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Abstract- Submarine antenna is used for communication by Radio Frequency (RF) system. It is protected by radome. Radomes 

are the electromagnetic windows that protect microwave sub-systems from the environmental effects Low-observable radomes 

are usually made of E-glass/epoxy composite due to its low dielectric constant which is necessary not to interfere 

electromagnetic (EM) wave transmission characteristics. Since aramid fibers have lower dielectric constant and higher 

strength than those of E-glass fiber. The dielectric strength constant were measured of the E-glass/epoxy and Aramid/epoxy 

materials  The modal analysis is also carried out on radome to check for the natural frequency of the radome. So that 

resonance does not occur if the natural frequency of the radome coincides with the excitation frequency of the submarine. It is 

designed to a high pressure radome covering frequencies from 15 KHz to 18 GHz to meet the submarine applications. The 

details are presented in this paper. 
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I. INTRODUCTION 

 
Radar Dome, or usually called  Radome, is usually placed 

over the antenna as an antenna protector. The basic 

function of a radome is to form a protective cover between 

an antenna and the environment with minimal impact to 

the electrical performance of the antenna. Under ideal 

conditions, a radome is electrically invisible. How well a 

radome accomplishes this depends on matching its 

configuration and materials composition to a particular 
application and Radio Frequency range.  

 

A variety of materials have been used for constructing  

radomes, including balsa and plywood in early structures. 

Modern ground-based and ship-based radomes are 

manufactured using composite materials such as fiber 

glass, quartz, and aramid fibers held together with 

polyester, epoxy, and other resins. Foam and honeycomb 

cores are often added between inner and outer “skins” of 

the radome tofunction as a low-dielectric-constant spacer 

material providing structural strength and rigidity. The 
design and development of radome for submarine 

applications covering a very wide band of operation is 

presented in this paper.   

 

II. DESIGN METHODOLOGY 
 

1. Pro/E Design: 
Pro/ENGINEER is a integrated 3D CAD/CAM/CAE 

solution created by Parametric Technology Corporation 

(PTC). It was the first to market with parametric, feature-

based, associative modeling software. The application runs 

on Microsoft-Windows platform, and provides modeling, 

assembly and drafting, finite element analysis, and NC and 

tooling functionality for mechanical engineers. 

   

Table 1. Physical dimensions of radome. 

Physical dimensions 

 

Values in mm 

 

Diameter 1651 

Height 1384.3 

Hole diameter 50 

Thickness 275 

 

 
Fig 1. 2D Drawing of radome. 
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Fig 2. 3D Isometric view of the radome. 

 

2. FRP Materials: 

Since the performance of a radome depends on the 

materials used, the materials play an important role in the 

design of the radome. To increase the wall strength, the 

thickness of the radome wall has to be increased which is 

not suitable to radar wave length.  

 

At this critical stage composite materials fiber reinforced 

plastics came into existence. Composite material is the 

combination of two or more materials with different 
properties and characteristics of the parent material.  

 

A composite is a mixture of materials with adequate bond 

between the constituents; the constituents retain their 

physical identity even after several years 

 

2.1 Reinforcement: The main function of the reinforcement 

is to improve the overall mechanical properties of the 

composite. In general this reinforcement material will 

have higher tensile strength and young modulus than 

that of matrix material. These are used in the form of 

fibers. Many materials like glass carbon fiber, graphite, 
boron fiber, asbestos, whiskers, Kevlar etc, can be used 

as reinforcement material, out of these glass fiber is 

most versatile. For very high performance applications 

advanced composites made of either carbon fibers or 

boron fibers are used. But in India fibers are used to 

reduce the cost of production.                                                            

2.2 Matrix Systems: A bonding material which adheres to 

and contains the fibers is called matrix. Metals, 

thermoplastics, thermosetting resins, ceramics can be 

used as matrix materials. Epoxy resins are the most 

commonly used matrix materials. 
2.3 Composites Differ From Metals: Composite materials 

have many characteristics that are different from 

conventional engineering materials. Most engineering 

materials are homogeneous and isotropic. In contrast 

composite materials are heterogeneous and orthotropic 
or more generally anisotropy. 

 

3. Ansys: 

The ANSYS computer software is a large-scale multi 

purpose finite element method program that may be used 

for solving several classes of engineering problems.  

 

The analysis capabilities of ANSYS include the ability to 

solve static and dynamic structural analyses, steady state 

and transient problems, mode frequency and buckling 

Eigen value problems, static or time varying magnetic 

analyses and various types of field and coupled 
applications.  

 

The program contains many special features which allow 

non liberties or secondary effects tube included in the 

solution such as, plasticity, large strain, hyper elasticity, 

creep; swelling, large deflection contact stress stiffening 

temperature dependency, material anisotropy and 

radiation. As ANSYS was developed, other special 

capabilities such as, surface. 

 

 
Fig 3. Meshing of radome. 

 

 
Fig 4. Displacement vector sum. 
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Fig 5. X-Component of stress of Aramid epoxy. 

 

 
Fig 6. Y-Component of stress of Aramid/epoxy. 

 

 
Fig 7. Z-Component of stress of Aramid/epoxy. 

 

 
Fig 8. XY Shear stress of Aramid/epoxy. 

 
Fig 9. YZ Shear stress of Aramid/epoxy. 

 

4. Modal Analysis : 

Modal analysis to determine the vibration characteristics 

(natural frequencies and mode shapes) of a structure or a 

machine component while it is being designed. It also can 

be a starting point for another, more detailed, dynamic 

analysis, such as a transient dynamic analysis, a harmonic 

response analysis, or a spectrum analysis. 
  

 Fig 10. Modal analysis list of frequencies. 
 

 
Fig 11. Frequency and mode shape of sub step 1. 
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Fig 12. Frequency and mode shape of sub step 2. 

 

 
Fig 13. Frequency and mode shape of sub step 3. 

 

 
Fig 14. Frequency and mode shape of sub step 4. 

 

 
Fig 15. Frequency and mode shape of sub step 5. 

 
Fig 16. Frequency and mode shape of sub step 6. 

 

 
Fig 17. Frequency and mode shape of sub step 7. 

 

 
Fig 18. Frequency and mode shape of sub step 8. 

 

 
Fig 19. Frequency and mode shape of sub step 9. 
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Fig 20. Frequency and mode shape of sub step 10. 

 

2.5 Harmonic Analysis: 

Harmonic analysis is a branch of mathematics concerned 

with the representation of functions or signals as the 

superposition of basicwaves, and the study of and 
generalization of the notions of Fourier series and Fourier 

transforms. In the past two centuries, it has become a vast 

subject with applications in areas as diverse as signal 

processing, quantum mechanics, and neuroscience.  

 

The term "harmonics" originated in physical eigenvalue 

problems, to mean waves whose frequencies are integer 

multiples of one another, as are the frequencies of the 

harmonics on stringed musical instruments, but the term 

has been generalized beyond its original meaning. 

  

 
Fig 21. Displacement(UX) graph between Amplitude Vs 

Frequency for first step. 

 

 
Fig 22. Displacement(UZ) graph between Amplitude Vs 

Frequency for first step. 

 
Fig 23. Displacement(UY) graph between Amplitude Vs 

Frequency for last step 

 

 
Fig 24. Displacement(UZ) graph between Amplitude Vs 

Frequency for last step 

 

 
Fig 25. Stress in Y-direction(SY) graph between 

Amplitude Vs Frequency. 

 

III. CONCLUSIONS 
 

Dielectric constant of Aramid/epoxy is 2.958 and E-

glass/epoxy composite is 4.289 were determined by using 

Ross-Weir method. Low dielectric constant of material 

absorbs high frequency and transmits to the antenna. So 

Aramid epoxy preferable because it has low dielectric 

constant than E-glass/epoxy. 
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T-sai wu failure criterion applied for the static analysis of 
radome. The resultant stresses were determined which is 

used to substitute in t-sai wu failure. Then the output value 

of t-sai criteria is  -51.769  MPa.  Which is less than one 

So hence this structural analysis design is safe. It is with 

stand under the pressure of 48 bar. 

 

The UWB Radome for submarine based applications with 

the required specifications is designed, simulated and 

analyzed in ansys for performance in a systematic 

approach. Thorough survey of the literature and the inputs 

from various publications were used for taking up this 

work. Further the Radome is suitable for UWB frequency 
operations from 15 KHz to 18 GHz and withstanding the 

pressure of 75 bars for 16 hours. In harmonic analysis, the 

Maximum Amplitude is 20 mm at the frequency of  520 

Hz . It is good frequency can transmit to the antenna for 

communication. 
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