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Needs Assessment:
	Batteries are usually an afterthought in technology and robotics.  Engineers and scientists make a design, then determine the power needs, and finally just attach a battery.  The system is not usually designed with the battery shape in mind.  But, as technology advances, there is a demand for lightweight, high powered devices.  As these systems are designed, there is not always physical space for a battery.  This justifies the need for a conformable battery.  
Project Scope:
Problem Statement:
	The main objective of this project is to design a battery that can be integrated in to the wing of a UAV system. The battery can form around the wing, make up the wing, or fit inside the wing.  The focus is that the battery be conformable (not cylindrical or flat rectangular).  The goal will be to fly this plane for at least five minutes.  The ideal battery design will be a easily deformed, lightweight battery. The success of this project would signify a milestone in battery technology and could give rise to new products.
Background Information:
Before going into specific project requirements, it is important to become familiar with the general working principles behind batteries. In simple terms, a battery is a device that stores chemical energy in the form of electrons. This chemical energy can be converted into electrical energy (electron flow) in order to supply power to a device and thus perform work. The smallest unit in which this energy conversion takes place is known as a battery cell.
A battery cell consists of two electrically-conductive materials. These materials are known as electrodes, and they have different energy levels. The electrode with the higher energy level is known as the anode or positive terminal, whereas the electrode with the lower level is known as the cathode or negative terminal. Because electrons flow from materials with high energy levels to materials with low energy levels, the anode and the cathode have to be isolated from each other within the cell in order to prevent direct electron transfer. This is typically done through the use of a separator material.
The generic single-cell battery interfaces with the load device through a pair of terminals which are connected to the anode and the cathode. These terminals act as an open circuit that is completed at one end by the load. As electrons flow out of the anode, the atoms in the material find themselves short an electron and become positively charge ions. These ions are capable of flowing through an electrolyte medium past the separator and into the cathode, thus completing the circuit at the other end. This electrolyte medium can be a paste (known as a dry electrolyte) or a liquid (known as a wet electrolyte) and its primary function is to facilitate the transfer of ions between electrodes. The choice of electrode material for each terminal will determine whether a single electrolyte can be used for both, or different electrolytes will be required for each electrode.


Once the circuit is closed, chemical oxidation (loss of electrons) occurs in the anode material and the released electrons flow through the load into the cathode terminal. Upon arrival at the cathode terminal, chemical reduction occurs (gain of electrons). It is this movement of electrons through the load that generates power. Figure 1 illustrates this whole process.
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Figure 1: Basic Battery Configuration

Batteries can be classified by their reusability as follows:
· Primary. In this type of battery, the electrochemical reactions that take place within the cell are irreversible. Once all electrons have flowed from the anode into the cathode, the battery is spent and has to be disposed. One of the most common examples of primary types is the cylindrical alkaline battery, which is available in many stores and used to power a wide range of devices.

· Secondary. In a secondary battery, the electrochemical reactions are reversible through the application of a reverse current (typically done through a charger device). At the end of this process, the battery is ready to be used again. Lithium-ion batteries are a good example of secondary types. They are used in a wide range of consumer electronics in which rechargeability is an important consideration, such as cell phones, laptops and tablets.
A pouch cell is a battery encased in a flexible pouch made out of a foil material. This third type will be the focus of this project. In a pouch cell, anode and cathode sheets are layered in the desired configuration (this can be series or parallel) and isolated from each other by separator paper. The cell is then wrapped in a flexible, foil-like material that acts as the pouch. Liquid Electrolyte is injected and the pouch is closed with an air-tight seal in order to keep moisture out. Two tabs serve as the interface between the anode and cathode terminals. Figure 2 shows a working lithium ion pouch cell made at the battery lab in the Aero-Propulsion, Mechatronics and Energy (AME) building at the FAMU-FSU College of Engineering. Figure 3 shows a cross section view of a cell pouch. 
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Figure 3
: Cross section of pouch cell
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[bookmark: _Toc374108049]Design: Flexible Thin Cells:
The design chosen involves the creation of very thin cell pouches. Because the thickness of the stack inside the pouch is very small, a certain level of bendability is present in the cell pouch. Figure 4 shows possible ways to take advantage of this flexibility by lining the inside and the outside the airfoil with the cell pouches. The conformability requirement is once again satisfied because the cells conform to the surface in which they are layered.
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Design benefits:
1. Cheap and easy to make. The small amount of material per pouch dramatically speeds up the battery making process.
1. In theory, these thin cells could be used to layer the outside area of the wing and function as a skin, or be used to line up the inside.
Issues and limitations:
1. Unknown cell response. Significant testing will be required to determine how the degree of bendability affects cell performance.
1. Potentially time consuming due to testing requirement to determine bending limitations

[bookmark: _Toc374108056]Procurement
	 All materials were discussed and approved by sponsor prior to submission. The RC plane, extra wing sets, and foam glue were purchased from HobbyTown USA. The anodes and cathodes were purchased from MTI Corporation. The AME battery lab is supplying the separator paper, Lithium hexaflourophosphate (LiPF6) electrolyte, and the laminated foil pouch material. Table 1 outlines the current standings of all purchases made. The total budget for this project is $2000.
	Table 1 – Total Items ordered

	Description
	Quantity
	Unit price ($)
	Total($)

	Ares Gamma 370 RTF plane
	1
	129.99
	129.99

	Wing Set
	2
	39.98
	79.96

	Large EPP foam glue
	2
	9.98
	19.96

	Li-Ion Battery Cathode - Aluminum foil double coated LiFePO4
	3
	79.95
	239.85

	Li-Ion Battery Anode -Copper foil double side coated Graphite
	3
	59.95
	179.85

	TOTAL
	($649.61)
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