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Introduction

Methods
The Anatomical Model Propulsion
System1 (AMPS), was implemented
to improve the repeatability of
maneuvers and enable accurate
measurement of task propulsion
torque. We define task propulsion
torque as:
+ 𝑟𝑅𝑊 𝐹𝑡𝑎𝑛
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A Quickie GT wheelchair
was configured with 3
tire types and tested by
the AMPS on both carpet
and tile. Tire rotational
inertia was measured via
a trifilar pendulum, and
system mass and inertia
were measured via the
iMachine2.
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The acceleration torque and steadystate torque were determined by
averaging the measured propulsion
torque (sampled at 200 Hz) over the
acceleration phase and steady-state
phase of the maneuvers, respectively.
Propulsion torque values for turning
were obtained by averaging results
for left and right turns.
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Conclusion
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 The Spinergy wheel reduces propulsion effort due
to its reduced mass, rotational inertia, and resistive
losses.
 The solid mag wheel elevates propulsion effort due
to its increased resistive losses.
 Changes in resistive loss due to different surface
conditions may diminish the impact of inertial
differences between drive wheels.
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 The difference in propulsion torque between
wheels does not change significantly with
acceleration.
 In straight motion, the Spinergy’s reduction of
propulsion torque can be attributed to reduced
system mass and rotational inertia; the solid mag’s
elevated propulsion torque can be attributed to
increased rolling resistance3.
 In turning, the Spinergy’s reduction of propulsion
torque can be attributed to reduced resistive
losses and rotational inertia; the solid mag’s
elevated propulsion torque can be attributed to
increased resistive losses.
 Carpet propulsion torque is greater for all
conditions due to a large increase in rolling
resistance and scrub loss.
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Versus propulsion torque
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Fixed wheel turn,
accelerate to 0.4 m/s
in 2.5 s (0.16 m/s2)
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where ′𝑟′ is the wheel radius and
‘𝐹𝑡𝑎𝑛 ’ is the tangential push force.
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The human effort required to maneuver a manual wheelchair is
directly linked to the inertia and resistive losses of the system. In this
study, we investigate the impact of three different commercial drive
wheels on the propulsion torque of a straight maneuver and fixed
wheel turning.

𝜏 = 𝑟𝐿𝑊 𝐹𝑡𝑎𝑛

Discussion

Results

This work was completed as part of the Mobility RERC, which is funded by the National Institute on Disability,
Independent Living and Rehabilitation Research of the U.S. Department of Health and Human Services under
grant number 90RE5000-01-00. The opinions contained in this paper are those of the grantee and do not
necessarily reflect those of the U.S. Department of Health and Human Services.

1. Liles, H. J., Huang, M., Sprigle, S. Design of a robotic system to
measure propulsion work of freewheeling wheelchair maneuvers.
IEEE Transactions on Neural Systems and Rehabilitation
Engineering, 2014. PP(99): p. 1
2. Caspall, J. J., Seligsohn, E., Dao, P. V., Sprigle, S. Changes in inertia
and effect on turning effort across different wheelchair
configurations. Journal of Rehabilitation Research &
Development, 2013. 50(10): p.1353-62
3. Lin, J., Huang, M., Sprigle, S. Evaluation of wheelchair resistive
forces during straight and turning trajectories across different
wheelchair configurations using a free-wheeling coast-down test.
J Rehabil Res Dev, In Press

