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RADOME HEAT SHIELD 

DEDICATORY CLAUSE 

The invention described herein was made under a 
contract with the Government and may be manufac 
tured, used, and licensed by or for the Government for 
governmental purposes without the payment to us of 
any royalties thereon. 

BACKGROUND OF THE INVENTION 

In radome design an important parameter is the in 
sertion phase delay, which is the phase of a transmitted 
wave through a panel of the radome relative to the 
phase of the wave at the same place had the panel not 
been present. Variations in insertion phase delay across 
an antenna aperture due to the presence of a radome 
can result in beam de?ection, changes in beam width, 
and gain loss. Techniques are well established for ob 
taining the beam deflection errors. Beam deflection 
away from the original boresighted wavefront is de 
?ned as boresight error. A certain amount of boresight 
error is normally acceptable as tolerance which occurs 
in tradeoffs between various components of the typical 
radar system. In addition to contributing to boresight 
error, radomes used for high speed applications such as 
supersonic speeds are also characterized by high tem 
peratures and high heating rates. Ceramic radomes af 
ford good thermal shock resistance at these high speeds 
but high temperatures prevail within the randome dur 
ing flight. 

SUMMARY OF THE INVENTION 

A radome for use on high speed projectiles are sub 
jected to the relatively high temperatures associated 
therewith developes high inner wall temperatures that 
far exceed the nominal allowable temperature of a 
lightweight antenna within the radome. The tempera 
ture sensitive antenna and related components are in 
sulated from the inner wall of the radome by a heat 
shield comprising thin layers of heat re?ecting material 
which function as an electromagnetic window and 
therefore does not interfere with radio frequency (rf) 
transmission. The thin layers of the heat shield can be 
manipulated to change the dielectric constant there 
through in prescribed incremental areas. The area 
varying dielectric constant can be used to assure ac 
ceptable boresight error rates are obtained while pre 
venting heat damage to the antenna. 

“ BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified sectional view of a typical pro 
jectile radome with a temperature sensitive antenna 
protected by a layered heat shield. 
FIGS. 2-5 are simpli?ed diagrammatic views of typi 

cal heat shield con?gurations, 
FIG. 6 is an enlarged section of FIG. 3 showing the 

typical structure of the heat shield in detail. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In high speed application of projectiles wherein for 
ward components such as antenna are covered by aero 
dynamically sound, protective radomes, the radome is 
usually constructed of a ceramic or ceramic-glass struc 
ture. At supersonic speeds temperatures rapidly rise 
from an initial nominal value to a range which may be 
destructive to temperature sensitive components within 
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the radome. As shown in FIG. I, a typical radome l0'is 
disposed for housing an antenna 12 and related seeker 
electronic circuit components 14. Radome 10 is a di 
electric material such as ceramic, is transparent to r-f 
energy, and may have various shapes depending on de 
sign and objective parameters. For high speed applica 
tion the temperature within radome 10 can rapidly 
build up to several hundred degrees in only a short time 
of ?ight. 
Antenna 12 is a lightweight antenna of styrofoam 

faced with copper, which has a nominal maximum al 
lowable termperature of 200°F or less. To prevent the 
high temperatures which emanate from the inner wall 
of the radome from destroying the temperature sensi 
tive antenna, a heat shield 16 is disposed between an 
tenna 12 and the inner forward wall 18 of the radome. 
Heat shield 16 may consists of several thin layers of 
lightweight, heat re?ective material which also pro 
vides an electromagnetic window for rf transmission. 
Typically, thin layers 20 of heat-shield 16 may be con 
structed of a titanium dioxide epoxy filled paper and 
may be spaced apart by spacers 22. 
As shown in FIGS. 2-5, the nominal shape of heat 

shield 16 can be planar (FIG. 2), hemispherical (FIG. 
3), conical (FIG. 4), or hyperbolic (FIG. 5). Any com 
bination thereof suitably formed for structural compli 
ance within the system will also function as the heat 
shield. 
FIG. 6 further discloses an enlarged section of FIG. 3 

wherein the individual layers 20 have several arbitrarily 
selectable shapes allowing the heat shield to withstand 
the acceleration loads, vibration loads, bending loads, 
or other forces which may in?uence the structure. The . 

' number of layers 20 are minimal as determined by the 
temperature history of the inner wall of the particular 
type of radome l0 and the limiting temperature of the 
particular antenna 12. The spacing between layers 20 is Y 
also dependent on these two temperature factors since 
the shield must suppress convection currents in addi 
tion to being electrically suitable. The spacing between 
layers 20 need not be constant. The heat shield can be 
con?gured for attachments to either the radome or the 
support structure for antenna 12. v a 

The thickness of each layer 20 is essentially non 
attenuating to rf microwaves. It may vary as necessary 
accommodating thicker or thinner patches. The layers 
need not necessarily be homogeneous, involving den 
sity changes, material loading and/or pinholes. In pre 
scribed incremental areas the layers can be manipu 
lated to change their dielectric constant. For example, 

I in FIG. 4 a resin filler 30 is disposed around a portion 
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of the inner surface of heat shield 16. This areavarying 
dielectric constant can be used to obtain acceptablee 
boresight error rates by changing the beam de?ection 
of rf energy passing therethrough. The dielectric con 
stant of a heat shield layer can be adjusted by applying 
patches, by varying the density or composition of an in 
cremental area using the resin ?llers 30 and by creating 
pinhole arrays 32 of varying number per square inch in 
selected layers 20 as shown in the outer layer of FIG. 
2B. 
The heat shield materials, typically of titanium diox 

ide epoxy ?lled paper, is non-metallic and may be 
treated so as not to be detrimentally absorptive to at 
mospheric moisture. The heat shield material is also ca 
pable of withstanding the prevailing temperatures 
within the radome so that any temperature induced re 
actions do not‘ substantially affect rf transmissions. The 
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material can be treated by pigment additions or by 
coatings to be re?ective to heat radiation. 

In operation as a heat shield, the most forward or 
outer layer 20 absorbs and re?ects radiant heat energy. 
It also absorbs heat energy from convection currents 
induced by the temperature differences within the ra 
dome cavity. The second layer 20, placed parallel or 
concentric with the outer layer, is located at a discrete 
distance from the outer layer to suppress convection 
wholly or to such an extent that heat transfer by con 
vection is minimal. It can also be made re?ective such 
that with both the re?ection of heat from the outer 
layer and the suppression of convection currents, a 
minimal quantity of heat will be transferred from the 
radome inner wall to inside of the heat shield. Addi 
tional layers within the second layer can be added as 
considered necessary so that the components within 
the heat shield are kept below survivable or operable 
temperatures for the antenna and related temperature 
sensitive components. 
An advantage of the heat shield is that it allows the 

radome designer a surface onto which dielectric adjust 
ments may be made to compensate for the radome 
boresight errors and boresight error slopes. Hence, 
phase tuning and/or ?ne tuning of the radome acting as 
an electromagnetic window can be accomplished for 
the radome/antenna interaction by adjustments in the 
heat shield. Heat shield 16 also allows the antenna to be 
made of lightweight plastic foam or the like which is 
easily gimballed but is restricted for use to enviromen 
tal temperatures below 200°F. The heat shield allows 
the use of low temperature components connected to 
the antenna to be located adjacent the antenna in other 
packages. These components would ordinarily have to 
be protected from the radome heat by individual insu 
lation, heat sinking or active cooling with ?uids. 
The heat shield within the radome can be used where 

high radome temperatures prevail and thermally sensi 
tive radar and seeker components are used. Typical 
systems include aircraft and missile, orbiting satallite 
and station shuttle craft and other higher speed deriva 
tive systems. 

In established missiles, heat rejection and insulation 
is accomplished by coating the radar and seeker com 
ponents with re?ectors and insulators. Also, “heat sink 
ing” is used, i.e., the component is made massive or at 
tached to a larger mass than itself so that the heat can 
be shared throughout the “effective mass” rather than 
con?ned to only the component. Hence, antenna sur 
faces were polished to be re?ective. Thus, the introduc 
tion of lightweight temperature sensitive antennas has 
reduced the space and weight requirements but has 
also reduced the thermal damage threshold. The heat 
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4 
shield solves the problem of maintaining the radar op 
erable in a high temperature environment. 
Although a particular embodiment and form of this 

invention has been illustrated, it is apparent that vari 
ous modi?cation and embodiments of the invention 
may be made by those skilled in the art without depart 
ing from the scope and spirit of the foregoing disclo 
sure. While the inventive antenna heat shield was de 
signed primarily for use on high speed projectiles the 
heat shield can be used otherwise than has been indi 
cated. For example, in ground radomes subjected to 
heating from nuclear thermal pulses the heat shield will 
protect the antenna and related equipment. Accord 
ingly, the scope of the invention should be limited only 
by the claims appended hereto. 
We claim: 
1. In a radar system wherein microwave energy is 

transmitted from an antenna through a radome, the in 
provement of an electromagnetic window comprising: 
a dielectric heat shield disposed within said radome and 
spaced apart from the radome inner forward surface 
for re?ecting radiant heat energy and absorbing con 
vection heat energy induced by temperature differ 
ences within the radome while allowing microwave en 
ergy to pass therethrough, said heat shield having plural 
concentric layers of spaced apart titanium dioxide 
epoxy ?lled paper configured to prevent heat from es 
caping the aft end of the radome. 

2. The electromagnetic window as set forth in claim 
1 wherein said paper layers are inhomogeneous, 
thereby providing a non-uniform dielectric constant for 
affecting radome boresight error. 

3. The electromagnetic window as set forth in claim 
2 wherein said paper layers have pinhole arrays dis 
criminately formed therein as a varied quantity per unit 
area for providing a variable dielectric constant within 
said shield. 

4. The electromagnetic window as set forth in claim 
3 and further comprising a resin ?ller ?xedly attached 
to a portion of at least one of said plural paper layers 
for varying the density of an incremental area of said 
shield for changing the dielectric constant. 

5. The electromagnetic window as set forth in claim 
1 wherein said antenna is a temperature sensitive an 
tenna disposed within said radome, said radome is ce 
ramic, and said dielectric heat shield layers are parallel 
sheets of variable density paper for providing boresight 
error adjustment of said radar system, and said titanium 
dioxide epoxy ?lled paper being ?xed around the cir 
cumference thereeof to a portion of the inner aft sur 
face of said radome for isolating said antenna from the 
forward area of said radome. 
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