Second LACCEI International Latin American and Caribbean Conference for Engineering and Technology (LACCEI’2004)

“Challenges and Opportunities for Engineering Education, Research and Development”

2-4 June 2004, Miami, Florida, USA

Rowheel  Pulling Wheel System:  An Innovative Approach to Wheelchair Propulsion

Salim Nasser, Ing.

Graduate Student, Florida International University, Miami, Florida, US

Diana M. Rincon, PhD

Assistant Professor, Florida International University, Miami, Florida, US

Shusheng Ye, Ing.

Graduate Student, Florida International University, Miami, Florida, US

ABSTRACT

The problems encountered by manual wheelchair users have been generally classified into two main areas. First, the need to increase user independence and accessibilities with respect to common everyday obstacles such as doors, ramps, uneven terrains and long distances. Secondly, the need for increased physical benefit to the user by minimizing common shoulder, wrist and hand injuries innate to prolonged wheelchair use. A solution to these needs would require a device that would benefit the user by reducing the likelihood of injuries resulting from prolonged wheelchair use while simultaneously increasing biomechanical efficiency, user independence and mobility. The rowheel offers solutions to all of these concerns. The key to the rowheel lies in its specially designed planetary hub gearing system, which is built into a standard wheelchair wheel.

The fundamental difference in design and operation between the Roweel and standard wheels is that the rowheel wheel operates by means of a pulling/rowing motion as opposed to pushing. This motion offers a more efficient solution to the problems of shoulder, elbow, wrist injuries and user fatigue, since a pulling motion requires the use of a stronger and more capable group of muscles relative to those involved in standard pushing.
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1.INTRODUCTION     

1.1 Background 

There are approximately 1 million manual wheelchair (WC) users in the United States and the population is expected to grow at a rate of 10% annually as of 2002.  Seventy five percent of wheelchair users rely on manual wheelchairs.  Prolonged manual wheelchair use is directly linked to repetitive stress injuries and pain in the upper extremity. Several studies have documented that manual WC users complained of shoulder pain from the time they began using the device. The effects of muscle overuse are becoming evident in the forms of muscle pain, torn rotor cuff, joint degeneration, and carpal tunnel syndrome.  There is a need to minimize these types of injuries while retaining the benefits of the exercise that these devices provide. Studies have also found continued prevalence and pain intensity, over time, resulted in a change in lifestyle: WC users who suffer from pains and injuries, and find certain activities particularly painful will simply “cease to routinely perform these activities”. This is a typical scenario in which a WC dependent person loses his/her independence, and begins to withdraw from daily activities. In addition, it is worth noting that manual wheelchair users also desire to increase their independence and ability to tackle common everyday obstacles such as doors, ramps, uneven terrains and long distances.
1.2 Design Overview

Few alternatives are available or offered by either the medical field or the wheelchair industry itself. While manual wheelchairs are the common form of transportation for the disabled, very little has changed in terms of its basic design. Wheelchair manufacturers attempts to " facilitate " manual wheelchair propulsion have been focused on improving the structural rigidity of wheelchair frames, decreasing the over-all (frame and wheels) weight of chairs, and adjusting/lowering the users center of gravity with respect to the wheels. While these improvements have, to some extent, reduced the effort involved in the pushing of manual wheel chairs, they have not addressed the most critical and detrimental problems related with this type of propulsion method. The fact of the matter is that regardless of how light a Manual wheelchair may ultimately be, users will still be faced with the same physiological problems; mainly shoulder related pain and injury.

2.Objective

The Rowheel is an innovative wheel system design that provides a beneficial alternative to the propulsion schemes currently available; i.e.: manual wheelchairs and power assist. The Rowheel has similar specifications and appearance to those of existing manual wheelchair wheels. The ability of the Rowheel to mount onto any standard manual wheelchair was of paramount importance and therefore, care was taken in incorporating standard, universal parts where necessary. The fundamental difference between existing wheelchair wheels and the Rowheels lies in the fact that the Rowheel allows a pulling motion to propel the chair forward as opposed to the conventional pushing motion of existing manual wheelchairs.  The key feature of the Rowheel design involves adapting a planetary gear system at the center of the wheel, which reverses the pulling motion of the user into a forward motion of the chair. The unique change from pushing to pulling along with the mechanical advantage created by the use of the gear system will provide an overall increase in user endurance and range, while at the same time transferring loads and stresses usually experienced by smaller and weaker muscles in the shoulder and arms to larger and more capable muscles in the upper back, shoulders, and arms, therefore, considerably reducing stresses and injuries experienced by the shoulders, triceps, and wrists.
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Figure 1. The Rowheel System

The Rowheel is unique not only in its design and function but in the method by which it propels a wheelchair. Geared systems have always been seen as an ideal solution to many of the problems related to manual wheelchair propulsion, but issues with excess weight and complex mechanism have kept geared systems from being developed. Respected institutions such as The National Institute on Disability and Rehabilitation Research (NIDRR) and The Miami Project to Cure Paralysis have written articles pointing out the deficiencies and problems associated with standard manual wheelchair propulsion. The NIDRR, in particular, has studied and made clear the potential benefits of geared systems to the point were it has generated a list of criteria necessary in a gear driven wheelchair. No devices that use a pulling motion or a planetary system for manual wheelchair propulsion are currently available.

3.Methodology

3.1 Design  Approach

There are two main areas in which the Rowheel design improves upon the design of a conventional wheelchair wheel. The first difference in design and operation is that, contrary to the conventional method of pushing the rim of a standard wheelchair wheel to propel the chair forward, the rim of the rowheel wheel is pulled to facilitate the forward motion. This approach may seem contrary to conventional wisdom but, biomechanically, it offers a direct and more efficient solution to the problems of shoulder, elbow, wrist injuries, user fatigue and maneuverability. The other fundamental difference in design is the use of a planetary gear system located in the center of the rowheel wheel. The use of a planetary gear system translates into less effort by the user to propel the chair, thereby increasing endurance and reducing fatigue and the likelihood of injuries. It is these two innovative design differences incorporated into a single device that provide solutions to problem areas encountered by users.

3.2 Design Specifications

The key to the Rowheel function the use of a planetary gear system at the center of the wheel without significantly changing the mass or dimensions of standard wheelchair systems.  The Rowheel, therefore, requires relative motion between its components: 1) the input and transmission of torque from the user, 2) the output of torque enabling the forward motion and 3) the components fixed to the wheelchair frame, the planet carrier, allowing for the inversion of rotation between input and output. This capability is achieved through the use of small cross-sectioned, “large” bore diameter bearings.
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Figure 2. Rowheel Close-up

In the operation of the Rowheel, the user pulls a standard rim, which is connected to the sun gear of the planetary system.  This transfers the motion from the user to the wheelchair.  The sun gear engages the three planet gears, which in turn engage a ring gear that is fixed to the hub. The Reali-Slim bearings (fig.2), which are fixed on to the inner and outer plates, provide relative motion between these plates and the inner and outer hub casings. These hub casings are in turn fixed to the Rowheel with spokes.

[image: image3.jpg]



Figure 3. Reali-Slim bearings

3.3 Design Objectives

The design of the Rowheel is based on its ability to accomplish two specific goals.

First, to alter the method of wheel propulsion from a pushing motion required on conventional manual wheelchairs to a pulling or “rowing” motion.  A biomechanical comparison of these two motions reveals that the set of muscles needed for pulling versus the set of muscles needed for pushing are better suited for repetitive activities.  In addition, the back of the wheelchair itself can provide support for the user during the pulling motion.  This support increases the stability and therefore the maneuverability of the wheelchair.

Second, to decrease the forces needed to propel the wheelchair in order to increase the range and endurance a wheelchair user can achieve.  This advantageous decrease of force, called mechanically advantage, is especially helpful when traveling over rough terrain, up inclines and over long distances. This feature is particularly helpful to the elderly or those with limited endurance in providing increased independence and maneuverability.

4.Results
The working prototype has demonstrated that the design of Rowheel meets the two specifications listed above.  However, the hypothesis that both of these requirements increase biomechanical efficiency of wheelchair users and eliminate repetitive stress injuries of the shoulder still needs to be verified through independent studies. Nonetheless, the prototype was tested by a small group of people including paraplegics, Doctors, and Physical Therapist and received extremely favorable reviews despite of its shortcomings as a first prototype. Currently, experimental studies with the Rowheel are being performed in collaboration with Dr. Patrick Jacobs at The Miami Project To Cure Paralysis at the University Of Miami School Of Medicine to validate the claims of increased biomechanical efficiency and reduction of user repetitive stress injuries.

5.Conclusions

The Rowheel design offers a wide variety of benefits outlined below:

Potential User Benefits:

· The “pulling” motion required to operate the Rowheel involves the use and exercise of the bigger and stronger back and bicep muscles thereby reducing the likelihood of shoulder, wrist, elbow and hand injuries associated with prolonged manual wheelchair use.

· The Rowheel’s planetary gear system reduces the effort needed to propel the chair thereby significantly increasing the user’s maneuverability in negotiating varied terrain, inclines and long distances. This technology especially benefits the elderly and individuals who have limited strength.

Technological Benefits:

· The Rowheel design replaces a standard wheelchair wheel and does not need additional add-on parts.  In addition, it does not significantly protrude from the wheelchair frame nor does it require modifications to the standard wheelchair frames.

· The Rowheel gearing system allows for inverting the user motion while providing a 1.33:1 gear ratio.  This mechanical advantage of 1.33:1 decreases the force necessary by the user to propel the chair.

· The aesthetic appearance of a standard manual wheelchair using Rowheels is preserved.  Besides the addition of the larger central hub, the Rowheels does not significantly change the look or dimensions of the wheel.

· The Rowheel is easily removed or inserted, just like most standard wheelchair wheels; a universal locking axe is used. This gives the user the ability to quickly disassemble the wheelchair, making it fairly portable.
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