Forum Data: Manual Wheelchair Propulsion 

1.
Problems with current propulsion systems 

Manual wheelchair propulsion has a major impact on social life of the user as it determines to a great extent the range of environments in which the user can move in. At the same time many hygienic, safety and security issues are related to manual wheelchair propulsion. There are several problems associated with the current propulsion system. These are highlighted below. Most of these problems apply to all types of propulsion systems being used today, though some of them may be specific to some propulsion system.

A. Common environments that cause difficulty in propelling a manual wheelchair:

· Soft services, (gravel, sand, grass)

· Carpeting.

· Side walks that are uneven, 

· Wintry and wet conditions

· Hills

Note: These environments are especially difficult for persons having the use of one upper limb.

B. Problems that people experience when propelling a manual wheelchair:

· Backaches

· Hand and finger blisters

· Exhaustion. 

· Shoulder, wrist, elbow pain,

· Rotator cuff disease,

· Carpal tunnel syndrome.

· Burning of the hands on the rims

· Dirty clothes,

· Calluses on the hands

· Dirty hands

· Perspiration 

· Over heating

C. Safety issues when propelling a manual wheelchair:

· Difficulty in controlling the chair when the user’s hands slip

· Small sharp objects pack into the wheelchair's tires and can cut the user's hands when they are propelling the wheelchair 

· The wheelchair tends to unbalance rear-ward when propelled

· The wheelchair is difficult to maintain balance when the casters get caught in drains and potholes

· User’s hands can be injured when braking with the wheelchair's wheel-lock 

· User’s hands can be injured when braking or stopping the wheelchair

· A wheelchair user's foot could drag on the ground without user knowing it and get injured

· Controlling the manual wheelchair’s speed up and down inclines or rapid speed changes on level surfaces is a safety issue. 

· Faulty brakes/wheel-locks can cause the wheelchair to roll unexpectedly.

Other Comments:

· If footrests become loose they can drag or catch against objects.

· The lack of push handles can contribute to head injury or whiplash if user tips or falls backwards.

· Lack of wheelchair visibility to motorists is a safety concern. 

· When personal items are hung from the back of the chair, they are difficult to reach, out of sight and subject to theft.

· Disassembly and lifting of the manual wheelchair into the auto can be a difficult.

GEARED SYSTEMS

1.  State of Technology 

A gearing system gives the user a mechanical advantage enabling persons with limited strength (e.g. elderly) to independently propel themselves.  Some gearing systems can accommodate standard hand rims.  The ability to self-propel improves the cardiovascular strength of the user. 

Limitations for Current Gear Systems:

· Have few gear ratios

· Gear switching mechanisms are sometimes sloppy

· Some designs add to chair width

· May not provide adequate feedback (force / travel distance per stroke) as the user gets from standard push rim.  For example, when the user pushes the rim ¼ cycle, the wheel rotates through ¼ cycle.  With gearing, the user must somehow understand the force and distance associated with a ¼ cycle push.

· Adds weight to the wheelchair 

· User may be mechanically disadvantaged when traveling long distances due to mechanical loss in the gearing system and added weight. 

· May require better hand and upper limb dexterity than standard push rim.

· Users may not understand the benefits (e.g. improved independence, health, …) of geared systems

· Wheelchair users have not generally accepted available geared hub systems.  (Likely for some of the reasons listed above.)

The Ideal Technology

The ideal geared technology should:

· Be retrofit-able to a wide range of manual wheelchairs.

· Be able to utilize a lever interface (in addition to or as an alternative to a “standard” push-rim) .

· Weigh 5-7 pounds or less, especially if built into the wheels

· Should not bump up ultra-light chair weight to the standard chair weight category

· Have fail safe mechanism that will restore 1:1 gearing ratio and allow operation as a “standard” manual chair

· The user should be able to “lock out” the gearing mechanism to allow operation as a standard manual wheelchair

· Not add to the rotational weight of the wheel

· Not make noise, but provide audio feedback (similar to mountain bikes) when shifting gears

· Gear change might be accomplished with pressure pads (possible mechanism)

· Gear change mechanism should have variety of mounting options

· Gear change mechanism should require low dexterity

· Changing gears should occur simultaneously for both wheels

· Gear system should not hinder independent movement of wheels

· Have a reverse gearing ratio similar to low gear forward, with adjustments   

· Be ruggedly designed to allow hill climbing and access to rugged terrain

· Be almost invisible (in other words should perfectly blend with wheelchair aesthetic)

· Be an accessory and not built into the chair

· Switch easily from low gear to high gear

· System should have linear geared system (continuous progressive gearing) [most ideal case]

· System should have four gears with gear ratios starting at between 1:2 to 2:1 [acceptable but less ideal case]

· User should be able to shift gears during the propulsion stroke.

· User should not have to stop propelling the wheelchair in order to change gears

· Sense your need and automatically change gears while in motion [most ideal case]

· Have a shifting mechanism (e.g. lever) to change gears [acceptable but less ideal case]

· User should be able to change gears while in motion [less ideal case]

· Gear change should be manual (user selectable) rather than automatic

· Give the user more distance per stroke than a standard manual wheelchair (useful for active users wanting to cover distance more rapidly)

· Should accommodate those with lesser energy levels as well as the highly active population

· Requires less (hand) dexterity and ability (grip and upper body strength) than current manual wheelchair propulsion systems

· Not affect free wheeling

· Be integrated into the push rim and hub

· Accommodate high end (active, full strength) and low end (inactive, minimal strength) users (gearing system should be universal in this respect)

· Have a stop feature

· Have automatic braking system

· Sense and slow the chair, assisting in stopping the chair once the user applies resistance (or different pressures) to the rims (braking system)

· Provide no more hazard to the hand than current propulsion methods

· “Be in” standard wheel with quick release

· Work similar to the gearing system in a bicycle

· Be financed with HCFA

3. Barriers and Roadblocks 

The gearing system: 

· Should not affect quick release wheels

· Not affect folding of the wheelchair

· Should not increase the width of the chair

POWER ASSISTS

1.  State of Technology 

Power assist systems are perceived to turn a manual wheelchair into a power wheelchair. It gives the user a choice of using a manual or power chair without transferring between the chairs. At the same time it is much cheaper than power chair. It reduces the physical strain on the user and extends the range of environments in which the user can move (e.g. uphill, rougher terrain etc.). Power assists chairs also help in stopping the wheelchair without grabbing onto wheels or wheel locks.

Limitations: 

· Puts greater limits on manual wheelchair by adding weight and complexity to the manual wheelchair, and increasing the cost 

· The power assist increases overall maintenance

· Power assists are not perceived to be reliable and are perceived to add to the overall likelihood of malfunction

· The user may become “stuck” when venturing into environments that he or she would normally not access with a “standard” manual wheelchair

· Issues related to batteries, power source (size, weight, charging etc) comes into picture

· Power assists tend to be noisy and heavy

· Current power assists don’t fit across a wide range of chair models

· Wheelchairs utilizing a power assist are hard  to fold which impedes the portability of the chair 

Development of the Ideal Technology

The ideal power assist should: 

· Weigh a maximum of five pounds

· Run for a dollar a day

· Should cost $1000 or less

· Have speeds, which ranges from walking to a running speed of up to 7 mph

· Be safe. It should include power on/off switches that will enable/disable the system

· Have variable mounting capabilities.

· If device fails, it should operate like a MWC

· Have smart controls that would automatically change speeds/gears

· Could be integral (hub/axle design, inner-tube, frame) or removable from the chair.  If removable it should be done easily by the end user (not requiring special tools)

· Be quiet

· Not be damaged by rapid changes in torque demands

· Not be damaged by impact shocks occurring at different speeds of use

· Allow the user to set the “degree (gain) of” the power assist

· Benefit people with motor weakness, motor in-coordination, respiratory compromise, fragility, paraplegia, shoulder problems, elderly

· Work  in all environments, bad weather, good, indoors and out, on motor vehicles

· Work over ramps and on uneven terrain

· Have simple engineering design

· Be durable

· Need low maintenance, easily cleaned

· Assist in stopping

· Be unobtrusive and small in size, not adding to width of chair

· Be portable, easily installed or removed from the chair 

· Be lightweight (be lifted easily by a person using one arm)

· Should not interfere with storing or transporting the manual wheelchair

· Have a backup power source that should be readily available (utilizes “off the shelf” battery)

· Be able to run the chair eight hours continuously 

· Utilize rechargeable, portable batteries

· Battery should recharge while it is being used (e.g. going downhill) 

· Power assist should engage when needed (change of slope or surface), perhaps utilize some “smart technology” to accomplish this

· While power assist is operating, it should sense the force applied to the push rim and assist accordingly. 

· Have a manual override

· Manual engagement and disengagement is “easy”

· Must be fail safe and not interfere with regular manual wheelchair operation. 

· Must be retrofit-able to all/many manual wheelchair models

· Use requires same cognitive and motor skills as standard manual 

· Control interface needs to be easily reached by user

· Chair should be steered by force to the rims (same as they are steered now)

· System should have variable speed control so that speed can be adjusted to conditions

· Reliable, cost efficient to use, readily available for purchase and affordable for people to buy

· System should be capable of being financed by same funding sources that currently purchase manual wheelchairs 

· System should be cosmetically pleasing 

· Should meet all ISO and ANSI standards and consumer acceptance testing

3.  Barriers and Roadblocks 

· Size should not interfere with functions of the manual wheelchair -can't extend beyond the overall width and length of chair

· Five year life of power source

· Device should accommodate “conventional” batteries

Appendix A

This appendix lists out the pros and cons of various systems that are used to propel the manual wheelchair.  These systems were not selected by group participants as the top two needs and subsequently have not been explored as fully as “geared systems” and “power assists.”

PUSH RIMS

Limitations: 

· Requires good hand grip

· Pushing the rim creates hygiene issues for the user 

· Pushing rims have some safety issues

· Requires use of both upper extremities

· May not be the most bio-mechanically efficient propulsion mechanism

· Can cause over-use of muscles

· Larger wheels get  in the  way of  user  transfers

· Limits wheel size choice

· Material of the rim becomes cold in the winter, which increase numbness and affects arthritis

· Shape and size of rim is not optimal for gripping and propelling

· Some surface coatings on the push rim affects the user's grip

· Push rim materials break down over time

Advantages

· Lightweight

· Compact 

· Directly responsive to user force on push rims and provide most precise feedback

· Provides propulsion options for users: push the tire, the rim, tire & rim, or one arm drive technology

· Easily understood and  adaptable

· Mechanically simple

· Wide acceptance from users

· Least expensive

· Rim can have several different types of coating (changes look and feel)

LEVER SYSTEMS

Limitations:

· Low acceptance by users 

· Adds weight to the wheelchair 

· Limits the wheelchairs ability to be folded

· Limit access to environments by making the chair higher and wider

· Makes side transfers more difficult for the user 

· Requires full arm use in a push/pull effort 

· Aesthetically obtrusive

· Awkward to use relative to standard push rim (for most users) 

· Not aesthetically pleasing

· Hard to control the direction i.e. changing from forward to backward motion I(and vice versa) is difficult

· Significantly increases the cost of the chair

Advantages: 

· Provides the user a mechanical advantage (through gearing or equivalent)

· Provides less tiresome way of propelling

· The user can go faster and farther (in outdoor use) 

· Levers are ergonomically better for the user (less body stress induced by propulsion forces then for push rim) 

· The user stays cleaner when using a lever system 

· Steering  (for some individuals) can be easier

· Steering can be adapted to one arm drive

· The system is not limited just to large wheels

· Levers can have unlimited configurations (e.g. lever height, angle, shape, …) 

ONE ARM DRIVE SYSTEMS
Limitations

· Adds weight to the wheelchair

· Gives the wheelchair a wide turning radius

· Past attempts to sell showed no market (one manufacturer reported sales of five units a year) 

· Adds significant weight to wheelchair

· The user has difficulty initiating movement

· The user needs to make adjustments to change directions  from backward motion to forward motion and vice versa

· One lever drives do not provide smooth, continuous movement

· Braking the chair while using the drive is difficult

· Body posture suffers from use of one arm, (more toned in one place)

· The user needs the use of a foot for steering 

· Chair tracking (steering) is difficult

Advantages: 

· Requires only one arm to push chair 

· The user can control everything through the lever.  This may helpful for some people.

AUTOMATIC HILL HOLDER (CLIMBER SYSTEM) OR GRADE AID
Limitations: 

· Can injure fingers

· It only works on rubber based tires (doesn't work on good polyurethane tires)

· Disengagement can be difficult as they are fitted very low on the chair

Advantages: 

· Simple

· Cheap

· Small 

AXLE PLATE ADJUSTMENT
Limitations: 

· Only on high end expensive wheelchair (K5 chairs) 

· Chair can go over backwards if positioned too far forward (change center of gravity)

Advantages: 

· Puts axle in better position to relative to shoulder height for ergonomic propulsion

· Less possibility of overuse injuries because chair is fit to individual dimensions

· Lowers rolling resistance

· Inexpensive to manufacture

CAMBER


Limitations: 

· Decreases backward stability

· Makes chair wider

· Wears tires down

· Adjusting the camber require taking chair apart and getting out of chair

Advantages: 

· User's strokes are up and down, improved bio-mechanically

· Adds side to side stability

Rolling resistance doesn't change
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