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[57] ABSTRACT

A method and apparatus are provided for a scanning output
from a rotary input based upon the cooperation of a con-
tinuous track and a discontinuous track via at least one
interacting element.

12 Claims, 7 Drawing Sheets
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1
MECHANICAL SCANNER

This application is a continuation-in-part U.S. patent
application Ser. No. 08/372,594, filed Jan. 13, 1995, entitled:
VARIABLE OUTPUT SPEED DRIVE, Attorney Docket
Number FFY-005CIP2, incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to mechanical scanning
devices, and more particularly, to scannners having low
parts count.

In many work applications it is necessary to redirect a
stream or path from a source to a destination. Currently there
are several devices available to redirect electromagnetic
radiation. Acousto-optic and electro-optic devices work by
applying a force field to a material which by changing
material characteristics redirects a beam passing through the
material. These devices are usually limited to low power
situations due to the material absorption of some of the
incoming beam power. Another type of beam director is a
galvanometer. These devices use a limited travel motor to
turn a single face mirror through the required displacement.
The galvo-scanner is limited by the mechanical requirement
of accelerating and decelerating after each excursion.
Another type of scanner is the rotating polygon scanner. This
device uses a multi-faceted polygon rotating in a single
direction at a constant speed. The rotating facet causes the
beam to be redirected and at the edge between facets causes
the beam to return to the original position. The limit of this
device is the amount of beam walk and the need for high
quality and well aligned polygon facets.

Generally, there are two types of scanning, raster and
vector. Raster scanning is usually a constant sweep of a
reflective surface over a beam path. At the end of a sweep
the scanner may swing back to the beginning using what is
called a blanking pulse or may sweep backward in the same
manner as the forward sweep. A vector scan usually means
that a reflective surface is moved to a specific point within
the scan range and caused to dwell there for a period of time
before moving to another point. The points do not have to be
in any necessary sequence.

It is therefore an object of the present invention to provide
a scanner capable of redirecting a path as required for an
application.

It is another object of the present invention to provide a
low parts-count scanner having robust capabilities.

It is a further object of the present invention to provide a
scanner which is relatively easy to assemble and service.

SUMMARY OF THE INVENTION

These and other objects are well met by the presently
disclosed, highly efficient, scanning device assembly. In one
aspect of the invention, this invention relates to changing
rotary motion to oscillatory motion in order to redirect an
in-coming stream or path. In particular, this invention can be
used to redirect a path, such as of electromagnetic radiation,
which includes, but is not limited to, radio waves, electron
beams, laser beams or any other radiation.

A preferred embodiment of the invention provides a
constant speed raster scan using constant speed input, as in
the rotary prism type scanner, but with an oscillatory output,
as in the galvo-scanner, to produce redirection of an
in-coming stream, beam or path.

This invention is directed at, but not limited to, electro-
magnetic radiation. This invention can also redirect water
jets, conveyer outputs, and other streams beams or paths.
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In a preferred embodiment of the invention, rotary motion
is translated from a first to a second angular velocity, using
a conjugate pair of devices rotatable about a common axis,
and an interacting element interposed between the conjugate
pair, and also located about the common axis, for translating
constant rotary motion of a first of the devices to oscillatory
motion of a second of the devices.

The conjugate pair of devices preferably includes a drive
cam and a driven cam, having a drive shaft coupled to the
drive cam and a driven shaft coupled to the driven cam,
according to the teachings of U.S. Pat. No. 5,321,988,
incorporated herein by reference. The translation arrange-
ment may include a reaction disk axially and rotationally
fixed and having at least one radially extending slot for
interaction with a rolling element, or a cylindrical retainer
axially and rotationally fixed and having at least one axially
extending slot for interaction with a rolling element. Pref-
erably the slot defines a centerline which is the loci of the
contact of the conjugate pair of devices (drive and driven
cams) and the center of the rolling interacting element, along
the length of the slot.

In another embodiment of the invention, a speed con-
verter includes a drive member having a drive cam and a
driven member having a driven cam, a plurality of trans-
mission elements (such as balls) and a reaction disk having
a plurality of slots for respective receipt of the balls, all
within a common housing. One of the cams is a continuous
track and the other of the cams is a discontinuous track.

The invention produces an oscillatory output form a
constant velocity for 360 degrees rotation at the input, with
torque transmission through each of the transmission ele-
ments for 360 degrees of rotation at the input. All of the
transmission elements share the load continuously, thereby
decreasing the unit load on each transmission element,
except as any transmission element makes a transition in its
radial or axial direction of travel.

In one embodiment, there is zero backlash since all of the
transmission elements are in contact and under preload.

The present invention preferable has a conjugate pair of
track devices rotatable about a common axis, at least one
rolling element, a retainer part having an elongated slot with
the rolling element the slot. A first of the pair has a
continuous track and a second of the pair has a discontinuous
track. The tracks interact via the element in the slot. The
retainer part is connected to the housing via the coupling
part. In one embodiment the coupling part includes a modu-
lation device for modulating the grounding of the reaction
disk to vary the scanning rate on the fly.

The invention further preferably has an arrangement for
spindling one of the devices between the retainer part and
housing as an input part and spindling the other of the
devices in the retainer part as an output part. The output part
oscillates when the input part is rotated.

Alternatively, the slot (or plurality of slots) is axially or
radially extending and the translating means has either a
disk-like or cylindrical retainer device forming a reaction
part or reaction disk. The reaction disk then preferably has
a plurality of slots for receipt of a plurality of reaction
elements, or balls, with a respective one of the elements
associated with a respective one of the slots.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present
invention will be more fully understood by reference to the
following detailed description in conjunction with the
attached drawing in which like reference numerals refer to
like elements and in which:
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FIG. 1 is an assembly drawing of a raster scanner accord-
ing to the embodiment of the present invention.

FIG. 2 is an expanded view of the raster scanner assembly
detailing the individual parts.

FIG. 3 is a front view of the drive cam showing the
fabricated race. This profile demonstrates an 85 percent scan
efficiency.

FIG. 4 is a front view of the driven cam showing the
fabricated race. This profile demonstrates a 15 degree
mechanical scan stroke.

FIG. 5 is an assembly view showing the relationship
between the drive and driven cams.

FIG. 6 is an expanded view of an alternative modulatable
scanner assembly of the invention.

FIG. 7 (a,b) shows a cylindrical embodiment of the
invention.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

The raster scanner assembly 10 presented in FIG. 1
consists of three subassemblies, the oscillatory assembly 12
the reflector assembly 14 and a motor assembly 16.

An expanded view of the raster scanner assembly 10 is
presented in FIG. 2 with the oscillatory assembly 12
detailed. The oscillatory assembly housing 18 is mounted
and aligned using features associated with the motor 16. The
drive cam 20 is mounted to the motor shaft 34 and is caused
to rotate at a speed determined by the motor speed. Housing
18 forms a cup 18C on one of its sides facing drive cam 20.
Drive cam 20 has a hub 20H formed on its motor side and
a cup 20C formed on its other side. Hub 20H mates with cup
18C of housing 18. The drive cam 20 has a groove cut into
the front face 36 in which the ball(s) 26 conform to the
geometry as the drive disk 20 rotates. housing 18 forms a
cup 18C on one of its sides facing drive cam 20. Drive cam
20 has a hub 20H formed on its motor side and a cup 20C
formed on its other side. Hub 20H mates with cup 18C of
housing 18. The drive cam 20 has a groove cut into the front
face 36 in which the ball(s) 26 conform to the geometry as
the drive disk 20 rotates.

The reaction disk 24 incorporates a bearing 28 and is
mounted to the housing 18 via coupling 11 (see FIG. 1, FIG.
2 and FIG. 6) to form the rigid structure on which the system
will react forces. More specifically, reaction disk 24 forms a
hub 24H on its one side and a cup 24C on its other side. Hub
24H mates into drive cam cup 20C. Reaction disk cup 24C
receives bearing 28. The reaction disk 24 has slots cut
through the disk on which the ball(s) 26 will react torsional
forces.

By virtue of this arrangement, the drive cam 20 and driven
cam 30 are spindled via the reaction disk 24 and housing 18
to permit the rotary motion of the motor 16 to be converted
to and result in oscillatory motion at the mirror 14.

The driven disk 30 is mounted to the bearing 28 by a shaft
32 and is captured to the bearing by a retainer 22. The
motion of the ball(s) 26 caused by the drive disk 20 and
reacted by the reaction disk 24 are translated to grooves 42
cut into the back surface 38 of the driven disk 30 which
cause the driven disk 30 to oscillate.

A reflective surface 14 attached to the driven disk 30 will
therefore also oscillate as dictated by the combination of
drive disk 20, reaction disk 24 and driven disk 30.

The raster scanner assembly 10 drive cam 20 front view
is presented in FIG. 3. The drive disk 20 shows the func-
tional race 40 which has been prescribed on the front surface
36.
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The raster scanner assembly 10 driven cam 30 front view
is presented in FIG. 4. The drive disk 30 shows the func-
tional race 42 which has been prescribed on the front surface
38.

The raster scanner assembly 10 front view with transpar-
ent layers for clarity is presented in FIG. 5. The drive disk
20, reaction disk 24 and the driven disk 30 are shown
stacked up in line and embodies the relationship between the
drive race 40, the driven race 42, the reaction disk slots 44
and the ball 26.

A preferred embodiment of the invention provides a
constant speed raster scan using constant speed input, as in
the rotary prism type scanner, but with an oscillatory output,
as in the galvo-scanner, to produce redirection of an
in-coming electromagnetic beam.

In another aspect of the invention, an apparatus is pro-
vided for converting a rotary input to a scanning output. The
apparatus is shown in FIG. 6 having reaction disk 24
connected to housing 18 via modulator 13 and hard coupling
11 which terminates at rubber wheel 15 mounted against the
periphery of reaction disk 24. Modulator 13 can be a motor
that rotates the reaction disk at the rate of the motor rotor, or
grounds the reaction disk when the motor rotor is held fixed.
In the embodiment of FIG. 1, the reaction disk 24 is
grounded to the housing 18. In the embodiment of FIG. 6 the
grounding of reaction disk 24 to housing 18 is modulated as
desired to vary the scanning rate according to the modula-
tion. A preferred embodiment of modulator 13 is taught in
U.S. patent application Ser. No. 08/372,594, incorporated
herein by reference.

A cylindrical embodiment of the invention is shown in
FIG. 7 (a,b) having housing 118, which receives drive cam
120 with track 140, reaction disk 124 having slots 144 and
driven cam 130 with its track 142. The driven disk mounted
by a bearing on a shaft and is captured to the bearing. The
motion of the ball(s) 126 caused by the drive disk track 140
and reacted by the reaction disk 124 are translated to grooves
142 cut into the back surface of the driven disk 130 which
causes the driven disk 130 to oscillate as the drive cam is
rotated. A reflective surface attached to the driven disk will
therefore also oscillate as dictated by the combination of
drive disk, reaction disk and driven disk.

It will now be appreciated that a scanner made in accor-
dance with the teachings of the present invention will have
an range of motion and flyback efficiency dictated by the
relationship of the conjugate pair of drive cam and driven
cam. Various modifications of the specific embodiments set
forth above are also within the spirit and scope of the
invention. Furthermore, a translation device with other than
constant angular velocity may be developed for special
applications. Uses include medical instruments, parts
marking, parts identification, page scanning and the like.
The scope of the invention is as set forth in the following
claims.

What is claimed is:

1. Apparatus for converting a rotary input to a scanning
output, the apparatus comprising

a housing,

a conjugate pair of devices rotatable about a common

axis,

at least one rolling element,

a retainer part having an elongated slot, said element

fitting in said slot,

a first of said pair having a continuous track and a second

of said pair having a discontinuous track, said tracks
interacting via said element in said slot,
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a coupling part, said retainer part connected to said
housing via said coupling part,

means for spindling one of said devices as an input part
and the other of said devices as an output part, one of
said devices mounted between said retainer part and
said housing and the other of said devices mounted in
conjunction with said retainer part,

said retainer part and one of said devices each having a
cup portion and a hub portion, one of said cup Portions
nested in one of said hub portions, the other of said
devices having a hub portion that nests with the other
of said cup portions, wherein

said output part oscillates when said input part is rotated.

2. The apparatus of claim 1 wherein a first of the pair of
devices comprises a drive cam and second of the pair of
devices comprises a driven cam.

3. The apparatus of claim 1 wherein the translating means
comprises a reaction disk device.

4. The apparatus of claim 3 wherein said slot is axially
extending.

5. The apparatus of claim 3 wherein said slot is a radially
extending.

6. The apparatus of claim 1 wherein the translating means
comprises a cylindrical retainer device.
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7. The apparatus of claim 3 wherein the reaction disk
comprises a plurality of slots, for receipt of plurality of
reaction elements, with a respective one of the elements
associated with a respective one of the slots.

8. The apparatus of claim 6 wherein the elements are
balls.

9. The apparatus of claim 1 wherein the retainer part is
rotatable.

10. The apparatus of claim 9 wherein the coupling part
includes a modulator, wherein said retainer part can be
rotated by action of the modulator to control the rate of
oscillation at said output.

11. The apparatus of claim 10 wherein the modulator
comprises a motor coupled between the housing and the
retainer part.

12. The apparatus of claim 1 wherein the slot defines a
centerline which is the loci of the contact of

(a) the conjugate pair of devices and

(b) the center of the interacting element, along the length
of the slot.



