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Abstract

Currently, Foster-Miller’s TALON robot is powered by lithium ion or lead acid batteries. These batteries are temperamental and do not have sufficient run times to complete some of the missions that a TALON would be well suited for. The goal of this project is to select and design a ‘proof of concept’ system that exceeds the capabilities of the current systems. After extensive research, it was determined that the best option was an internal combustion engine that utilizes a motor as a generator to provide electrical power to the TALON robot. The system was designed not only to provide the maximum power output the TALON needs, but minimized to fit within the space available.
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The Need for Project 

	Development of a novel power source for the TALON robot will surpass the performance of the current system.
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Figure 2: Foster-Miller's Popular TALON Robot

	        The TALON robot, shown in Figure 2, is used in a multitude of applications including HAZMAT and SWAT teams. Successful completion of this project will provide a more reliable and longer running power source. This project is important because the TALON is the largest contributor to Foster-Miller’s profits. With 1500 TALON robots currently in Iraq and another 60-70 shipped out each month, an internal combustion engine system could be widely used and increase these sales numbers due to the increased versatility of the robot. The current batteries require long charging times and prohibit their users from using them to their full potential. With the use of an internal combustion engine, the TALON can be pushed to these limits and allow its users to complete more tasks. This project is also important because the most widely available energy source in Iraq and Afghanistan is the jet fuel JP8. If this robot could use this fuel, the TALON would continuously be able to have an energy source at hand without the hassle of recharge times. 


The Design Project Objectives and Requirements 
	This project aims to develop a more reliable and longer running power source for the TALON robot.
	Design Objectives
        The goal of this project is to identify and develop a new power source for the TALON robot. Although this project aims only to develop a working prototype, the eventual goal of Foster-Miller is to develop a power source that is more reliable than the current lithium ion and lead acid batteries, and will elongate the robot’s run-time between recharging or refueling. With this project, Foster-Miller’s engineers will then be able to further the design in hopes of ultimately running the TALON on JP8. 
Design Requirements

        The new power source must produce electrical power, as this will directly interface with the current systems on the TALON and will require minimal adaptation.  The power source must produce a minimum of 250 watts at 36 volts, while fitting in the minimal amount of space available.  The eventual goal is to develop a system on which the TALON can run for more than 4 hours, which is the run-time currently achieved using two lead acid batteries or one lithium ion battery.


Design Concepts Considered 

	A total of six design concepts were developed and one was chosen as the concept that best fit the project requirements. This concept was then elaborated upon to create two feasible design options.
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 Figure 3: Directly Driven System Design 

This system has the engine rotated to be directly driven with the generator shown in black. 
	        For this project, all possible sources of power were investigated. The six initial design concepts chosen included nickel cadmium batteries, compressed air, an internal combustion engine, fuel cells, solar power, and lithium ion phosphate batteries. The most promising options for powering the robot were fuel cells and the internal combustion engine. The option of using a small internal combustion engine proved to be more feasible, and a system was designed to fit within the allowable space of the robot. 
        The first design concept for the internal combustion engine consisted of a model airplane engine connected to a generator in a belt driven system. This concept contained the engine and generator shafts parallel to one another with a belt connecting the two. 
         This design had several problems including power loss in the belt drive and the need for more stabilization of the engine in order to prevent deflection.

        The second design concept is shown in Figure 3. This concept involves a direct drive between the engine and generator and eliminates the problem of side-to-side deflection of the engine by use of a shaft coupler.
        The current housing needed to be altered to allow room for the flywheel. The resting position of the arm on the robot was further investigated to determine that some extra space could be allotted to the new housing design to allow for a directly driven system and to maximize the available space.      


Recommended Design Concept 

	The recommended design concept is a direct drive internal combustion engine system powering the robot.
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Figure 4: One Half of Oil Jacket for Engine Cooling

	Design Description 
         The chosen design for this project is an internal combustion system with a directly driven generator shown in Figure 1 and 3. 
        The designed system completely fits within the allotted space on the robot and does not require the use of HAZMAT racks on top of the robot treads. The housing shown in Figure 1 is the same width and shape of the current lithium ion housing with the same height as the current lead acid batteries. 
        A slight modification was made to the housing design to take full advantage of the space under the TALON’s arm when folded down. An incline was added to the level plane that used to exist in the middle of the housing. This incline allowed the required room for the directly driven system. The ideal system includes the following components: Saito Flat Twin Engine, oil jackets, DC brushless generator, ignition system, muffler, Walbro carburetor, engine-to-carburetor adaptor, shaft coupler, air intake silencer and filter 16 ounce fuel tank, three 12 V lead acid batteries, oil drip tray, oil pump and filter, heat exchanger and fan, and all of the necessary tubing and wiring. 
The housing design also includes venting to allow maximum airflow into the housing through the heat exchanger and then out of the housing around the muffler to allow for cooling of the muffler. The oil jacket design is shown in Figure 4. These allow oil to flow directly through the engine fins to provide efficient cooling of the engine within the system.
These jackets were designed specifically for this engine to allow oil into the jacket through a top feed hole, where it is then channeled through to five other holes corresponding to the spaces between the fins. Two of the halves shown above in Figure 4 are combined to form a complete enclosure around each engine cylinder. 
Analytical Investigations 
      Calculations were done to allow for proper sizing of the engine to provide enough power, heat exchanger and fan for a cooling system, a muffler for sound reduction, and fuel tank to increase run time. Oil flow rate was calculated to maximize the cooling effect of the engine fins.
Key Advantages of Recommended Concept 

        This concept is very advantageous because it fits within the allotted space on the TALON and provides a starting point to use JP8 as a fuel in the future. 


Financial Issues 
	The overall cost of this product was not much of a concern due to the high cost of the current systems. The need for a better system to sustain the 1500 robots in the field as well as new ones continuously being put into use was the main priority.  
	The most expensive part of the chosen system is the manufacturing of the oil jacket, engine-to-carburetor adapter, and the housing. The oil jacket requires strict tolerances and a high precision when machining, which often increases machining costs. 
Safety and functionality of the system took preference over the cost of the overall design. An efficiently functioning system would maintain the demand for TALONs in the field. 


Recommended Improvements 
	The internal combustion engine would be more efficient if there was time to make and install the oil cooler, the real housing could be manufactured, and the system was be able to run on JP8 fuel.
	        With the luxury of more time, the specified oil cooling system that fits within the housing would be manufactured. The housing would be constructed using the material currently used for the battery housing, instead of having a mock-up made using a Stereo Lithography Apparatus (SLA). In the future, the plan is to have a small engine using JP8 as a fuel. This would require a JP8 compatible carburetor, a better cooling system, and an internal lubrication system.
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Figure � SEQ Figure \* ARABIC �1�: Internal Combustion Engine System in Housing
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