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È{É0Ê4Ë�Ì�ÍlÎ�Ï
A prototype one legged rickshaw showing the direct drive

leg fully compressed (left) and fully extended (right). This robot rickshaw
made a few short hops forward during the 90 seconds of runtime before the
prototype leg burned up, a result of not taking care of heat dissipation in
the coils of this leg. Each leg link is about 4.5 ÐdÑ in length.Ò�Ó Ê4Ô0Í
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È{É0Ê4Ë�Ì�Íf��Ï
A prototype direct drive finger joint with a 90 degree

workspace. This finger joint includes Hall effect sensors to detect rotor
position and an integrated power driver chip (L293) and A/D converter on
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È{É0Ê4Ë�Ì�Í��:Ï
The universal link is a primitive element in a direct drive

robot mechanism. The link eliminates all components from the robot except
the essential parts: a rotor magnet (solid cylinder), a connecting shaft (thin
walled cylinder), and the stator coil for the next link (thick walled cylinder).
Because the link is the union of simple solid shapes, the link inertia matrix
has a simple form. The coil assembly also contains a rotor shaft, not shown
in this figure.ß�É0Í`åHÍ
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È{É0Ê4Ë�Ì�Í��:Ï
The direct drive finger is a three link mechanism made of

stacked coil and magnet pairs. Maximum force at the fingertip is 1.0 Nt,
and fingertip force is determined by controlled torques at the joints. The
finger has no gears and therefore has passive dynamics.ë#Í
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È{É0Ê4Ë�Ì�Í$ÿ�Ï
The Precision Spherical Pointing Motor is machined to a

high tolerance and has a 75 degree conical workspace. The rotor limb
contains a cylindrical permanent magnet, and thestator holds oneadditional
permanent magnet so that the rotor has a neutral resting orientation in the
center of its workspace.Ø�Ö4ÌdÕ½4(Ù�É/ådÙIË Ó ØdÉ0ÔXØ�Ù�Í Ó Õ�Í
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A low cost Spherical Pointing Motor (SPM) The SPM rotor

is a permanent magnet attached to a gimbal. The actuator shaft extends
outward from the gimbal. The stator consists of a pair of Helmholtz coils
mounted orthogonally, and a thin steel plate that holds the magnet shaft
in a centered position when no current flows into the coils. In addition to
radiating excess heat from the coils, the heat sinks provide a structure to
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