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PLANETARY-HARMONIC MOTOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application No. 60/411,906, filed Sep. 19, 2002 by
Dan Stoianovici and Louis R. Kavoussi.

STATEMENT AS TO FEDERALLY SPONSORED
RESEARCH

This invention was made with Government support under
Grant No. 1 R21 CA88232-01A1 and entitled “Multi-Im-
ager Compatible Robot For Prostrate Access,” which was
awarded by the National Institute of Health. The Govern-
ment may have certain rights in this invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to motors that provide rotary
motion. More particularly, one embodiment of the present
invention relates to a motor which is constructed from
materials that can be used in all classes of medical imaging
equipment and that generates precise, high torque, backlash-
free rotary motion without using electricity.

2. Description of Prior Art

Noninvasive, diagnostic imaging techniques, such as
ultrasound, x-ray and magnetic resonance imaging (MRI)
are widely used in medicine. They are used to produce
cross-sectional images of a patient’s organs and other inter-
nal body structures.

MRI typically involves the patient lying inside a large,
hollow cylinder containing a strong electromagnet, which
generates a strong and uniform magnetic field that causes the
electrons in a patient’s body to spin in a uniform and
predictable manner. The MRI equipment can then manipu-
late the spinning electrons and use the resulting information
to generate an image of the inside of a patient’s body.

However, difficulties are encountered in obtaining accu-
rate images when disruptions and deflections in the magnetic
field are experienced due to the presence in the field of
materials that produce a magnetic field and/or are suscep-
tible to producing their own magnetic fields when placed
within an external magnetic field.

One source of magnetic field distortion can be equipment
such as motors that are in the vicinity of the MRI machine.
Motors are generally formed with materials that produce a
magnetic field. Examples of such materials that are com-
monly used in motors include iron and brass. Thus, when
placed in the field generated by the MRI machine, the
motors can cause artifacts in the image of the patient’s body.

Other forms of medical imaging (e.g., x-ray and ultra-
sound imagers) are also seen to have similar problems of
distortions in their output images due to the presence of
motors in the vicinity of the imaging equipment.

Prior attempts to provide a motor that can be used in such
imaging environments have involved the use of piezoelectric
elements to provide the motor’s power. See U.S. Pat. Nos.
5,233,257 and 6,274,965.

Despite these efforts, there still exists a need for improved
motors that can be placed near medical imaging equipment
with minimal risk of creating artifacts. There is a related
need for a motor that does not produce a magnetic field.
There is yet another need for a motor that has a low
susceptibility of being induced to produce a magnetic field.
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Additionally, there is a need for a rotary motor of the type
that is not powered by electricity.

3. Objects and Advantages

There has been summarized above, rather broadly, the
prior art that is related to the present invention in order that
the context of the present invention may be better under-
stood and appreciated. In this regard, it is instructive to also
consider the objects and advantages of the present invention.

It is an object of the present invention to provide a rotary
motor that can be used for medical applications which
require the motor to be located in or in close proximity to
medical imaging equipment.

It is another object of the present invention to provide a
rotary motor that can be used in a surgical environment.

It is yet another object of the present invention to provide
a motor that can provide precise, high torque, backlash-free
rotary motion.

It is still another object of the present invention to provide
a rotary motor that does not utilize electrical power or
electrical components for operation.

It is a further object of the present invention to provide a
precise rotary motor whose motion can be monitored by
sensors located at a site that is distant from the location of
the motor itself.

It is an object of the present invention to provide a rotary
motor that can be powered by other than electrical means.

These and other objects and advantages of the present
invention will become readily apparent as the invention is
better understood by reference to the accompanying sum-
mary, drawings and the detailed description that follows.

SUMMARY OF THE INVENTION

Recognizing the medical needs for the development of a
precise rotary motor that can be used in medical imaging
environments, the present invention is generally directed to
satisfying the needs set forth above. In accordance with the
present invention, the foregoing need can be satisfied by
providing an especially designed motor that is suitable for
use in a medical imaging room.

In a preferred embodiment, such a motor has: (a) a
centrally located means for actuating a radial wave, (b) a
deformable flexspline having an inner surface and a toothed
outer surface, with the flexspline coaxially aligned with the
central axis of the radial wave actuating means and oriented
such that the flexspline inner surface is proximate the outer
boundary surface of the actuation means, and with the
flexspline toothed outer surface having a first specified
number of teeth, (c) a circular spline having a toothed inner
surface, the spline having an outer boundary surface and
being coaxially aligned with the central axis and oriented
such that the spline toothed inner surface is proximate the
flexspline’s toothed outer surface, with the spline inner
surface having a second specified number of teeth which is
different than the first specified number of teeth in the
flexspline, wherein the actuation means is operable so that
the action of its radial wave causes at least one of the
flexspline teeth to engage at a point the toothed side of the
circular spline in such a manner that an engagement point
passes as a wave around the inner perimeter of the circular
spine, with the movement of this engagement point causing
the flexspline to rotate around its central axis.

In a preferred embodiment, this radial wave actuating
means has: (a) a central ring having an outer, boundary
surface and a center point, (b) a plurality of diaphragm
pistons, each having a fluid containing cavity, (¢) a dia-
phragm that covers each piston’s and top action surface,
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