Problem Statement 1: Improved Tires Problem





We seek emerging technologies and new design concepts that will lead to improved tires for manual and power wheelchairs and scooters. 





Description of the Problem 





There are over 1.4 million wheelchair users of which 75% use manual versions. The remaining 25% use power wheelchairs. Power wheelchairs are used predominantly by people with both lower and upper extremity impairments resulting from cerebral palsy, high-level spinal cord injury, or muscular dystrophy. There are more than 93,000 power wheelchair users in the United States. The “standard power wheelchair” accounted for $166 million in Medicare expenditures in 1997. Scooters are mostly used by people who can walk only short distances but wish to remain active within the community (e.g., shopping, recreation). Scooters are used commonly by elderly persons. It is estimated that 64,000 scooters are currently in use in the United States. For both power and manual wheelchairs, tires need to function well for varied surfaces (e.g. sand, rugs, gravel, linoleum) and environments (e.g. hot, cold, wet, snow). Tires need to be conductive in order to prevent shocks to the user and damage to electronics. Tires need to be non-marking so that they do not damage the user's home, work and recreational environments. Because of the user's critical dependence on their wheelchair for mobility, tires need to have "run-flat" capabilities. 





Specific performance needs for power wheelchair tires include reliability — good traction for all terrain and environments; durability — slow wearing; comfort — good ride and shock-absorption properties, and safety — puncture resistant. In a 1994 study related to power wheelchairs, users reported that tires were the second most frequent repair behind batteries. At present, power wheelchair tires cost almost $100 each. For large, active users, tires might be replaced every 6 months. For the average user, tire replacement every 9 to 12 months is typical. Tire replacement is generally considered to be a “necessary repair” and is therefore reimbursable. In cases where tires are not reimbursable, tire cost represents a significant burden to the user. Improved tread design may be needed because tread configurations have an effect on rolling resistance, traction, tire life resulting from wear patterns, and dirt collection and release. Tires that somehow "adapt" their functional or physical properties in response to changes in environmental or surface conditions may be needed. Finally, tires need to be less expensive than current tires or extend tire life. 





Current State of Technology 





Common materials used in wheelchair tires include rubber, urethane, polyurethane, composite nylons, and Kevlar-reinforced materials. Most power wheelchairs currently utilize gray, soft rubber tires. These tires have good ride and shock-absorption properties and are non-marking. Unfortunately, they wear quickly, puncture easily and are quite expensive. Black tires- pneumatic tires made of rubber with embedded charcoal particles, were once the standard tire for the power wheelchair industry. These tires have many desirable characteristics such as good durability, puncture resistance, and good conductivity. Unfortunately, these tires mark surfaces readily and are no longer used. 





Research is in progress on solid polyurethane foam tires. Embedding air within the micro-cellular structure produces tires with good wear, low rolling resistance and low maintenance. These tires do not however, provide adequate shock absorption; do not provide good traction; are slippery to grip by hand and have a tendency to become unseated from the rim. 





Pneumatic tires offer excellent performance, but require high maintenance, are not durable, and track dirt. Pneumatic tires provide great comfort but are a potential inhibitor of independent living, because of the possibility of a flat tire or merely because of the requirement for periodic pressure check and inflation. 





Power wheelchairs (primarily because of their large mass and small tire diameters), generate much larger forces on their wheels and tires than manual wheelchairs. Power wheelchairs are available in a range of wheel diameters and performance (speed, weight, torque) parameters, all of which impact tire requirements. 





Shallow tread designs (such as found on manual wheelchair tires) can reduce rolling resistance but also tend to wear out quickly. Deeper tread designs can increase traction but tend to collect dirt/mud. Tires with gull-wing contours are available. On hard surfaces, the wheelchair rides on the central tire ridge while on soft surfaces, the tire sinks and the effective tire surface increases. Forum participants perceived that traction up inclines and steering on soft surfaces were both problems for this design. 





The mountain bike industry is working on self-shedding tread designs, but the successful performance of these tires generally relies upon tires rotating at higher revolutions per minute s than is typical for wheelchairs or scooters. 





Technology Needs and Barriers 





There is clearly an opportunity to optimize all characteristics of wheelchair tires (considered as a system with wheels and suspension) to provide improved reliability, increased cleanliness, reduced maintenance, and enhanced driving performance for manual and electrically powered wheelchairs. Technologies being proposed as a solution to meet the existing limitations in wheelchair tires should address the issues previously presented. Specifically, an ideal tire... 





Should have low rolling resistance and low turning resistance, while offering a high traction on all surfaces—possibly requiring “intelligent” adaptability. 


Must enable a smooth and quiet ride—no squealing on all surfaces and environments. 


Should be maintenance free—be self-cleaning, puncture proof, puncture resistant . 


Must be capable of some motion even in damaged state—e.g., run-flat capability for pneumatic tires. 


Must be durable—enable at least 1,000 miles between service or a 1-year life under typical to heavy use. 


Must be non-marking, and electrically conductive to eliminate static charge buildup. 


Must have side walls with a high coefficient of friction to improve tire traction over difficult surfaces (e.g. mud, snow, gravel). 


Must operate well (traction, durability, etc.) in all seasons and environments(e.g. hot, cold, wet, sandy, snowy).
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