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ABSTRACT KEYWORDS
Aswe know engineering isthe practical application of scientific factsin an Radome;
economical way. Inthismodern age of science and technology role of satel- Hydrophobicity;
lite technology has become multifold. Every satellite and Radar hasalot of Didectric heating;
antennas. Radom’s are most important parts of antennas. They use to act as Light combat crafts;
protector and shielding of these systems. Average life span of transport Microwave landing system;
radomeis approximately three years. Radoms are susceptibleto bird strikes, Plasma density.

erosion, lightning strikes, thunderstorms, electric fields, static precipitation,
water ingression, delimitation etc. Most frequent damage to radomeisholes
in structures cause by static discharges. Air, acrylic, foam and Teflon arethe
eminently used dielectricin radomes. In this paper effect of electric field of
earth on Air, Acrylic and Teflon type of radome have been discussed. It has
been proved that high dielectric will produce high dissipation energy but
they provide high mechanical strength with the additional property of aero-
dynamically stability. Teflon type of radomeismost eminently used. Finally,
it has been proved that the performance of radome is dependent on operat-
ing frequency, thickness of walls; presence of earth’s surrounding electric
field, loss tangent of dielectric constant, and dielectric constant using
MATLAB software. Effect of DC electric field and plasma disturbancesin
the upper ionosphere (at 950 kilometers) on COSMOS-1809 satellite over the
zones of strong tropical storms and typhoons have been discussed also.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION s

Z, =
AsEM wavehitsthedielectricinterface, apart of \/; _ _ _ . _
waveistransmitted through thedidlectric material, and L€t usconsider thereexistsadielectric of havingreal

restisreflected (asshowninfigure 1) anditscharacter- P&t x andimaginary part &r™” in between the radome
iticimpedanceisgiven by walls. Thepresent dectricfield around thewall isE, the
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Figure?2: Practical radomes

losstangent is Tand; thethickness of radomewall ish.
Whenandectricfidd onthedielectricmateria, thereis
didocationintheequilibrium position of atomsor mol-
eculesof thedielectric material. Theterm requiredto
restoreequilibriumiscaledrelaxationtime=T. When
T =1/f, wheref =frequency of acfield, then resonance
occursand the currentslead the voltage by (90-6) de-
gree. Thedielectricloss power lossdueto heatingis
maximumwhenthereaxationtimeof polarization pro-
cess matchesthe period of theacfields. Thelossoc-
currence can beexplained intermsof complex relative
permittivity e* =¢ —je ”
As, theflux dengity = chargedensity
D(®=Q()
Henze J(t) = dQ/dt
SinceE(t) = Re[E expjwt] & D=¢¢ E
Thus, D(t) =¢ E Re(e* expjwt)
=¢ E Re(e, je, }exp{jwt}
=¢ E Re{e, je, }H{ coswt+jsinwt)
J(t) =dD(t)/dt =& E W{&,.coswt- € Sinwt}
J(t) = 0+ ¢ E W £ cos(wt+90)
Then tand = power factor =¢ /¢,
Now every radome can be considered as |oss con-
denser. Current through the capacitor I(t) = Cdv/dt
Let usconsiderV =V coswt
=Vo Re{ e}

Let, d=thickness=1m & Area=1sg.m
| (t) = cdV/dot
I(t) ={¢, (e, —je,”)} xVo d{Reexpjwt}/dt

=e VoRe[g . —je, "} (jw) ™

=g Vo w {g, coswt- eV’sinwt} = ¢ & wVo

coswt-(e, €, Vow)sinwt
Inanelectrically thin didectric layer, reflections at the
ar/didectric boundary are cancelled by therefl ectionsof
thelaminateat thedielectric/air boundary, resultingin
low losstransmission of theincident waves

— p—

Figure3: Electrically thin dielectriclayer
Dielectric heating

All thedectricd insulatingmaterid didectrics) are
imperfect intheir structure dueto minute (milli,micro)
ohmic resistance. Hence these materia sare heated by
didlectric. Power lossthat occurswhenthey are placed
between plates of acapacitor carrying high frequency
(microwaves)current at highacvoltagesHeatinginmica
isvery smal. Butif itishighinplastic/highdielectric
typeof materid. Thisheatingiscalled didectric heating
given by®® Theelectrica power |oss can beexpressed
asfollows
H =P/V = 0.555* 10" f(E/b)’, tand P = Electrical
power
V =Volumeof didectric materia
Tand =¢ "/ €, = Power lossfactor

Because of phaselag of current w.r.t voltage, the
actua capacitor can bereplaced by the equiva ent ckt.
Shownbelowinfigure4.

P = El Cosd = EI Cotd = El tand,Where the power
factor angle 3(the loss angle 8) & the current | are
indicated in the ckt. E =r.m.svoltage applied to the
capacitor

|.=E/X_ =2nfcE = 2nf{e ¢ A/b} E
Thusl_=(2rf)(e) e Alb* E

Power Loss=0.555* 10°AfE? ¢ tand / b Now, Vol-
ume=V =Ab

Power / unit volume= 0.555* 10 (f)(E/b)** & _tans
Power / unit volume = 0.555* 10-1°[frequency] [di-
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electric constant] [losstangent]* [E / thickness of ra-
dome] Or, P=6.6*f* ¢, tand[Electric field]?,

Figure4: Equivalent ckt of capacitance

Where Eis120V/m practicaly®®

Therecan bethermal breskdown dueto theattain-
ment of an excessivetemperatureinthedielectric. The
energy loss, asdiscussed earlier, hasto bedissipated
asheat. If the heat dissipated islessthan heat gener-
ated, thereisaprogressiveincreasein thetemperature
of didectric, whichmay melt theradomeeventualy.

h

Figure5: Half wavelength thick radome

Inahalf wavelength thick radome, theroundtrip
of sgnasthrough and reflected by laminateintroduces
a 360 degree phase shift. Thereflectionsof each inter-
face cancel sbecausethey are out of phase, which re-
aultsin high net transmission of theincident signals.

TYPESOFRADOME CONFIGURATIONS

Thefollowing aresomewall constructionthat has
been used in radomes.

Thinwall

A Radomethat iselectrically thin (lessthan .11)
givesgood RF performanceassigna reflectionsat the

= Fyl] Peper

space/diel ectric boundary are cancelled out by out of
phasereflectionsfrom the space boundary on the other
sideof thedid ectric material .But the drawback of bet-
ter thermal insulation can’t be overcome for this
radome.lt ischaracterized by d <0.005 (operated wave-
length)/ er®*Wherediswall physical thickness

Half wavelength

Thisissolid dielectric surffacewhosedectrical thick-
nessisgpproximately hdf of thewavelength. Theoreti-
cally, asweknow that half wavethick surfaceisnon
reflecting and has more lossthan ohmic losses of the
other materiads.Itishaving limited bandwidth aswell as
limited intherange of incidence anglesover whichthe
el ectromagneti c energy can betransmitted withmini-
mal reflection. Therecanbemultiplehaf wave surfaces.

A-Sandwich

A threelayer wall consisting of twothinrelatively
high diel ectric constant skins separated by alow di-
el ectric constant corewhosethicknessis gpproximately
Ya of wavelength. The skins are glass reinforced plastic
laminated and arethin compared to awavelength. The
core might beahoneycomb or foam.

- >

Figure6: A-sandwich radomeconstruction
B-Sandwich
Itistheinverse of A Sandwichwith quarter wave-
length skinshaving adie ectric constant |ower than that
of core.
C-Sandwich

Thisisnothing but two back to back sandwiches.
Itisused when asandwich doesnot provide sufficient

drength
——, oty Science
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Full Poper =
Multilayer

A generd form of morelayersthan compareto C-
sandwichform.

EARTHSVERTICAL ELECTRICAL FIELD

Intheionosphereregion of atmospheretheradia-
tionfromthe sunisenergetic.So, continuousionization
useto takeplacewhichyieldsto creation of € ectrons.

Now, electronsarefreeto movearoundinthere-
gion core, which conduct dectricaly, likeoneof apair
of pardld plates. The other pardlel plateisthe earth
itself, whichisalso capable of conducting eectricaly.
Although theearthisspherical, theatmosphereisquite
thin. So the atmosphere and the earth form the pair of
pardld plates, withsomedight curveinthem.
Charging of plates

Themost obviouseectrica phenomenoninour a-
mosphereisthunderstorm and there existschangeon
our pardld plateexample. Thunderstormsarevery vio-
lent phenomena. Thereislarge positivechargeon the
top of the cloud and large negative charge on .Now,
earth’s electric field is created by the transfer of the
chargesfrom thethundercloud to theionosphere.

Effect of fields on satellites®

Cosmos 1809 satellite was operated in the near
circular orbit with thedtitude of 950Kms. Whenthis
satellite crossesmagneticfield digned plasmadensity
irregularities, then thereexistseectrical field distur-
bances. Thisisdueto enhancement of plasmadensity
up to 20%with regard to background values and ap-
pearancesof smal scaefluctuationsof plasmadensity
withrelativemagnitude of 8%.Thesatellitedatashows
that tropica storms, at different stagesof thereevolu-
tion (from depression to typhoon), are accomplished
by localized disturbancesinthequas stationary electric
field reaching tensof mV/mat an dtitude of 950Kmsin
theionosphere. Thedetection of largescaledectricfied
at such dtitudes, observed in sufficiently large number
of events, allowsusto concludethat atyphoon repre-
sentsgloba phenomenon.

RADOME PERFORMANCE VARIABLES

Therearevariousradome performancevariables

viz.Antennapolarization, water, high&r, nontangent,as

at microwave frequency the signals are absorbed by

OH-ions.Antennanoisetemperature playsimportant

partinit.
Thisisdependent on—

1. Noisetemperaturedueto absorptionintheradome
wallssay, NT1, whichisequa to 300Pawhere, Pa
isthe amount of energy absorbed in the radome
wal.

2. Noisetemperatureduetoreflectionintheradome
wallssay, NT2, whichisequal to 300Pa/2 asitis
assumed that haf of thisenergy isreflectedin case
of thereflection contribution to the cold sky and
half to thewarm earth 300K

3. Noisetemperaturedueto scattering intheradome
wallssays, NT3whichisequal to 300Pa/4

Hence,

Total noise contribution due radomewalls= 300Pa+

150Pa + 75Pa

PRACTICAL OTHER RADOME MATERIALS
SYNTACTIC FOAM PRODUCTS*

1. EX1515
Itisdeveloped by NASA, thisissecond genera-
tion, low temperature curing, toughened cynate es-
ter matrix, ultrahigh conversion, extremely low
moi sture absorption, low outgoing,high radiation
resistance, fully adhesiveand isapproved for man
rated spacecraft application by NASA.
2. EX1541
It offers an unparalleled density of 160-192 kg/
m”*3Low CTE, & hightemperatureresistanceto
290 °C it also offers outstanding electrical
performance.EX 1541-1haslower price epoxy for-
mula
3. BC 550
It has properties of
i Highperformancefilmformat
i Syntacticfoamwith€r=2
i Low moistureabsorption, withstand up-to 177
°C & flexible cure. It is used in Radom’s, an-
tenna, spacecraft structure, aircraft structure&
submersible (not in missiles).Connate ester
matrix hasultrahigh converson, extremey low
moi sture absorption, low outgoing, high radia-
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tionresistanceisfully adhesive & isapproved
for man rated spacecraft application by NASA.
4. EX 1522
it haslow moisture absorption, Low out gassing &
excellent microcredit res stance compared to other
€poxy system.
5. BTC4-1
it can operate at 204°C, excellent structural prop-
erties of toughness, Low out gassing & excellent
electrical properties.
6. TEFLON
Tetraflour ethyleneiswell knownfor itsnon stick
and non wet ability properties. It hasgood hydro-
phobicity. Thecontact angle of approx. 90° It also
has good expectancy with very little deterioration
of theradomematerial. It isalso aboon to micro-
wavelanding system, asin MLS, Radome must be
of suspended typerather than conformal. 1t should
be hydrophobic

RESULT AND DISCUSSION

In accordance with attached graphsit is hasbeen
analyzed that Teflon type of Radomeis best suited
radiomen for radar. It ishaving the excellency of hy-
drophobicity. It hasbeen found that at higher frequen-
ciesthere exists generation of thermal power inthe
radome.A high diel ectric constant useto provide me-
chanicd gability. Although disspationinAir typeof ra-
domeislesshbutitisnot aerodynamicaly stable

FUTUREASPECTS

Radomes are used in satellites, spacecrafts and
arcrafts. InIndiaDepartment of Defenceisdevelopling
alight combat craft (Icc)since 1980. Till now Dep’t.
Has deve oped three high combat crafts. Themainis-
sueisof lesser weight of craftsand satellites. There
existsdevelopmentsof RS422 interfacewhich useto
convert theparametersof outer environment into dif-
ferent voltageleve (liketemperature, humidity etc.) The
different levelsarevoltage, resi stancetemperaturede-
tector, thermocoupl e, temperature pressure scanner,
voice, synchronousangle, fineeventsetc. Thereexista
technology by which resistance of a cut can be de-
creased. Asweknow the Universd truth of resistance,

= Fyl] Peper

that it useto to take maximum areain |C fabrication
technology whichisthemain mottoof LCCviz. TEJAS.
Hencefor LCC the selected random should be such
that, it haslesser weight & highly strong, sothat It can
becomeaerodynamically stable.
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Figure7: Frequency vsdidectric heating
X axis = frequency in GHz and Y Axis = per unit volume
heatingin radomesmicrowatts

CONCLUSION

To, summarize, the performance of Air. Acrylicand
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Full Poper =

Teflontypeof radomehavebeenanadyzedby MATLAB
software. Itisshown that radomes are highly depen-
dent on operating frequency and diel ectric constant.
Mother Nature creates problem in radomes as the
present electricfield (120 V/m) surrounding the earth
createsdid ectric heating problem whichyieldsto pro-
vide high noisetemperature. So, air and foam type of
radomeare aerodynamically unstable. Teflon type of
Radomeisbest suited radomefor radar. Itishaving the
excellency of hydrophobicity, whichisboonto MLS.
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