Forum Data: Motors and Drive Trains





A. MOTORS





1.  Priority Customer Needs





Need user selectable gear ratio (keep chair from “shutting down” under high loads)


Need increased range (allow power wheelchairs and scooters to be used as alternative transportation)


Reduce motor and drive train noise (squeals, grinding, clicks, …) 


Reduce brush and gear wear (common problems requiring maintenance)


Reduce build-up of heat in motors (cause of overloading and meltdown)


Reduce repair time 


Improve reliability (fewer mechanical breakdowns)


Need more durable gear box and drive train


Need service technicians who are better at identifying mechanical problems 


Need better diagnostic equipment to help technicians identify problems


Need “mechanisms” to insure that service technicians receive manufacturer training (possibly have a national certification for technicians that receive training)


Dealers should have an annual inspection policy or program


Need improved product literature (e.g. product’s intended use; maintenance schedule, … )


Need information disclosure standards (e.g. motor and drive train testing, durability, appropriate use of technology, …)


Need insurance to cover reimbursement for preventive maintenance 


Need to reduce the time between a repair and the insurance reimbursement for the repair


Need a mechanism that allows the user to independently disengage the motor and drivetrain


Users need to recognize motor limitations (e.g. controller cannot protect motors if the user repeatedly overloads the motor (heat, terrain, surface properties)


Scooter users would like longer lasting, more durable motors/electronics


Scooters need better steering control when motor power fails








2.  State of Existing Technologies


DC, brushed, iron permanent magnet (PM), internally rotating motors are currently the standard motor for the power wheelchair and scooter industry


Any PM motor (with its drive train) has a speed/torque trade off. The PM motor (with its drive train) is maximally efficient at only one speed.  Efficiency drops off rapidly away from this speed.


Typical efficiency for DC, brushed, PM motors (with worm or involute drives) is roughly 60% with light loading and much less than 60% with heavy loading


“Rare earth” permanent magnets are a major improvement over iron permanent magnets but don't eliminate the speed/torque trade off (the PM motor is still maximally efficient at only one speed)


Under low load (e.g. indoor/hard, flat ground etc.), the motor usually operates near its maximum efficiency.


Under Heavy load (e.g. outdoor, climbing, soft ground etc.), the motor usually operates near its minimum efficiency.  


Typical current draw for DC, brushed, PM motors in power wheelchairs - 6,7,8 amps


Typical range for power wheelchairs with DC, brushed, PM motors - 15 to 20 miles per full charge


Typical durability for DC, brushed, PM motors - may last 10 years (good motors, not abused)


Currently, the combined weight of the motor, drive train and battery is used to stabilize power wheelchairs and scooters (keep them from tipping during use)


Motors used in power wheelchair and scooter industries are derived from other industries (i.e. forklift, golf cart, bicycle, washing machines, windshield washers,…)


DC, brushless, gearless, rare earth, permanent magnet motors are now appearing in market


Brushless motor designs has the advantage that it provides better heat loss (windings are on outside). So the motors can be pushed harder before they’re damaged by heat buildup. They also have higher efficiency (no power loss at brushes).


Gearless motor design does not have a gearbox. This eliminates noise and power loss that occurs through gear train.


Use of high-energy magnet materials.   (exotic [e.g. rare earth] magnet materials improves motor efficiency and reduces required motor size.)


Some controllers may cause one motor to fail before another.


Controllers are often designed to control a wide range of motors.


When the motor is heavily loaded, the motor’s current draw pulls down the battery voltage.  Controller electronics (generally) treat this as a low voltage battery condition and “shut down” the wheelchair.


Controllers automatically "step back" (reduce current to the motors) when motors are overloaded.  However, repeated overloading through inappropriate use can still overheat motors and decrease motor life.


Brushes wear out which causes noise. They need to be frequently replaced. 


Soft brush material is quieter but wears faster and needs more frequent replacement


Shunt wires wear and may hit and damage the commutator


Minor repairs and maintenance (e.g. replace brushes) is done by service technicians (rather than caregiver or end-user)


For significant repairs, the motor and gearbox are removed as a unit from the power wheelchair and sent back to the manufacturer to be rebuilt or replaced.


Modern shipping capabilities makes sending repairs to the manufacturer possible.  


American chairs tend to utilize lighter motors, with higher operating speeds


European chairs tend to utilize bigger, heavier, more powerful motors








3.  Ideal Technology Requirements


Increase the average motor plus drive train efficiency by 25% - 30% (major impact)


Constant (overall) motor plus drivetrain efficiency independent of loading (clearly an “ideal” target)


Continuously variable gear ratio independently controllable for both wheels.


Create a true electrical transmission within the motor.


Motor design should be smaller and shorter


Motor should be durable


Motors (and drive train) should be compatible with portable/collapsible wheelchair design 


Range of 50 kilometers (about 31 miles) per full battery charge under typical use


Motor (and drive train) should be able to generate a high startup torque (e.g. problem for gearless, brushless motors)


Lighter overall weight for motor plus battery and drive train is very desirable


Motor design should increase under seat space


Motors should be close to the wheels or a part of the wheel design


Motors should be easily removable by user to facilitate folding of chair for transportation


Motors should be easily removable by service technician to facilitate maintenance/repair


Two motor designs are strongly preferred over one motor designs for power wheelchairs


Motors need good heat dissipation (cooling system, increase surface area, heat sinks, …) 


The user should be protected from dissipated motor heat


High quality manufacturing (low infant mortality rate) 


Uniform manufacturing (produce identical motors with matched performance)


Sensors should provide information so that controller can compensate for motor imbalance. (e.g. optical encoders on the motor shafts)


Sensors should track motor current draw to provide wear status and current motor state


Sensors should provide self-diagnostic and warning information


Technicians shouldn't require extra training to utilize or understand diagnostics


Need to replace “standard” casters with wheels having driving and steering capabilities. This will improve the stability and control of the wheelchair


Need to incorporate power steering rather than using drive wheels to steer (powered steerable wheels probably has same power draw as current system)


Need standardized interface between motors/drive train  and wheels


Need portable battery charger on the chair


lower cost (apply savings to other areas that need improvement - i.e.: seating)





Other Suggestions


To achieve the above mentioned ideal technology requirement, some suggestions were made. These suggestions are listed below:





Possibly use “motor with redesigned pole structure.” (Requires advanced motor design concepts)


Possible use “poly-phase, AC motor drive” system. (Should have improved efficiency and power torque curve)


Possibly use “hydraulic motor” and drive train system.


Possibly develop the motor technology in a small company under an SBIR or STTR


Approach sources of advanced motor technology: federal labs, military (Advanced Vehicle Systems), Allison Motor, Blue Bird (manufacturer)





4.  Barriers to Realization of Ideal Technology


Motor and drive train design specifications for power wheelchairs are unique (i.e. no parallel motor specifications exist for other industries with the possible exception of electric bikes)


Need CAD/CAE design tools (and sufficient expertise) to produce advance motor designs (Advanced motor design tools are available in other industries.  These tools must be adapted to meet the unique and specific needs of the power wheelchair industry.)


Some motor designs require complex controllers (e.g. brushless motors have more complex controllers)


Reimbursement constraints (e.g. manufacturers may not be able to get reimbursed for more expensive motors) 


Industry must first perceive the need for advanced motor design. (Need paradigm shift.  Industry may believe that current and emerging motor technology is appropriate.)


Small power wheelchair market makes it difficult for a manufacturer to recoup the cost of innovation.


Use of lightweight motors and drivetrains may reduce wheelchair stability (without parallel redesign of the power wheelchair.  Such redesign may represent a hidden cost.)


High tooling costs to start up the production of a new motor 


High maintenance costs for new motor technology


Need demonstration prototypes and limited production runs to test, redesign and develop motor technology


Innovative motor design is very costly.


Need funding for and research into efficient motor structures meeting the specifications of the power wheelchair industry


On-board chargers - regulatory issues heat/location


Need a steering committee composed of all stakeholders (further develop design criteria, action plan, …)


Need an action plan (the tasks, “staffing,” timelines and deliverables required to complete the transfer of motor technology.)








B.  TRANSMISSIONS





1.  Priority Customer Needs


Need to improve wheelchair performance under high load/high torque conditions (e.g. heavy loads such as soft surfaces or inclines)


Need the ability to access difficult terrain, grades and surfaces


Need to increase overall wheelchair range 


Need to improve battery performance (e.g. reduce peak current draw, increase battery life, range - increased time between charges, …)


Need to improve overall motor and drive train efficiency


Need to decrease motor size


Need to increase under-seat space


Need to maintain good control of the wheelchair for all speeds and torque’s (e.g. concern for steering control during gear changes)


Need to maintain stability in rough terrain (e.g. concern for tipping during gear changes on inclines, changing surfaces)





2.  State of Existing Technologies


Users can select either a high or low operating speed for most wheelchairs.  (This is not equivalent to a transmission and provides no gain in overall efficiency.)


One high-end power wheelchair does have a transmission-like drive system.  All other power wheelchairs use direct drive, indirect drive or gearless drive systems.


Variable-pitch belt technology can act like a transmission but is very inefficient.


Most scooters utilize a single motor and differential rear wheel drive


Low cost, front wheel drive scooters are also common


Scooters with rear wheel drives have the “gear head” attached to the wheel 


Worm gears are quieter but less efficient than involute gears


Wheelchair manufacturers define motor specifications for the motor manufacturers (i.e. motor manufacturers are responsive to the specific technology needs of power wheelchair and scooter industries)





3.  Ideal Technology Requirements


Transmission should improve overall motor plus drivetrain efficiency (Overall efficiency improvement of 25%-30% would be very significant.  In bench testing, transmissions have been shown to double the average efficiency of typical PM motors.  Employment of transmissions can make the same size battery go twice as far.) 


Manual two-speed transmission (User manually shifts gears.  Short term solution.  Perhaps achievable in 18-24 months).


Automatic two-speed transmission (Gears shift in response to torque or other demands.  Intermediate term solution.)


Transmissions employing continuously variable gear ratios would be a step up in performance and complexity from manual or automatic two-speed transmissions.


Electronic transmission (Transmission is integral to motor function.  “Gear shift” is managed by the wheelchair controller.  Long term solution.)


Transmission should provide more torque under high loads.


Transmission should shift very smoothly.


Transmission should be reasonable size/compact (no larger than the current gear box). It should not increase the height and width of the chair.


Incorporation of the transmission into a power wheelchair design should not require redesign of the power base.


Transmission should (if desired) support the utilization of smaller motors (e.g. improved efficiency at high torque should allow the utilization of smaller, less powerful motors.).


Transmission should be reliable and durable (Improve the overall reliability of motor and drivetrain.).


Transmission should be low cost (design, testing, tooling and production should be relatively inexpensive.)


Transmission should be low noise.


A number of transmissions are likely to be needed in order to meet diverse performance requirements.  (Match transmission to performance requirements.)


Focus on key innovations rather than being too broad (conservative engineering)





4.  Barriers to Realizing Ideal Technology


The motor, drive train, controller and power base are typically designed as an integrated system. Adding a transmission to this system is likely to add to the complexity of this system. This could keep the manufacturers away from including transmission as a part of the wheelchair.


A transmission will add to the general design and performance complexity of the propulsion system.


Steering and acceleration for wheelchairs that incorporate transmissions has to be safe.  (Erratic steering or acceleration is not acceptable.  Diminished user safety is not acceptable.)


A mechanism (mechanical, electronic, …) to coordinate transmission gear shifting for both wheels must be developed. Absence of coordination between the wheels can lead to erratic acceleration and steering. (e.g.  In cases where there is absence of coordination between wheels, if one wheel encounters an obstacle and slows down, the other wheel keeps on moving at the same higher speed. The result is that wheelchair turns involuntarily. This can be avoided by having a coordinated transmission shifting between both wheels so that both wheels will move at the same speed. )


There may be an added cost for wheelchairs that incorporate transmissions.  Funding / reimbursing agencies must be convinced of the need and value of transmissions.  (e.g. Medicare payment structure might not immediately support the added cost for transmissions.)


There may be high tooling costs to develop transmission.


Industry must first perceive the need for transmissions. (Need paradigm shift.  Industry may believe that current technology is appropriate.)


Need collaboration between user, clinicians, researchers, manufacturers and fundraisers to help fund development/raise public profile


Need consumer involvement to raise profile/modify Medicare/Medicaid payment structure


Stakeholder Forum on Wheeled Mobility
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