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Abstract

In the realm of competitive downhill mountain biking, there is a need for advancement of the bicycle’s drive train.  The conventional sprocket, chain, and derailleur drive train is not well suited for the high speeds, impacts, and harsh environmental conditions inherrant to the sport of downhill racing. The gearbox created in this project replaces conventional drive trains on downhill mountain bikes. The intial design and proof of concept were designed to provide a comparable gear range and capabilities of a conventional drive train, while providing increased protection, strength, durability, and performance. The scope of the project was to provide a working prototype capable of demonstrating the gearbox’s ability to provide the overall system gear ratio range of 2.1-3.3 when interfaced with industry standard components, as well as a detailed design of a complete prototype system. 
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The Need for Project 

	When subjected to the abusive environment of downhill mountain biking, conventional drive train designs perform unreliably, require constant maintenance, and are easily damaged by a wide variety of external factors.  


	When subjected to the abusive environment of downhill mountain biking, conventional drive train designs perform unreliably, require constant maintenance, and are easily damaged by a wide variety of external factors.  The advantage of a gearbox drive train system is that all shifting is done in a protected, fully enclosed case.  This protects the system from contamination such as mud or water as well as preventing impact damage from objects in the trail such as rocks or trees.




The Design Project Objectives and Requirements 

	The design will account for maximum rider inputs, withstand high impacts, seal precision surfaces, weigh less than 7 lbs and be in the     

$800-$1200 price range.

	Design Objectives
The design will account for maximum rider inputs of 115 N-m and 90 RPMs, withstand high impacts resulting from crashing at high speeds, seal precision surfaces from particulates and fluids, weigh no more than 7 lbs, and be marketable to racers accustomed to spending between $4000 and $7000 on a complete bike. 
The designed gearbox will also conform to the G-CON standards. The G-CON standard is a defined mounting scheme for aftermarket bicycle gearboxes developed by the industry to facilitate the introduction of gearboxes to future bicycle designs. The standard defines specific hardware and a bolt pattern for the interface between the gearbox and the frame. The bolt pattern also defines a general shape to the top portion of the case. 

Additionally, the finalized system will interface with industry standard components such as the index shifter, cranks, and bottom bracket bearing assembly. 



Design Concepts considered 

	       Five gear configuration concepts were conceived. The concept chosen to advance to the mechanical design stage was the planetary barrel, based on its winning score in the decision matrix.
	       Five gear configuration concepts were conceived and evaluated: the conventional sequential gearbox, a planetary system, a planetary barrel design (specialized planetary design), a sprocket and chain sequential system, and a derailleur-in-a-box concept. A decision matrix was used to rate each concept against weighted design criteria. The criteria included, in order of emphasis, were weight, packaging, durability, interfacing, shifting feel, and efficiency. Factors such as weight, durability, and efficiency stem from the product niche and market research while packaging, interfacing, and shifting feel encapsulate the team’s own design requirements. The concept chosen to advance to the mechanical design stage was the planetary barrel, based on its potential for being durable, lightweight, and easily packaged.

	
	


Recommended Design Concept 

	The planetary barrel concept consists of a series of sun gears that share a common drive shaft. Each sun gear is a different size, such that the summation of the diameters is equal for each gear set. The entire series of gears share a common ring gear which acts as one single output gear. 
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“Planetary Barrel” bicycle transmission
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Hollow drive shaft with shifting mechanism
	The planetary barrel concept is the team’s innovative solution to the mechanical complications inherent with using a series of planetary gears. It consists of a series of sun gears that share a common drive shaft, where the sun gears are free to rotate unless engaged. Each sun gear and its corresponding planets is a different size, such that the summation of the sun and planet’s diameters is equal for each gear set. In this way, it is possible for the entire series of gears to share a common ring gear, which acts as a single output gear.  
A shifting mechanism was designed to facilitate the engagement of individual sun gears and to interface with industry standard index trigger shifters.  Comprised of a shifting bulb and a series of spring loaded pawls, the shifting system is actuated by a pull cable attached to the trigger shifter that slides the shifting bulb down the interior of the shaft. Through the use of spring loaded ball bearings, the shifting bulb pushes out individual sets of spring loaded pawls that pivot and engage the sun gears on an internal engagement surface. When the bulb is pulled away, a retaining spring forces the pawls to pivot back to their resting position thus disengaging the gear.
     The gears, drive shaft, and case were all modeled in 3D using SolidWorks based on the initial desired geometry. In order to evaluate the rough dimensions and resulting strengths, calculations were performed on simplified geometries for the gears and the shaft. Next, the necessary changes were implemented to the models. Finally, finite element analysis was performed to the actual geometry using COSMOSWorks ensuring that the strength of the part was adequate. In this manner, the design of each component moved quickly and individual components could readily be altered if required to facilitate the design another component. Given the complexity of the case, exclusively finite element analysis was performed. The case was designed to withstand extreme loading conditions resulting from vertical drops and crash conditions. The projected weight for the alpha system is 7.5 lbs.


	
	


Financial Issues 
	The limitations of the overall Capstone budget caused the group to focus on a proof of concept prototype. The prototype cost $1500. 
	The limitations of the overall Capstone budget caused the group to focus its finances on a proof of concept prototype.  The proof of concept was designed around three gear ratios instead of the finalized seven. The group took advantage of campus laboratory SLA rapid prototyping for the more complex components, such as the case, sun gears, and hollow drive shaft. The majority of the prototype cost can be attributed to high precision thin section bearings needed to fit the design into the overall geometric specifications as well as stock purchased for the machining of components. 


Recommended Improvements 
	The current design could be advanced to a beta prototype by redesigning specifically for weight reduction, manufacturability, cost, ease of maintenance, and achieving an extended lifetime.
	While the current design exemplifies the group’s initial design objectives, it could be advanced to a beta prototype by redesigning specifically for weight reduction, manufacturability, cost, ease of maintenance, and achieving an extended lifetime. 
One key improvement for the system would be to manufacture the barrel output shaft out of one piece of material, opposed to assembling it from seven separate pieces. This would replace a series of post machining operations, eliminate assembly procedures, remove material required to support fastening, and decrease the tolerance stack up incurred by fastening seven different gears together. 

One of the main areas for cost reduction would be to eliminate the need for the thin section precision bearings used to support the sun and ring gears. This could be achieved in two ways. The first would be to redesign the geometry of the gears and the support structures with cheaper bearings in mind. The second would be to replace the cartridge bearing assemblies with machined bearing surfaces and use individual ball bearings. 

The current gear material was selected due to its low cost and availability. The group is considering different aluminum and heat treated steels for future testing in order to reduce weight, cost, and extend the lifetime of the gears. In addition, a lubrication system should be added to the system. While weight was not a main concern for the proof of concept or initial design, it is an issue that should be addressed in future iterations. Many of the components in the system are machined from stock and have more material than is actually required from a mechanical load standpoint. One main area for reduction of weight is the case structure as whole. The use of a composite skin with an aluminum support frame would eliminate weight. It is estimated that optimization of strength and weight for the system would eliminate 30% of the weight.
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