
Chapter 1:  Introduction

The following dissertation details a three year research and design effort to develop a
new wheelchair power add-on unit (PAU).  Results are presented from a series of
evaluations conducted to identify performance and user-interaction characteristics of the
PAU.  Interpretation of the results provides a prioritized list of identified design
deficiencies along with wheelchair expert and design team suggestions for the next
generation of design alterations.

The three evaluations conducted with the second generation PAU prototype include a
series of wheelchair expert interviews, a PAU performance evaluation, and a usability
evaluation which utilized wheelchair operators as subjects.  Also included in the
dissertation is an explanation of the need for a new PAU, a description of the most recent
design iteration, a literature review containing information about the history of
wheelchairs, the condition of the current PAU market, and an analysis of wheelchair PAU
consumers.

The new invention was conceived and patented by Dr. John G. Casali of the Industrial
and Systems Engineering (ISE) Department at Virginia Tech.  This research was
supported jointly by Southwestern Applied Technologies, L. C., of Roanoke, Virginia and
Virginia's Center for Innovative Technology in Herndon, Virginia.

The Need for Wheelchair Power Add-On Units
Many of the estimated 1.2 million wheelchair users in the United States  are in need of
powered wheelchair mobility at least part of the time (Nicosia and Phillips, 1990).  A
manual wheelchair is the preferred prescription if the user possesses the capabilities to
operate one.  It encourages the operator to remain physically active because it takes a
tremendous effort to propel the large drive wheels.  While this is good exercise, the high
energy output can be overwhelming on long trips and days when the user is physically
not up to par.  In these cases, endurance can be the limiting factor in mobility potential.
For this reason, even the most seasoned manual wheelchair operators will have the
occasional need for powered ambulation.

There is a specific category of wheelchair operators described by Warren (1990) which
can benefit greatly from wheelchair PAUs.  This is the group of wheelchair operators
termed "marginal manual wheelchair users."  It encompasses people that are making the
transition from a manual wheelchair to a power wheelchair.  Warren describes users in
this ambulation category as generally having good upper extremity control and
moderately good trunk balance.  This group of users must often choose between the
convenience and practicality of manual equipment, and the reduced energy expense
which results in higher productivity and "up time," available with power wheelchair
equipment.

People who predominantly use a powered wheelchair encounter a different type of
problem.  Integrated power wheelchairs are very large, heavy, and bulky and generally
cannot be folded or lifted manually for transportation.  Therefore, a special vehicle, such
as a van or bus equipped with a wheelchair lift, is needed to move the chair from one
location to another.  This inhibits the independence of power chair users who cannot
afford their own personal van for transportation.
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Since 1950, the solution provided for these problems has been to outfit a foldable
manual wheelchair with a temporary power drive system (Duke, 1950).  Auxiliary units
allow the convenience of a power wheelchair with the ease of transportation provided by
a manual wheelchair.  A further option just made available in the past few years is an
integrated electric wheelchair which can be folded.  There are, however, several
problems associated with both the foldable electric wheelchair products and the add-on
power devices.  These problems will be examined as this paper addresses the current
wheelchair market.

Design of the New Power Add-On Unit
The power drive/steer attachment is designed to convert a standard folding-type
manually operated wheelchair into a power-driven chair.  This is accomplished by
securing a drive wheel system, which is in frictional contact with the ground, to the
wheelchair frame.  The drive wheel unit is powered by a motor and controlled through a
tiller steering column.  It is also biased with a downward force by a spring to provide an
increased frictional force.  Figure 1 is a photograph of the attachment in place on an
Everest and Jennings Ultra Lite Premier manual wheelchair.  The footrests have been
removed from the wheelchair to provide an unobstructed view of the attachment.

Figure 1.  New power add-on unit attached to a manual wheelchair.
           Footrests have been removed to provide a clear view

of the unit (PICT, 228 k).

The apparatus attaches to the front section of the wheelchair so that it can be easily
manipulated by the operator.  The column, which is vertically-oriented between the
operator's knees, comprises two concentric tubes.  At the top of the column are the
controls for the motor and a handle for rotating the inner tube.  Located at the bottom of
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the column is the drive wheel unit in contact with the ground.  The outer tube remains
stationary because it is secured to the supporting frame.  Connected to the outside tube
with bearings, the inside tube rotates to accommodate steering motions.  The motor and
drivetrain are also attached on the column safely behind the operator's lower legs.  In
this position there is little opportunity for clothes, fingers, etc. to get caught in the drive
mechanism.

An additional safety consideration is the stability of the wheelchair.  When traversing a
flat surface, all four of the original chair wheels remain in contact with the ground while
the new PAU is in place.

The drive wheel unit trails behind the column in a caster-type configuration in order to
maintain a straight orientation during forward operation.  This arrangement (known as a
positive caster angle) has the further advantage of maneuverability over small obstacles
in the path of the wheelchair.

Manual, Power, and Operator Transfer Modes.  Manual, power, and operator transfer
modes are achieved by rotating the tiller column into one of three positions.  The first
position, where the drive wheels are in constant contact with the ground, is for the power
operating mode.  In this configuration the column is perpendicular to the ground.  The
second position which rotates the driving section off the ground, provides for the manual
driving mode.  This is accomplished at the top securing crossbar connection where the
vertical column and securing crossbar can be pushed forward into a second secured
position.  The entire column rotates about the lower securing crossbar which lifts the
driving wheels off the ground.  Figure 2 illustrates the column positions relative to the
wheelchair and the ground in both the manual and power operating modes.

The column can also be rotated into a third position by separating the top securing
crossbar completely from the securing blocks on the wheelchair.  In this position, the
column comes to rest at a forward angle of approximately 60 degrees from the vertical
(the column stops rotating about the lower securing bar when the drive wheels meet the
battery arrangement under the seat).  This action moves the steering apparatus and
column out of the way to provide access for the wheelchair underneath tables and
counters.  The forward location also permits an operator to transfer in and out of the
wheelchair while the PAU is in place.

The new device will provide an option for independent mobility which has previously not
been available.  Each of the two main components of the power assist, the drive wheel
attachment and the battery, weigh approximately ten pounds.  Quick-connect fittings,
stability, optional power or manual modes while engaged, and convenient tiller steering
are just a few of the advantages it has to offer.  See Appendix A:  Description of the New
Power Add-On Unit, for a more detailed report of the attachment design.
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Figure 2.  Side view of manual and power operating modes (PICT, 24 k).


