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Definition of stealth

» Definition of stealth
The act of moving, proceeding, or acting in a covert way
The ability to blend in with the background

Reducing the aircraft signatures and observables, thus providing the
aircraft with the capability of evading the enemy’s air defence

« Aircraft signatures
Active | s —
radar : airframe, engine inlet, weapons, radome, canopy
Passive
infrared : engine casing, airframe, exhaust plume, sun glint
acoustic : engine parts, engine exhaust, airframe
visual : airframe, engine exhaust and glow, canopy glint
misc. : navigation radar, communication, countermeasures
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List of research projects (GNU-ACML)
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Time

Aircraft survivability (susceptibility and
vulnerability)

The exposure part of the
scenario begins when the
aircraft enters into the air
space defended by an active
threat.

The encounter begins when
the aircraft is detected.

The engagement begins
when a gun is fired or a
missile launched,

The endgame begins
when the propagator
intercepts the aircraft.

The vulnerability phase

of the endgame begins when
the aircraft is hit by the warhead
on the propagator.
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The active weapon
searches for aircraft
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The aircraft survives the scenario

Py = PAPDIAPLIDPHLPH[IPKHI
The aircrait is killed in the scenario

Engagement  Detection

Threat or Hit

Threat or Hit

Threat
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Avoidance

Tolerence

R

(0)
Tactics, PGMs, & mission planning systems i
Fighter escorts %
Antiradiation weapons P A
Self defense missiles & guns
Stand-off weapons Chaff
Night-time capability Threat warning
On-board EA Situational awareness
Stand-off EA Good target acquisition
Low signatures Mission plan. sys.
Terrain following Tactics B
Stand-off weapons Good target acq. &
On-board EA Situational aware.  Speed &caltitude  p Y
Stand-off EA Chaff & flares Mission plan sys. Lp 2
Low signatures Threat warning ‘g,
On-board EA Threat warning &
Low signatures Speed & altitude
Chaff & flares Maneuverability
Low signatures
Chaff & flares
Agility (last ditch maneuver)
\
A o
=
Fire/explosion protection Hydrodynamic ram protection ~
Self-repairing flight controls Nonflammable hydraulic fluid £
Redundant & sep d hydraulics  Rugged structure quH 2
More than one engine - separated  Armor g
No fuel adjacent to air inlets '§
1 -
Pg P
The aircraft survives The aircraft is killed
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RF & IR Signhatures
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Radar fundamentals

Electromagnetic radiation

Radar, infrared, and visual detection, tracking, and guidance systems
are designed to sense electromagnetic (EM) radiation that is either
reflected or emitted by an aircratft.

Electromagnetic radiation is emitted by accelerating or decelerating
charged particles, such as harmonically oscillating electrons.

Velocity ¢ = 300 m/usec in a vacuum

—’

The electric field, E

Iransmission
and
absorption

3
Refracted
radiation

The magnetic field,H
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Radar fundamentals

Wavelength, A
Microns (pm) -I—I—Ib E E Meters (m)

RN R V1o VR 1) o B T R (I (v | 10 10¢ 10 ¢ 107

_—_
“_—‘
100 100 105 100 i

T T 3 3040
1 10° ) 1

Giga --|-- "".[tqa ’ -l-|--

Frequency, f (Hz)

Icm

ppp LT L T T T T [IITTT]
pands [Milimete] | v |k |k[Kk[x] ¢ | s | v | UHE |
-‘llilll.“ullllll.--lllllll g

EW/ECM
Bands

-_IIIIII---IIIIII--_IIIIII-
200 100 60 40 i) 0% & 4

7145



Radar fundamentals

Radar types
Surveillance radar antennas (VHF, UHF, L and S bands; 1-10 deg. Beamwidth)
Weapon control radars (S, C, X,K u, K bands; less than 1 to 2 deg. Beamwidth)
Phased-array antennas (AESA, active electronically scanned array)

o1 IR
| v &

Bi-static radar

Mono-static radar

Radar horizon 8/45



Radar fundamentals

« Definition of radar cross section (RCS)

o=Power reflected to receiver per unit solid
angle * 4 1 /Incident power density

o in dBsm =10 log,, (o,m?)
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Pollard, R., Detection of low RCS air targets, Stealth Conference 2004, U.K. e



Radar range equations

 Receiving power
The radar range equation defines the maximum range at which a
given radar can detect a given target in free space.

_ R-".:‘."-".'-.E (__TL /;L I‘HIT CT‘:'T."::IL'-?” ) = ~Incident wave
- A J: R4 Reflected wave
(47

Antenna gain = G,

==L,

Target RCS=0

Radar power = P,

Antenna effective aperture = AA

‘ S P
Target echo power at antenna (W) =8 = (( 4::1{")'("’J . [0’) . (M]RJ') . (A__]

ncident omnidirectional power density (W/m*) ——e

[ncident omnidirectional power density (W

Incident power density with antenna gain (W/m?) ———

Echo power at target(W) —————0——— &

Echo power density at antenna (Wmé) ————— &

'::-:}20 Ower ca l.‘..’t‘d Dy antennsa l\‘f'l S ————————
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Radar range equations
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« Detection range equation
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Impact of low RF signal
When Can the Su-35 Spot Aircraft?

F/A-18E/F
F-15 F-16
Su-27 Su-35
Tornado Typhoon F-35 F-22

b.
\b\ Agmn A= >

335-370 mi. 185-250 mi. 36 mi. 22 mi.
(540-600 km) (300-400 km) (58 km) (36 km)

Source: Aviation Week Analysis

B To halve the detection range:-

B Radar
A 12dB RCS reduction.
B Acoustic
A BGdB noise reduction.
B /nfrared
A 25% temperature reduction.
m Visual

A Dependant on background (Paints and or Camouflage
netting). 12/45



RCS characteristics

o=function of frequency, polarization, angles (azimuth & elevation)

Rayleigh (low freq.), resonance (Mie intermediate freq.), optlcal (high
freq.) regimes =
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Figure RCS of a cylinder relative to wavelength
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RCS characteristics
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RCS calculations

A hypothetical aircraft with
dimensions comparable to M
an F-16 (wavelength 6 cm of
SAM threats): Accurate

a Oglve Tip Diffraction

b Canopy Specular

c Ogive Specular

d Wing Leading f Trailing Edges
e Cylinder Bady Specuiar

=1
; : f Wing /Tail Tip Speculars
wit h INn 3 d B g Vertical Stabilizer Broadside Specular
h Exhaust Duct Cavity
i Exhaust Duct Edge Diffraction
Fi gco% g ?gc, g (233‘ g CB:[]S" @'?5 i Exhaust Duct Travelling Wave
igure
feature Equation (dBsm) (dBsm) (OBsm) (dBsm}  {dB :‘::::: E‘L‘Ig :g;‘;'“é‘:;m tion
) - -4 ) 4
 Pun'w(ien) 50 0 0 ° /4 L1=25m
b . -7 -5 -2 i 2 Lz=12m
Trars L3I=45m
\ 60 60 &0 —60 -6 L4=125m
'} - -
¢ nr{1-cos ¢ sin &} 2 B 3 L&5=1m
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h 0 —60 -60 60 \\ / a=33 deg
2Ag - - 5 | a L t6 f =120 deg
i s 23 -23 -23 -23 -2 1 Ogive
. (A n 2 Cylinder Body
' n,l(r4}2/(L1 + 1.2 ~21 -0 —60 —60 5 3 Wing & Horlzqntal Stabilizer
K 5 5 18 a 4 Vertical Stabilizer
24 cos™ 8 ) ‘ 5 Exhaust Duct
h,i 6 Canopy
z - g -23 23 -23 -2 1
(L. (2 7 Inlet Duct
Tatal Noncoherent Sum 10

3 Example first-order RCS estimate from specular segments.
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RCS calculations

Component buildup method, high-frequency asymptotic methods,
full wave methods

Approach | PO PO+PTD PO(iterative)+ | PO(iterative) Full-wave
Effect mmmmmmm e e - —--t-ASYMptotic téEHniq UES =-pam L0V 1 | solution
;/ PO (physical
Low computational effort Increasing comp. effort > OptiCS)
> PTD (physical
: theory of
- T correction . :
S tarme v BT dlffraCthn)
— | Mostly sufficient f R%'
ostly sufficient for:
Y required for: GO/RT
AN et eten (A _ (geometrical
or In depth evaluation Op'[iCS / ray
B Non LO of t :
configurations _ LO _ racmg)
Coupled \ /| Daut configurations
effects Refle
| |

Ritter, J., The Role of CEM in the Realization of RCS Reduction of
Aircraft, Stealth Conference 2005, U.K.
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Outdoor RCS measurement

Frequency range: 0.5 -40 GHz ‘

'max. load: 75 to
*max. height: 13 m
«azimuth angle: 360°
elevation angle: + 28°

Kruse, J., Applying Stealth Technology to Non-Stealthy
Platforms, Stealth Conference 2005, U.K.
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Indoor RCS measurement and scaling laws
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Fig. 8.7 Some sources of RCS measurement error.

Figure of merit of an RCS chamber: The quiet
zone and the operating frequency range

Scaling laws for scale-model testing:

This small scale model of Have Blue is undergoing RCS tests in Lockheed’s anechoic chamber at Rye Canyon. Lockheed Martin

« For p scaling factor, f.=pf, o, =pc

* The complex index of refraction and impedances
should be duplicated. 18/45



IR fundamentals

Wavelength, A
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IR fundamentals

IR radiation (solid)
EM radiation caused by the accelerations and decelerations of electrons
Continuum (solid) radiation governed by Planck’s law

M, =eoT* (W/cm?)

Wavelength: 0.7 ~ 1000 micron
continuum radiator (solid; grey bodies

Wein's law of the wavelength associated
with the peak spectral radiant exitance
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Intensity (W/sr): angular density of the
power emitted from a source
Radiance (W/cm?/sr): angular power
density per unit area of the source
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IR fundamentals

IR radiation (gas)

Discrete (line) gaseous radiation: emitted and absorbed only at discrete wavelengths

associated with specific rotation and vibration frequencies CO, at 2.7 and 4.3 ym; H,O
at 2.7 um.

1
|

| Wavelength: 0.7 ~ 1000
| micron

continuum radiator (solid;
grey bodies)

line radiator (gas):

water vapor (1.4, 1.9, 2.7,
3.2, 5.5, 7.5 micron),
carbon dioxide (2.7, 4.3,
14, 16 micron)

1500 2000 2500 3000 _13500 " 4000
Wavenumber, cm 21/45




Proliferation of IR seeker missiles

Mistral 1 Strela-2M lgla FIM-928/C
Country Europe Russia Russia USA
Range 300-6,000m | 800-4,200m | 500-5,200m | 200-4,800m
Altitude 5-3,000m 15-2,300m 10-3,000m 0-3,800m
2-4/ 1.5-2.5/ 0.3-0.4/
Band um 1.7-2.8
3.5-5 &=5 3.5
Mach Max 2.5 Max 1.3 >2.0 Max 2.2

Pyrotechnic
flare spectrum

Wavelength, um

Aircraft hot
parts spectrum

Wavelength (um)
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IR sources In aircraft

Sources of IR in aircraft (DasSiVe) | st ss o wing

leading edges (internal source)

"

3. Aurtrame

-

Earthshine
/ reflection(external source)

Enal ,eex/haust plume
(ifternal source) ~

Sunshine / Skyshine
, reflection(external source)
Hot efigine parts,

e.g. tail-pipe
(internal source) by engine(internal source)

i 3. Airframe
1. Engine hot parts

Rear fuselage skin heated
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2. Hot and Exhaust

Parts and St

Exhaust
Plumes
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----- / fﬁf‘ = ¢ — o Airframe
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O(100~1000)
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IR fundamentals: atmospheric effect

CO; “red spike”
emission

CO;
absorption by
atmosphere

CO; “blue
spike”
emission

Water vapor
emission. [

\
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A /\

2.5 3.0 3.5

Wavelength, um
Contribution of CO, and H,0 to Plume IR Signature




IR fundamentals: atmospheric
transmission

u-90
u-80
n-70
u.60
=-50
.40
=-30
u-20
»-10
no
=10
w20
=30
m40
50
=60
70
80
90

Atmospheric transmission vs elevation angle (deg) and distance (km)
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Detection range relations:
IR (passive) vs RF (active)

) — I...."'.'i'.. VST f?ﬂ"‘ﬂ.‘ﬂ,
ci—om r e W
! noise eguiv irrad SN anin \ bemdwicltl

107

Spectrum, view angles Frequency, angles, polarization
Contrast, atmospheric effect Monostatic vs bistatic radar
Surface condition RAM, RAS




RCS & IR reduction in PW F135 engine
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