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Needs Assessment

Carbon nanotubes (CNT’s) have properties that can provide radio frequency communication devices an advantage both in structural and electrical applications. At Harris there are various products that could potentially benefit from the ideal orientation of CNT.  Typical Harris antennas are high-performance products. However, there is a need for stability in the high levels of stress that diverse environments may pose. Some of these environmental threats include space, terrestrial winds and marine exposure. In general, the need is for a consistent, durable and high performance antenna that with a reduced size, weight and power (SWAP). The purchase of the materials required, travel and manufacturing expenses must be within a budget of $2,500 dollars. 

Project Scope

Problem Statement

The focus of this project is to investigate the use of carbon nanotube technology in radio frequency (RF) applications. Carbon nanotubes have properties that are potentially advantageous in these applications, but they are still underdeveloped when considering their practical use. We will explore these properties and apply them to design, construct, and test a simple antenna to be used in small Unmanned Systems platforms (e.g. air, ground, and water surface).  

Objective:
Create a carbon nanotube (CNT) based antenna breadboard design to fabricate a CNT antenna for unmanned air, ground, or water surface systems. The antenna will be compatible with an 802.11b radio at 2.4-2.5 GHz with linear polarization. This antenna is to be small, lightweight, powerful, and comparable to antennas being used today.  At most, $2,500 should be spent on the creation of this carbon nanotube antenna. The research on the CNT antenna is being performed to explore new technology in hopes of creating a more technically enhanced system than what is currently implemented. The design phase of this project will be completed by December 2010. In regards to the manufacturing of the antenna, this will be completed by March 2011.
Justification and Background
The main application of our antenna design will be in small Unmanned Systems platforms (e.g. air, ground, and water surface). When creating these vehicles, major design considerations are taken as to how to implement an antenna without obstructing movement or aerodynamics. In this sense, often times the use of a slot antenna is highly favorable. A slot antenna will not introduce any kind of aerodynamic problems; it can either be embedded into a part of the vehicle and covered or it can be constructed from an actual part of the vehicle (such as a metallic vertical stabilizer on an unmanned aerial vehicle). Due to these advantages, the antenna designed will be of the slot type and it will either be universal (usable in many applications) or it will be application specific.  

Slot antennas were discovered in 1938 by Alan Blumlein. The first known application of this design was to produce a practical type of antenna for VHF television broadcasting that would have horizontal polarization, an omni-directional horizontal radiation pattern, and a narrow vertical radiation pattern. Slot antennas are made from metal surfaces with a hole of a slot cut out.  When frequencies are applied, these slots radiate electromagnetic waves in a similar way to a dipole antenna.  Shape, size, and the driving frequency are determining factors for radiation distribution patterns.

Recently, carbon nanotubes have gained attention in the field of electronic communications due to their innate electrical properties. Some research states that the electronic capabilities could exceed that of currently used materials such as metals and semi conductors. Depending on the orientation and type of CNT being used, properties can differ drastically, which gives this project a great range of freedom when it comes to the design.  Carbon nanotubes easily allow for small scaled components with a large current density, making them a prime candidate in creating an antenna system.

Methodology:
The first step in undergoing the task is research. The project is based on CNT technology so the best plan of attack is to gather as much information as possible. By doing so, the team will be able to understand the usefulness and limitations of CNT technology, thereby finding the optimal orientation of CNTs in the antenna. As of right now, the project is in the define phase.  With both mechanical engineering and industrial engineering students, the team will capitalize on the familiarity with structural design and manufacturing concepts for the fabrication of the CNT SWAP antenna.  A conference call has already taken place, during which a few suggestions were given by Mr. Schuyler Ayers (Systems Engineer) and Mr. Jay Kralovec (Antenna Engineer) who serve as the points of contact at the Harris Corporation. One suggestion was to gather information from the Electrical Engineering Department in the FAMU-FSU College of Engineering to gain knowledge on antennas (specifically slot antennas). Another suggestion that was given was to contact the High Performance Materials Institute for a specialist who may have expertise in the field of CNTs and their electrical properties. 

Stages of the Project:
1. Research slot antennas and contact faculty with experience in this area at the Electrical Engineering Department.

2. Research and contact faculty at the High Performance Materials Institute with experience with CNTs and their electrical properties.
3. Concept generation of breadboard circuitry.
4. Analyze design of breadboard and basic circuitry that can be utilized on different platforms.

5. Define CNT optimal orientation.

6. Finalize top two designs of antenna structure and then select the best design based on feasibility.

7. Manufacture and test antenna prototype.

8. Prepare final report with results and advantages of this innovation.

Constraints: 
The design of the breadboard for the CNT antenna will require experience and knowledge in circuits and important electrical engineering concepts. The current team members lack familiarity with these concepts; therefore, time and inexperience are two factors that team sees as potential threats and challenges.

In addition to these, the acquisition of the required materials for the manufacturing of this antenna will have to fall under the allocated budget and also arrive in a timely manner for the submission of the antenna prototype. Precisely considering materials, the lack of familiarity with CNT’s and their electrical properties will have to be addressed with research and the support of experienced faculty from the High Performance Materials Institute and our advisors.

The CNT antenna will have to have a reduced size, weight and power (SWAP). Lastly, it will also have compatibility with the radio frequency parameters provided by Harris Corporation.
Expected Results

At the culmination of the project, a CNT antenna capable of satisfying all of the objectives listed should be produced and tested. The antenna will be able to perform well with the given radio specifications while being small and lightweight to be utilized on unmanned vehicles. The antenna should be cost efficient and cost less than $2,500. The research should aid in discovering practical uses of CNT to aid in the performance of communications systems.
