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INTRODUCTION AND OVERVIEW

As more sophisticated control systems are developed for externally
energized upper arm prostheses, a requirement has appeared for
identifying the angular position of each joint in order to provide
negative feedback for control (1) . Additionally, in order to provide
safety for the equipment and to aid in motion cosmesis, it has be-
come essential that limit switches be incorporated into the design (2).
In this paper, a method is described for economically accomplishing
both goals.

The design is based on the VAPC harmonic drive elbow unit . This
has been modified for use as a wrist rotator and humeral rotator so
that economy of parts, maintenance, and cost can be achieved . The
design provides the following features:

1 . Separate support of the load from the drive of the load by
means of a ball bearing support (Fig . 1).

2 . A modular rotator case in which the harmonic wave generator
from the VAPC elbow units may readily be inserted with minimal
electrical connections and without mechanical modification of the
wave generator (Fig . 2).

3. A built in switching mechanism to eliminate the need for har-
ness microswitches.

4. Accurate angular positional feedback in a compartment that
is protected from accidental misalignment and damage (Fig . 3).

5. Readily definable angular travel limits with an automatic
reversing capability.

6. Simplified external electrical connections (Fig . 4).
7. Versatility of application.

'Based on work performed under VA Contract V101(134)P-121.
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FIGURE 1 .-The Biotechnology Laboratory Rotator with the drive assembly
exposed . On the right is the housing for the bearing support.

FIGURE 2 .-Modular design of the rotator case provides simplified assembly.

FIGURE 3.-The switching network is shown with the positional feedback
potentiometer located inside the switching tracks . The wiper assembly is shown
at the left .
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FIGURE 4 .-Electrical connections to the wave generator are made in the drive
assembly cavity . Only two connections must be made when inserting a new
wave generator unit.

PHYSICAL DESCRIPTION OF THE ROTATOR

The rotator is divided into three sections : a bearing supported
chassis for load support, a cavity where switching and feedback
mechanisms are housed, and a drive assembly where a VAPC har-
monic wave generator is mounted (Fig . 5).

The rotator case is machined entirely out of aluminum to keep
weight and cost at a minimum and to maintain a high degree of
strength . The end caps of the rotator have thicknesses of 0 .125 in.
and 0200 in. and the overall dimensions of the unit are 3 .830 in . in
length and 2 .560 in . in diameter (Fig . 6).

The bearing support is comprised of two ball bearing assemblies,
1 .75 in, o .d ., 1 .000 in . i .d ., 0 .250 in. thick, and mounted 0 .500 in.
apart . This arrangement can support a load greatly exceeding the
drive capabilities of the harmonic wave generator with little or no
torsional friction.

The electrical switching network employs a circular printed cir-
cuit board with concentric tracks upon which electrical wipers travel
(Fig . 3) . These wipers are connected through a rectifying circuit to
the drive assembly . Within the switching apparatus is a specially
machined ceramic 10 kohm potentiometer upon which another
electrical wiper travels, providing angular positional feedback.

The drive assembly consists of a VAPC harmonic wave generator
and an internal ring gear machined from a VAPC elbow unit . The
wave generator is powered by a small permanent magnet electric
motor . The motor shaft is coupled directly to a planetary roller re-
duction harmonic drive wave generator which forces the flexible
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spline of the harmonic drive to engage the rigid spline of the internal
ring gear . The motor speed (11,000 rpm) is reduced approximately
12 :1 by the planetary roller, and the harmonic drive achieves a ratio
of 80 :1 (Fig . 7).
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FIGURE 5 .--General outline of the rotator case showing bearing support,
electrical cavity, and drive assembly.

FIGURE 6 .-Assembled rotator showing

	

f" IGURE 7 .-Harmonic wave generator
rotating end cap which may be adapted to

	

shown inserted into the drive assembly.
existing apparatus .
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The entire prototype package has a weight of 450 gm, an angular
displacement of 180 deg, and a normal current drain of 0.08 amp
at operational loads.

In Biotechnology Laboratory tests, the rotator has been found to
operate with a great deal more efficiency than previous units and to
be limited in its capabilities only by the limits of the wave generator
of the original VAPC elbow unit.
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