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Abstract — In this study, production of radar absorption material was carried out for stealth applications in 

military technology. Absorbance was stuied by using a vector network analyzer (VNA), which measures the 

values over a frequency range and provides the results in the form of S-parameters. Mold filling and segregation 

of the epoxy matrix composite was numerically simulated and validated. The numerical simulations of the mold 

filling properties were carried out by using the Moldex3D in order to investigate void formation (air trap), and 

carbon nanotube orientation. In addition, the finite element method (FEM) based numerical simulation technique 

was also carried out using the ANSYS high-frequency structure simulator (HFSS) in electronic desktop in order 

to investigate radar absorption properties of the composites. Numerical simulation results were compared with 

experimental results. Distribution of the iron powders is uniform in the epoxy matrix. Increasing iron powder 

content increased the Young’s modulus and slightly decreased the impact energy of the composite specimens. 

Increasing carbon nanotube content increased the Young’s modulus and impact energy. 
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1. Introduction 

Electromagnetic wave absorbing materials (stealth 

materials) can transform electromagnetic radiation into heat 

through magnetic loss or dielectric loss. An ideal radar wave 

absorbing material should meet the requirements of low 

cost, strong absorption capacity, wide band-width, light-

weight and small thickness [1-6].  

There are magnetic loss absorption materials, which consist 

of magnetic powders (Ni, Fe) and polymer matrix, and 

dielectric loss absorption materials, which consist of 

conductive powders (carbon nanotube) and polymer matrix. 

In general, electrical permittivity and magnetical 

permeability are the main properties of the radar absorption 

materials [7-14].  

Shielding effectiveness (SE) is the blocking capacity of a 

radar absorption material for microwaves (radar waves). It is 

calculated in decibels (dB) by comparing signal strength 

before and after adding the shield. Shielding effectiveness 

(SE) can be calculated by theoretical equation (1) by using 

absorption loss (AL), reflection loss (RL), and multiple 

reflection loss (ML) [15-22].  

 

MLRLAL totalSE   (1) 

 

Absorption loss (AL) can be calculated by equations (2), (3), 

and (4), where t is thickness, f is frequency, μ is the 

permeability (1.0 for nonmagnetic materials), σ is 

conductivity, δ is intrusion depth. Absorption loss (AL) is 

type of attenuation occurs by absorption of energy by the 

shielding material due to heat losses.  

 

 8.686t  fxAL    (2) 

 



t

AL 20loge                    (3) 

 




f

2
      (4) 

 

https://wasrpublication.com/index.php/wjms
http://creativecommons.org/licenses/by-nc/4.0/


World Journal of Multidisciplinary Studies, 3(7), 34-43 

 
35 

When the radar wave passes through the material, there are 

multiple reflections on the interfaces between environments. 

If (t˃˃δ), impact of multiple reflections is negligible; if (t ˂˂ 

δ) attenuation is negative and shielding effectiveness 

decreases. 

Reflection loss (RL) indicates how much energy is reflected 

at the interface between the dielectric and metal barrier. 

Reflection loss (RL) can be calculated by equations (5) and 

(6). Reflection loss indicates how well the absorbing 

material can reduce incident electromagnetic wave. Zo is 

impedance of free space. Zs is the surface impedance. 
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Shielding effectiveness (SE), transmission shielding 

effectiveness (SET), reflection shielding effectiveness (SER), 

absorbtion shielding effectiveness (SEA) parameters can be 

calculated by equations (7), (8), (9), and (10). Shielding 

effectiveness (SE) is the difference of S21 value with radar 

absorbing material and S21 value without radar absorbing 

material. 
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Radar cross section, determines the detectability of a target 

by radar. Radar cross section is an area that reflects radar 

wave back to radar. Radar cross section depends on the 

target geometry, target dimensions, target material, and 

incline angle of the microwave. Radar cross section (σ) of 

the materials can be calculated by using equation (11). 

Radar cross section of the aircraft must be as low as possible 

[18-20]. 
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where σ is radar cross section (dB m
2
), S is the area of the 

model (200 mm × 200 mm), λ is the wavelength of EM, Ei 

is the electric field intensity of receiving waves and Es 

represents the intensity of scattering waves. 

In this study, production of epoxy matrix composites was 

carried out for radar absorbing material applications. Radar 

absorbing properties of composite will benefit from the 

dielectric loss and magnetic loss. There are several studies 

about the experimental production and characterization of 

radar absorbing polymer matrix composites. Also, there are 

studies about the numerical simulation of radar absorbing 

composites. But, there is no study on the numerical 

simulation and experimental investigation of the radar 

absorption materials (RAMs).  

2. Experimental 

2.1. Prouction of Epoxy Matrix Composite Radar 

Absorbing Material  

Composite materials (radar absorption materials) were 

produced by using magnetic Fe powder reinforcements, 

electrical conductive carbon nanotube powder 

reinforcements, and dielectric epoxy matrix. Carbon 

nanotube provides electrical conduction to the radar 

absorption material. Single-wall-carbon nanotube (SW-

CNT) with outer diameter 1.0 nm, inner diameter 0.8 nm 

was used. Length of carbon nanotubes was about 20 µm. 

Epoxy matrix was produced by using 65 wt.% epoxy 

prepolymer and 35 wt.% hardener. Fe powders with mean 

diameter of 34 µm were also added in the range of 1.0-5.0 

wt.%. 

2.2. Characterization Microstructure and Mechanical 

Properties 

Mechanical properties of the polymer matrix composite 

specimens were determined by the tensile test device. 

Impact tests were carried out according to the ASTM D1709 

standart by using impact fracture test device. Electrical 

conductivity of the composite was investigated by using 

WeldCheck, ETher NDE eddy current device.  

2.3. Characterization of Absorbance Properties by using 

VNA 

Absorbance and insertion loss values were measured by 

using a vector network analyzer (VNA), which measures the 

values over a frequency range. VNA provides the results in 

the form of S-parameters, such as S11 and S22 (reflection 

parameters), S21 and S12 (transmission parameters). Values 

of S11, S12, S21, and S22 scattering parameters (forward 

reflection, forward transmission, backward transmission, 
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reverse reflection) were determined. S11 parameter 

represents the ratio of reflected voltage at port 1 to incident 

voltage at port 1. Empty waveguide values were used as a 

reference for insertion loss (difference of S21 values of 

reference and specimen) and absorbance (difference of S11 

values of reference and specimen) measurements. 

Propagation of an electromagnetic wave depends on the 

permittivity and permeability. Permeability is same for all 

ferroelectric materials, equal to free space. Permittivity 

depends on the composition. Measurement is based on the 

permittivity of material.  

2.4. Numerical Simulation by using ANSYS HFSS 

Finite element method (FEM) based numerical simulation 

technique was carried out by rectangular wave guide method 

using the high-frequency structure simulator (HFSS) 

software in ANSYS electronic desktop in order to 

investigate radar absorption properties. In ANSYS HFSS 

finite elements are in the form of tetrahedra. Entire 

collection of tetrahedra constitutes the finite element mesh. 

A solution is found for the fields within these tetrahedra. 

Fields are interrelated so that Maxwell’s Equations are 

satisfied across inter-element boundaries. Once field 

solution is found, generalized solution is determined. HFSS 

considere a problem in terms of electric and magnetic fields 

rather than voltages and currents. 

2.5. Numerical Simulation by Moldex 3D  

Single-wall carbon nanotube (SWCNT) reinforced epoxy 

matrix composite was numerically simulated by using the 

Moldex3D Studio 2025R4OR in order to investigate mold 

filling, segregation, void formation (air trap), CNT 

orientation, shrinkage, filling time, welding, shear rate, 

powder segregation, and curing time. Disk shaped specimen 

with 160 mm diameter and 2 mm thickness was simulated. 

Solid mesh type was used in the simulation. Solid mesh 

element count was 1.504.099. melt and mould temperature 

was selected as 25 ºC. Injection and curing pressure was 1 

MPa. In the simulation, length to diameter ratio of the 

SWCNT was 3000. Content of the CNT was 0.5 wt.%. 

3. Results and Discussion 

3.1. Microstructure and Mechanical Properties  

Magnetic particles (Fe powder) provides 

permeability/magnetic loss. Dielectric matrix (epoxy) 

provides permittvity/dielectric loss to the composite. Carbon 

nanotube powders provides electrical conduction. Figure 1 

shows the SEM pictures of the composite at 100x and 500x 

magnifications. There are paths consist of carbon nanotube 

powders, which provide electrical conduction to the 

composite. Distribution of the Fe powders is uniform in the 

matrix.  

    

 
    

 

Figure 1. SEM pictures of the composite at a) 100x, and b) 

500x magnifications 

3.2. Physical and Mechanical Properties  

Figure 2 shows the effect of carbon nanotube (CNT) content 

of the composites on the electrical conductivity. In general, 

there is a threshold (percolation zone), in which the 

electrical conductivity of the conductive particle filled 

polymer matrix composites suddenly increase from 

insulating zone (low conduction) to the conductive zone 

(high conduction).  

 

Figure 2. Effect of CNT content of the composite on the 

electrical conductivity  
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Figure 3 shows the effect of carbon nanotube (CNT) 

contents of the composites on the Young’s modulus. Figure 

4 shows the effect of carbon nanotube (CNT) contents of the 

composites on the impact energy.  

 

Figure 3. Effect of CNT content of the composite on the 

Young’s modulus  

 

Figure 4. Effect of CNT contents of the composite on the 

impact energy  

Figure 5 shows the effect of iron (Fe) powder content on the 

Young’s modulus. Increasing the iron (Fe) powder content 

increased the Young’s modulus. Figure 6 shows the effect of 

Fe powder content of the composites on the impact energy. 

Fe addition decreased the impact energy of the composites. 

 

Figure 5. Effect of Fe content of the composite on Young’s 

modulus  

 

Figure 6. Effect of Fe content of the composite on the 

impact energy  

3.3. Radar Absorption Properties Obtained by VNA 

Figure 7 shows the effect of carbon nanotube (CNT) content 

of the composite on the absorbance. Increasing carbon 

nanotube contents increased the absorbance.  

 

Figure 7. Effect of CNT content of the composite on the 

absorbance 

3.4. Numerical Simulation by ANSYS HFSS  

Finite element method based numerical simulation 

technique was carried out using the high-frequency structure 

simulator (HFSS) software in ANSYS electronic desktop in 

order to investigate radar absorption properties. Figure 8 

given below shows the specimen model geometry design of 

the radar absorbing material and master/slave boundary 

conditions in the ANSYS high-frequency structure simulator 

(HFSS). 
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Figure 8. Specimen model design and master and slave boundary conditions in the ANSYS HFSS simulation 

 

Figure 9 effect of frequency on the transmission coefficient 

of the composite in ANSYS HFSS simulation. An 

examination of the sweep of the composite specimens's 

transmission coefficient (S21) in the 1–11 GHz frequency 

range revealed that the radar wave attenuation capacity 

increased in direct proportion to the rise in the material's 

dielectric loss tangent (tanδ). At the tanδ=0.15 value (blue 

curve), level dropped to -65 dB, demonstrating the most 

effective electromagnetic shielding. Increasing the matrix's 

relative permittivity from 3.2 to 4.1 (orange curve) led to 

resonance disruptions caused by phase mismatch, 

particularly in the 3.5-4.0 GHz. Results confirm that the 

CNT addition is critical in suppressing electromagnetic 

wave transmission by increasing the matrix's loss factor. 

 

 

Figure 9. Effect of frequency on the transmission coefficient of the composite in ANSYS HFSS simulation 

 

 

 

 



World Journal of Multidisciplinary Studies, 3(7), 34-43 

 
39 

Table 1 shows the effect of CNT content and Fe content of 

the composite on the shielding effectiveness (SE) according 

to the ANSYS HFSS study. Increasing Fe content and 

increasing CNT contents increased the shielding 

effectiveness (SE) of the composite. 

Table 1. Effect of CNT content and Fe content of the 

composite on the shielding effectiveness (SE) according to 

the ANSYS HFSS 

Fe  

(%) 

CNT (%) 

1 2 3 4 5 

1 20 31 33 40 56 

2 30 33 35 43 60 

3 36 40 42 45 62 

4 40 43 45 48 63 

5 45 46 49 54 65 

 

Figure 10 shows the electric field intensity distribution on 

the disk-shaped composite specimen in ANSYS HFSS 

simulation. An examination of electric field intensity (Mag 

E) distribution on the disk-shaped composite specimen 

reveals the formation of concentric standing wave patterns 

within the boundaries. This annular form confirms that wave 

undergoes interference within the structure, triggering a 

cavity resonance mode. High field concentrations localized 

at the sample's outer periphery (149.5 V/m) are the primary 

physical cause of multiple side lobes observed in the far-

field radiation pattern (gain plot). The drop in field intensity 

along the central axis aligns with the radiation null 

appearing along that axis. Since the electromagnetic power 

absorbed per unit volume in the composite structure is 

proportional to the square of electric field (|E|
2
), circular 

regions of heightened field intensity represent the active 

zones where wave attenuation—and conversion of energy 

into heat via dielectric losses (tanδ)—occurs most 

effectively. 

 

 

Figure 10. Electric field intensity distribution on the disk-shaped composite specimen in ANSYS HFSS simulation. 

 

Figure 11 shows the distribution of electromagnetic power 

radiated from the composite specimen in ANSYS HFSS 

simulation. An analysis of volumetric 3D distribution (gain 

plot) of the electromagnetic power radiated into space from 

disk-shaped composite specimen reveals that the peak gain 

reaches a level of 7.56 dBi. Radiation pattern exhibits radial 

character, with majority of energy focused toward the side 

edges of the disk. Deep null observed along the vertical axis 

(passing through the center of pattern) confirms that the 

structure does not radiate in axial direction. The multi-lobe 

structure observed in the outer region results from high-

order cavity resonances and circular electric field (E-field) 

nodes. This indicates that standing waves within the material 

undergo constructive interference in specific angular 

directions, radiating power outward. 
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Figure 11. Distribution of electromagnetic power radiated from the composite specimen in ANSYS HFSS simulation. 

 

Figure 12 shows the volumetric electric field map of the 

composite specimen in ANSYS HFSS simulation. 

Volumetric electric field map of the composite specimen 

reveals that the peak field intensity rises to 323.8 V/m in 

regions of local concentration. These high-field contours 

indicate 3D resonance hotspots within the structure and 

confirm the active regions where CNT-doped composite 

material most intensely absorbs electromagnetic waves. 

 

 

Figure 12. Volumetric electric field map of the composite specimen in ANSYS HFSS simulation. 

 

3.5. Numerical Simulation by Moldex 3D  

Carbon nanotube reinforced epoxy matrix composite was 

numerically simulated by using the Moldex3D Studio 

2025R4OR in order to investigate mold filling, segregation, 

void formation (air trap), CNT orientation. Figure 13 shows 

the air trap simulation result of the carbon nanotube 

reinforced epoxy matrix composite specimen. As seen from 

the mage, there are some air traps at the outer edge sides of 

the specimen, while there are less air traps (voids) at the 

centre of the specimen. 
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Figure 13. Air trap simulation result in Moldex 3D 

simulation 

Figure 14 shows the (a) XX component of carbon nanotube 

orientation tensor in x-direction, (b) YY component of 

carbon nanotube orientation tensor in y-direction, and (c) ZZ 

component of carbon nanotube orientation tensor in z-

direction. 

 
 

 

Figure 14. Carbon nanotube orientation tensors of (a) XX 

component in x-direction, (b) YY component in y-direction, 

and (c) ZZ component in z-direction in Moldex 3D 

simulation 

Figure 15 shows the (a) vertical section of the carbon 

nanotube orientation, and (b) horizontal section of the 

carbon nanotube orientation in the epoxy matrix composite 

specimen. In general, distribution of the carbon nanotubes 

was uniform in the epoxy matrix. 

 

 

 

Figure 15. Carbon nanotube orientation in the epoxy matrix 

(a) vertical section, and (b) horizontal section in Moldex 3D 

simulation 
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4. Conclusions 

The main conclusion of the study: 

 Increasing the iron powder content increased the 

Young’s modulus, while slightly decreased the 

impact energy level.  

 Increasing carbon nanotube content increased the 

mechanical properties and absorbance.  

 FEM based numerical simulation technique was 

carried out using the high-frequency structure 

simulator (HFSS) software in ANSYS electronic 

desktop in order to investigate radar absorption 

properties. Numerical simulation results were close 

to experimentan results, which were investigated 

by VNA. 

 Carbon nanotube reinforced epoxy matrix 

composite was numerically simulated by using 

Moldex 3D software. Distribution of the carbon 

nanotubes was uniform in the epoxy matrix. 
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