needed the work, GD had the most supersonic experience, GE needed
work (its engines would power the Northrop aircraft), and that Boeing had no
experience with high performance fighter aircraft.'® In April 1972 the Air
Force awarded contracts of just under $40 million to General Dynamics and
Northrop. Each company would build ewo aircraft, respectively designated the
YE-16 and YF-17, that would be flight tested for abour three hundred hours,
The Air Force stressed that though there was a hope for producrion, there was
o EOVErnment promise or commitment,'”

YF-16

General Dynamics had begun work on the lighoweight fighter design about
1964, It responded to the F-X project with two concepts, one aimed at the
specific requirement and the other a simpler “gunfighter” aircraft, The ideas
of the reformers prospered under the hand of Harry Hillaker, top GID man on
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the project, who had been close to John Boyd for a number of years, The two
men not only kept in contact, they collaborated on what became the F-16.
Hillaker today concedes that what he and Boyd did could well be considered
suspect by the current tightened standards. Asa result, G had done consid-
erable work on a low-cost complement to the F-X well before major contracts
became a possibilicy.™
At first glance the General Dynamics YF-16 appeased to be a small, con-

ventional aircraft, Perhaps its only distinguishing characteristics were its large,
scemingly oversize, clear, bulbous canopy, extending far in front of the wing,
and its large underslung intake. In fact, the Fighting Falcon combined a num-
ber of new technologies that made it the horeest fighter in the skies. Its wing
featured leading and trailing edge flaps that automarically adjusted for opti-
mum performance at varying flying conditions. This variable camber yielded
the maximum lift-to-drag ratio, improved directional stability, and minimized
buffer.”! GD made a number of innovations in the aircrafts fuselage configu-
cation. One new technology was the blended body that smoothly flared the
wing into the fuselage, avoiding the typically abrupt, 90-degree junction. This
innovation increased life at high angles of actack, reduced drag ac transonic
speeds, and enlarged internal fuel capacity. The construction also saved about

70 pounds of weight.** GD used a third device that GD had been testing
since 1966: sharp-cdged forebody strakes, a highly swept extension of the
wing’s leading edge close to the fusclage, extending toward the nose. The
steakes inereased lift, improved directional stability, reduced crim drag, and de-
laved wing stall, especially at high angles of actack, The strakes also allowed a
reduction in the wing size and saved, according 10 one account, 500 pounds.™
GD investigated various tail arrangements but concluded that a twin il con-
figuration would have greater risk than a single one. Thus, the company used
a conventional single vertical-tail unic but added two small, fixed, ventral fins
beneath the conventional horizontal-il unit.*

Another distinguishing characteristic of the design was the underbody en-
gine air intake, This fixed geometry inlet reduced complexity, cost, and weight
relative to a variable inlet. It was optimized for the middle of the flight enve-
lape where most aerial combat was expected to occur, whereas the more cffi-
cient, complex, expensive, and heavier, variable inlets are most effective at the
high-speed portion of that envelope. The fixed inlet achieved better air flow
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and was pushed by Pierre Specy to further enhance air flow ac high angles of
attack.” Although wulnerable to forcign object damage because of its under-
slung position, the inlet’s locarion forward of the nose wheel did lessen the in-
gestion problem.

The GD fighter was powered by the Prart and Whitney F100 engine thac
had been developed for the F-15. Hillaker summed up the F-16 design phi-

losophy by quoting famed German fighter designer, Willy Messerschmitt,

“Wrap the smallest aircraft possible around the largest engine you can find."#
‘The F-16 would have some difficulties with the engine, but these problems
were not as critical as those encountered by the F-15, There was more concern

with the single-engine GD fighter, howevet, as the F-15 had twin engines. As

a result, the designers added a back-up fuel contrel system and modified cool-
ing system, which added 54 pounds to the F-16 engine. G picked the Prar
engine instead of twin GE engines, since it was more advanced and enging de-

velopment costs could be spread between the two fighter programs. The single-

engine configuration also weighed less and promised less drag. This choice
would alse make the Air Force more dependent on PECW, as its two top fighe
ers employed the same power plant.?”

GD introduced a number of innovations into the F-16's cockpit. Its
frameless canopy gave the pilot fantastic visibitity in all direcions, albeit at the
cost of increased drag. The YF-16 and YF-17 were the first aircraft to have
Head-Up Display (HUD) designed into the initial versions.?® The GD fhighter
featured a high acceleration cockpit. The pilot's seat was inclined rearward 30
degrees (the normal angle was 13 degrees) and the pilots heels elevared six
inches, allowing him to withstand as many as 1.5 to 2,0 more “g”s than in a
normal sear. The drawback was thac che elevared heel position alse reduced
the area available for panels and displays. More radical was the replacement of
the control stick with a sidestick controfler on the right-hand console,” This
substicution unclutrered the cockpit forward of the pilot, and enhanced the
pilot’s resistance ro blackout during high-acccleration maneuvering by per-
mitting a mote reclined body position while supperting the pilot’s arms.®

GD designed rhe aireraft to be more maintainable than previous fight-
ers. Compared to the F-4, which had 510 separate lubrication poines, 281 fuel
connections, and 294 avionics units, the GID fighter had respectively 84, 90,
and 52. The aircraft was easier to service because about 60 percent of the
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VE.16's surface area could be removed, and its 228 access doors could be op-
erated with only four different tools. Mechanics could reach about 80 percent
of the systems without using stands.”!

Undoubrtedly the most impottant new technology introduced by the F-16
was its fy-by-wire control system. Standard controls transmit the pilot’s physi-
cal commands from the stick-and-rudder pedals through cables or rods to the
aircraft’s control surfaces. As speed and size of aircraft increased, boosted con-
trols appeared, whereby the pilot’s commands were amplified by hydraulic sys-
cems. The difficulties with these systems inchuded possible damage to the sys-
tem, the fire hazard of flammable hydraulic fluid, the weight and volume of
the system, and the time delays and inertiz in the response of the controks.

An alternative was to send electrical signals directly 1o the control surfaces
where motors would move them.32 The next step was to usc 2 COMPUter 1o in-
tegrate the pilot’s commands. Direce Air Foree invelvernent in this idea can be
craced back to 1956, when the Air Force Flight Dyynamics Laboratory began
systematic studies of the concept. The system was used aboard all of Americas
manned spacecraft and the Air Force tested parts of the syseem in a number
of experimental aircratt. The Air Force flew the first full sysvem test {pitch only)
in a B-47 in December 1967. Larer, testers added contrels for the roll axis,
along with a sidestick. The project gained momentum when analysis indicated
that failures in the flight control system caused 30 percent of aircraft losses in
the Vietnam War.>

In July 1969 the Flight Dynamics Laboratory began a project known as
the Survivable Flight Control System Program. Although its primary putpose
was o increase aircraft survivability, the developers also thought in terms of
improved handling, stabilicy, and performance, The USAF took this approach
for funding purposes, although it was understandably more intetested in ds-
rect and quick practical applications than in long-tettn thearetical work be-
cause it was fighring a war. The Air Force had McDonnell-Douglas reconfig-
wre a0 F-4 with both the fly-by-wire system and a sidestick for these tests, and
then, in 1970, the lab demonstrated a backup system for pitch control, a sys-
cem rettofitted into Air Force F4Es. The experiment then progressed to full
fly-by-wite controls.

The new control system first flew in Apeil 1972 and demonstrared it could
control and auromatically trim the aircraft. The test pilot who flew the F-4
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noted that the aircraft’s control “noticeably improved, ™ This system first took

to the air in fanuary 1973 on the first of 72 highly successful flights 3*

An additional effort was required to rake Ryl advaniage of this new tech- 4
nology. Conventional aircraft are designed to be stable; thar is, when timmed . 3
up and when the pilot eakes his hands and feer off the conerols, the controls 3
ateempt to maintain their flight path and during a rurn the aircraf moves iy 4
the direction in which the nose is poinred. (More technically, this requires l:he.:.::'
center of gravity to be forward of the center of lift.) To capitalize on the fly- :
by-wite technology, the aircraft can be made unseable {shufdng the cenrer of
graviry aft of the center of lift) and vet maineain conrrol. Such ag arrangement, 4
called “relaned static stabilicy,” offers a number of benefits: the aircrafy can pet-
form tighter turns and maneuvers, is more responsive, and can be designed 4

with less drag and greater lify %

The Air Force and indusery demonstrated outstanding cooperation on dhis
program. In December 1968, Wrighe-Patterson’s Flight Dynamics Laboratory -,
spansored a two-day conference on the subject, which attracred SIXCY-5IX gov- 'il.r.
ernment and seventy-four industrial attendees, indicating chat the concept had..
moved to 2 point from which practical applications could be expected 3
shorcly.* The question was, what operational aircraft would be the first to em- 3
pley fly-by-wire control systems? As alfready noted (in chapter 3), McDonnell-

Douglas, one of the pioneers in the fly-by-wire control experirnents, had
looked at and then chosen not to use the system in the F-15,

Convair had studicd such fight controf systems as early a5 1957 and had 1

made some use of them in both their B-38 and F-117] bombers, However,
most of the work had been done by the military, particularly ar Wright-

Patterson. Jim Dabold of Aeronautical Sysiems Division made this informa- ;

tion available to both competitors in the lightweight fighter comipetition, but
only GD tack advantage of it.? In 1968 GEC Astronics began work on an
analog fully fly-by-wire system for the F-16. GD designed the F-16 with its
center of gravity aft of its center of ift in subsonic Hight, although as speed in-
creases, the center of lift moves rearward, restoring stability in supersonic
flight. One source claims the F-16% fly-by-wire flight control system and
blended body and wing saved approximately 1,300 pounds of weight. I cost
the Air Force less than £20 million ro support this project.?®

The fly-by-wite system was the most risky technology aboard the F-16. In
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1991 GIY's Harry Hillaker noted, “If the fly-by-wire didn't wozk, our relaxed
static stabilicy wasn't going to work. And then dhe airplane would have had
higher drag and would have been less responsive, [and] less maneuverable.”®
So GD ook the risk and thus would be the first to employ it.

GD rolled out the YF-16 in December 1973, three and 2 half months be-
fore the YF-17 emerged. The new aircraft first flew in January 1974, although
nor as envisioned. During a high-speed caxi vest, the GD test pilot encoun-
tered pilot-induced rofl oscillations caused by flight control settings thar wese
too sensitive. These went out of control and the left wing and rail hit the
stound. The piloc elected to By rather than ery to stop under such conditions
anid in this way made a stx-minute Righe. The frst official fighe wok place two

weeks larer #!

YE-17
Northrop's YF-17 was similar in some respects to its rival, but was a more con-
servative design, although Northrop made greater use of composite marerials
than did GD. The YF-17 was larger and about a ton {9 percent} heavier than
the YF-16. Physically, the YE-17 was distinguisbed by its twin verdical “¥” rail
mounted to the rear of the wing and forward of the standard honzontal eail.
This arrangement gave the YF-17 control at very high angles of atrtack; wind-
tunnel tests indicated it was eontrollable up to 45 degrees. More significant,
it was powered by two engines, giving it abour one-quarter mote power than
the YF-16.%2 Both aircraft used forebody strakes, automatic variable wing,
fixed geomerry inlets, and a HUD cockpit. Northrop reclined the pilot’s sear
18 degrees and elevaved his feet § inches, more than the rypical fighter of the
day, but less than thac of the YF-16, Northrop wear with conventional flight
controls, :

Northrops fighter had evelved from a successful line of aircraft, beginning
with the company’s low-cost, lightweight fighter, N-156, the superb T-38
trainer, and the impressive F-5 fighter.** Northrop responded to the light-
weight fighter RFP with both a single-engine and rwin-engine version. The
Air Force picked the latter to compere with the GD entry. Despite its early
start, Northrop did not move as quickly as GD, and therefore its new aircraft
did not make its initial Aighr until June 1974, six months after its rival ¥

Under the original plan, GD would complete its competition course by

gy



90

CHASING THE SILVER BULLET

January 1975 and Northrop by Apeil 1973, Then the Air Force would pick a
winner.% Bur unexpected events not only shorrened the schedule, they dra-
matically increased the importance of the competition.

One facror was the Air Force decision to buy the lightweight fightér. The

1973 Arab-Istaeli War indicated thar high anrition rates could be expecred
in a futuee high-intensity conflict (a3 in case of 4 Sovier attack in central Bu-.
rope) and reinforced the need for numbers of aircrafi. It was clear by this time
that the high costs of both the Air Force's F-15 and Navy's F-14 were work-
ing toward fewer numbers of U.S. fighter aircraft. In March 1974 the chief
of staff of the Air Force, General George Brown, formed a study group {Afr 3
Force Tactical Fighter Modernization Group} to look for a replacemenc for the .
F-4. It concluded that a fighter replacernent had to be very sensitive to cost - i3
It foresaw that che future Tactical Air Command {TAC) would be equipped
with F-15s, A-10s, and lighrweight fighters, the lase of which would perform .

both air-to-air and air-co-ground rofes, At the same rime (April 1974}, Score-
tacy of Defense James Schlesinger decided the winner of the ligheweight fighter
competition should be bought by the Air Force.

A second facror emerged in May 1974, when representatives of four NATO

countties met and formed a group to look for a replacement for their aging E .;
F-104 fighters. This contract was attractive to the Unired States for a number

of reasons. Money was certainly a driving force, not only profits for the win-

ner bur also the face that if the American entry was picked, the government .,

could recover some of its research and development costs. A larger production

tun would also drive down the fighter’s unit price. In addirion, adoption of

one aircraft by both the United States and the four NATO countries would be
a glant seep toward standardizing the Alliance’s fighter equipment.

In addition o procuring 384 aircraft, the Europeans wanted a cuproducﬂ
tion agreement rthar would give them a piece of the economic pie and enhance

their technology. The complication was that the Buropeans wanted a decision - f

as catly as September 197497 These considerations eventually led to a DoD
decision to select a winner of the lighrweight fighter competition by 1 Janu-
ary 1975.%

This decision did not come without a fight. There were those within the
Air Force who opposed acquiring the ligheweight fighter, as chey thought pri-
matily in terms of higher and faster. However, the reformers were able o get
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their views wo Secrerary of Defense Schlesinger. Apparently the secrerary was al-
teady copvinced by the economic arguments that both the Air Force and Navy
should add lightweight fighers to their inventories. After taking over the post
in July 1973, he unsuccessfully tried eo get the chief of staff of the Air Fosce
to agree to USAF acquisition of the lighrweight fighter. General Brown refused
even thongh he knew as early as fiscal year 1973 dhat his service would not get
fanding to recquip all of its authorized tctical fighter wings with F-15s.
Schiesinger did better with Brown’s successor, General Diavid Jones. In brief,
in fate 1974 Schlesinger made a deal with Jones for the Air Force to buy both
the F-13s and lightweight fighters, and to 2dd four raccical fighter wings to the
Air Foree's existing authorized level of rwenty-two. Ten of these wings would
be equipped with lightweight fighters. Jones obtained permission for the
USAF to “redesign” the airctaft to meet Air Farce requirements and agreed
that the Air Force wonld not seek additional funding or peaple regarding chese
fighters.?” The USAF also agreed to the DoD) decision to advance the decision
date for the ligheweight fighter competition. The shift to Jatuary 1975 was in-
convenient for G0, as more tme is always useful, bur it was even more Jdiffi-

cule for Northrop, whose test flight progtam was behind GD's.%

The two aircraft were wrung out in the Byoff competition. As was ex-
pected, both aircraft showed some deficiencies. GD's problems centered on
the aircraft engine; nevertheless, it achieved the Air Force’s goals, in many cases
exceeded projections, and exhibiced excellent handling. One unanticipated
problem uncovered was stalls ac high angles of ateack. Initially the aircrafts
controls were teo sensitive, bue this was casily adjusted. Throughout flighr test-
ing che Aly-by-wire sysiem demonstraced high reliabiliry. Part of the success
of the GD testing program was the high reliability and low maintenance of
the aircraft.

Like the YF-16, the Northrop machine also performed better than any ex-
isting fighter other than the F-15, Most impressive was its ability to fly at high
angles of artack. It is asscrred that the YF-17 was the fiest U.S. aircraft to break
the sound bartier in level ight wichour an aftetburner. But it too had its lapses.
Tt did not meet Ait Force goals in supersonic acceleration and range. It alse had
engine problems, as might be expected with an engine under developtnent.”?

The issue, however, was how the two aircraft compared. The F-16 showed
superior turning, acccleration, deceletacion, and range, as well as betcer visi-
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bility and resistance ro “g” forces, and it could transition more quickly from
maneuver to maneuver, Thus, it was superior in the air-to-air rofe. Its engine

was further developed, offered fewer risks, and as ic also powered the F-15, of-

fered advantages of lower initial and suppore costs. The evaluatots belicved the
F-16 would be easter and quicker to bring into production. And it was cheaper
both to purchase and eperate. According to most accounts, the test pilots pre-
ferred the YF-16.%

O the other hand, the larger YF-17 could carry about 25 percent more
payload and boasted a greater growth potential. In contrast, the YF-16 was a

denscly packed aircraft in the tradidon of its Fort Worth predecessors, with !

liele room for furure growth, The Northrop entry was also better than the GD
Aghrer ac takeoff, climbing, low speeds, high angles of artack, subsenic accel-
eration, and some turning maneuvers.™

The competition was complicated by the Navy, which also was expected
to purchase the winner of the lightweight fighter competition. Packard had
made such a suggestion in che summer of 1971, In August 1974, Congress
mandated that the Navy “make maximum use of the Air Force Lightweighs
fighter . . . technology and hardware.”* Butr most informed observers thought
that, at best, the Navy would only go with the Northrop entry, as it favored
twin-cngine aircraft and saw the Northrop aircraft beteer suited to carry the
larger radar and missiles it desired. In view of the sea service’s mrack record with
the F-111 and F-X, cynics doubted that the Navy would ever buy an Air Force
designed and developed aircrati. Northrop, of course, used this argument as a
powerful club as it applied intense lobbying pressure on behalf of its produce,

The test team unanimously concluded that the YF-16 was the better air-
craft. In January 1975 Secretary of the Air Foree John McLucas announced
that GD had won the competitien because of its superior performance. Cost
was also a factor, perhaps the deciding one.*® Northrop believed thar the shore-
ened test schedule hurt chem. In addition, they claimed they were hampered
by the prototype engines thar produced 5 percent less thrust rthan they antici-
pated. Some believe thar if this had been a paper comperirion, Northrop would
have won because its design was less risky. Some also maintain that GD needed
the work. ™

In June 1975 the NATO Four announced that they, woo, had selected the
GD highter. The initial plan called for the USAF to bay 650 fighters and the
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Europeans another 348.% The program would go well beyond chis; approxi-
macely 4,000 F-16s have been produced.”

This was not the end of the YF-17, however. The Navy was able to evade
hoth the congressional and DoD) pressure to buy the F-16, and in May 1975
they picked the losing Northrop design, Notthrep teamed up with McDon-
nell-Douglas to “navalize” the YF-17, added almost 5,000 pounds (28 per-
cent), and redesignaced it FfA-18, After some problems and many criticisms,
it turned out to be a successful aireraft in two roles: air superiority and atrack.
Almost 1,300 have been builr and are serving in cighr foreign countries, as well
as in the Navy and Marine Corps. It has become the Navy's major fighter and
attack aireraft supplementing the lacger, older, more expensive F-14.%

F-16

GID's task now was to medify the competition, test, and demonstration YF-16
into a warplane. A number of changes ensued. The USAF increased the size of
the nose cone to accommodate a more sophisticated radar, which could pick
low-flying aircraft out of the ground clurrer, Although extending the fighter's
electronic capability, it was still considerably simpler than the F-15's radas,
with only 30 percent the number of parts and twice the reliability. As che only
new avionies designed for the F-16, it was considered the most risky compo-
nent of the Fighting Falcon program.®! It proved to be a problem.

After flight tests, Westinghouse bested Hughes for the radar contract that
was awarded in 1975. Although Westinghouse proved superior on financial
and technical grounds, it had difficulties. Flight tests of the first radar-equipped
F-16, deliveted in June 1977, revealed detection ranges half that of the re-
guirement, unrecognizable ground maps, and an inability to wack targers dur-
ing maneuvers. Additionally, not all of the radar sets thar Westinghouse de-
livered were operable. However, an Air Force review team concluded in July
1977 that the problems could be surmounted, and fight tests the next month
demonstrated improvement. Progress was slow. At che conclusion of 364
flights in Ocrober 1979, the USAF conceded that nor all objectives were ac-
complished but nevertheless upgraded its assessment of the radar from unsat-
isfactory to marginally satisfactory.® The Air Force brought some of these
problems on iself by pushing toe hard for the state-of-the-art and overspeci-
fying requirements.
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Other problems proved less difficult. ‘The USAF made a oumber of - 7
changes to the F-16% structure. It beefed up the airframe by about 25 per- 8
cent so thar the fighter conld perform 9.0 “g” maneuvers throughoue its fight
envelope, and steengthened the landing gear, The manufacrurer lengthened
the fuselage by almost a foot to allow both the single-seat and twin-seat vee-
sions 1o use the same basic airframe. Ar the same time, GD added 400 morc
pounds of fuel, additional stores stations to give the F-16 nine hardpoints, and

a tail ook To satisty the pilots, some motion was put into the nonmoving

sidestick.®? The canopy presented problems. To obtain undistorted vision, the

canopy tequired special matetials and highly involved processing, bue it proved

inadequate against bird strikes. The solution was to replace the halfiinch thick =

material with a theee-quarter-inch canopy coated with a new material. GD

also increased the wing arca from 280 to 300 square feet {Boyd wanted 320

to 325 square fect), and the vertical tail area from 42 w0 49 square feer

These changes added almost a ton of weight. There are those who main- .

tain that the Air Force deliberately icaded up the fighter, using NATO re-
quirements s an excuse, to reduce its performance so it would not be seen as

a eompetitor to the F-15, As a result the fighter evolved from a pure air-

superiority aircraft, as the teformers desired, coward 2 multirole one as tradi-
tionally desired by the USAF. The NATO Four pushed toward broader ca-
pabilities, as did the Air Foree Tactical Fighter Modernization Group.®?

D had o work through a number of problems. The General Account-
ing Otfice (GAQ) described some of these in a 1977 report, The-engine con-
tinued to be dogged by stall stagnation, mostly in the F-15, as well as by dif-
ficulties with air restarts. There also were problems with turbine blade
containment and engine control reliability, To give the single-engine pilots de-
pending on the F100 engine a geeater safety margin, the Air Force added a

backup fuel canirol and a different intake. This modification rendered the K

F100 less common, and thus, though the F-15 engine reeained the designa-
tion FLOO-FW-100, in August 1978 the F-16 engine was redesignaced the
F100-PW-200. .

Another problem was excessive taxi speeds caused by the engine’s great
power and the aircraft’s light sweight that wore out brakes, Reducing the idle
solved this one. Norway's concern about Janding on tey ronways proved
slightly more difficult. McDonnell considered thrust reversers but discarded
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the concept because of complexity, weight, and cost. Therefore the Norwe-
gians equipped their F-16s with drag chures. The F-16% other problems in-
cluded its small size that limited space for additional equipment and coneeens
about tts vulnerability, especially in the aitr-to-ground role, The manufacrurer
considered 2 number of porencial solutions; hawever, the Air Force did not
judge the vulnerability fssue as significant. The GAO also mentioned the ris-
ing costs as well as the delays caused by the European participation.

The single-sear production model became the F-16A and weighed one
more ton than the YF-16. The two-scat, trainer version was designated F-16B.
An upgrade program was planned for the Falcon called Muftinational Staged
Improvement Program {MSIP}. Upgrades included rewiring and changing the
structure of the “A” and “B” models to accommodate future Alr Forcr equip-
ment and improving the radar’s air-to-ground capability. The mose vistble
change increased the size of the horizontal stabilizer by 30 percent to improve
control, especially at high angles of arrack ¥

The first USAF F-16 unit achieved initial operating capability (1OC) in
the fall of 1980. GD delivered the first MSIP modified aircraft to TAC in No-
vember 1981. The first Air National Guard Unic began to reequip with F-16s
in 1983, followed the nexe year by Air Reserve units. The USAF's demon-
stration and publicicy aerobatic team, the Thunderbirds, acquired F-165 in
1982 and began flying shows with their new mount the nex year ™

‘The next versions were the “C” (single-seat} and *D” {dual sear} models.
In 1984 the USAF began deliveries of aircraft with MSIF II changes, among
them improved cockpic displays and an inertial navigation system (INS}. New
avionics equipment included identification friend or foe {IFF) and radar al-
timeter, a5 well as radar-warning receiver, chafl, and flares, along wich exter-
nal ECM. These aircraft could carry the AGM-65D Maverick, the AMRAAM

{Advanced Medium-Range Air-to-Air Missile) that was under development,
and the AGM-45 Shrike and AGM-88 HARM (high-speed antitadiation mis-
siles}. The Air Force applied the system of “blocks™ to distinguish the various
versions of the airceaft, applying “Block 25™ to these fest F-16Cs and Ds.
The next major improvement {Block 30) increased the widdh of the en-
gine inler by 4 foot and moditied the engine bay in order to accommodate ci-
ther the Prace and Whitney F100-PW-220 or the more powerful (5,000
pounds of thrust) and heavier (800 pounds) General Eleciric F110-GE-108.
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The two engines are not interchangeable, and therefore a fighter wing em-
ploved only one engine type.” Thus, weight and range increased, while ma-

neuverabifiy decreased. As a pilot who flew both the "A” and *C” models noted |

with some disgust, “Compared to the ‘A, the “C’ was flat champagne.™™

At this poine owo serious problems appeated. In Ocrober 1987 2 wing on
a Block 30 aircrafe fafled during 2 routine seatic eest. This failure led GD 10
beef up the wing and retrofit the F-16 fleet beginning in mid-1988.7! The
Block 30 aircraft were also more likely vo become uncontrollable {"depart”}
and more difficult to recover from a stall. Tesis indicated char this tendency
resubted from dhe latger engine inler. The manufacrurer developed an angle-
of-attack litniter that restricted angle-of-attack, roll rate, and rudder move-
ment for air-to-ground eperations thar was sucoessfully tested in che first half
of 1980.72

On the other hand, the *(C” and “D” were proving to be more reliable
than the catlier models. At the end of fiscal year 1986, for cxample, they were
posting fully mission capable rates of greater than 93 percent compared with
the "A" and “B” rates of more than 87 percent.”™

The USAF gor its ficst MSIP I1I (Block 40} F-16s in December 1988,
which included further upgrades of the radar, ezpansion of the compurers, ad-
vanced IFE, Global Pasitioning Systern (GPS), and structural improvements
{notably stronger landing gear) thar permitted heavier gross weights, Low Al-
titude Navigarion and Targeting Infrared System for Night (LANTIRN) navi-
gation and targeting pods were patt of this modificarion. The USAF also added
improved performance engines and auromatic terrain-following radar™

Variants

The F-16 was ro appear and was considered in 2 number of variants, morc
than a hundred distinct versions according to one source. In October 1983
the Air Force decided to replace its F-4 and F-106 interceprors with new air-
craft. The comperition narrowed berween the two F-16 versions ("A” and “B”)
and the Notthrop F-20 (2 derivative of the F-5}. On the last day of QOcwober
1986 the secrerary of the Air Force announced that the F-16A had won the
contract for 270 aircraft.”™ The USAF would arm the fighter with the
AMRAAM, ATM-9 Sidewinder, and AIM-7 Sparrow missile along with an in-
ternal 20 mm gun. Advanced IFE, GPS, and APG-66 radar would hightighe
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its avionics. These aircraft were modifications of the standard F-16s and were
buile on the same production line. GD began conversions of the standard ais-
craft to the air defense versions in December 1988, The company delivered
the first to the Air Force in March 1989, which achieved 10O when dhe
rwelfth fighter was delivered in November of that yeac ™

In 1988 the USAF proposed a close air support, interdiction version and
suggested it be designated A-16. At the same time the Air Staff was pushing
the A-16, OST looked to a variant of the block 50 bird for chis missien.”
After some effort, in November 1990 the Alr Force was ordered to roain two
A-10 wings, thus eliminating the A-16 proposal.™

Meanwhile the Air Foree seudied ways to enhance the nighe capabilivy of
both the A-10 and F-16. The Night Attack Program investigated and devel-
oped head-steered, forward-looking infrared (FLIR}, helmet mounted display
{HMD?}, and night vision goggles. Ies primary solution to the problem was
FLIR. In 1989 the Flighe Dynamics Laboratory completed five Highes of a spe-
clally configured F-16 called Advanced Fighver Technology Integrarion test-
ing new equipment. In December 1990 TAC chose a head-steered FLIR with
a binocular HMD for the night close air support {CAS) mission.™

In 1989 the Air Force fitted 30 mum Gatling, guns {GAU-5A) onto F-16As
of the 138th Fighter Squadron {174TFW, New York Air National Guard) to
test the four-barrel, 2,400-shots-per-minute gun in the ground areack role.
The Pave Claw gun was mounted in a centerline pod and fitred to two dozen
aireraft. The unif’s pilots, who had cransitioned from A-10s, were positive
about the aircraffs performance, specifically citing its speed, maneuverability,
srmall size, and capable fire control computer. The 174th’s Pave Clavw was tested
against moving targets, whereas other F-16s were tested in the air-to-ground
role against fixed ones. During 1990 the USAF begin to modify twenty of the
unit’s F-16s with the auromaric target hands-off system avionics, and by the
end of the year the unir had eight of the modified aireraft as it prepared 1o
deploy in support of Desert Shield #

As with the F-15, American pilots would not be the fiest to Hy the F-16
in combat. Thar distinction again fell to the Tsraclis, who employed the Fal-
con to bomb an Iraqi nuclear reactor at Osirak in June 1981. In June 1982
the Israelis successfully emplayed the F-163 in a pure air-superiority role in the
large, intense, bue brief air bartles over che Bekaa Valley in Lebanon. Here Is-
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racli aircraft destroyed 85 to 92 Sovier-built fighters piloted by Syrians in air-
to-air combart with one ot no Israeli losses. The F-16s are credited wich 42 o ',
44 of these victories and F-19s with apother 40, mose downed by ATM-9L
Sidewinder missiles.* Israeli F-16s have downed 32 Arab aircraft. In action
near the Afghan-Pakistan border, Pakistani F-16s claimed a minimum of eight
Sovier and Afghan aitcraft destroyed, a figure that may be as high as thirccen 2 4

The USAF has been quite happy with the F-16, which has been relatively
trouble free when compared to other Air Force and Navy aircraft. The Falcon
has established an outstanding safery record, especially in view of the agpres-
sive way the pilots fly the bird, and considering that ir is a single-cngine ma- g
chine. One Air Force report in 1990 dubbed the F-16 the safest single-engine L

hghrter in Air Force history.® The GD fighrer has akso satisfied the Air Force

in the fighter-bomber role. For example, compared with the F-4's bambing

accuracy of 154 feet circular ettor probable (CEP),* F-16 crews achieved av-
erages of 30 to 35 feer, with some crews scoring as close as nine feet.

It is difficuls to account easily for the F-16' success, as there were so many :
obstacles and so many disparate factors that came together in an unpredictable . 3
way. Uinconnected events such as the rising costs of the F-15, the greac mo- -4

mentsm 1o change the prototyping procurement systerm, the 1973 Arab-Israel;
War, and the Eucopean interest in a replacement figheer wete che most im-
portant. A number of people were pivotal in the story as well. Members of the
reformers stayed true to their ideals and fought not only the good ﬁght, buta
skillful and successful one. Top civilians in the DoD were also important, from
Packard who pushed prototyping to Schlesinger who wanted a cheap, com-
mon fighter. And the achievement of the GD ream should not be understaced.
They took a variety of existing and new technologies and molded them into
a very successful flying and fighting machine. GI won the Air Force contract
in 3 contest against a goed design. The success of both comperitors since chax
flyoff is a testament to GD’ achievement.-As one writer has so well put it;
“Fortune had not merely smiled; she had taken General Dynamics [and I
would add, the USAF] into her embrace like a loving and long-absent aunt. "
But to quote a well-worn cliché, bacle is the payoff. It would not come for
American forces unril 1991, -

The A-10

Supporting the Troops

The A-10 s an aitcraft in shatp contrast to the high performance F-15 and

F-16. These two figheers with their curdng-edge rechnologies symbolize
what the Air Force has emphasized throughout ies history: betier and beteer
fying performance and multipurpose aircraft. The A-10, on the ather hand,
has a rather pedestrian flying performance, incorporating simple rechnologies
for one very spectfic task: close air support {CAS). Thus, the A-10 is.a
counterpaint to the high technology, éxpensive ighters thart pilows, the publie,
and the Air Force admire and favor. Nevertheless, it is an excellent example
of the designer meeting the needs of the warfighter.

Throughout its history the Air Force has been dominared by a few basic
principles. First and foremost, air superiority is given pride of place. In the
words of Field Marshal Bernard Montgomery (words quoted as freshman
knowledpe ac the Air Force Académy since its inception): “First of all you must
win the battle of the air. That must come before you start a single land or sea
engagenrent.”!.

As a second principle the Ait Force believes that ait power is most effec-
tive when directed against racgees deep behind the batdefront; the deeper the



