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Abstract

Tree pruning is a necessary task that assists with maintaining healthy, structurally sound, and aesthetically pleasing trees. Farmers and other tree professionals are continuously searching for an efficient tool for their pruning needs while minimizing time spent cutting.  The overwhelming weaknesses of current pruning tools leave a gap in the market for a new design.  The Tree Shark is a new device that provides a safe and ergonomic design that will allow a user to accomplish the simplest trimming task yet still be able to prune larger branches effectively (up to two inches in diameter).   The lightweight design encompasses a battery powered motor for portable range and energy efficiency.  The battery is placed at the bottom of a hollow telescoping pole which provides operation at different lengths, reaching a maximum of 15 feet in height.  The circular saw blade head fixture provides accurate and fast cutting of limbs and is securely fastened to the other end of the pole; producing a balanced, effective, and maneuverable tool for all pruning needs.  
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The Need for Project 

	This project will minimize pruning time, increasing production for arborists, without sacrificing safety, quality or portability.
	Using the Tree Shark pruning device will reduce the amount of time spent cutting, increasing the number of trees pruned per day which in turn increases productivity and thereby directly affects profit.  The lightweight design provides portability for various work environments and the fast cutting rotary blade prunes cleanly and safely.  Tree professionals will be able to utilize the Tree Shark for longer periods of time while maintaining the quality of pruning cuts necessary.


The Design Project Objectives and Requirements 

	The project objective is to design a lightweight, ergonomic tree pruning device that can be easily operated, maneuvered and stored.
	Design Objectives
Arborists are in need for a light-weight device that can provide portability and quality cutting without sacrificing safety or maneuverability.  Current tree pruning tools have various efficiencies and shortcomings whether it is price, weight, ease of use, or cutting effectiveness.  The overwhelming weaknesses of these devices leave a gap in the market for a new design that will provide versatility and practicality for tree professionals.  The Tree Shark’s lightweight and ergonomic design allows the user to prune quickly, minimizing cutting time, increasing production.
Design Requirements

The new design must be able to reach 15’ in height and trim branches of two to three inches in diameter.  It must be lightweight and easily operated without sacrificing safety.  The operator must also be able to carry and store the tool effortlessly.  


Design Concepts considered
	The initial design concepts focused on blade schematic and power options. 
	Several design concepts were researched, but only two concepts proved to be worthwhile to progress based upon calculations and further analysis.  The design of our project shifted to primarily blade and power alternatives.  When determining blade options, factors such as cutting capability, safety, and practicality were the focal point.  As far as the power options, portability, efficiency and weight were aspects of concern. (Rep. 5.1)
Blade Choices
Reciprocating and rotary blades were the two choices considered.  The reciprocating blade provides a linear motion whereas the circular blade, as seen below, provides a rotary movement.  Both would provide cutting perpendicular to the branch however vibrations and cutting efficiency for each are issues. 
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Power Choices
Alternatives for power were narrowed down to gas, outlet and battery.  Schematics for each are as follows, gas power would require an IC engine with a gasoline tank, outlet power requires an extension cord and battery power requires charging as well as a battery pack.


Recommended Design Concept 

	The following recommended design satisfies all requirements utilizing an aluminum telescopic pole, a secure circular skill saw, and an 18V battery pack.
	Design Description
The Tree Shark is comprised of an aluminum telescopic pole, a   6 ½” circular skill saw with an 18V LXT Lithium-Ion battery pack.  The aluminum pole is 12’ in length and has a spring locked mechanism located at the center of the pole for operation at any length extension.  The Makita 6 ½” blade circular skill saw, as seen below, was dismantled creating the following components, a trigger/handle with battery pack and a blade/housing.  The battery pack and handle were kept jointed and placed at the bottom of the pole.  However, the blade and housing were placed at the top of the pole. (Rep. 7.1)
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Analytical Investigations

The final Tree Shark design progressed from Ansys and further mechanical calculations. Based upon those findings the aluminum pole proposed would suffice, maintaining a low weight yet minimizing pole deflection.  The background research of the Makita also proved it would successfully cut wood of 2” (having a cut depth of 2 ¼”) and the new technology in Lithium-Ion batteries provides 3 hours of use. (Rep. 5.1)
Experimental Investigations

As seen below, over the course of the design process, a prototype was developed based upon above analysis.  The prototype was built using scraped material such as a drill, 6 ½” skill saw, a 10’ aluminum pole and was powered via 120V wall outlet.  The drill was reworked, keeping the trigger wiring and housing; it was then securely fastened to the end of the aluminum shaft.  The skill saw was slightly manipulated, simply removing the bottom section of the housing. It too was then securely fastened to the top of the shaft.  Wiring was completed between the drill and saw then run inside the shaft.
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Although the design was crude, it proved that the developed design would indeed be effective.  It was a worst case scenario, specifically considering the overall weight and conditions when operated.  The weight of the skill saw alone was 10-12 lbs and the trees trimmed were wet from previous rain. (Rep. 6.1)
Another test was completed utilizing the same prototype setup however a reciprocating saw replaced the circular saw.  As predicted, the reciprocating blade failed in comparison to the circular saw based upon the excess vibrations created when trimming.  Also, the reciprocating blade caused bark tearing due to an unclean cut.
Key Advantages of Recommended Concept

The Tree Shark fulfills all design requirements and provides a safe, portable tree pruning tool.  Its lightweight design allows for longer periods of use and the fast cutting Makita saw allows for quick, clean and accurate cuts.


Financial Issues 
	The approximate overall cost of the Tree Shark prototype is $500-$600.  If mass produced, the cost is projected to range from 

$100-$150.
	During the prototyping phase, the major costs transpired from the aluminum telescoping rod valued at $160 and the Makita circular saw for approximately $350.  Funding was provided entirely by Northeastern University Mechanical and Industrial Engineering Department.


Recommended Improvements 
	Possible improvements to the Tree Shark would include, but not be limited to, increasing blade diameter and decreasing overall weight.
	Improvements to the Tree Shark would be to primarily develop a more ergonomic design by lowering weight yet increasing the blade diameter for trimming of larger branches.  Decreasing the overall weight would increase maneuverability as well as the force required to operate the device.  Increasing blade diameter would enable a larger cut depth, allowing the operator to cut larger branches.  However, more time would be necessary to develop a schematic that allows the two improvements to occur simultaneously.
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