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(57) Abstract

A relative motion generator (10, 20) capable of dynamically varying an acceleration, velocity, displacement, dwell time and/or location
of the dwell of a continuously moving line (11, 24) within a working region (16, 26). The relative motion generator (10, 20) is particularly
suited for indexing the continuously moving line (11, 24) past one or more work stations (17, 50, 52, 54, 56). The continuousty moving line
(11, 24) may be either a conveyor belt, a parts handling system containing discrete components, a chain drive, or a continuous web, with
or without discrete components. The relative motion generator (10, 20) includes first and second support member (13, 14, 34, 36) mounted
to the slider assembly (10A, 32) adapted to support a working region (16, 26) of the continuously moving line (11, 24). A programmable
actuator system (40) is adapted to move the slider assembly (10A, 32) along the translation path (18, 38) to generate a working region
motion different from a nominal motion. The working region motion is the same as a nominal motion when the slider assembly (10A, 32)
is stationary relative to a fixed location (17). The translation path can be circular, linear or curvilinear.
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Relative Motion Generator

Field of the Invention

The present invention is directed to a relative motion generator capable of
dynamically varying a acceleration, velocity, displacement, dwell time and/or dwell location

of a working region on a continuously moving line.

Backeground of the Invention

Various indexing machines are known to provide rapid indexing of discrete
parts between work stations with a relatively long dwell time at each work station. U.S.
Patent No. 5,176,036 (Harris) discloses a parallel shaft indexing machine with cams that
rotate a drive hub to move a chain wrapped around a sprocket gear mounted on a driven

hub at a speed in a first direction, while simultaneously moving the driven hub in a direction

‘opposite to the first direction, so that the chain is dwelled for approximately one-half of the

rotation of the drive hub. During the dwell period, the motion of the chain due to rotation
of the hub cancels out the translation of the hub. During the remainder of the rotation of
the drive hub, these motions reinforce each other very rapidly, yet smoothly, accelerating
the chain and moving the carrier to the next downstream work station. During subsequent
rotations of the drive hub, the carrier is again dwelled adjacent to a work station. Other
cam driven indexing machines are disclosed in U.S. Patent Nos. 5,176,240 (Harris);
5,170,546 (Harris); and 1,973,196 (Baker).

Cam driven indexing machines require accurate fabrication of two cams to
drive the rotation and translation of the chain in a coupled manner. There is little or no
freedom to change the relationship after the cams have been machined, without
disassembling and installing new cams. Consequently, the indexing cycle (i.e., dwell time,
displacement, chain velocity) cannot be controlled, nor can adjustments be made to correct
for accumulation of errors. For example, if the indexing cycle is off by 0.254 millimeters
(0.001 inch), after 1000 parts pass a work station, the chain will be misaligned with the
workstation by 25.4 millimeters (1 inch).

Additionally, the translational motion caused by the cams is coupled to the

rotational motion that drives the continuously moving line. Consequently, the continuously
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moving line is typically a chain or conveyor belt for part handling applications with
sufficient structural integrity to withstand the rotational forces applied to it by the indexing

machine. These devices are typically not suitable for handling web lines.

Brief Summary of the Invention

The present invention is directed to a relative motion generator for
dynamically changing a nominal motion of a working region on a continuously moving line.
The relative motion generator is capable of dynamically varying a acceleration, velocity,
displacement, dwell time and/or dwell location of a continuously moving line within a
working region. The present relative motion generator is particularly suited for indexing
the continuously moving line past one or more work stations. The continuously moving
line may be either a conveyor belt of discrete components or a continuous web, with or
without discrete components.

In one embodiment, the relative motion generator includes a slider assembly
moveable along a translation path. First and second support members are mounted to the
slider assembly and adapted to support the working region of the continuously moving line.
A programmable actuator system is adapted to move the slider assembly along the
translation path to generate a working region motion different from a nominal motion. The
working region motion is the same as a nominal motion when the slider assembly is
stationary relative to a fixed location. The translation path can be circular, linear or
curvilinear.

The programmable actuator system is adapted to cycle the slider assembly
along the translation path independent of movement of the continuously moving line. That
is, the translational motion of the slider is decoupled from the movement of the
continuously moving line. The support members may be stationary or rotating idlers. In
one embodiment, the first and second support members are rotated by a drive mechanism
that is independent from the translation motion.

The working region motion comprises at least one of a working region
displacement, velocity or acceleration equal to a nominal line displacement, velocity or
acceleration, respectively, when the slider assembly is stationary. The working region

motion comprises at least one of a working region displacement, velocity or acceleration
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not equal to a nominal line displacement, velocity or acceleration, respectively, when the
slider assembly is moving. In one embodiment, at least one of a working region
displacement, velocity or acceleration varies between at least two cycles. In another
embodiment, the working region motion comprises a dwell time. The dwell time may vary
between at least two cycles. Depending on the line velocity and slider velocity, the velocity
of the continuously moving line within the working region can be positive, negative, or
zero.

In one embodiment, the working region motion is substantially zero relative
to a fixed location during translation of the slider assembly. The working region motion is
substantially zero relative to a fixed location when a slider assembly velocity is one half of a
nominal line velocity in a direction opposite a nominal line direction.

In one embodiment, the continuously moving line includes index markers
and the relative motion generator includes a sensor adapted to detect the index markers. In
another embodiment, the index markers are located on discrete parts on the continuously
moving line. The programmable actuator system utilizes the index markers to detect the
precise location of the continuously moving line or discrete parts and to dynamically adjust
the movement of the slider assembly in response to a signal from the sensor in a closed loop
positioning system. The closed loop positioning system is particularly useful for
dynamically varying the movement of the slider assembly to compensate for variations in
the velocity of the continuously moving line or variations in the spacing between discrete
parts on the continuously moving line.

In one embodiment, the slider velocity is adjusted so that sequential portions
of the continuously moving line are intermittently positioned or indexed adjacent to work
stations. In another embodiment, the slider velocity is dynamically adjusted so that
sequential portions of the continuously moving line are positioned adjacent to less than all
of the work stations. That is, the programmable actuator system can dynamically skip
selected work stations, for example, if one of the work station malfunctions.

The present invention is also directed to a relative motion generator system
including a continuously moving line and the relative motion generator in accordance with

the present invention.
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The present invention is also directed to a method for dynamically varying a
nominal motion of a continuously moving line within a working region. The steps include
supporting the working region of the continuously moving line on a first and second
supports mounted on a slider assembly; reciprocating the slider assembly along a translation
path during a first cycle to generate a working region motion of the continuously moving
line within the working region different from the nominal motion; and reciprocating the
slider assembly along a translation path during a second cycle. The motion of the slider
during the first cycle is different from the motion of the slider during the second cycle. The
first cycle may be different from the second cycle in terms of acceleration, velocity,

displacement, dwell time, location of the dwell, or combinations thereof.

Brief Description of the Several Views of the Drawing

Figure 1 is a conceptual illustration of the operation of the present relative
motion generator.

Figures 2A —2C illustrate a relative motion generator in accordance with the
present invention.

Figure 3 illustrates an alternate relative motion generator in accordance with
the present invention.

Figures 4A and 4B illustrate a rotary relative motion generator in

accordance with the present invention.

Detailed Description of the Invention

Figure 1 is a conceptual illustration of the operation of a relative motion
generator 10 in accordance with the present invention. A continuously moving line 11
moves in a direction 12 around first and second support members 13, 14. The support
members 13, 14 may either be stationary or rotating. If slider assembly 10A is stationary,
the continuously moving line 11 has a nominal motion in working region 16 past fixed
location 17 at a nominal line velocity V1 in a nominal line direction 12. Working region
refers to the segment of the continuously moving line 11 that extends between the support

members 12, 13 and is positioned opposite the fixed location 17 over a given time, or a
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subset thereof. The portion of the continuously moving line 11 comprising the working
region 16 changes over time.

On the other hand, if slider assembly 10A is moved along translation path 18
in a direction 15, the working region 16 will exhibit a working region motion different from
the nominal motion. The translation path 18 is parallel to the movement of the working
region 16. Translation path refers to a fixed course of travel having a lower limit 19A and
an upper limit 19B. Although Figure 1 illustrates the translation path 18 as linear, the
translation path 18 may be curvilinear, circular or a variety of other shapes (see Figures 4A
and 4B). Working region motion refers to the relative movement of the working region 16
with respect to the fixed location 17 in response to movement of the slider assembly 10A
toward the upper limit 19B. Relative movement of the working region 16 with respect to
the fixed location 17 in response to movement of the slider assembly 10A toward the lower
limit 19A is referred to as the return motion.

For example, if the slider assembly 10A is moved along the translation path
in the direction 15 at one half the velocity V1, then the working region 16 of the
continuously moving line 11 will dwell or be stationary relative to the location 17 while the
slider assembly 10A is moved. When the slider assembly 10A moves back toward the
lower limit 19A, the continuously moving line 11 is advanced past the fixed location 17 at a
rate greater than V1.

Movement of the slider assembly 10A along the translation path 18 is
divided into a first portion in a direction toward the upper limit 19B and a second portion in
a direction toward the lower limit 19A. One complete cycle involves reciprocating the
slider assembly 10A first toward the upper limit 19B and then toward the lower limit 19A.
Movement along the translation path may be the full distance from the lower limit 19A to
the upper limit 19B and back again, or some lesser portion thereof. The displacement of
the slider assembly 10A during the first portion of the displacement may be greater than,
less than or equal to the displacement of the slider assembly 10A during the second portion.

In another embodiment, the slider assembly 10A can optionally be moved in
a direction 15 at a velocity V2 that is less than half of the velocity V1. Consequently, the
working region 16 of the continuously moving line 11 will move in the direction 12, but at

a velocity less than V1, until the upper limit 19B is reached. When the slider assembly 10A
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reaches the upper limit 19B, it then moves back toward the lower limit 19A. During
movement toward the lower limit, the working region 16 will move rapidly past the fixed
location 17.

Similarly, the slider assembly 10A can optionally be moved in a direction 15
at a velocity V2 greater than one half of the velocity V1. Consequently, the working region
16 of the continuously moving line 11 will move in the direction 15, until the upper limit
19B is reached. When the slider assembly 10A reaches the upper limit 19B, it then moves
back toward the lower limit 19A. During movement toward the lower limit, the working
region 16 will move rapidly past the fixed location 17.

By controlling the displacement, velocity, and acceleration of the slider
assembly 10A, the displacement, direction of travel, velocity, acceleration, dwell time and
location of dwell of the working region 16 relative to the location 17 can be controlled.
Moreover, the displacement, direction of travel, velocity, acceleration, dwell time and
location of dwell of the working region 16 relative to the location 17 can be controlled can
be changed from cycle to cycle. Finally, the motion of the slider assembly 10A is
independent of the movement of the continuously moving line 11. Consequently, when the
slider assembly 10A is stationary, the support members 13, 14 operate as idlers.

Figures 2A-2C schematically illustrate a relative motion generator 20
capable of dynamically changing a nominal motion 62 of a continuously moving line 24 in a
working region 26. First and second support members 34, 36 support the continuously
moving line 24 through the working region 26. Although the support members 34, 36 are
illustrated as rotating, they may alternatively be stationary. In the illustrated embodiment,
the working region 26 has length “L” defined by the gap between the first and second
support members 34, 36. The continuously moving line 24 is supplied by a drive and
tension control mechanism 28 at an input velocity 30. The working region 26 is a portion
of the continuously moving line 24 supported between the support members 34, 36 during
a given time interval. More particularly, the working region extends between the left most
portion of the support member 34 and the right most portion of the support member 36.
The first and second support members 34, 36 are mounted to a base plate 32 that is

movable in a reciprocating motion along a translation path 38 by programmable actuator
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system 40. The translation path 38 has a lower limit 45 and an upper limit 47. Idler roll 44
is optionally attached to slider assembly 42 for supporting the continuously moving line 24.

The drive and tension control mechanism 28 imparts movement of the
continuously moving line 24 independently from the translational movement of the slider
assembly 24 along the translation path 38. By the nature of the geometry, the input
velocity 30 of the continuously moving line 24 equals the output velocity 60. Additionally,
the input velocity vector 30, the output velocity vector 60 and the translation path 38 are
all parallel. The drive and tension control mechanism 28 may be any of a variety
mechanisms suitable for conveying webs, such as films, scrims, woven fabrics, non-woven
fabrics and the like that are easily deformed or damaged during handling. Consequently,
the present relative motion generator 20 may be used with webs, as well as conventional
conveyor belts, chain drives, part handling systems, and the like. In the embodiment where
the continuously moving line 24 is a web, the web may include discrete parts either
attached or formed integrally therewith.

The programmable actuator system 40 includes a programmable servo
controller 41 and a reciprocating mechanism 43. The reciprocating mechanism 43 cycles
slider assembly 42 back and forth along the translation path 38. The programmable
controller 41 is capable of dynamically varying the movement of the slider assembly 42
from cycle to cycle, in terms of acceleration, velocity and displacement, resulting in
variations in the working region motion of the continuously moving line 24 within the
working region 26. The variations of the motion of the continuously moving line 24 within
the working region 26 may include duration of dwell time, location of the dwell time, a
velocity greater than or less than the nominal line velocity, and/or a direction of travel
opposite to the nominal line movement. The reciprocating mechanism 43 of the
programmable actuator system 40 may be a linear or rotary motor, rack and pinion system,
pneumatic or hydraulic cylinders, or a variety of other mechanisms for displacing the slider
assembly 42 along the translation path 38.

In one embodiment, a series of work stations 50, 52, 54, 56 are positioned
opposite the working region 26. In the illustrated embodiment, the work stations 50, 52,
54, 56 are connected to ground. A sensor 58 is optionally located adjacent to the work

stations 50, 52, 54, 56. The work stations 50, 52, 54, 56 can be used for splicing, coating
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operations, or assembly and packaging operations on individual parts on the continuously
moving assembly system. Examples of assembly operations which require or are simplified
by stationary motion include ultrasonic welding, the attachment of components, printing
and manipulation of subcomponents.

When the slider assembly 42 is stationary, the support members 34, 36
operate as idler rolls so that the input velocity 30 equals the output velocity 60. The
nominal motion 62 of the continuously moving line 24 within the working region 26 is in
the same direction and at the same velocity as the rest of the continuously moving line 24.
Nominal motion refers to the direction of travel and velocity of the continuous moving line
24 through the working region 26 when the slider assembly 42 is stationary.

Initial displacement of the slider assembly 42 along the translation axis 38 is
illustrated in Figure 2B. The first support members 34 rotates in a clockwise direction 64.
The second support members 36 rotates in a counterclockwise direction 64°. Location 70a
on the continuously moving line 24 progresses around the first support member 34 to a
location 70b. Location 72a on the continuously moving line 24 rotates counterclockwise
around the second support member 36 to a location 72b. Figure 2C illustrates further
displacement of the slider assembly 42 continues along the translation axis 38. The
continuously moving line 24 continues around the support members 34, 36 to location 70c,
72c¢, respectively.

In the illustrated embodiment, the slider assembly 42 is displaced at a
velocity of ¥ the nominal line velocity 30, so that the working region 26 of the
continuously moving line 24 is stationary or dwelled at the work stations 50, 52, 54, 56.
Dwell refers to moving the slider assembly 42 so that the relative velocity of sequential
portions of the continuously moving line relative to that location is substantially zero during
movement of the slider assembly 42 toward the upper limit 47. When the slider assembly
42 reaches the end of its motion, it moves back toward the lower limit 45 to the position
illustrated in Figure 2A. During this cycle, the continuously moving line 24 is indexed or
moved forward by a distance determined by the cycle time and the line speed 30, 60.

In one embodiment, the continuously moving line 24 includes a series of
index markers 82 that can be detected by sensor 58. The programmable actuator system 40

utilizes the signal from the sensor 58 to control the acceleration, velocity, displacement,
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dwell time and/or location of dwell of the working region 26 in a closed loop positioning
system. Consequently, the motion of the continuously moving line 24 within the working
region 26 can be adjusted dynamically to compensate for positioning errors or variations in
the line velocity 30, 60.

In another embodiment, the continuously moving line 24 includes a series of
articles 83 which can be worked on by any of the work stations 50, 52, 54, 56. The index
markers 82 may alternately be located on the articles 83, rather than on the continuously
moving line 24. Consequently, the programmable actuator system 40 can dynamically
adjust the motion of the slider assembly 42 to compensate for variations in the spacing
between the articles 83.

The ability to dynamically adjust the location and duration of dwell time
gives the present relative motion generator 20 significant advantages over the prior cam
driven systems. If an intermittent operation is being performed by several work stations 50,
52, 54, 56 on the continuously moving line 24, and one of those stations ceases to function,
the programmable actuator system 40 can adapt dynamically and adjust the length of the
intermittent motion to allow the system to continue operating with less than all of the work
stations. For example, the programmable actuator system 40 may determine that one or
more of the work stations 50, 52, 54, 56 is malfunctioning. Consequently, the translation
of the slider assembly 42 can be dynamically adjusted so that the continuously moving line
24 skips that malfunctioning station(s) until repairs can be completed, while still operating
the continuously moving line 24.

The programmable actuator system 40 can also vary the movement of the
slider assembly 42 so that the movement of the continuously moving line 24 within the
working region 26 is in a direction opposite the nominal motion 62. That is, the
continuously moving line 24 can be moved backwards relative to the nominal motion 62. If
the work stations are set up to perform operations on parts in the working region 26, a part
could be moved from one station to the next, and then back to the preceding station. The
relative motion generator 20 of the present invention can also be used to increase or
decrease the velocity of the continuously moving line 24 through the working region 26 for

particular operations, such as coating.
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Figure 3 is a schematic illustration of an alternate relative motion generator
100 in which the continuously moving line 102 wraps around an idler roller 104 before
engaging with the first support member 106. The continuously moving line 102 engages
with the second support member 108 and a second idler 110. The first and second support
members 106, 108 are mounted to the base plate 112 which reciprocates along the
translation path 114, as discussed above. In the embodiment of Figure 3, the first and
second support members 106, 108 are optionally connected by a drive belt 113 engaged
with a drive mechanism 115. The drive mechanism 115 preferably synchronizes the
rotation of the support members 106, 108 with the motion of the continuously moving line
102. Consequently, the continuously moving line 102 transmits little or no torque to the
support members 106, 108.

Figures 4A and 4B are perspective views of a rotary version of the relative
motion generator 200 in accordance with the present invention. The continuously moving
line 202 traverses a first support member 204, an idler assembly 206, and a second support
member 208. The first and second support members 204, 208 have gears which are
engaged with an internal gear 210. The first and second support members 204, 208 also
have a second gear 212, 214, respectively, engaged with the idler assembly 206. The idler
assembly 206 is driven from ground to control the motion of the continuously moving line
202 in the working region 216. If the idler assembly 206 is driven at ' the rotational
velocity of the continuously moving line 202, the continuously moving line 202 will be
stationary in the working region 216.

The complete disclosures of all patents, patent applications, and publications
are incorporated herein by reference as if individually incorporated. Various modifications
and alterations of this invention will become apparent to those skilled in the art without
departing from the scope and spirit of this invention, and it should be understood that this

invention is not to be unduly limited to the illustrative embodiments set forth herein.

10
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What is claimed is:

1. A relative motion generator for dynamically changing a nominal
motion of a working region on a continuously moving line, the relative motion generator
comprising:

a slider assembly moveable along a translation path;

a first support member mounted to the slider assembly adapted to support
the working region of the continuously moving line;

a second support member mounted to a slider assembly adapted to support
the working region of the continuously moving line; and

a programmable actuator system adapted to move the slider assembly along
the translation path to generate a working region motion different from the nominal motion,

such that the working region motion is the same as a nominal motion when the slider

. assembly is stationary relative to a fixed location.

2, The relative motion generator of claim 1 wherein the working region

motion comprises at least one of a working region displacement, velocity or acceleration.

3. The relative motion generator of claim 1 wherein the working region
motion comprises at least one of a working region displacement, velocity or acceleration
not equal to a nominal line displacement, velocity or acceleration, respectively, when the

slider assembly is moving.

4. The relative motion generator of claim 1 wherein at least one of a
working region displacement, velocity or acceleration varies between at least two cycles

and wherein the working region motion comprises a dwell time.
5. The relative motion generator of claim 1 wherein the working region

motion is substantially zero relative to the fixed location during a first portion of translation

of the slider assembly.

11
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6. The relative motion generator of claim 1 further comprising:
at least one work station adjacent to the working region; and
means for adjusting the working region motion so that sequential portions of

the continuously moving line are intermittently stationary adjacent to the working station.

7. The relative motion generator of claim 1 further comprising:

index markers located on one of the continuously moving line or articles on
the continuously moving line;

a sensor adapted to detect the index markers; and

a closed loop positioning system for dynamically adjusting the slider velocity

in response a signal from the sensor.

8. A relative motion generator system comprising the relative motion
generator of claim 1 and a continuously moving line which comprises at least one of a web,

a conveyor belt, a part-handling system, or a chain-drive.

9. A relative motion generator for dynamically changing a nominal
motion of a working region on a continuously moving line, the relative motion generator
comprising:

a slider assembly moveable along a translation path;

a first support member mounted to the slider assembly adapted to support
the working region of the continuously moving line;

a second support member mounted to the slider assembly adapted to
support the working region of the continuously moving line; and

a programmable actuator system adapted to move the slider assembly along
the translation path independently of the nominal motion, such that motion of the slider

assembly along the translation path can differ during at least two cycles.

12
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10. A method for dynamically varying a nominal motion of a working
region of a continuously moving line, comprising the steps of:

supporting the working region of the continuously moving line on a first and
a second support mounted to a slider assembly;

5 moving the slider assembly along a translation path during a first cycle to
generate a working region motion of the working region different from the nominal motion
of the continuously moving line; and

holding the slider assembly stationary relative to a fixed location such that

the working region motion is the same as a nominal motion.

10
11. The method of claim 10 further comprising the step of cycling the
slider assembly along a translation path during a second cycle, the first cycle being different
from the second cycle, wherein at least one of displacement, dwell time, location of dwell
or velocity of the working region motion varies from the first cycle to the second cycle.
15

12.  The method of claim 10 further comprising the steps of:
intermittently positioning portions of the continuously moving line within
the working region adjacent to a plurality of work stations; and
dynamically adjusting movement of the slider assembly so that subsequent
20  portions of the continuously moving line are position adjacent to less than all of the work

stations.

13
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