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A METHOD AND SYSTEM FOR CONVERTING ROTATING
MOTION INTO LINEAR MOTION

DESCRIPTION OF THE RELATED ART

[0001] High speed manufacturing techniques often need machines which

can translate one form of motion to another. For example, high speed
manufacturing techniques often need to transfer/translate/transform rotating
motion into linear motion and visa-versa.

[0002] In the past, such a transformation of rotating motion into linear
motion was possible with a cardan-gear. The cardan-gear was invented by
Girolamo Cardano in the 16th century. The cardan-gear is used to convert
rotation motion to reciprocating linear motion without using linkages or
slideways.

[0003] While the cardan-gear did provide some advantages in its day, its
gear system is not well suited for high-speed, high-volume manufacturing
environments. Its gear system is not well suited for high-speed manufacturing
environments because its two rotating gears are often not stable at high
revolutions per minute (RPMs), such as on the order of 500 RPMs and up. The
two rotating gears often wear down quickly when the gears are being used 24
hours per day/ 7 days a week in high-volume manufacturing environments.
Classical cardan-gear mechanisms are highly cantilevered (supported at one
end only ) and are thus subject to relatively large deflections during operation.
[0004] Exemplary manufacturing environments where making a product
requires precise dimensioning/sizing for materials and that usually requires 24
hour per day production includes aluminum can manufacturing. Aluminum cans
usually must be produced with very little variations in their wall thickness.

[0005] Typically an aluminum can must have less than 0.0002" wall
variation in the lower two-thirds of the can to provide its column strength. Wall
variation in the upper one-third of a can usually must be less than 0.0004" to
ensure that the necking operation (reduce open diameter size for metal savings)
does not fail or produce visual defects. Therefore, the forming punch to produce
a can must be driven very accurately through the forming dies - i.e. in a straight

line or horizontal.
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[0006] After an aluminum can is formed and removed from a punch, the
punch and ram must retract accurately through the forming dies. If the punch
contacts the dies during the retract stroke then damage to the dies and punch
may occur. This tooling damage will cause either wall variation, wall surface
finish disruptions, or disrupt container strength during forming so that the
forming operation fails and the metal of the can rips.

[0007] This failure in can production is typically called a "tear off." A tear
off rate of 1 tear per 10,000 is considered so severe as it will usually require a
can manufacturer to shut a production line down. One goal for a can
manufacturer is typically 1 tear off per 100,000 cans. Exact/precise straight line
motion is a key to minimizing tooling damage and thus sustaining an acceptable
tear off rate for can production.

[0008] The can manufacturing market in the United States is
approximately 90 billion cans per year as of this writing. High machine speeds
are thus required to fulfill market demands. A can bodymaker typically runs
from 300 to 400 strokes per minute depending on can size. Those speeds
require robust, lightweight drive systems. High reciprocating mass reduces
machine speed and also reduces reliability.

[0009] What is needed in the art is a method and system for aluminum
can production that has less mass than conventional machines. What is further
needed in the art is a method and system for producing linear motion from
recipriocating motion that uses less, such as on the order of one-half of, the
links and bearings used in conventional systems. Thus, a method and system
are needed that provide the technological base to increase can making speeds
into the 400 to 500 stroke per minute range while maintaining or even
increasing reliability.

[0010] And stated more broadly, what is needed in the art is a method
and/or system for converting rotating motion into linear motion (and/or visa-
versa) that is stable at high RPMs and is less prone to mechanical wear relative

to the conventional cardan-gear.

SUMMARY OF THE INVENTION

[0011] A method and system for transforming rotating motion into linear

motion may include a first gear; a first link coupled to the first gear; and a
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second link coupled to the first link and coupled to a means for receiving linear
motion. The system may further include an arm coupled to the second link,
where the arm is coupled to a means for producing rotating motion

[0012] A second gear may be coupled to the first gear and to a third gear.
Once rotation has started with the means for producing rotating motion, the third
gear may remain stationary while the first and second gears rotate around the
third gear and while the first link pivots and translates through space with the
first gear. The second link may drive the means for receiving linear motion
while the second link receives stabilizing supporting forces from the first link.
[0013] The third gear may comprise a partial segment of a ring-gear. The
ring-gear may have gear teeth along its periphery that define a sector
comprising an angle between about 90.0 degrees to about 200.0 degrees. The
first gear, second gear, and third gear may be coupled to a plate.

[0014] A system for transforming rotating motion into linear motion may
also comprise an output gear and an output link coupled to the output gear. A
shared link may be coupled to the output link and coupled to a rod. An arm may
be coupled to the shared link and to a rotating drive

[0015] An idle gear coupled may be coupled to the output gear and to a
stationary gear. Once rotation has started with the rotating drive, the output
gear and idle gear may rotate around the stationary gear while the output link
pivots and translates through space with the output gear. The shared link may
drive the rod in a linear direction while receiving stabilizing supporting forces
from the output link.

[0016] The rod may be coupled to the shared link by a pin. And the
rotating drive may comprise a circular shaped member coupled to the arm. The
rotating drive may also comprise a motor.

[0017] Meanwhile, the intermediate link may be coupled to the output link
with a pin. The pin may also couple the intermediate link to the arm. The
output link may translate within a space defined by walls of the shared link

during movement of the system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In the drawings, like reference numerals refer to like parts

throughout the various views unless otherwise indicated. For reference
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numerals with letter character designations such as “102A” or “102B”, the letter
character designations may differentiate two like parts or elements present in
the same figure. Letter character designations for reference numerals may be
omitted when it is intended that a reference numeral to encompass all parts
having the same reference numeral in all figures.

[0019] FIG. 1 is a side view of one exemplary embodiment of a system
for converting rotating motion into linear motion;

[0020] FIG. 2 is a top view of the system for converting rotating motion
into linear motion illustrated in FIG. 1;

[0021] FIG. 3 is a close-up, side view of three primary gears of the
system for converting rotating motion into linear motion as illustrated in FIG. 1;
[0022] FIG. 4 is a side, perspective view of the system for converting
rotating motion into linear motion as illustrated in FIG. 1;

[0023] FIG. 5 is a side, perspective view of the system for converting
rotating motion into linear motion as illustrated in FIG. 1 in which the linear drive
shaft of the system is in a fully extended position the two primary rotating gears
105, 110 relative to the stationary gear 115 are at a maximum displacement
position relative to the rotating motion generating means.

[0024] FIG. 6 is a side, perspective view of the system for converting
rotating motion into linear motion as illustrated in FIG. 1 in which the linear drive
shaft of the system is in a mid-stroke position and the two primary rotating gears
relative to the stationary gear are at a mid-point displacement position and
having movement direction towards the rotating motion generating means;
[0025] FIG. 7 is a side, perspective view of the system for converting
rotating motion into linear motion as illustrated in FIG. 1 in which the linear drive
shaft of the system is in a maximum retracted position and the two primary
rotating gears relative to the stationary ring gear are at a maximum retracted
position relative to the rotating motion generating means;

[0026] FIG. 8 is a side, perspective view of the system for converting
rotating motion into linear motion as illustrated in FIG. 1 in which the linear drive
shaft of the system is in a mid-stroke position and the two primary rotating gears
relative to the stationary ring gear are a mid-point displacement position and

having a movement direction away the rotating motion generating means;
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[0027] FIG. 9 is a cross-sectional view of the system for converting
rotating motion into linear motion as illustrated in FIG. 1 taken along the section
line a-a of FIG. 1;

[0028] FIG. 10 is a cross-sectional view of the system for converting
rotating motion into linear motion as illustrated in FIG. 1 taken along the section
line b-b of FIG. 1;

[0029] FIG. 11 is a top view of an alternate embodiment of the system for
converting rotating motion into linear motion illustrated in FIG. 1;

[0030] FIG. 12 is a side view of the alternate exemplary embodiment of
the system for converting rotating motion into linear motion of FIG. 11;

[0031] FIG. 13 is a cross-sectional view of the system for converting
rotating motion into linear motion as illustrated in FIG. 12 taken along the
section line E-E of FIG. 12;

[0032] FIG. 14 is a cross-sectional view of the system for converting
rotating motion into linear motion as illustrated in FIG. 12 taken along the
section line D-D of FIG. 12;

[0033] FIG. 15 is a side view of the alternate exemplary embodiment of
the system for converting rotating motion into linear motion illustrated in FIG. 1;
and

[0034] FIG. 16 is a perspective view of the alternate exemplary
embodiment of the system for converting rotating motion into linear motion
illustrated in FIG. 1.

[0035] FIG. 17 illustrates a flow chart of a method for forming a system
for converting rotating motion to linear motion according to one exemplary

embodiment.

DETAILED DESCRIPTION

[0036] The word “exemplary” is used herein to mean “serving as an

example, instance, or illustration.” Any aspect described herein as “exemplary”
is not necessarily to be construed as exclusive, preferred or advantageous over
other aspects.

[0037] Referring now to FIG. 1, this figure is a side view of one exemplary
embodiment of a system 100 for converting rotating motion into linear motion.

The system 100 may comprise at least three gears: an output gear 105, an idle
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gear 110, and ring gear 115. The output gear 105 may be coupled to a shaft
118 (See FIG. 2). The shaft 118 may be coupled to an output link 120 (see
FIG. 4).

[0038] The output link 120 (See FIG. 4.) may be coupled to an
intermediate link 130 (See FIG. 4 and FIG. 1). Again referring to FIG. 1, the
intermediate link 130 may be coupled to rod 125. The rod 125 may form or it
may be part of a means/system for generating or receiving linear motion.

[0039] The intermediate link 130 of FIG. 1 may also be coupled to a
connecting arm 135. The intermediate link 130 may be coupled to the
connecting arm 135 via an end portion 132 of the connecting arm (See FIG. 5)
which may comprise link that is also coupled to output link 120. The connecting
arm 135 may form or may be part of a means 175 for generating or receiving
rotating motion.

[0040] Referring again to FIG. 1, a first pivot shaft sub assembly 114 is
shown. The first pivot shaft sub assembly 114 may contain and hold the three
gears 105, 110, and 115 together. Specifically, a first end of the first pivot shaft
sub assembly 114 is coupled to the non-rotating ring gear 115. A second end
of the first pivot shaft sub assembly 114 is coupled to the rotating output gear
105.

[0041] The pivot shaft sub assembly 114 may comprise at least two
plates 117B1, B2 (See FIG. 2). The two plates 117 of the pivot shaft sub
assembly 114 encapsulate/envelope the three gears 105, 110, and 115 and
keep them together. The plates 117 along with the two rotating gears 105 and
110 move about/translate around the non-rotating ring gear 115.

[0042] The pivot shaft sub assembly 114 along with the three gears 105,
110, 115 and the corresponding shaft 118, output link 120, intermediate link
130, and connecting arm 135 may transform rotating motion originating from a
means 175 for generating rotating motion into linear motion that is received by
rod 125.

[0043] The means 175 for generating rotating motion may comprise a
circular gear or shaft that is coupled to a motor or any other type of device
which may create rotational movement. The rotating generating means 175

may be coupled to the connecting arm 135. The connecting arm 135 is coupled
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to the intermediate link 130 at a first end and to the rotating generating means
175 at a second end.

[0044] The non-rotating ring gear 115 and the pivot shaft sub assembly
114 may be coupled to a stationary pivot block holder assembly 121. The pivot
block holder assembly 121 keeps the non-rotating ring gear 115 stationary while
allowing the pivot shaft sub assembly 114 to translate/move around the non-
rotating ring-gear 115. As illustrated in FIG. 1, the non-rotating ring gear 115
may comprise a partial gear. In the exemplary embodiment illustrated, the non-
rotating ring gear 115 may comprise approximately one-half of or at least about
one-hundred twenty (120) degrees of a circular gear from which the
intermediate gear 110 and output gear 105 rotate.

[0045] Referring now to FIG. 2, this figure illustrates a top view of the
system 100 for converting rotating motion into linear motion illustrated in FIG. 1.
In this figure, two sets of gear assemblies are illustrated. The first set of gears
or first gear assembly (designated with the letters “A”) may comprise a first set
of the three gears 105A, 110A, 115A described above. Similarly, a second set
of gears or second gear assembly (designated with the letters “B”) may
comprise a second set of the three gears 105B, 110B, and 115B as described
above.

[0046] The first set of gears (A) and second set of gears (B) may
comprise mirror-opposite/substantially equivalent/symmetrical assemblies
relative to each other. Each gear set may have two plates 117 that form the
pivot shaft subassembly 114. Each gear set may also have its own pivot block
holder assembly 121. The two pivot block holder assemblies 121 may be
coupled together by a solid plate 305 (not illustrated in FIGs. 1-2 but See FIGs.
3-4).

[0047] The two sets of gear assemblies (A) and (B) remove cantilever
loads and increase stability of the system 100, especially in high-speed
manufacturing environments in which RPMs are significantly high (such as on
the order of about 500.0-RPM and up) and in which the system 100 is operated
24 hours per day, and from several days a week to a schedule of everyday
operation until routine and/or scheduled maintenance is to occur.

[0048] The two sets of gear assemblies (A) and (B) allow the output shaft
118, output link 120, intermediate link 130, rod 125, and connecting arm 135 to

7-
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translate/move through a channel/space 150. The channel 150 is designated
by a double-headed arrow as illustrated in FIG. 2 and FIG. 4. The channel 150
may be formed by the two pivot block holder assemblies 121A, 121B.

[0049] Referring now to FIG. 3, this figure is a close-up, side view of
three primary gears 105, 110, 115 of the system 100 for converting rotating
motion into linear motion as illustrated in FIG. 1. As noted previously, the three
gears 105, 110, 115 may be supported by a plate 117 that allows rotation of the
idle gear 110, and output gear 105 around the stationary ring gear 115. The
stationary ring gear 115 may be coupled to the pivot block holder assembly 121.
[0050] Also noted previously, the output gear 105 is also coupled to a
shaft 118 that supports an output link 120. The output link 120 is coupled both
to an intermediate link 130 (not visible in FIG. 3 but see FIG. 2 described
above) that provides linear motion and an end portion 132 of connecting arm
135 (not visible in FIG. 3 but see FIG. 5 described below) that provides rotating
motion.

[0051] The pivot block holder assembly 121 may be coupled to a plate
305 that couples a first pivot block holder assembly 121A to a second pivot
block holder assembly 121B (see FIG. 2 described above). FIG. 3 further
illustrates ball bearings 310 which are positioned between the output gear 105
and the output shaft 118 so that the output gear 105 may smoothly rotate
relative to the output shaft 118. Similarly, ball bearings 310 may be positioned
between a shaft 128 and the stationary pivot block holder assembly 121 so that
the shaft 128 coupled to the plate 117 may smoothly rotate relative to the
stationary pivot block holder assembly 121.

[0052] While ball bearings 310 are illustrated, other bearings may be
employed without departing from the scope of this disclosure. Other bearings
include, but are not limited to, plain bearings (that include bushings, journal
bearings, sleeve bearings, rifle bearings, and composite bearings); jewel
bearings; fluid bearings; magnetic bearings; and flexure bearings, and the like.
[0053] According to the exemplary embodiment illustrated in FIG. 3, the
base plate may comprise a width dimension (extending left to right on the page
for a landscape orientation) of about 60.0 centimeters and a height of about
10.0 centimeters. The stationary ring gear 115 may have a radius with a

magnitude of about 25.0 centimeters when measured from the center of shaft
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128 supported by the pivot block 121. The output gear 105, in most
embodiments, usually must have a diameter of about one-half (1/2) that of the
ring gear 115. The diameter and position of the idle gear 110 is usually chosen
so that a gear 110 of a size between the ring gear 115 and output gear 105 is
placed in mesh with gears 115 and 105. One of ordinary skill in the art
recognizes that other dimensions, smaller or larger, may be employed without
departing from the scope of this disclosure as understood by one of ordinary
skill in the art.

[0054] FIG. 4 is a side, perspective view of the system 100 for converting
rotating motion into linear motion as illustrated in FIG. 1. In this figure, the
output shaft 118 and output link 120 are more visible. Further, the dual, stable
nature of the system 100 is more apparent with the dual output gears 105A,
105B, dual idle gears 110A, 110B, and dual ring gears 115A, 115B. The gears
105, 110 on each side / on each pivot block assembly 121 are supported by the
pairs of two plates 117A1, 117A2 and 117B1, 117B2. For most embodiments,
All plates 117 usually must have the equal end bores center to center
dimensions and they usually must also have the same end bores center to
center dimension as the output link 120.

[0055] Further mechanical/structural details of each pivot block holder
assembly 121 as well as the support plate 305 are visible in FIG. 4. Each pivot
block holder assembly 121 may comprise at least two parts: a first block 405
and a second block 410. The first block 405 may mate with the second block
410 such as through a tongue 415B and groove 420B system as illustrated.
However, other mechanical arrangements for the pivot block holder assembly
121 are possible and are within the scope of this disclosure as understood by
one of ordinary skill in the art. The first blocks 405 and second blocks 410 may
be coupled together by fasteners 430. Fasteners 430 may comprise screws but
other fasteners are possible and are included within the scope of this
disclosure. Other fasteners 430 include, but are not limited to, rivets, nails,
welds, adhesives, and the like.

[0056] FIG. 5 is a side, perspective view of the system 100 for converting
rotating motion into linear motion as illustrated in FIG. 1 in which the linear drive
shaft 125 of the system 100 is in a fully extended position and the two primary

gears 105, 110 relative to the stationary gear 115 are at a maximum
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displacement position relative to the rotating motion generating means 175.
According to this exemplary embodiment, the fully extended position of the
linear drive shaft 125 happens to be to the far left side of the page relative to the
rotating motion generating means 175 found on the far right side of the page.
[0057] In this exemplary embodiment of FIG. 5, the link 130 [coupled to
the end portion 132 of the rotating connecting arm 135 and to the output link
120] is also at its maximum distance from the pivot block holder assemblies
121. The intermediate link 130 may be coupled to the output link 120 and the
end portion 132 via a pin 137 which translates in a linear manner during
movement.

[0058] The output link 120, at this stage of motion in this moving system
100, is at its maximum displacement position and closest to the left side of the
system 100. The output link 120, at this stage of motion, has been rotated
between about 15.0 and 30.0 degrees in a clock-wise direction Both the output
link 120 and Pivot shaft subassembly 114 rotate the angle but in opposite
directions about the shaft 118 relative to the exemplary embodiment illustrated
in FIG. 6 described below.

[0059] Referring now to FIG. 6, this figure is a side, perspective view of
the system 100 for converting rotating motion into linear motion as illustrated in
FIG. 1 in which the linear drive shaft 125 of the system is in a mid-stroke
position and the 105, 110 relative to the stationary gear 115 are at a mid-point
displacement position and having movement direction towards the rotating
motion generating means 175. Fig. 6 is similar to FIG. 5, however, the linear
drive shaft 125 and rotating arm 135 and primary rotating gears 110 have been
displaced in a right-side/right-wad direction relative to the page and relative to
the embodiment illustrated in FIG. 5.

[0060] In this exemplary embodiment of FIG. 6, the link 130 [coupled to
the end portion 132 of the rotating connecting arm 135 and to the output link
120] is now entering the space/channel 150 defined by the pivot block holder
assemblies 121A, 121B. The output link 120, at this stage of motion in this
moving system 100, is in a parallel alignment with the pivot shaft subassemblies
114. The output link 120, at this stage of motion, has been rotated between
about 15.0 and 30.0 degrees in a counter-clockwise direction about the shaft

118 relative to the exemplary embodiment illustrated in FIG. 5 described above.

-10-
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[0061] Comparing the rotating arm 135 of the exemplary embodiment of
FIG. 6 to the exemplary embodiment of FIG. 5, it is seen that in FIG. 6 that the
rotating connecting arm 135 has moved in a right-ward/clock-wise direction
relative to FIG. 5. The rotating connecting arm 135 in FIG. 6 is at a slight angle
compared to the fully extended-straight position of the rotating connecting arm
found in FIG. 5.

[0062] Referring now to FIG. 7, this figure is a side, perspective view of
the system 100 for converting rotating motion into linear motion as illustrated in
FIG. 1 in which the linear drive shaft 125 of the system 100 is in a maximum
retracted position and the two rotating primary gears 105, 110 relative to the
stationary ring gear 115 are at a maximum retracted position relative to the
rotating motion generating means 175. In other words, the two rotating primary
gears 105, 110 and linear drive shaft 125 have been displaced on the right side
of the page and closest to the rotating motion generating means 175.

[0063] According to this exemplary embodiment, the fully retracted
position [relative to the extended position of FIG. 5] of the linear drive shaft 125
happens to be on the far right side of the page relative to the rotating motion
generating means 175 that is also found on the far right side of the page. In this
exemplary embodiment of FIG. 7, the link 130 [coupled to the end portion 132 of
the rotating connecting arm 135 and to the output link 120 via pin 137] is also at
its maximum distance from the pivot block holder assemblies 121 [but now on
the right side relative to the left side as illustrated in FIG. 5].

[0064] The output link 120, at this stage of motion in this moving system
100, is at its maximum retracted position and closest to the right side of the
system 100. The output link 120, at this stage of motion, has been rotated
between about 15.0 and 30.0 degrees in a counter-clock-wise direction about
the shaft 118 relative to the exemplary embodiment illustrated in FIG. 6
described above.

[0065] Comparing the rotating arm 135 of the exemplary embodiment of
FIG. 7 to the exemplary embodiment of FIG. 6, it is seen that in FIG. 6 that the
rotating connecting arm 135 has moved even more in a right-ward/clock-wise
direction relative to FIG. 6. The rotating connecting arm 135 in FIG. 6 still

moving downward compared to the position of the arm 135 found in FIG. 5.
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[0066] Referring now to FIG. 8, this figure is a side, perspective view of
the system 100 for converting rotating motion into linear motion as illustrated in
FIG. 1 in which the linear drive shaft 125 of the system is again in a mid-stroke
position [compared to FIG. 6] and the two primary rotating gears relative to the
stationary ring gear 115 are at a mid-point displacement position and having a
movement direction away from the rotating motion generating means 175.
[0067] The exemplary embodiment illustrated in FIG. 8 is similar to the
exemplary embodiment of FIG. 6. Therefore, only the differences between
these two figures will now be described.

[0068] Comparing the rotating arm 135 of the exemplary embodiment of
FIG. 8 to the exemplary embodiment of FIG. 6, it is seen that in FIG. 8 that the
rotating connecting arm 135 has moved even more in a left-ward/clock-wise
direction relative to FIG. 6. The rotating connecting arm 135 in FIG. 6 now
moving upward from a low position compared to the higher position of the arm
135 found in FIG. 6 which is rotating in a right-ward/clock-wise direction [in that
figure].

[0069] FIG. 9 is a cross-sectional view of the system 100 for converting
rotating motion into linear motion as illustrated in FIG. 1 taken along the section
line a-a of FIG. 1. As shown in FIG. 1, this cross-sectional view taken along
section line a-a which has arrows pointing towards the left side of the page in
FIG. 1 means that in the view of FIG. 9 the rotating motion generating means
175 is in the background or is behind the parts which are shown in this view.
[0070] According to this cross-sectional view, the shaft 118 coupled to
output gears 105 is visible and is further shown with fluid passage ways 9005,
9010, and 9015. These fluid passage ways 9005, 9010, 9015 may channel a
lubricating fluid such as oil as understood by one of ordinary skill in the art.
[0071] Referring now to FIG. 10, this figure is a cross-sectional view of
the system 100 for converting rotating motion into linear motion as illustrated in
FIG. 1 taken along the section line b-b of FIG. 1. As shown in FIG. 1, this cross-
sectional view taken along section line b-b which has arrows pointing towards
the right side of the page in FIG. 1. In this view illustrated in FIG. 10,
intermediate link 130 and end portion 132 of the connecting arm 135 as well as

the output link 120 are visible in the center of the view.
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[0072] FIG. 11 is a top view of an alternate embodiment of the system
100 for converting rotating motion into linear motion as illustrated in FIG. 1 and
FIG. 2. Comparing the alternate embodiment of FIG. 11 to FIG. 2 (which is a
top view of FIG. 1), the gears 105, 110, and 115 of the system 100’ (prime) of
FIG. 11 relative to those of FIG. 2 have been placed in an external position
relative to the pivot shaft subassembly 114 which holds the two moving primary
gears 105, 110. Further the pivot shaft subassembly 114 of system 100’ does
not comprise two plates 117 -- but instead a single plate 117’ (prime).

[0073] FIG. 12 is a side view of the alternate exemplary embodiment of
the system 100’ (prime) for converting rotating motion into linear motion of FIG.
11. FIG. 12 illustrates further details of the two primary moving gears 105B,
110B and the stationary ring gear 115B. As noted above with respect to FIG.
11, the pivot shaft subassembly 114 comprises a single plate 117’ (prime)
instead of two plates 117B1, 117B2 (visible in FIG. 2). FIG. 12 also provides
cross-sectional cut lines D-D and E-E corresponding to the cross-sectional
views of FIG. 13 (section E-E) and FIG. 14 (section D-D) described below.
[0074] FIG. 13 is a cross-sectional view of the system 100" (prime) for
converting rotating motion into linear motion as illustrated in FIG. 12 taken along
the section line E-E of FIG. 12. According to this view of FIG. 13 and the
directional arrows of cut-line E-E pointing to the right side of the page in FIG.
12, the rod 125/means for receiving linear motion (not visible in this figure but
see FIG. 1) is in the background of FIG. 13 relative to the elements presented
(visible).

[0075] Further details of the single plate 117 for the pivot shaft
subassembly 114 are visible in this view. As noted previously, relative to the
exemplary embodiment illustrated in FIGs. 1-2, the exemplary embodiment
illustrated in FIGs. 11-14 has its two primary moving gears 105, 110 and the
stationary ring gear are positioned at outermost regions relative to the pivot
shaft subassembly 114 and the output link 120.

[0076] Referring now to FIG. 14, this figure is a cross-sectional view of
the system 100’ (prime) for converting rotating motion into linear motion as
illustrated in FIG. 12 taken along the section line D-D of FIG. 12. According to
this view and the directional arrows of the cut-line D-D pointing to the left side of

the page in FIG. 12, the connecting arm 135 and means for generating rotating
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motion 175 is in the background of FIG. 14 relative to the elements presented
(visible).

[0077] According to the view in FIG. 14, an exemplary fluid passage way
1405 of the rotating shaft 118 that is coupled to the output gears 105. Like the
fluid passage ways 9005, 9010, 9015 of FIG. 9, the fluid passage way 1405 of
FIG. 14 may channel a lubricating fluid such as oil as understood by one of
ordinary skill in the art.

[0078] Referring now to FIG. 15, this figure is a side view of the alternate
exemplary embodiment of the system 100 for converting rotating motion into
linear motion illustrated in FIG. 1. The system 100” (double-prime) of FIG. 15
relative to the system 100 of FIG. 1 has a chain 1500 that moves around a first
large gear 115” (double-prime) and a second smaller gear 105” (double-prime).
[0079] The chain 1500 receives a force from a roller/idler pulley 110”
(double-prime) that is positioned between the first gear 115” and the second
gear 105”. This force keeps tension along the chain 1500. The pitch diameter
of second gear 105" usually must be about one-half (1/2) the pitch diameter of
first gear 115". While the first gear 115” and second gear 105” are depicted as
gears with teeth, it is possible to operate the invention such that the first gear
115" and second gear 105” are substituted with toothed pulleys which engage a
toothed belt instead of a chain 1500. Other alternatives/substitutions for all the
mechanical elements illustrated are possible and are included within the scope
of this disclosure as understood by one of ordinary skill in the art.

[0080] Referring now to FIG. 16, this figure is a perspective view of the
alternate exemplary embodiment of the system 100 for converting rotating
motion into linear motion illustrated in FIG. 1. According to this exemplary
system 100 (triple-prime) of FIG. 16, the system 100"’ comprises a single ring
gear 115" (triple-prime) that engages a rotating gear 110 (triple-prime).

[0081] The rotating gear 110" is coupled to a movable plate 114 (triple-
prime) that contains a bearing that supports the rotating gear 110”. The
movable plate 114 is coupled to a stationary pivot block holder assembly
1217 (triple-prime). The pitch diameter of rotating gear 110 usually must be
about (1/2) of single ring gear 115”. The center to center bore distance of
movable plate 114" usually must be about one-fourth (1/4) of the size of the

single ring gear 115™.
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[0082] Referring now to FIG. 17, this figure illustrates a flow chart for a
method 1700 for forming a system 100 for converting rotating motion to linear
motion according to one exemplary embodiment. This method 1700 generally
corresponds with the exemplary embodiment illustrated in FIGs. 1-10. If certain
steps are modified and/or removed, then this method 1700 may also apply to
the exemplary embodiments (alternate systems 100, 100”, 100°”) illustrated in
FIGs. 11-16.

[0083] Step 1705 is the first step of method 1700 for converting rotating
motion to linear motion, and vice versa. In step 1705, a linear drive or means
for receiving or generating linear motion 125 as illustrated in FIG. 1 may be
coupled to an intermediate/shared link 130. Next, in step 1710, a rotating drive
or means for generating rotating motion or means for receiving rotating motion
175 may be coupled to the intermediate link via a connecting arm 135.

[0084] Subsequently, in block 1715, a vertical support/stabilization
system may be formed with block 1715 being the first step of forming the
support/stabilization system. In other words, the intermediate/shared link 130
described above in connection with steps 1705 and 1710 may be coupled to a
vertical support/stabilization system via an output link 120.

[0085] As part of forming the vertical support/stabilization system, in
block 1720, the output link 120 may be coupled to a rotatable output shaft 118.
Next, in step 1725, the rotatable shaft 118 may be coupled to an output gear
105.

[0086] Subsequently, in step 1730, the output gear 105 may be coupled
to an idle gear 110. The idle gear 110 in block 1735 may be coupled to a
stationary gear. Steps 1715-1735 have been designated with reference
character 1750 to denote that these steps form the vertical support/stabilization
system for the conversion of rotating motion into linear motion and vice versa.
[0087] Referring now to step 1740, in this step, the rotating drive or
means for producing rotating motion 175 may be initialized. In other words, the
rotating drive 175 may begin to produce rotating motion. However one of
ordinary skill the art recognizes that if the linear drive 125 was driven by a motor
or some other external force [for converting linear motion to rotating motion],
then the linear drive 125 driven by a motor (not illustrated) could begin motion at

step 1740 such that linear motion would eventually be converted to rotating
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motion upon the rotating drive 175, or more appropriately, the means for
receiving rotating motion 175.

[0088] Referring back to step 1740, after this step, in step 1745, the end
portion or a point such as coupling pin or rod 137 that couples the end portion of
connecting arm 135 to intermediate/shared link 130 and output link 120 [visible
in FIGs. 5 and 7] may be kept/maintained in a single plane while moving the
linear drive 125 and while transferring force from the rotating drive 175 to the
linear drive 125. This maintaining/keeping of the coupling pin or rod 137 in the
same plane may be accomplished with the intermediate link 130 and the output
link 120. The output link 120 may apply stabilizing forces to the coupling pin or
rod 137 which in turn applies stabilizing forces to both the linear drive 125 and
the rotating drive 175.

[0089] One of ordinary skill in the art recognizes that the steps of method
1700 suggest how the system 100 of FIGs. 1-10 may be formed while also
describing how the system 100 may be used. Method 1700 generally describes
the motion and forces of the system 100 after the system 100 has been
assembled. It is quite evident that the parts and elements of system 100 may
be assembled in a different sequence of steps than those proposed as
illustrated in method 1700. However, once the system 100 is formed, the
general motion and forces described in method 1700 are generally applicable
as understood by one of ordinary skill the art.

[0090] Certain steps in the processes or process flows of FIG. 17 as well
as processes and flows illustrated/suggested by the mechanical drawings of
FIGs. 1-16 in this specification naturally precede others for the invention to
function as described. However, the invention is not limited to the order of the
steps described if such order or sequence does not alter the functionality of the
invention. That is, it is recognized that some steps may performed before, after,
or parallel (substantially simultaneously with) other steps without departing from
the scope and spirit of the invention. In some instances, certain steps may be
omitted or not performed without departing from the invention.

[0091] As noted previously, for the exemplary embodiments illustrated in
FIGs. 11-16, it is recognized that some steps of method 1700 may be
eliminated and/or changed. For example, in the exemplary embodiment of

system 100" (double-prime) illustrated in FIG. 15, the idle gear 110 has been
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replaced with a pulley 110" that does not mesh with either gear 115" or gear
105" and a chain/belt 1500 has been added. So the steps of method 1700
which address stationary gear 115 would need to be modified. Similarly, for the
exemplary embodiment of the system 100 (triple-prime) illustrated in FIG. 16,
the intermediate gear 110 has been eliminated. Therefore, the steps of method
1700 which address the intermediate gear 110 would have to be eliminated
and/or changed.

[0092] Further, it is recognized that the materials for the parts illustrated
in the several figures described above, such as the gears, rods, arms, and links
may be made of metal, such as steel. Other metals may be employed without
departing from the scope of this disclosure. Other metals include, but are not
limited to, aluminum, bronze, copper, tin, lead, and alloys/combinations thereof.
Further, other materials besides metals are also possible and are included
within the scope of this disclosure. Other materials besides metals include, but
are not limited to, polymers (i.e. plastics), ceramics, composite materials, and
any combination thereof.

[0093] Although a few embodiments have been described in detail
above, those skilled in the art will readily appreciate that many modifications are
possible in the embodiments without materially departing from this disclosure.
Accordingly, such modifications are intended to be included within the scope of
this disclosure as defined in the following claims.

[0094] For example, while three main gears have been illustrated in the
several views that included the output gear 105, the idle gear 110, the ring gear
115, it is possible that the functions/movement of these elements could be
replaced/substituted by additional and/or fewer structures. For example, the
function/movement of the output gear 105 could be replaced by additional
smaller gears or less gears (such as illustrated in FIG. 16) as understood by
one of ordinary sKill in the art. Further, mechanical equivalents of the gears and
linkages illustrated --like belts, chains, sprockets, and/or pulleys-- could be
substituted for many of the structures illustrated in the several views as
understood by one of ordinary skill in the art. Such substitutions of mechanical
equivalent structures are included within the scope of this disclosure.

[0095] In the can making industry, the system 100 may be used to drive a

ram instead of a rod 125. The ram may comprise a highly accurate cylindrical
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part of controlled diameter that mounts a tool steel or carbide forming tool on
the end to the left. This tool is then driven through cylindrical dies to form the
can walls.

[0096] Alternatively, rod 125 could be replaced with a mechanism that
could pick up a component and place it in an exact position by releasing the
component at the end of the stroke. The rod 125 could also be replaced with a
cutting apparatus and thus could cut glass, metal, plastic, or other materials in
an exact straight line over long distances at high rates of speed. Other
applications beyond these alternatives are possible and are included within the
scope of this disclosure as understood by one of ordinary skill in the art.

[0097] Similarly, in the claims, means-plus-function clauses are intended
to cover the structures described herein as performing the recited function and
not only structural equivalents, but also equivalent structures. Thus, although a
nail and a screw may not be structural equivalents in that a nail employs a
cylindrical surface to secure wooden parts together, whereas a screw employs a
helical surface, in the environment of fastening wooden parts, a nail and a
screw may be equivalent structures. It is the express intention of the applicant
not to invoke 35 U.S.C. § 112, sixth paragraph for any limitations of any of the
claims herein, except for those in which the claim expressly uses the words
‘means for’ together with an associated function.

[0098] Therefore, although selected aspects have been illustrated and
described in detail, it will be understood that various substitutions and
alterations may be made therein without departing from the spirit and scope of

the present invention, as defined by the following claims.
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CLAIMS

What is claimed is:

1. A system for transforming rotating motion into linear motion comprising:

a first gear;

a first link coupled to a first gear;

a second link coupled to the first link and coupled to a means for
receiving linear motion;

an arm coupled to the second link, the arm coupled to a means for
producing rotating motion; and

a second gear coupled to the first gear and to a third gear; once rotation
has started with the means for producing rotating motion, the third gear being
stationary while the first and second gears rotate around the third gear and
while the first link pivots and translates through space with the first gear, the
second link driving the means for receiving linear motion while receiving

stabilizing supporting forces from the first link.

2. The system of claim 1, wherein the third gear comprises a partial ring-gear.
3. The system of claim 2, wherein the ring-gear has gear teeth along its
periphery that define a sector comprising an angle between about 90.0 degrees

to about 200.0 degrees.

4. The system of claim 1, wherein the first gear, second gear, and third gear

are coupled to a plate.
5. The system of claim 4, wherein the first gear, second gear, third gear, and
plate define a first subassembly, the system further comprising a second

subassembly.

6. The system of claim 1, wherein the means for receiving linear motion

comprises a rod.
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7. The system of claim 1, wherein the means for producing rotating motion

comprises a motor.

8. The system of claim 1, wherein the second link is coupled to the first link with

a pin, the pin also coupling the second link to the arm.

9. The system of claim 1, wherein the first link is coupled to the first gear via a

shaft which is rotatable.

10. A system for transforming rotating motion into linear motion comprising:

an output gear,

an output link coupled to the output gear,

a shared link coupled to the output link and coupled to a rod;

an arm coupled to the shared link, the arm coupled to a rotating drive;
and

an idle gear coupled to the output gear and to a stationary gear; once
rotation has started with the rotating drive, the output gear and idle gear rotate
around the stationary gear while the output link pivots and translates through
space with the output gear, the shared link driving the rod in a linear direction

while receiving stabilizing supporting forces from the output link.

11. The system of claim 10, wherein the stationary gear comprises a partial a

ring-gear.

12. The system of claim 11, wherein the stationary has gear teeth along its
periphery that define a sector comprising an angle between about 90.0 degrees

to about 200.0 degrees.

13. The system of claim 10, wherein the output gear, idle gear, and stationary

gear are coupled to a plate.

14. The system of claim 13, wherein the output gear, idle gear, and stationary
gear and plate define a first subassembly, the system further comprising a

second subassembly.
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15. The system of claim 10, wherein the rod is coupled to the shared link by a

pin.

16. The system of claim 10, wherein the rotating drive comprises a circular

shaped member coupled to the arm.

17. The system of claim 10, wherein the rotating drive comprises a motor.

18. The system of claim 10, wherein the intermediate link is coupled to the

output link with a pin, the pin also coupling intermediate link to the arm.

19. The system of claim 10, wherein the output link is coupled to the output gear

via a shaft which is rotatable.

20. The system of claim 10, wherein the output link translates within a space

defined by walls of the shared link during movement.
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1700

v

1705

Couple a linear drive to an intermediate/shared link

!

1710

Couple a rotating drive to the intermediate/shared link

'

Form Vertical Supporf/StabiIization System:
Couple the intermediate link to a vertical support/
stablization system via an output link

1715

v

Couple the output link to a rotatable shaft

1720
/

l

1725

Couple the rotable shaft to an output gear

l

1730

Couple the output gear to an idle gear

Y

1735

Couple the idle gear to a stationary gear

y

1740

Initialize rotating drive

Y

Keep end portion/point of rotating drive in a single plane while
moving linear drive while transferring force from rotating drive
to linear drive with intermediate link and applying stablizing
forces with output link

1745
L

FIG. 17
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