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INTRODUCTION

TheF-22 designrequirementsevolved fromasys-
temsanalysisstudy aimed at meeting the U.S. Air
Force srequirement for an Air Dominance Fighter.
Thekey elementsto providing thiscapability are:
Lethdity, Survivability, and Supportability.

Thesetop leve requirementswere used asthebasis
for aseriesof design trade studiesthat resulted in
thedevelopment of specifictechnica designrequire-
ments. Whenimplemented, thesetrade studiesre-
sultin aweapon system characterized by unprec-
edented performance capabilitiesof:

e Stedlth (or Low Observables)

e Supercruise (the ability to attain and sustain su-
personic speeds with MIL power)

e Agility (the ability to quickly maneuver the air-
craft into ashooting position or killing position)

*  Advanced Avionics(that providethe pilot 4p stera-
dian situation awareness)

*  Supportability (by meansof higher reliability and
2 level maintenance)

Thedesign challengefor the F-22 teamwastointe-

gratethese seemingly conflicting requirementsinto

anaffordableaircraft desgn. Never beforehavethese

requirementsbeenintegrated into asingleaircraft.

Conventiona fightersareagile, but are not stealthy

and cannot supercruise. TheF-117 isstedlthy, but

cannot supercruiseanditsagility islimited by itslow

observable design. In the F-22 Raptor a design

solution has been reached that providesall of the

desired capabilitiesinasingleaircraft.

Thispaper discussesthetechniquesand technolo-
giesnecessary to successfully develop aLow Ob-
servableair dominancefighter.

LOW OBSERVABLES DESIGN OVER-
VIEW

Shape

In order to devel op alow observableaircraft, con-
Sideration must be givento any part of an aircraft

that aradar wave can reach. The first and most
critical factor to consider inthedesign processisthe
shape of the aircraft. Thiselement hasto be de-
signed into the aircraft from the beginning. If the
shapeiswrong, no amount of material treatments
will fix it. Thisisthefundamental reasonthatitis
impossi ble to make much progress attempting to
retrofit stealth onto aconventiona arcraft.

Examination of the F-22 showsthat great care has
beentakentodignal hard edges, i.e., thewing, tail,
inlet lip and nozzle edges, so that themaximumra:
dar returnfromthemal point inthe samefew direc-
tions. Thisresultsinafew relatively large but nar-
row signature spikesthat aredifficult to detect and
track. The signature between these spikesisvery
small. Thevertical tailsand sdesof theaircraft are
tilted to avoid adirect reflection back to the radar.
Further examination showsthat all of the surfaces
between the edges are smoothly blended, allowing
electrical surface currentsto flow over thesurfaces
withoutinterruption. Any bresk inthesurface causes
energy to bereflected back to theradar, raising the
aircraft’ ssignature. Any breaksin the smooth sur-
face such ascontrol surfacesor doorsare aigned
withthewing edges (Figurel).

Conductive Surfaces

A common misunderstanding isthat compositeskins
areused to makeaircraft stealthy. Inredity, many
compositesare partially transparent to radar, and
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exposetheinternd structure, wiring and components
totheradar, whichisthelast thing alow observable
designer wants. These components add up to an
extremey largesignature. Inmost Low Observable
arcraft, theouter surfaces of theaircraft are coated
with ametallic paint, so that theradar cannot pen-
etrateinto theaircraft (Figure 2).

Oneof thelargest sourcesof signature on aconven-
tional aircraftisthecockpit. Thepilot’shead and
helmet, the seat and all thevariouscontrolsand dis-
playsinthecockpit contributeto the signature of the
arcraft. Themogt effectiveway to reducethe cockpit
signatureisto prevent theradar energy from enter-
ing the cockpit. A metallic coating on the F-22
canopy preventstheenergy from entering the cock-
pit, and eliminates the cockpit asaconcern. The
canopy issmoothly blended into theaircraft’ sshape
tominimizeany reflections.

The F-22 Raptor’ scanopy’ stransparency features
thelargest piece of monalithic polycarbonate mate-
ria beingformedtoday. It hasno canopy bowframe
and offersthe pil ot superior optics(Zone 1 quality)
throughout. The F-22' scanopy isapproximately
140incheslong, 45incheswide, 27 inchestall, and
weighsapproximately 360 pounds.

The canopy hasto beresistant to chemical/biologi-
ca and environmenta agents, and hasbeen success-
fully tested to withstand theimpact of afour-pound

bird at 350 knots. It also protects the pilot from
lightning strikes. Thedesign challengewasto bal-
ancethelow observables, optics (both visual trans-
missivity and reflection) eroson, duraility and struc-
turd requirements, including jettison.

Thecombinationof shapeand conductivematerias
letsthe LO designer work with aknown, well con-
trolled outer surface.

Inlets

Thesgnatureof theinlet and enginecombination on
conventiond fightersisusually oneof the dominant
contributorstotheaircraft’ ssignature. Theengine
isthe primary signaturesource, followed by theinlet
edges, and any variable geometry control surfaces
used for adjusting airflow (Figure 3).

The F-22 design reduces the engine signature by
hiding the engine behind aserpentineinlet duct; a
techniquereferred to asline-of-gght blockage. One
hundred percent line-of-sight bl ockage meansthat
thefront of the engine cannot be viewed from out-
ddetheaircraft. The Raptor’ sengineinlet designis
based on many hours of wind tunnel testing. The
Raptor hasafixed ramp external compressioninlet
with interna boundary layer porousbleed off-takes.
Thelong diffuser duct (I/D = 6.35) providesexcd-
lent low distortion characteristics. Theinlet hasno




variablegeometry devices; inlet stability character-
isticsand variablebypassprovide stableairflow over
theentireflight envelopewith no throttle or maneu-
ver restrictions. Theinlet edgesaredesignedtore-
ducesgnatureand dignwiththewingleading edges.

Engine Exhaust Nozzle

Theaircraft’ senginesare mgjor signature contribu-
torsintherear of theaircraft. The F-22 usestwo
Pratt & Whitney F119 engines coupled with 2D
thrust vectoring exhaust nozzles. Integration of these
powerful, high-temperatureenginesintotheairframe
wasan extremely difficult design chalenge. The
rear end of theengineislargely exposed to radar.
The multi-bounce effects caused by thenozzle cav-
ity and nozzleflaps, and thelarge gapsrequired for
thermal expansion and for nozzle movement com-
plicatethestuation. Anextensvetest programwas
conducted on afull-scaletwin nozzlemodd to make
design trades and to generate a final design
(Figure4).

Radar/Radome

An arcraft’s radar is usualy a very significant
contributor to an aircraft’s signature. The F-22
desgnggnificantly reducestheradar’ ssgnatureusing
acombination of abandpass resonant radome and
low sgnatureradar. TheF-22radome isoneof the
most complex structural componentson the F-22.

Theradome sprimary design considerationswere:

* In-band radar performance

* Low Observables

e Structural loadsincluding bird strikeintegrity
* RainErosion

*  Maintainability, and

e Lightning strikeintegrity (Figure5)

TheRaptor’ sradar isan activeelement array which
istilted back to reducedirect reflection. Element
manufacturing emphasizesaccuracy and repestabil-
ity acrossthelarge number of radar array elements.
K ey manufacturing processesfor circulator, radia-
tor, and T/R modul e assembly have been automated
to ensureaffordability.

—
| ———

Antenna Apertures

The F-22 Raptor’ santenna suiteincludesalarge
number of embedded and conformal antennas.
Antennasare designed to receiveand radiate energy,
whichisoftendirectly contrary totheLO designer’s
gods. Theseantennassignaturemust besignificantly
reduced to achieve L O goals, whilesmultaneoudy
maintaining satifactory gain performance. Thefina
designs, arrived at by extensive analysisand test,
represent the best balance between antenna
performanceand signature.
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Materials

Several special materials are used on the F-22,
including Radar Absorbing Maerids(RAM), Radar
Absorbing Structure (RAS), and Infrared (IR)
Topcoat. RASisused to minimize scattering from
hard edges, while RAM isused to reduce scattering
from surface breaks. IR Topcoat isused to reduce
theinfrared Signature, and ensurethat theradar and
infrared Sgnaturesarebaanced. Early LO programs
made extensiveuseof RAM and RAS, resultingin
substantid weightimpacts. Improvementsinandyss
and design tools, combined with extensivetesting,
have been used to minimize the useof RAM onthe
F-22 whilemaintaining alow signature. Theresult
isthat the F-22 usesfar lessmaterial than previous
generationsof LO aircraft, resulting in significant
weight and cost savings.

Design for Maintainability

TheF-22 isdesigned to be significantly morereli-
ablethantheaircraft it will replace, and it requires
significantly lesssupport resources (Figure6).

The Raptor panel configuration hasbeen carefully
designedtofacilitatethemaintainer in accessingthe
Raptor’ ssubsystemswhile meeting low observables
requirements. Accessisachieved through almost
300 aircraft surfacelocationsthat include actuated
doors and quick access panels. Over 95% of all
mai ntenance actions based on a30 day deployment
are performed without any L O restoration.

For the remaining 5% of maintenance actionsthat
require LO restoration, repair processes and
materials have been developed to minimize the
amount of time necessary to perform amaintenance
action. Therepair processes have been devel oped
withthedirect involvement of Air Forcemaintainers
to ensurethat the processes are robust and can be
implemented inthefield. The processesarebeing
vaidated during athree-phase programthat proceeds
from laboratory testing, to Sgnaturetesting of actua
repairs performed by USAF maintainers on
representativetest fixtures, tofind verificationinthe
field on aircraft at Edwards Air Force Base. The
first two phasesare complete, and thefina phaseis
inwork.

Thelntegrated Combat Turnisthemilitary equivaent
of apit stopinautoracing— theaircraftisrefueled,
rearmed, and sent back into combat. The F-22
dlowsfor smultaneousgun ammunitionand missile
reloading, aprocessthat normally goesin sequence
only. The Raptor hassingle-point refueling and a
single-point consumables (oil, chaff, flares, etc.)
status check point. The Raptor has been designed
sothat Integrated Combat Turn canbeaccomplished
without having to restore L O characteristics.

Test Program

Throughout the EMD program the F-22' ssignature
has been verified by an extensive test program.
Radar Cross Section (RCS) Testing at Lockheed
Martin’ sHelendale Measurement Facility startedin
thefall of 1991. All modelsusedinthisprogram
were full scale, alesson learned from previous
programswhere problemswere encountered when
attempting to “scale-up” results from sub-scale
models. The test program began with the
construction and test of afull-scaleinlet model,
followed by afull-scaledual engineexhaust modd,
aradar/radomemode, awing modd, alargeflattop
model for door, panel and antenna testing, and
numerous other component models. Program risk
wasgreatly reduced by theuseof full-scaleaircraft
component models.




The EMD test program culminated in the
construction and test of the EMD Full ScaleModd,
whichisanextremely highfiddity representation of
the22. Themode includesdl significant Sgnature
drivers and includes numerous production
components. The model includes a radar and
radome; the antenna suite; inlet and engine front
frameand first two stages; highly detailed engine
exhaust model including the turbine and turbine
exhaust case, augmentor section and convergent and
divergent nozzles; production edges; accessandin-
flight actuated doors, air datasystems, screens, sedls,
missile launch detector windows, pylon access
covers, remote control actuation of control surfaces
and engine components, and lights (Figure 7).

Figure 7: F-22 Raptor Full-Scale Test Model
EMD FLIGHT TEST

The final verification of the F-22 Raptor’s RCS
signaturewill beconductedin-flight, and will begin
inlate 2000. Testswill be conducted onfiveEMD
aircraft, with repeated tests on certain aircraft to
verify that the aircraft’ s stealth properties do not
degradeinthefield (Figure8).

Figure 8: Final F-22 Signature Testing
Performed In-Flight

MANUFACTURING

Thesuccessful manufactureof aL O aircraft requires
theaircraft to be built to tolerancesthat aretighter
than conventional aircraft. Dimensional accuracy,
surfacefinishand surfacewavinessarekey ements
inthe manufacture of the F-22. Componentsof the
F-22 aremanufacturedinvirtudly every stateinthe
U.S,, and these partshavetofit precisely. TheF-
22 program hasused Computer Aided Designtools
to design partsand tooling that meet these require-
ments(Figure9).

Figure 9: F-22 Assembly Station




Alsokey totheLO characteristicsof the F-22 isthe
application of itsfinishes, i.e., conductive coatings,
RAM and IR topcoat. Theroboticscoating facility
hasbeen devel oped to accurately gpply thesefinishes.
The robotics coating facility features an
environmentally controlled, secure, state-of-the-art
robotic coatingshangar and subassembly paint booth
with track mounted coatingsrobot (Figure 10).

Figure 10: Robotic Coating Facility

PRODUCTION SIGNATURE
VERIFICATION

TheF-22 program has devel oped an indoor RCS
measurement facility for production verification of
theaircraft' ssgnature. TheRCStest hangar is150°

x 210" andincludesan anechoic chamber for antenna
testing. The RCSfacility containsaturntable to
dowly rotatethetest aircraft while suspended from
theceiling. The50,000 squarefeet facility hasbeen

inoperationsinceuly, 1997. Thistest will eventudly
be used to accept the aircraft, rather than performing
airbornetesting used by previousprograms. The
cost of performing anindoor testisasmall fraction
of thecost of anairbornetest, resulting insignificant
reductionsin aircraft production costs. Because of
theuniquenessof thefacility, testingwill beperformed
using both theindoor and airbornetests on several
EMD aircraft. Theback-to-back testswill beused
to build confidencein theindoor tests (Figure 11).

Figure 11: Indoor Signature Test Facility
SUMMARY

The F-22 Raptor represents arevolutionary leap
forward asthefirst Low Observableair dominance
fighter. The Raptor has successfully blended the
unprecedented performance characterigticsof sedth,
supercruise, agility and advanced avionics to
drameatically improvefighter lethdity, survivability and
supportability. Low Observablesdesignerswere
and continueto be key contributors, by advancing
the-state-of-the-art, to the success of the F-22
Raptor.
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