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Abstract

Avoiding radar detection is a prime importance in several fields. We design multi reinforced polymeric materials to absorb radar waves,
these materials have low density, high elastic modulus, high tensile strength good erosion resistance and good fatigue strength. Compo-
site materials are made by three principle techniques, injection, spraying and compression. Jet technique was used to measure materials
resistance for erosion. We find that polytetrafluroethylene with multi mixtures has the best specification than other polymeric materials.
We manufacture twenty-one alloys (A, B, C, D, E, F.....W) used in this work. Composite materials (A-W) are making by adding fillers
to matrices. Absorption coefficient of fillers and matrices was evaluated and measured alone or as a composite. Dynamic and static radar
cross section shapes (eight shapes)were studied in this work. The better shapes for absorption waves are (spherical, conical, cylindrical,
and parabolic). All parameters controlled reflectivity and absorption were studied. We found that the maximum rate of absorption is more
than (70%), this percent observed in certain coating layers. Metallurgical and mechanical work on composite materials have been inves-

tigated. Model designed to compute multi variables affecting on absorption and reflection.

Keywords: Shapes, detection, Composite, Parameters, Reflection.

1. Introduction

Radar cross section is the measure of a target's ability to reflect
radar signals in the direction of the radar receiver, it is a measure
of the ratio of backscatter power to the power density that is inter-
cepted by the target. The RCS of a target can be viewed as a com-
parison of the strength of the reflected signal from a target to the
reflected signal from a perfectly smooth sphere of cross sectional
area of 1 m2. The conceptual definition of RCS includes the fact
that not all of the radiated energy falls on the target. A target’s
RCS is most easily visualized as the product of three
factors, these factors are, projected cross section, reflectivity, and
directivity. All objects illuminated by radar will reflect energy to
some extent. The radar cross section is a parameter denoted by
used to characterize the scattering properties of a radar target. It
represents the target’s size as seen by the radar and has the dimen-
sions of square meters. RCS area is not the same as physical area,
but a measure of a target's ability to reflect radar signals in the
direction of the receiving antenna. RCS is defined as an area inter-
cepting that amount of power which, when scattered isotropically,
produces at the receiver a density which is equal to that scattered
by the actual target. In general, the RCS of a target is a function of
the polarization of the incident wave, the angle of incidence, the
angle of observation, the geometry of the target, the electrical
properties of the target and the frequency of operation. Thus, two
targets with the same physical size and shape could have consider-
ably different radar cross-section. The scattering characterized by
the radar cross section can be categorized into four main mecha-
nisms, the first is; direct scattering, normal to flat surfaces and

edges, the second is; diffractive scattering from edges and surface
discontinuities, the third is; creeping waves, and the fourth is;
indirect scattering from structures or cavities. Generally, the direct
and diffractive mechanisms account for the majority of the ra-
darscatter. However, the direct scattering is normally much larger
than its diffractivecounterpart. The shape of the object is decisive
in this respect. If the object has a flat side facing the radar trans-
mitter it will reflect more energy than an object of any other
shape. A flat plate has however almost no RCS except when
aligned directly toward the radar. Corner reflectors on the other
hand, have RCS almost as high as the flat plate but over a wider
angle, i.e. over = 60 degrees. The return from a corner reflector is
analogous to that of a flat plate always being perpendicular to the
transmitting and receiving antenna. Targets such as aircraft often
have many corners. Creeping waves can travel around the edges of
the target and back toward the receiver, interfering constructively
or destructively with other backscatter, depending on the travel
distance. This phenomenon mostly occurs at long wavelengths.
The target however must be greater than a certain minimum size,
in terms of wavelength of the radiated energy, to produce a rea-
sonable reflection of energy. Generally targets must have a size
greater than about a quarter of the radar wavelength being used
before a detectable echo is received. Thus for the detection of
small objects, the radar wavelength must also be small, i.e. the
frequency must be very high. Indirect scattering is due to multiple
reflections and is common for complex structures. It is difficult to
determine when this sort of scatter occurs. Typical causes of mul-
tiplescattering are rotating parts and engine cavities.

Copyright © 2016 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/3.0/

206

International Journal of Engineering & Technology

2. Experimental Work

Polymeric materials were received as powders. The main three
techniques adopted to manufacture the composite materials are;
the first is injection technique carried out in many workshops of
kerbala government, the second is; spray pyrolysis technique was
carried out at Babylon university- physical department on spraying
system, and the third is; compression technique was carried out at
Technical Institute of Babylon — mechanical department on com-
pression molding system manufactured for this purpose. injection
moulding process has vertical and horizontal machines. The gran-
ules are continuously melted in heated cylinder and injected in-
termittently in to the mould. Many moulds were manufactured
with different shapes such as; square, triangular, cylindrical, circu-
lar, conical, spherical and parabolic. The injection force is main-
tained (2ton) with temp. (100-130°C) until the material has set
sufficiently so as not to flow out the mould when the pressure is
released. In this way voids are prevented. Complex mould cause
materials containing fibers and fillers to show marked orientation.
Glass fiber and thermoplastic mixture are introduced into the
mould separately. Injection process has good dimensional accura-
cy and can be made with smooth and glossy, textured or engraved
fur face depending on the inside surface of the mould. Casting
products with different shapes were examined on a bistatic
radar system to show the activity of injected targets on absorption
and make the comparison with the other techniques. Spray pyroly-
sis technique used for mass production to spray wide areas; also it
is a suitable for materials, which has high melting points. Sample
[Al-Li base alloy] was heated before spraying process begun to
(15min) to avoid shrinkage of material which causes due to differ-
ence in temperature between metal and material. To keep metal's
temperature constant during operation, the time interval between
two spraying process must be not increase than (38sec). In addi-
tion, solvent temperature must be kept constant (220-240°C)
measured continuously by thermocouple. The maximum distance
between orifices of sprayer and sample is (30-35¢cm), the volumet-
ric rate of spraying is (2cm3/min). The maximum pressure to per-
mit flowing is (3kg/cm?), the pressure must be kept constant. Film
layer must be left (1-2min) until chemical reaction completed,
then it has taken to be examined on radar system. Compression
moulding technique is the third technique used in this work, the
production of this procedure are not good enough in comparison
with the products of other techniques. Product's surface was rough
in comparison with the smooth surface of products made by spray-
ing and injection procedures. Dies of mould must be machined
carefully to get high quality surfaces compression method is easier
and cheaper than other methods. Procedure of operation is easy
enough, heating source such as burner was used to heat the mould
until reaching (250°C), grains of polymer founded into mould are
melted slowly or it took long time to reach melting. The melted
mixture (fillers & matrices) was compressed strongly to take the
mould's shape. Moulds were machined to seven shapes represent-
ed the (RCS) shapes with different sizes, thicknesses to study the
effect of radar waves on these shapes formed by compression
technique. There are nineteen materials used as fillers. The mix-
ture of polymeric materials with these fillers forms the final com-
posite material. There are thirteen polymeric material used as ma-
trices when mixed the fillers. Fillers have taken many shapes such
as ; grains , powders , pins, fibers, panels, dishes, lattices, covers,
adhesions, magnets and light oil. There are twenty one targets (A-
W), each target has special construction which contained variable
fillers with the certained (wt%) of fillers and matrices. There are
seven standard shapes (sg-sph) Each target manufactured with the
seven shapes; sample (A) for example made with the seven shapes,
each shape constructed with the a certained (wt%) of fillers and
matrices, all these examined on radar system to show the effect of
construction (wt%) materials on absorption and evaluated the
absorption coefficient. Absorption coefficient was evaluated for
each filler alone and matrices also. Absorption coefficient of the
constructed composite material was calculated. There are two
basic types of radar transmitter configurations on is the self excit-

ed oscillator exemplified by the magnetron, the second uses low
stable power oscillator, which is turn amplified to the required
level by one or more amplifier tubes. The magnetron device is
likely found in applications where small size and portability. The
essential parts of magnetron consists of a large block of copper
(anode) into which holes and slots are cut, these holes and slots
serve as resonators. The emitter or cathode consists of a cylinder
of oxide- coated material. The electrons interact with the (dc)
electric field and the resulting power (0.3watt) is directly connect-
ed to a pyramidal horn antenna wave guide by a coaxial transmis-
sion line. The magnetron types is (6058B/1- Marconi instruments
LTD).The energy emitted from magnetron transmitter device is
guided from the transmitter through various components to the
antenna or from the antenna through other components to the re-
ceiver by means of transmission lines. In our device, there are two
types of lines used: a-coaxial transmission line. b- wave guide
transmission line. Coaxial line is capable of guiding volt-
age/current from one point to another, the most popular cable used
in our device is (UNIRADIO 67 50-ohm). The line carried energy
over a wide range of frequencies from microwave bands to 18GHz
at various power levels. The operating frequency range is (8-
12.5GH z), at this range the attenuation constant (o) equals to
40db/100ft and the rate of power transmitted is (0.3watt), so that
we can say that this line is useful only when low power is handle
or where the loss is acceptable. The power rating can be improved
by increasing the dimensions of these coaxial lines. The worked
wave guide type is GW-16/copper alloy used at X- band designa-
tion. In most radar applications, the enclosed metal wave guide is
one of the most used types of transmission lines. the power is
transmitted along the interior of the guide with particular electric
and magnetic field configurations. The transmission parameters
and modal characteristics are strongly dependent on the shape and
the dimensions of the cross section. A rectangular guide, usually
with a width (a) to height (b) ratio near 2:1. The dimensions of the
wave guide are usually chosen to suit the operating frequency
range. The operating range is usually restricted to (8-12.5GHz), at
this range the attenuation constant (o) is restricted to (0.087-
0.067dh/100ft). The pyramidal horn as shown in Fig (4) is flared
in two planes, the first is (E-plane) which has a uniform amplitude
distribution, the second is (H- plane) which has semi- cosine am-
plitude distribution, these two planes are termed the principle
planes of the horn. Length of the flare depending on factors such
as the band width, horn aperture, and gain. The horn is fed by a
rectangular wave guide , the horn aperture dimension is (8x8cm)
pyramidal horn used as an antenna for transmitting electromagnet-
ic waves and receiving the reflected waves from the target Intensi-
ty of reflection measured by VSWR device. The electromagnetic
wave traveling along a transmission line, if the transmission line is
loaded with an impedance equal to it's characteristic impedance,
the line is said to be matched and no energy will be reflected from
the load, if the load impedance is not perfectly matched, some
energy will be reflected from the load, another factor introduces
mismatches into the transmitting line loading to the antenna is
discontinuities components such as junctions, wave guide compo-
nents (flange- couplings, bends, twists , filters, etc), these factors
causes, that some of energy will be reflected from the load, result-
ing in either loss from the system, or distortion of the phase prop-
erties of the wave, the reflected wave with either added to or sub-
tract. A bistatic radar system used in this work, it consists of two
separated systems, i.e., transmitter and receiver. A transmitter type
(6058B- single source- 500mA- Marconi instrument) is placed at
one site and the associated receiving equipment type (6953A-
160mA- Marconi instrument) is placed at another as shown in
Fig(4). Detection was based upon target reflections received at the
receiving site. Tested samples have different shapes sizes and
thicknesses. Thermometer was attached to each examined sample
for measuring any change in temperature during operation. The
adjusted angle to get (100% reflectivity) must be measured and
supported. Range arrival's angle and frequency must be known.
The time needed for each run is (45min) Distances between
transmitter — target- receiver were changed at each test to observe



International Journal of Engineering & Technology

207

the effect of range and factors related to it on absorption. The two
main testes which employed are, reflectivity and penetration. Re-
flectivity test cases are (1R) as shown in Fig (1), (2R) as shown in
Fig (2), and (3R) as shown in Fig (3), these are regarded as the
idealized cases, the positions of transmitter and receiver in this
case were changed at the same time until arrival's angle becomes
(180°). Maximum reflectivity was obtained as a result to change
the positions of transmitter and receiver. Operation was beginning
supporting (Al-Li) base metal alloy to obtain (Odbw), i,e (100%
reflectivity) in certain position. (Odbw) means, the radar waves
were totally reflected from forward surface. This had been taken
as the standard level of power and hence, any power measured can
be expressed below the standard level. Any sample recorded
(0dbw) was considered to be very bad so it reflect all waves falled
(100% reflectivity). Excellent sample was recorded (-10dbw), i.e
(0%reflectivity) these samples have the highest ability to absorb
waves. Samples (A-W) were constracted of fillers and polymers.
Absorption coefficient of fillers, matrices and mixture were esti-
mated. Penetration cases are (1P, 2P, 3P, 4P, and 5P) as shown in
Figs (5 and 6). Horn of transmitter device was supported at a suit-
able sites and receiver's horn was changed from [(Dr=0) to
(Dr>Dt)]. The tested samples were connected to thermocouple for
evaluated temperature. Temperature changed from (0.2- 0.4°C),
this means that the tested sample was absorbed energy and convert
it to heat. At all cases of penetration, arrival's angle took to be
(180°) and is (0°) Distances between transmitter- target and re-
ceiver varied at each case of testing. The main aim of penetration
test is to examine the ability of composite materials with different
shapes, thicknesses and sizes to absorb energy at frequency range
(8- 12GHz)/x-band designation. Distance was an important factor
affected on absorption energy; also thickness of tested samples
was an important parameter on absorption. Shape of samples was
regarded the more effective parameter on absorbed radar waves,
that the curvature shapes absorbed energy more then the plane
shapes. Composite materials were tested alone with out metal base
alloy to show its ability for absorption as mentioned above. Jet
technique system was used to evaluate the erosion rate of compo-
site materials.

Fig. 1: Reflectivity test ( case-1)
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Fig. 2: Reflectivity test ( case- 2)

Fig. 6. Schematic representation of penetration test
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3. Results and Discussion

Fixing procedure was proposed and regarded as the most im-
portant factor that most be studied. The first important aim was to
look for a material of best absorption. The second purpose is to
find the suitable procedure to fix these materials on aircraft's sur-
face. The outer surface was divided to many small square sector.
Each sector is drilled to make a small diameter orifices. Groups of
(Al-Li) wires then passed through it and distributed over the sur-
face for a certain extent. These distributed wires are connected to
each other if necessary to form large square lattice on the surface.
Spraying pyrolysis technique or injection moulding technique may
be used to form the covered reinforced polymeric material which
protect the outer surface from radar detection. Layers of absorbed
materials were arranged in such away and pressed with the high
force and make connecting, the other connection procedure was
done by pins or rivets which connected aircraft's metal with the
composite materials. Distribution of these rivets must be designed
to resist stresses which may be appears during flight. The two
procedure of connection must be suited with the composite mate-
rial type, which used as protection cover. Fixing procedure was an
important aim after choosing the absorbed material. The two pro-
cedures Targets were basically (Al-Li) base alloy coated with the
composite polymeric materials (matrix of polymers + fillers).
These targets were exposed to radar waves , attenuation was rec-
orded for all the examined targets. An increase in absorption coef-
ficient is recorded in this sequence (3*, 4*, 11*, 13*, 10*, 9*, 8%,
5% 7* 2* 6% 1*). Similar behavior is apparently appear when
using fillers alone as shown in fig (4-2) , i.e. (11, 1, 13, 12, 6, 5, 4,
3,2,7,8,9, 10, 14, 15, 16, 17, 18, 19). Highest absorption was
observed when fillers (11, 12, 13, 1, 4) were added to polytetra-
fluoroethylene (P. T. F. E). Lower attenuation was recorded
when the same fillers mixed with the polyamide (P. A) Polymers
No. (3*, 4*, 11*, 13*) when mixed with (P.T. F. E) give higher
attenuation than these polymers when mixed with (P. A) or (P. E).
In general, mixture of polymers recorded higher attenuation than
that recorded by composites. Target composition was regarded the
most important factor affecting on attenuation. Several samples
were tested, i. e. twenty one specimens. The highest coefficients
were displayed by samples (B, D, G, R and X), while others, i.e.
(E,K...., etc) were generally low for different shapes. Spherical,
parabolic, conical and cylindrical shapes possess high tendency to
absorb waves, especially samples (B, D, G, R and X). This test
also reveal the shorter wave lengths were easily absorbed. Alt-
hough the main purpose of this work is to search for a material
which absorbed radar waves, but it is worthwhile to consider the
effect of design on absorption. Target with the square shape has a
very wide area compared to the beam dimensions. Once again
twenty one samples were tested. They were coated with the mate-
rial and of the same thickness on seven shapes (sq., tri., ..., etc).
Certain composition on different shapes were examined. Highest
absorption was in samples for different shapes, especially cylin-
drical, conical, parabolic and spherical, others samples, however,
gave lower values in this sequence. Erosion is the most important
test that must be done at different environmental conditions during
flight. Erosion test carried out on erosion testing machine for dif-
ferent polymers to check it's ability on resisting erosion. Polymers
were reinforced by different (wt%) of fiberglass to find the highest
material for resisting erosion. (P.A) gives lower resistance than
(P.T.F.E) and (P.E). Increasing reinforcement for different shapes
(20%, 30%, 40%), P. T. F. E is the best polymer. For certain pol-
ymer, the increase in reinforcement, (P.A) and (P. T.F.E) were
better in resistance, but (P.E) gives opposite results. Substantial
attenuation to the incident wave was observed. For several fillers
and absorption coefficient was recorded. Absorption however is
based on distinct ways, i. e. scattering and true absorption. There
two processes together make up the total absorption. The scatter-
ing of magnetic waves by an atom is almost similar in many ways
to the scattering of visible light by dust particles in the air. It took
place in all directions and since the energy in the scattered beams
dose not appear in the transmitted beam , so it is said that it is

absorbed. The true absorption is caused by electronic transmission
with in the atom and it is best considered from the view point of
the quantum theory of radiation. If a quantum of magnetic waves
of sufficient energy is incident on an atom it knock a k- electron
out of an atom thus cause the emission of k- characteristic radia-
tion. The ejected electron is called a photoelectron and the emitted
characteristics radiation is called fluorescent radiation. Therefore,
we can say that the incident waves are partially or totally ab-
sorbed. However, not only transition of an electron occur but spin
orientation may also took place when radar wave interact with the
materials. Therefore, the variation of absorption of the tested ma-
terials can be attributed to the number and distribution of elec-
trons. Waves may also be absorbed due to intermolecular process-
es, it is known for instance that, polymer pipes exposed to (ultra-
violet) or even sunlight suffer deturation of properties due to
change of type of bounding, i.e. linear bounding changes to cross
linking (increase in hardness) which may cause cracking changing
of bounding type, usually, involved motion of monomers i.e. this
motion required energy which is absorbed from the incident beam.
Other workers used ultrasonic waves related the attenuation of the
polymers viscosity, thermal conductivity, scattering and intermo-
lecular processes pointed out that thermal conductivity and scatter-
ing where of negligible effect. They also found that intermolecular
processes where responsible for the attenuation. They also found
an increase in the overall size of the molecule in the path of
waves. The increase in absorption coefficient of matrices (3*, 4*,
11* 13*) is due to structural changes associated with the for-
mation of mixture molecular interaction between pieces. It is well
established that it is possible to mix the polymer to improve it is
properties such as, strength , thermal stability , erosion resistance.
Therefore alloying was conducted, it appears that alloying also
improved absorption when mixing types of polymers with
P.T.F.E, P.A, P.V.C and H.D.P.E. The observed variation in ab-
sorption of polymers with P. T. F. E. , P.A, P.V.C and H.D.P.E
due to alloying process can be attributed to changes in density,
types of bonds and structural changes. High density of (P.T.F.E)
with in term molecular processes test caused between hydrogen
bonds and fluoride forming large molecules against path of wave ,
so it gives high values of attenuation than other as shown in poly-
mers (3*, 4*, 10*, 11*, 138) with (P.T.F.E). Clorid with the hy-
drogen bonds in (P.V.C) gives lower values. Absorption also is
connected with the loacal modes of motion (segmental confor-
mation change and cooperation whole molecule movement. Be-
cause of the existence of strong inter molecular interactions with
in the polymer , it should be possible to observe cooperative
movement of large section of macromolecules in high frequency
range. Hydroxyl groups in polymer are forming inter and intra
molecular hydrogen bonds in addition to recrystallization process
through intermolecular processes. Filler (11,1,13,4,5,6) give ac-
ceptable values of attenuation, also attenuation in creased when
mixed with polymers. Polytetrafluroethelene gives the best values
when mixed with above fillers. Fillers have different shapes and
types such as, graphite, fiber glass, glass powder, carbon fiber,
iron powder, panels,...ect. Absorption coefficient for the above
fillers are measured. Fiber glass and graphite have the higher val-
ues. Graphite added mainly to improve properties of polymer such
as, electrical conductivity, strength, thermal stability and environ-
mental resistance. It also foundedat this work that it cause more
absorption to magnetic waves. This is particles induces internal
eddy currents which gives higher values of absorption. Fiber glass
may chosen for several reason. They are for instance the most
important composites. Fiber glass with the fabric and matrix forms
are used to reinforce material, this reinforcement increased the
ability of folding, electrical and thermal isolation, lightness of
material and absorption energy. The reinforced material have high
specific strength and high specific modulus but have high sensitiv-
ity to environmental effects, especially moisture. Fiber are holed
the external force and loads, so the applied force are transferred to
fiber by shear traction. Fiber's length must be long enough to pro-
tect the material from distortion, that distortion is transferred along
the large portion of fiber's length. Reinforced polymers with this
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fiber gives the maximum absorption, that fiber glass or glass in
general processes an ability to absorb energy, this energy is repre-
sented , as heat which is consumed in rearranging the monomers.
It gives higher values of absorption. Glass powder used to exam-
ine as much choice are possible. It gives an absorption of about
(50%) of that of fiber glass. This is expected due to discontinuity.
The weight percentage is almost similar to that of fiber glass, i.e.
(10%). Iron powder gives absorption of about (35%) of that of
fiber glass. This low absorption is probably due to low percentage,
i.e. (3-5%). High values were rejected to avoid increasing weight.
Absorption by iron powders is due to the inducing of eddy cur-
rents in these tiny particles. For the same reason, polymers rein-
forced by the were used to protect the outer parts of radar system.
In addition, they improve thermal and electrical conductivities.
Iron pins and panels show absorption (20%) in comparison with
the fiber glass. The effect of stacking direction of these pins and
panels was also investigated, little effect was observed. The mech-
anism of absorption is similar to that of iron powder, i.e. energy
was dissipated as eddy current and hence heat. In these cases,
more space or gaps are available of wave passage.Several shape
were embedded individually in the matrix, i.e. dishes and hexago-
nal, square and rectangular lattices. Absorption in the order of (20-
25%) of that of fiber glass was recorded. The same fiber reinforce
polymer was used to examine the influence of design in absorp-
tion, parabolic shape is the better it gives attenuation in the order
of (90- 100%) of the incident waves, Other shapes absorbed ener-
gy in this sequence, spherical, conical, cylindrical, circular and
square. Sharp edges of some above shapes may play as a real's and
re- radiate waves. Absorption coefficient of shapes produced by
spraying technique is better than that produced by injection tech-
nique. This attributed to high homogeneity of samples, Large
thickness samples can be produced by injection techniques (0.5-
1.5cm) it can't be produced by spraying procedure because of
spilling of deposited layer increasing thickness produced an in-
crease in absorbed by (5-15%) due to loss of energy through it.
Samples for all shapes give better absorption due to composition
of it's structural sample (A) posses better results others.The pres-
ence of graphite (3-10%) with fiber glass (10%) and poly tetraluo-
roethylene give the highest values of absorption coefficient. Sam-
ples with different shapes (sq.,.sph.) thicknesses (0.5- 1.5cm) at
(8-12.5GHz) give the best values of attenuation, Other samples
fall in this sequence. Target position (arrivals angle and range) is
the strong parameter affecting on absorption. Target becomes out
of detection at a region (0-40°), we can called this region as
(Adead Region), that the distance was very near between the
transmitter and receiver the detection was impossible. When arri-
val's angle increased, path increased also, causes the decreased in
absorption energy. On the other side, when the range increased,
the coefficient was decreased due to the decrease in radar cross
section, it becomes far from the detection by radar waves. There
are five penetration cases carried out. Targets with different
shapes and compositions were tested. The standard thickness
needed for testing is (0.5cm). samples with the parabolic shape
were the better due to it's shape which scattering waves and posses
high tendency to absorb energy. Samples manufactured either by
injection or spraying technique. Five samples with different com-
positions/ 0.5cm thickness were tested. Samples gave better values
when manufactured with the a parabolic, spherical and conical
shapes, design of conical, spherical and parabolic shape help to
disperses wave at different directions in addition to type of com-
posite material covered the tested. In this work pattern shapes
were used to record the ability of target to absorb waves like oscil-
lator. Shapes with out sharp edges recorded high attenuation val-
ues when distributed on X-axis in addition to composition of
composite material. Parabolic, spherical and conical shapes sam-
ples recorded the best attenuation than others, especially those
manufactured by spraying technique due to homogeneity and
smooth surface. Solid shapes recorded better results than hollow
for testing. At all cases of testing smooth surface give higher at-
tenuation due to it's ability to disperse waves. Weight loss increas-
es with the exposure time. The minimum weight loss is exhibited

by (P. T. F. E), it has the best erosion resistance in comparison
with the other materials, it's weight loss after (30m in ) for in-
stance is only (7%) of that of (P.A). P.T.F.E provide a high tem-
perature up to (311C°) results in increased erosion resistance. Or-
ganic materials with high temperature are relatively high in mod-
ules of elasticity and compressive strength. These properties con-
tributes to either erosion resistance in the subsonic environment.
On reinforcing P.T.F.E (20%, 30%, and 40%) the weight loss
decreased once again. This is due to it's stress — strain characteris-
tics and response to loading associated with the impact weaken the
stress pulse and protect the substrate. With the increasing rein-
forcement (20%- 40%), the weight loss decrease. Erosion re-
sistance of (P.A) is lower then others. This due to the presence of
fiber reduces chunking out and breakage in to small piece by
providing a discontinuous path for shock transmission through the
material (P.A) is brittle. If reinforcing in creased, erosion re-
sistance increased also. (P.E) (unrein and rein for.) is one of ther-
mo plastic materials which posses high resistance against erosion.
(P.E) has lower values of resistance than (P.T.F.E) but has higher
values that (P.A). (P.E) exhibit sufficiently ductile (Plastic) re-
sponse to the impinging droplet loads to deform on the surface
with little weight loss during the subsonic exposure. Erosion re-
sistance decreases with the increasing reinforcement (20%- 40%
0) if reinforcement is added. The radially flowing compressed
portion of the impinging drop interacts with the fiber reinforce-
ment and breaks out pieces of fiber and matrix. In general elasto-
meric coating provide greater subsonic erosion protection than
other brittle polymeric coatings. Fixing procedure is regarded as
the most important factors that must be studied. After founding
the best materials in absorbing , the second important aim is to
find the suitable procedure for fixing it on airplane's surface. The
outer surface is divided in to many small sectors and making of-
fices in the middle of these sectors. Groups of wires passed
through these offices and distributed over each sector. The con-
nection with each other then be done. By using one of the two
technique, sprayed or casting , the polymeric material (PA, PE,
and P. T. F. E) was sprayed or injected on airplane's surface to
form the final shape of the covered material which gives best ab-
sorption against radar waves. The procedure of fixing must be
storage enough to resist all environmental parameters. VVolumetric
percentage of samples (A-W) is shown in Tables (1-21). Composi-
tion of samples (A-W) with (matrices and fillers) is shown in Ta-
bles (22 and 23 respectively). Gain, power ratio of (fillers, matri-
ces, and main matrices) is shown in Tables (24,26,27 resp). Fillers
dimensions is shown in Table (25). Attenuation for mixture is
shown in Table (28).Fig (7) Show the effect of coated layer on
target cross section for different target shapes with constant thick-
ness and constant wavelengths.

Table 1: Font Specifications for A4 Papers

Shape Square Triangle Cylinder Come Circle Parabola Sphere
rectangle
Group B1.2 B3 B4 B5 B6 B7 B8
Weight(s)* 400 380 500 450 = 375 500 500
Weight(h)(gm) - - 150 100 - - 80
Density(s) 55 9.7 036 099 6.6 145 055
Density(h)(gm/cm? - - 159 318 - - 76.9
Volume (s)** 72 36.5 1357 454 56.5 324 904.7
Volume(h)(cm®) - - 9.4 314 - - 1.04
Filler No.& Mat. Vol. % Wit%
NO***

1 10

5* 5

.6* 5

™ 2.5

8* 25

9* 5

6 5

7 10

8 10

11 2

13 5}

13* 40
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Dimension X*v*z  X*v*z h*D h*D *c *n As Table 5: Volumetric percentage of fillers of shape (E)
(cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12 5 - - _ S
Note Composite material gives (good) results Shape re?tg?::le Triangle Cylinder Come Circle Parabola Sphere
5 solid, = hollow Group Di2 D3 D4 D5 D6 D7 D8

**y-cone=(1/3) Ttr*h,  V-sphere=(4/3) Ttrs.  V-cylinder=7tr?h,

V-parabola=(3/4)xyz,V-triangle=(1/2)(xy)z,V-square=xyz,V-circle=(Ttr?)z Weight(s)*
Vo=Original sample’s volume, wo=Original sample's weight, wt%=weight percentag nght(h)(gm)
Table 2: Volumetric percentage of fillers of shape (B) Densis,?ys])lgr(:/)cms
sh - : : Volume (s)**
ape Square = Triangle Cylinder ComeCircleParabolaSphere o
rectangle \{olume(h)(cm ) . 0
Group Al2 A3 A4 A5 A6 A7 A8 F"'erN“éiﬁ Mat. Rl Wt
Weight(s)* 400 350 500 450 375 500 500 1% 20
Weight(h)(gm) - - 150 100 -- - 80 5 20
Density(s) 5.5 9.7 036 099 6.6 159 055 o* 20
Density(h)(gm/cm®) - - 159 318 -- - 76.9 14 40
*x
Vglﬂ'rl:]’:(eh()s()Cm L e o Dimension ~ X*v*z X**z h*D h*D *c  *p  As
Filler No. and Mat. Vol% W% (cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12
0 0 " " "
No*** Note Composite material gives (good) results
*
é* 220 Table 6: Volumetric percentage of fillers of shape (F)
1 10 Shape Square Triangle Cylinder Come/Circle Parabola Sphere
4*+11* 2 rectangle
5% Vol%= [vo*(wt%*wo)]/wo 20 Group F1.2 F3 F4 F5 F6 F7 F8
7* 20 Weight(s)*
8* 20 Weight(h)(gm)
12 10 Density(s)
Dimensions(cm) X*v*z X*v*z h*D h*D *c *p As Density(h)(gm/cm®
12*12*0.512*12*2.5 12*12 12*12 12 12 12 Volume (5)**
Note Composite material gives (good) results Volume(h)(cm?)
Filler No.& Mat. Vol% Wit%
Table 3: Volumetric percentage of fillers of shape (C) No***
*
Shape Square = Triangle Cylinder ComeCircleParabolaSphere 21 ig
rectangle 6* 10
Group C1.2 C3 C4 C5 C6 C7 c8 7% 15
Weight(s)* 400 350 500 450 375 500 500 9+10+27 10
Weight(h)(gm) - - 150 100 -- - 80 11 2
Density(s) 55 9.7 036 099 66 159 0.33 13* 40
Density(h)(gm/cm®) - - 159 318 -- - 769 15+16+49 2
Volume(s)** 72 36.5 1357 454 56,5 324 2047 Dimension X*v*z X*v*z h*D h*D *c *p As
Volume(h)(cm®) - - 91 314 - - 104 (cm) 12*12%0.5 12%12*2.5 12*%1212*%12 12 12 12
Filler ’\,il%*aff Mat. Vol% Wi% Note Composite material gives (good) results
2% 10 Table 7: Volumetric percentage of fillers of shape (G)
3* 2
1 15 Shape Square Triangle Cylinder Come Circle Parabola Sphere
4 10 rectangle
5 Vol%= [vo* (Wt%*wo)]/wo 10 Group G1.2 G3 G4 G5 G6 G7 G8
6 5 Weight(s)*
11 ) Weight(h)(gm)
13* 45 Density(s)
Dimensions(cm) X*v*z X*v*z h*D h*D *c *p As Density(h)(gm/cm?
12*12%0.512*12*2.5 12*12 12*12 12 12 12 Volume (s)**
Note Composite material gives (good) results ;/ilolleurnllleérg(Wat) Vol% W%
Table 4: Volumetric percentage of fillers of shape (D) No*.** ' > 0
Shape Square Triangle Cylinder Come Circle Parabola Sphere 1> 10
rectangle 2* 5
Group D1.2 D3 D4 D5 D6 D7 D8 1 5
Weight(s)* 5* 15
Weight(h)(gm) * 10
Density(s) 8* 10
Density(h)(gm/cm? 2 2
Volume (s)** 3 3
Volume(h)(cm?) 6 3
Filler No.& Mat. Vol% Wt% 11 2
No*** 13 2
2% 10 13* 40
6* 10 Dimension  X*v*z X*v*z h*D h*D *c *p As
8* 25 (cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12
9* 40 Note Composite material gives (good) results
4 15
Dimension  X*v*z X*v*z h*D h*D *c *p As

(cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12
Note Composite material gives (good) results
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Table 8: Volumetric percentage of fillers of shape (K)

Shape rfg;ﬁ;ele Triangle Cylinder Come Circle Parabola Sphere
Group K1.2 K3 K4 K5 K6 K7 K8
Weight(s)*
Weight(h)(gm)
Density(s)
Density(h)(gm/cm?
Volume (s)**
Volume(h)(cm®)
Filler No.& Mat. Vol% Wit%
NO***
2% 50
8* 20
9* 20
2 2
3 3
12* 2
Dimension  X*v*z X*v*z h*D h*D *c *p As

(cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12
Note Composite material gives (good) results

Table 9: Volumetric percentage of fillers of shape (L)

Shape Square Triangle Cylinder Come Circle Parabola Sphere
rectangle
Group L1.2 L3 L4 L5 L6 L7 L8
Weight(s)*
Weight(h)(gm)
Density(s)
Density(h)(gm/cm?
Volume (s)**
Volume(h)(cm®)
Filler No.& Mat. Vol% Wt%
NO***
1* 40
3* 2
5 30
9* 30
10* 2
Dimension ~ X*v*z X*v*z h*D h*D *c *p As

(cm) 12*12*0.5 12*12*2.5 12%12 12*12 12 12 12
Note Composite material gives (good) results

Table 10: Volumetric percentage of fillers of shape (M)

Shape Square Triangle Cylinder Come Circle Parabola Sphere
rectangle
Group M1.2 M3 M4 M5 M6 M7 M8
Weight(s)*
Weight(h)(gm)
Density(s)
Density(h)(gm/cm®
Volume (s)**
Volume(h)(cm?)
Filler No.& Mat. Vol% Wit%
NO***
7* 50
9* 30
2 5
4 15
Dimension  X*v*z X*v*z h*D h*D *c *p As

(cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12
Note Composite material gives (good) results

Table 12: Volumetric percentage of fillers of shape (O)

Square Triangle Cylinder Come Circle Parabola Sphere
rectangle

Group 01.2 03 04 05 06 o7 08
Weight(s)*
Weight(h)(gm)
Density(s)
Density(h)(gm/cm®
Volume (s)**
Volume(h)(cm?®)
Filler No.& Mat.
NO***

1* 60
1 10

Shape

Vol% Wit%

4*+11*+33 2
9* 30
Dimension X*v*z X*v*z h*D h*D *c *p As

(cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12
Note Composite material gives (good) results

Table 13: Volumetric percentage of fillers of shape (P)

Shape Square Triangle Cylinder Come Circle Parabola Sphere
rectangle
Group P1.2 P3 P4 P5 P6 P7 P8
Weight(s)*
Weight(h)(gm)
Density(s)
Density(h)(gm/cm?
Volume (s)**
Volume(h)(cm?®)
Filler No.& Mat. Vol% Wit%
NO***
1* 20
2* 20
6* 10
7* 20
8* 20
9* 10
Dimension  X*v*z X*v*z h*D h*D *c *n As

(cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12
Note Composite material gives (good) results

Table 14: Volumetric percentage of fillers of shape (Q)

Shape Square Triangle Cylinder Come Circle Parabola Sphere
rectangle
Group Q1.2 Q3 Q4 Q5 Q6 Q7 Q8
Weight(s)*
Weight(h)(gm)
Density(s)
Density(h)(gm/cm®
Volume (s)**
Volume(h)(cm?®)
Filler No.& Mat. Vol% Wit%
NO***
2* 20
3* 2
S 10
6* 10
7* 10
8* 5
9* 35
Dimension ~ X*v*z X*v*z h*D h*D *c *p As

(cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12
Note Composite material gives (good) results

Table 15: Volumetric percentage of fillers of shape (J)

Shape Square Triangle Cylinder Come Circle Parabola Sphere
rectangle
Group J1.2 J3 J4 J5 )6 J7 J8
Weight(s)*
Weight(h)(gm)
Density(s)
Density(h)(gm/cm®
Volume (s)**
Volume(h)(cm?®)
Filler No.& Mat. Vol% Wit%
NO***
2% 50
3* 2
8* 30
9* 20
Dimension  X*v*z X*v*z h*D h*D *c *p As

(cm) 12¥12*0.5 12*12*2.5 12*12 12*12 12 12 12

Note Composite material gives (good) results

Table 16: Volumetric percentage of fillers of shape (T)

Shape Square Triangle Cylinder Come Circle Parabola Sphere
rectangle
Group T1.2 T3 T4 T5 T6 T7 T8
Weight(s)*
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Weight(h)(gm)
Density(s)
Density(h)(gm/cm?®
Volume (s)**
Volume(h)(cm®)
Filler No.& Mat. Vol% Wit%
NO***
1* 30
2* 10
4*+11*+33 2
9* 10
13* 20
14 30
Dimension  X*v*z X*v*z h*D h*D *c *p As

(cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12

2* 20
1 10
5* 10
9* 30
6 10
15+16+49 2
Dimension X*v*z X*v*z h*D h*D *c *p As

(cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12
Note Composite material gives (good) results

Note Composite material gives (good) results

Table 17: Volumetric percentage of fillers of shape (R)

Shape Square Triangle Cylinder Come Circle Parabola Sphere
rectangle
Group R1.2 R3 R4 R5 R6 R7 R8
Weight(s)*
Weight(h)(gm)
Density(s)
Density(h)(gm/cm®
Volume (s)**
Volume(h)(cm®)
Filler No.& Mat. Vol% Wit%
NO***
i 20
2* 20
1 20
9* 40
17 2
Dimension ~ X*v*z X*v*z h*D h*D *c *p As

(cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12

Table 20: Volumetric percentage of fillers of shape (X)

Shape Square Triangle Cylinder Come Circle Parabola Sphere
rectangle
Group X1.2 X3 X4 X5 X6 X7 X8
Weight(s)*
Weight(h)(gm)
Density(s)
Density(h)(gm/cm?
Volume (s)**
Volume(h)(cm?)
Filler No.& Mat. Vol% Wit%
NO***
1* 5
2* 15
1 2
5* 3
9* 10
6 10
13 5
13* 40
15+16 2
150r19 2
Dimension  X*v*z X*v*z h*D h*D *c *n As

(cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12

Note Composite material gives (good) results

Table 21: Volumetric percentage of fillers of shape (W)

Note Composite material gives (good) results

Table 18: Volumetric percentage of fillers of shape (S)

Shape Square Triangle Cylinder Come Circle Parabola Sphere
rectangle
Group T1.2 T3 T4 T5 T6 T7 T8
Weight(s)*
Weight(h)(gm)
Density(s)
Density(h)(gm/cm®
Volume (s)**
Volume(h)(cm?)
Filler No.& Mat. Vol% Wit%
NO***
1* 20
2* 20
1 10
2* 50
15+16+49 2
Dimension X*v*z X*v*z h*D h*D *c *p As

(cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12

Note Composite material gives (good) results

Shape Square Triangle Cylinder Come Circle Parabola Sphere
rectangle
Group W1.2 W3 w4 W5 W6 W7 W8
Weight(s)*
Weight(h)(gm)
Density(s)
Density(h)(gm/cm?

Volume (s)**
Volume(h)(cm?®)

Filler No.& Mat. Vol% Wt%
NO***

1* 30
3* 2
1 5
6* 10
T* 25
9* 10
4 10
5 10
15+16 2
18 or 19 2
Dimension  X*v*z X*v*z h*D h*D *c *p As

(cm) 12*12*0.5 12*12*2.5 12*12 12*12 12 12 12

Table 19: Volumetric percentage of fillers of shape (V)

Note Composite material gives (good) results

Shape Square Triangle Cylinder Come Circle Parabola Sphere

rectangle

Group V1.2 V3 V4 V5 V6 V7 V8
Weight(s)*
Weight(h)(gm)
Density(s)
Density(h)(gm/cm®
Volume (s)**
Volume(h)(cm®)
Filler No.& Mat.
NO***

1* 20

Vol% Wit%
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Table 22: Composition of samples (A-W) with matrices

Table 25: Gain, power ratio of fillers

No Sample 1* 2% 3% 4% 5* g* 7% g+ 0% 10*11*12* 13*
A 20 - 2 2 20 - 20 20 - - - - -
B 5 5 2525 - - - - 40
c 10 2 - - - - - - - - . 85
D - 10 - - - 10 - 25 40 - - - -
E 20 - - - 20 - - - 2 - - - -
F - 10 - - - 10 15 - - - - - 40
G 10 5 - - 15 - 10 10 - - - - 40
K - 50 - - - - - 202 - - 2 -
L 0 - 2 -3 - - - 30 2 - - -
M = = = = = = B = & = = = =
N 5 = = = &M = = = = = = = =
0 60 - - 2 - - - - 30 - 2 - -
P 2020 - - - 10 20 20 10 - - - -
Q - 20 2 - 10 10 10 5 - - - - -
J - 50 2 - - - - 3 20 - - - -
T 310 - 2 - - - - 10 - 2 - 20
R 2020 - - - - - - 40 - - - -
S 2020 - - - - - 50 - - - - -
Y, 2 20 - -1 - - - 10 - - - -
X 5 - - - 2 - - 3 10 - - - 40
w 3 - 2 - - 102 - 10 - - - -

Table 23: Composition of samples (A-W) with Fillers

P
o

Fillers

Graphite powder (d= 0.1mm)

Iron powder Fe-powder (d= 0.1mm)

Aluminum powder Al-powder (d= 0.1mm)

Iron fibers, Fe-fibers [L 9-11cm,d 1 mm

Aluminum fibers Al-Fibers [L 9-11 cm, d 1mm]

Glass powder (d= 0.1 mm)

Iron panels Fe-panels (9-10cm, d= 1mm]

Aluminum panels Al-panels [9-11cm, d= 1mm]

Iron pins ; Fe — pins {L=2.5cm, d=1mm}

10 Aluminum pins Ai-pins [L= 2.5 cm, d= 1mm)

11 Fiber glass (Layer 10-10cm, Thick= 3mm]

12 Glass particles [d™ 10mm)

13 Magnet pieces 1d™ 10mm]

14 Iron dish with holes ; Fe-dishes [“d=10cm, h= 5mm)

15 Square iron lattice (2.45- 2.45cm) and hexagonal lattice (2.45-2.4Scm)
16 Square iron lattices (3.75- 3.75 cm) and hexagonal lattice(3.75 -3.7Scm)
17 Aluminium square iattic (2.45- 2.45 cm), (3.75- 3.75cm)

18 Iron rectangular lattice (3.75- 2.45 cm)

19 Aluminumand rectangular lattice (3.75- 2.45cm)

O©COoO~NOOUIh WNBE

Table 26: Attenuation (gain), power ratio and absorption coefficient of
matrixes

No Matrixes

1* Low density poly (463), L.D.P.E (463)

2* High density polyethylene

3* Adhesion

4* Light plastic cover Thick 0.25mm), (A 10 10cm)

5* Polyvinyl chloride, P. V. C (667)

6* Low density polyethylene (M.B)

7* Polyviny chloride (normal)

8* Polyvinyl chloride (blue)

9* Plymide (red)

10* Light oil

11* Thick plastic cover | Thick 2mm), (A. 10-10cm)]

12* Thick layer of phillene t(Thick-5mm), (A 10 10cm) Polyterafluoro-
ethylene (P.T.F.E)

13* Poly tetraflouride ethylene

Table 27: Attenuation (gain), power ratio and absorption coefficient of
main matrixes (standard power 300mw)

No 12345 6 7 8 9 1011 12 13 141516 17 18 19
sample

A 10 10

B 10 5 10 10 2 5

Cc 15 10 10 5 2

D

E 40

F 15 10 10 2 2 2

G 523 3 2 5

K 23

L

M 5 15

N 10

O 10

P

Q 5 35

J

T 30

R 2

S 10 10 2 2

vV 10 10 2 2

X 15 5 2 2 2 2

W 5 10 10 2 2 2 2
Table 24: Gain, power ratio of fillers

No Matrix Gain  Power e Vol%

(-db)  Ratio (m-1)

1 Graphite 75 0.18 1.7 100%

2 Fe-powder 2 0.63 0.46 =

3 Al-powder 3 0.5 0.63 =

4 Fe-fibers 4 0.39 0.94 =

5 Al-Fibers 4 0.39 0.94 =

6 Glass powder 6 0.25 13 =

7 Fe-panels 2 0.63 0.46 =

8 Ai-panels 2 0.63 0.46 =

9 Fe-pins 2 0.63 0.46 =

10 Al-pins 2 0.63 046 ...

11 Fiber glass 10 0.1 2.3 100%

12  Glass grains 6 0.25 1.3 =

13 Magnetpieces 6 0.25 1.36 =

14 Fe-dishes 15 0.1 035 ...

15 Small sg. and hexa. lattices 0.5 0.89 011 ...

16 Square and hexa. latices 0.5 0.89 011 ...

17 Al-sq lattices 0.5 0.89 011 ...

18  Fe-rect lattices 0.5 0.89 011 ...

19 Ai-rect lattices 0.5 0.89 011 ...

No Matrix Gain(-db) Power Ratio ot g* (m?) Vol %
1* L.D.P.E (463) 5 0.32 1.1 100%
2* H.D.P.E 6.5 0.22 15 =
3* Adhesion 10 0.1 23 =
4* Light plastic cover 10 0.1 23 .
5% P.V.C (667) 7.5 0.18 1.7 100%
6* L.D.P.E(M.B) 5.5 0.28 1.2 =
7* P.V.C (normal 7 0.2 1.6 =
8* P.V.C (blue) 7 0.2 1.6 =
9* P. A(red) 8 0.16 1.8 =
10* Light special oil 8 0.16 1.8 =
11* Thich plastic cover 10 0.1 23 L.
12* Thick phillene layer 5 0.32 11
13* P.T.F.E 9 0.13 2.04 100%

Table 28: Attenuation, power ratio, for mixture (polymer + filler)

XX n N @ O 42 42 4 4
S coocooo oo DD T O
I e s e ol = S B S
5> — SSQWLLWLL FWLOIHBODHDH G
2
—
|2+
= o O~ 0O DD D
u—'cl,*E N T T C o oML NMTOOOOm
+Eo oo -CdHds 5o o - cococoo
508
EI>
> -
9Q O Q| o N o © ™ o ™ o
SU|IZSEALRnnnNlnoRlndaNAQRR00 o
uan._gg:ooooooooooo SISISICASIONS
HE
S|
= S oln 75}
= ‘T O T OON~NOMOTETOM O~ ONMMmMMm®m
= o T~ o
X [Te} [TolTe] @ O = o o
Iz 2948223399389 978888 %
oNNO O o d=
oS =1 SSLLWLWLL SWOLIHHBHH G




214 International Journal of Engineering & Technology
\—I| 8000 40000 —
E |lmoodmnoaaoe ©nul3Baooa s <
*o 0O d+dHd00o0o A SS90 o = 2
S 000 o O 000 -
8 b b
8 8
SEIDOonoddmallaNNe 2l an o« G mm
fr|ocoooccocococ®2c oo Poo 5 5
5 wed S
[%] 0
= = ro) 2 2
oo T T T T 1 0% T T T T
_ _ R T R
2 Bew293939S839F8E888¢%
gIS SV SV BLLLELLURGHEHH B c c
& S S
oz g™ S ow]
olE leadmnoIIZRicoanaaon @ @
S "o dodHHdH9 335 o 000 oooo P s a2
Ols g S
= S o] 5
ZE2|28988888unaSynnaagy & g
El2Px|lococccococcc P02 ?cococo Eans— E
g < <
Q - 000 T T T — 020 -
zg%vmogmvvmmmwl\mmvquv Sample Samples
3 o W ooooo 2ol 8 3% 5 5
S P AN B B B B BN B B - O S I = 1 A = e
S SV S v SO G606 3‘3) §
% " 6000 - haa A s
é - g g 250 —|
NE |[@odtwnotIIinonoen o G o G
O\c*o Ad A dddd 5 N0 O — c < Lo
2y 2w 2
Q e 2
> “ o 2 150
LEESSSNYZNRBIR 30N 2 Nt £
I_I_-EQ:ooooooooc>c>°c>c>oc>c>oc>c> < <
|_: 2000 bbb +—— 100
o 000 500 1000 1500 2000 2.0 000 500 1000 1500 2000 2500
Samples Samples
g%gmmggwmgvvgmmmvmmmm 7p E
= n
o O NMILO©N~®O D 2 b / -
> TANOTFTOON0D g Ao k=1 | - R/\' [
[« I [ |
3 80.00 —{ H “\\/-,,‘ \f \h\ /
. . . . . 23 " - \
Table 29: Absorption cross section for different composite martials shapes 2 ] [ \ #/
2 M \ A
S O AR \/\/
Sample| () () () () (o) (o) (o) S owe— || i
Square|Triangle| Cylin- |Conical.| Parabolic | Spherical | Circular 5 \ | ‘w“
shape [ shape | drical | shape | shape shape | shape 2 1 ‘\V*’
shape <
All 35 160 O. 10 0.3 30 1.6 50 e 0.00 ‘ 5(‘)0 ‘ 10‘00 ‘ 15‘00 ‘ 20.00 ‘ 25‘0
B2 | 10 | 40 | 004 | 02 20 1 15 ' Samples ’ '
CI3 15 60 0.04 0.2 20 1 20
D/4 17 60 0.04 0.2 20 1 25 Fig. 6: Effect of coated layer on target cross section for differ
E/5 70 360 0.24 0.9 80 3.2 100
F/6 20 120 0.04 0.2 20 1 30 4. Conclusion
G/7 15 80 0.04 0.2 20 1 25
E/lg :(5) ;gg 00'129 8; Zg :2)’ 38 Target absorption cross section is in order of (70- 100%) of inci-
WiolDEs 260 0'14 0 65 &0 2 80 dent radar waves observed in present work. We see that (P.T.F.E)
NI 56 T 0'15 0'65 &0 e B reinforced by fiber glass and addition of (5-10%) graphite powder
G | o o5 0'15 66 = E 5 gave the highest attenuation of radar waves.We see also that the
TEAE 0 0'14 0'8 = 1 = increasing in coating thickness has no effect on attenuation but
il ED 0'24 0'7 = G i causes an increase in airplane weight, therefore coating of (0.5cm)
?/15 AT 62 0.6 S 1 = with fillers and matrices used as an ideal thickness in this research.
8l : : Samples prepared by spraying technique gives higher absorption
T/16 | 50 zal - = 20 L e than others formed by injection and other techniques.(P.T.F.E)
RAT | 30 B 012 0.6 20 Lo = with the mixture of 30% fiber glass gives the highest erosion re-
S/18 | 10 20088 0.14 0.2 30 15 60 sistance. For all cases, we see that the triangular shape is the prop-
VA9 | 25 12088 0.09 03 20 1 40 er design, i.e. produces higher attenuation.For same shape, we see
X/20 | 10 | S0 | 004 | 0.2 20 1 60 that the higher absorption coefficient is at thickness equals to
wi21| 70 | 360 | 024 | 03 30 16 100 (0.5¢cm) and W.L.= 3.75

a= Absorption coefficient of composite material
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