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ADAPTIVE MANUFACTURING TABLE
CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application is related to and claims priority benefits from U.S.
Provisional Application Serial No. 61/857,309 (“the ‘309 application™), filed on July 23,
2013, entitled ADAPTIVE WIRE HARNESS BOARD. The ‘309 application is hereby
incorporated in its entirety by this reference.
FIELD OF THE INVENTION
[0002] The field of the invention relates to fixtures and processes for assembling and
manufacturing wire harnesses.
BACKGROUND

[0003] Many vehicles such as passenger aircraft, automobiles, buses, trains and the
like require significant amounts of wiring for subsystems and components. For example,
many modern vehicles utilize an increased number of integral electronic components due to
safety and entertainment systems and an associated plurality of configurations based on
customer requirements. Accordingly, manufacturing processes for these vehicles and their
subcomponents and systems require an increasing number of wire harnesses and wire harness
configurations. In many instances, a manufacturer may have hundreds of wire harness
configurations such that each configuration includes an individualized drawing to be used
during the assembly/manufacturing process. Traditionally, such drawings were hand drawn
(i.e., hard copies) such as ink on mylar. However, many industries are implementing
“paperless” initiatives that rely on digital Computer Aided Design (CAD) drawings for
various reasons (i.e., ease of communication and collaboration over distance, consistency,
repeatability, storage space and associated costs). However, certain assembly/manufacturing
tasks (such as building wire harnesses) still require an interface with a representation of

drawing data at a known scale. Constructing wire harnesses is often completed at a large
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table with pegs attached to the surface of the table for assisting in arranging the relevant
wiring with a paper copy of the associated drawing (whether ink on mylar or a printed copy
of a digital drawing). It is possible to build individualized tables for each harness
configuration; however, the number of permutations of harness configurations may often be
prohibitive.

[0004] As an example, U.S. Patent No. 8,066,383 describes a wire harness projection
system including two separate elements, namely, a rack 20 and a work bench 22, which are
physically isolated from one another to reduce vibrations transmitted from work bench 22 to
projector 16 (which is attached to rack 20). Projector 16 is configured to project an image I
via mirror 18 onto work bench 22. Because the projector 16 is mounted independently from
work bench 22, there is an intricate calibration process that must be repeated each time work
bench 22 moves relative to rack 20.

[0005] In certain situations, it may be desirable to project an image of a digital
drawing onto the surface of a table assembly to facilitate manufacturing tasks using a
projector that is rigidly mounted to the table assembly so as to avoid unnecessary calibration
procedures.

SUMMARY

EE TS

[0006] The terms “invention,” “the invention,” “this invention” and “the present
invention” used in this patent are intended to refer broadly to all of the subject matter of this
patent and the patent claims below. Statements containing these terms should be understood
not to limit the subject matter described herein or to limit the meaning or scope of the patent
claims below. Embodiments of the invention covered by this patent are defined by the claims
below, not this summary. This summary is a high-level overview of various aspects of the

invention and introduces some of the concepts that are further described in the Detailed

Description section below. This summary is not intended to identify key or essential features
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of the claimed subject matter, nor is it intended to be used in isolation to determine the scope
of the claimed subject matter. The subject matter should be understood by reference to
appropriate portions of the entire specification of this patent, any or all drawings and each
claim.

[0007] According to certain embodiments of the present invention, an adaptive
manufacturing table comprises a structural frame assembly, a moveable table assembly
comprising a table surface, and a projector such that the projector is rigidly mounted to the
structural frame assembly. The projector, in some embodiments, is configured to directly
project an image onto the table surface.

[0008] In some embodiments, the adaptive manufacturing table further comprises one
or more mechanisms for moving the table assembly. The one or more mechanisms for
moving the table assembly, in certain embodiments, comprise a motor and a chain drive
mechanism.

[0009] The moveable table assembly of the adaptive manufacturing table, in certain
embodiments, is configured to rotate and to translate. In some embodiments, the moveable
table assembly is configured to rotate about a horizontal axis and to translate in a vertical
direction. The moveable table assembly, in certain embodiments, is configured to rotate
between a flat position at approximately 0 degrees to approximately 70 degrees. The
adaptive manufacturing table, in some embodiments, further comprises a movable planar
assembly disposed under the moveable table assembly wherein the movable planar assembly
is configured to translate in a vertical direction.

[0010] In some embodiments, the projector is a short throw projector.

[0011] The adaptive manufacturing table, in some embodiments, further comprises an

automatic cable tie device.
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[0012] The table surface of the adaptive manufacturing table, in certain embodiments,
further comprises a plurality of holes.

[0013] In some embodiments, the projector is secured by a projector frame portion.
The projector frame portion, in certain embodiments, is attached to the structural frame
assembly using one or more hinges such that the projector frame portion is configured to
rotate.

[0014] In certain embodiments of the present invention, the adaptive manufacturing
table further comprises a shelf assembly.

[0015] According to certain embodiments of the present invention, an adaptive
manufacturing table comprises a moveable table assembly and a projector mounted to a
projector frame. The moveable table assembly may comprise a table surface, a table frame
disposed adjacent to the table surface, and a lower working surface disposed on a forward
side of the table surface. Further, the moveable table assembly may rigidly interface with the
projector frame.

[0016] In some embodiments, the projector is configured to directly project an image
onto the table surface.

[0017] In certain embodiments, the moveable table assembly is configured to rotate
and to translate.

[0018] According to certain embodiments of the present invention, an adaptive
manufacturing table comprises a moveable table assembly comprising a table surface
comprising a plurality of holes and a projector such that the projector is rigidly mounted to
the moveable table assembly.

[0019] In some embodiments, the projector is configured to directly project an image

onto the table surface.
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[0020] In certain embodiments, the moveable table assembly is configured to rotate
and to translate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] Fig. 1 is a front right perspective view of an adaptive manufacturing table

according to certain embodiments of the present invention.

[0022] Fig. 2 is a rear left perspective view of the adaptive manufacturing table of
Fig. 1.
[0023] Fig. 3 is a perspective view of a portion of a mechanism for changing the

angle of the moveable table assembly of the adaptive manufacturing table of Fig. 1.
[0024] Fig. 4 is a perspective view of a portion of a mechanism for changing the
vertical position of the moveable table assembly of the adaptive manufacturing table of
Fig. 1.
[0025] Fig. 5 is a perspective view of a sliding fitting of the deployment apparatus of
the adaptive manufacturing table of Fig. 1.
[0026] Fig. 6 is a front view of the adaptive manufacturing table of Fig. 1.
[0027] Fig. 7 is a side view of the adaptive manufacturing table of Fig. 1 with the
projector frame portion in a rotated position.
[0028] Fig. 8 is a rear left perspective view of the adaptive manufacturing table of
Fig. 1 with the projector frame portion in a rotated position.

DETAILED DESCRIPTION
[0029] The subject matter of embodiments of the present invention is described here
with specificity to meet statutory requirements, but this description is not necessarily
intended to limit the scope of the claims. The claimed subject matter may be embodied in
other ways, may include different elements or steps, and may be used in conjunction with

other existing or future technologies. This description should not be interpreted as implying
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any particular order or arrangement among or between various steps or elements except when
the order of individual steps or arrangement of elements is explicitly described.

[0030] Figs. 1-8 illustrate embodiments of an adaptive manufacturing table 100. In
these embodiments, the adaptive manufacturing table 100 comprises a structural frame
assembly 300, a moveable table assembly that includes a table surface 130, and a
projector 101 such that the projector 101 is rigidly mounted to the structural frame
assembly 300. The structural frame assembly 300 may include a plurality of structural
members configured to move table surface 130 in one or more directions.

Structural Frame Assembly

[0031] As shown in Figs.1 and 2, in some embodiments, the structural frame
assembly 300 includes four vertical corner members including rear right member 112, rear
left member 113, front right member 114, and front left member 115. The corner members
interface with a movable planar assembly that includes right edge member 116, right partial
member 116a, left edge member 117, left partial member 117a, intermediate horizontal
member 122, and rear horizontal member 123. The movable planar assembly interfaces with
rear right member 112 through sliding fitting 148, interfaces with rear left member 113
through sliding fitting 149, interfaces with front right member 114 through sliding fitting 150,
and interfaces with front left member 115 through sliding fitting 151.

[0032] The movable planar assembly secures the front section of the table assembly
(adjacent to a user) using sliding brackets 142 and 143. In particular, sliding bracket 142 is
slidably attached to the upper surface of right edge member 116 and sliding bracket 143 is
slidably attached to the upper surface of left edge member 117. Sliding bracket 142 is
pivotally attached to the table assembly (described in more detail below) at the intersection of
front frame portion 133¢c and right frame portion 133d. Sliding bracket 143 is pivotally

attached to the table assembly at the intersection of left frame portion 133b and front frame
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portion 133c. The rear section of the table assembly is attached to rear right member 112 and
rear left member 113 using sliding brackets 140 and 141, respectively. Sliding bracket 140 is
configured to slide along the length of rear right member 112 while sliding bracket 141 is
configured to slide along the length of rear left member 113. Moreover, sliding bracket 140
is pivotally attached to the table assembly at the intersection of rear frame portion 133a and
right frame portion 133d. Sliding bracket 141 is pivotally attached to the table assembly at
the intersection of rear frame portion 133a and left frame portion 133b.

[0033] To provide lateral support, the structural frame assembly 300 may include
horizontal support member 124, which is disposed approximately halfway between the rear
vertical supports (rear right member 112 and rear left member 113) and the front vertical
supports (front right member 114 and front left member 115). The right hand end of
horizontal support member 124 is attached to middle side support member 118. The left hand
end of horizontal support member 124 is attached to middle side support member 119. At
approximately the center of horizontal support member 124, vertical partial support
member 125 is attached and extends downward.

[0034] The lower end of vertical partial support member 125 is attached to lower
horizontal support member 126. Lower horizontal support member 126 is disposed
approximately halfway between the rear vertical supports (rear right member 112 and rear
left member 113) and the front vertical supports (front right member 114 and front left
member 115). The right hand end of lower horizontal support member 126 is attached to
lower right side support member 120. The left hand end of lower horizontal support
member 126 is attached to lower left side support member 121.

[0035] Lower horizontal support member 126, lower right side support member 120,
and lower left side support member 121 along with lower rear support member 128 form a

shelf assembly to support one or more shelf surfaces 127.
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[0036] The structural frame assembly 300 may include one or more
casters/wheels 190. As shown in Fig. 1, in some embodiments, the structural frame
assembly 300 includes four wheels 190 located at each of the lower four corners where the
lower four corners are: the intersection of rear right member 112, lower right side support
member 120, and lower rear support member 128; the intersection of rear left member 113,
lower left side support member 121, and lower rear support member 128; the intersection of
front right member 114 and lower right side support member 120; and the intersection of
front left member 115 and lower left side support member 121. Although four wheels 190
are shown in the lower corners as described above, any number of wheels 190 (including
more than four and less than four) may be located anywhere to ensure mobility of the
adaptive manufacturing table 100 (e.g., anywhere on lower right side support member 120,
lower left side support member 121, or lower rear support member 128). In some
embodiments, one or more of the wheels 190 may be locked.

[0037] The components of the structural frame assembly 300 may be formed of
materials including, but not limited to, a steel, aluminum, stainless steel, other metallic
materials, composite materials, plastic, thermoplastic, or other similar materials. Moreover,
the components of the structural frame assembly 300 may be attached to one another via
suitable fasteners, which include, but are not limited to, screws, bolts, rivets or other
mechanical or chemical fasteners.

Moveable Table Assembly

[0038] The moveable table assembly 400 may include a table surface 130, table
frame 133, and a lower working surface 131. The table frame 133 may include rear frame
portion 133a, left frame portion 133D, front frame portion 133c¢, and right frame portion 133d.
In some embodiments, the table frame 133 may further include a plurality of corner gusset

plates 132, which may be configured to provide rigidity to table frame 133. As described
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above and as illustrated in Figs. 1 and 2, the front section of the table assembly 400 is
configured to slide forward/aft along right edge member 116 and left edge member 117 using
sliding brackets 142 and 143, respectively. In addition, the rear section of the table
assembly 400 is configured to slide up/down along rear right member 112 and rear left
member 113 using sliding brackets 140 and 141, respectively.

[0039] The rear section of the table assembly 400 also interfaces with projector frame
portion 110, which secures projector 101. As shown in Figs. 1 and 2, in some embodiments,
projector frame portion 110 includes five structural members and attaches at three locations
to rear frame portion 133a. These three attachment locations may include static mounts or, as
illustrated in Figs. 7 and 8, the three mounts may include coaxial hinges such that the
projector frame portion 110 is configured to rotate rearward. Such a rotation facilitates
access to the projector for various tasks such as service, maintenance, removal, etc.

[0040] Because the projector 101 is mounted directly to the moveable table
assembly 400 and moves with the table assembly 400, the projector 101 does not need to be
adjusted or calibrated based on relocation or adjustment of the moveable table assembly 400.
The projector 101 may be configured to directly project an image onto the table surface 130.
In some embodiments, the projector 101 is a short throw projector. The projector 101 may be
disposed in close proximity to the table surface 130 such that a high resolution image may be
produced over a large portion of the table (in some embodiments, approximately 100% of the
surface area of table surface 130).

[0041] In certain embodiments, the projector uses a wireless signal (e.g., WIFI) to
interface with a network for accessing files and transmitting input signals from the adaptive
manufacturing table 100.

[0042] As shown in Fig. 5, table surface 130 may include a plurality of holes 135. In

some embodiments, holes 135 are “4" diameter holes that are perpendicular to table
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surface 130 and are disposed in a one square inch grid pattern. In some embodiments, the
table surface 130 is approximately 37.5 inches x 74.5 inches. In certain embodiments, table
surface 130 includes approximately 26,000 holes 135, but may include as few as 1000 holes,
and as many as 100,000 holes. Drop-in pegs may be inserted into the holes 135 where the
pegs are configured for facilitating various arrangements on the table surface 130.

[0043] The lower working surface 131 is disposed adjacent to a user to provide a flat
surface without holes. In some embodiments, the lower working surface 131 is disposed to
correspond to a portion of the projected image from projector 101. For example,
projector 101 may project interactive (or non-interactive) images such as toolbars, graphical
icons, dialog boxes, data entry windows, or any other image (e.g., as part of a graphical user
interface or GUI). The smooth surface of lower working surface 131 facilitates visualization
of detailed images projected from projector 101. Similarly, a roll unit 134 includes material
that can be unrolled, extended along table surface 130 and attached to the table surface 130
(e.g., using a hole 135). Thus, a user may deploy roll unit 134 to view detailed images on the
table surface 130.

[0044] The moveable table assembly 400 may include an input device configured to
facilitate interaction with the images projected by projector 101 (i.e., for providing input
commands). One example of an input device, as illustrated in Fig. 1 is pen 136. In some
embodiments, an input device may not be necessary as input commands may be detected in
other ways, such as motion detection of a user’s hand.

[0045] The components of the moveable table assembly 400 may be formed of
materials including, but not limited to, a steel, aluminum, stainless steel, other metallic
materials, composite materials, plastic, thermoplastic, or other similar materials. In some

embodiments, table surface 130 comprises Lexan. Moreover, the components of the
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moveable table assembly 400 may be attached to one another via suitable fasteners, which
include, but are not limited to, screws, bolts, rivets or other mechanical or chemical fasteners.

Mechanisms for Moving the Table Assembly

[0046] The adaptive manufacturing table 100 may include one or more mechanisms
for repositioning the moveable table assembly 400. The one or more mechanisms for moving
the table assembly 400 may utilize any suitable device such as electrical motors or actuators,
manual operation, pneumatic actuators, hydraulic actuators, or any other suitable device.
[0047] As shown in Figs. 1-4, in some embodiments, the adaptive manufacturing
table 100 may include two mechanisms for moving the table assembly 400. The first
mechanism is configured to move movable planar assembly in the vertical direction.
Motor 201 is configured to turn flexible member 202 which in turn initiates vertical
movement in actuator 204 (see Fig.4). The configuration in Figs. 1 and 2 includes two
flexible members 202 and two actuators 204; however, any number of flexible members 202
and actuators 204 may be used (including only one of each). In addition, in some
embodiments, the motor 201 may be located immediately adjacent to the actuator 204 to
climinate the need for flexible member 202 (e.g., a gear train may be utilized). Flexible
member 202 may be a belt, a chain, a rope, or any flexible object for translating motion from
the motor 201 to the actuator 204. Fig. 4 shows a sprocket 203 at the interface between
flexible member 202 and actuator 204. However, sprocket 203 may not be necessary (e.g.,
when flexible member 202 is a belt).

[0048] The movement of actuator 204 relocates movable planar assembly in the
vertical direction where (as described above) the movable planar assembly comprises right
edge member 116, right partial member 116a, left edge member 117, left partial
member 117a, intermediate horizontal member 122, and rear horizontal member 123. The

movable planar assembly moves as sliding fittings 148, 149, 150, and 151 move along the
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surface of rear right member 112, rear left member 113, front right member 114, and front
left member 115, respectively. Because sliding brackets 140 and 141 can slide along rear
right member 112 and rear left member 113, respectively, the movement of actuator 204
causes the entire moveable table assembly 400 to move in translation in the vertical direction
(i.e., the angle of table surface 130 remains constant during movement of actuator 204).
[0049] The second mechanism is configured to rotate the moveable table
assembly 400 about a horizontal axis. Motor 221 is configured to turn a flexible
member 222, which in turn initiates vertical movement in an actuator 224 (see Fig. 2). The
configuration in Fig. 2 includes two flexible members 222 and two actuators 224; however,
any number of flexible members 222 and actuators 224 may be used (including only one of
cach). In addition, in some embodiments, the motor 221 may be located immediately
adjacent to the actuator 224 to ecliminate the need for flexible member 222 (e.g., a gear train
may be utilized). Flexible member 222 may be a belt, a chain, a rope, or any flexible object
for translating motion from the motor 221 to the actuator 224.

[0050] As shown in Fig. 2, motor 221 and actuators 224 are attached to beam 144,
which includes three pivoting fittings 145, 146, and 147. Although three fittings are
illustrated, any number of pivoting fittings may be used (including less than three or more
than three). The three pivoting fittings 145, 146, and 147 are fastened to table frame 133 (in
particular, to rear frame portion 133a). Each of the actuators 224 are attached to an anchor
plate 225 such that beam 144 moves in a vertical direction due to motion of actuators 224.
Because sliding brackets 140 and 141 can slide along rear right member 112 and rear left
member 113, respectively, the movement of actuator 224 causes the rear section of the table
assembly 400 to move in a vertical direction. To allow rotation of the table assembly, when
beam 144 moves in a vertical direction, the front section of the table assembly is allowed to

move in the forward/rear direction along right edge member 116 and left edge member 117
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using sliding brackets 142 and 143, respectively. Accordingly, when beam 144 moves down,
sliding brackets 140 and 141 slide down along rear right member 112 and rear left
member 113 (respectively) and sliding brackets 142 and 143 slide forward (toward a user)
along right edge member 116 and left edge member 117 (respectively) such that the table
assembly 400 rotates to a flatter, more horizontal position. Conversely, when beam 144
moves up, sliding brackets 140 and 141 slide up along rear right member 112 and rear left
member 113 (respectively) and sliding brackets 142 and 143 slide rearward (away from a
user) along right edge member 116 and left edge member 117 (respectively) such that the
table assembly 400 rotates to a steeper, more vertical position.

[0051] In some embodiments, as shown in Fig. 1, the adaptive manufacturing
table 100 may include a control panel 180. The control panel 180 may be located on the
adaptive manufacturing table 100 (as shown in Fig. 1) or may be located remotely.

[0052] In some embodiments, the moveable table assembly 400 may be configured to
provide a range of positions between a first position where table surface 130 is disposed in an
approximately horizontal position and a second position where the table surface 130 is
disposed approximately 70 degrees from horizontal. In addition to changing the angle of
table surface 130 (with respect to horizontal), as described above, the moveable table
assembly 400 may be moved in the vertical direction. The combination of angle and height
adjustments may be designed to accommodate a comprehensive range of potential users (e.g.,
a range from a 5™ percentile female to a 95™ percentile male). Moreover, the ability to
change the position of the table (which can occur during manufacturing tasks because the
projector does not require repositioning due to its static mounting to the moveable table
assembly 400) has ergonomic benefits. In addition to repositioning the moveable table
assembly 400 to ensure a proper working height, a user may periodically reposition the

moveable table assembly 400 to reduce fatigue.
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Automatic Cable Tie Device

[0053] The adaptive manufacturing table 100 may include an automatic cable tie
device 170. As shown in Figs. 1 and 2, an automatic cable tie device 170 may include a
control box 175, a gun 171, a cord 172, a reel 173, and a mounting arm 174. The automatic
cable tie device 170 may be operated via an electric mechanism, a pneumatic mechanism, or
any other suitable mechanism. A user may utilize the automatic cable tie device 170 to
increase efficiency and reduce the time needed for manufacturing tasks. In some
embodiments, as shown in Fig. 1, the control box 175 may be located on the shelf
surface 127.

[0054] Different arrangements of the components depicted in the drawings or
described above, as well as components and steps not shown or described are possible.
Similarly, some features and sub-combinations are useful and may be employed without
reference to other features and sub-combinations. Embodiments of the invention have been
described for illustrative and not restrictive purposes, and alternative embodiments will
become apparent to readers of this patent. Accordingly, the present invention is not limited
to the embodiments described above or depicted in the drawings, and various embodiments

and modifications may be made without departing from the scope of the claims below.
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CLAIMS

That which is claimed is:

1. An adaptive manufacturing table comprising:
5 a structural frame assembly;
a moveable table assembly comprising a table surface; and

a projector such that the projector is rigidly mounted to the structural frame assembly.

2.  The adaptive manufacturing table of claim 1, wherein the projector is configured to

10 directly project an image onto the table surface.

3. The adaptive manufacturing table of claim 1, further comprising one or more

mechanisms for moving the table assembly.

15 4.  The adaptive manufacturing table of claim 3, wherein the one or more mechanisms for

moving the table assembly comprise a motor and a chain drive mechanism.

5. The adaptive manufacturing table of claim 1, wherein the moveable table assembly is
configured to rotate and to translate.
20
6.  The adaptive manufacturing table of claim 5, wherein the moveable table assembly is

configured to rotate about a horizontal axis and to translate in a vertical direction.
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7.

10.

11.

12.

13.

14.
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The adaptive manufacturing table of claim 6, wherein the moveable table assembly is
configured to rotate between a flat position at approximately 0 degrees to approximately

70 degrees.

The adaptive manufacturing table of claim 6, further comprising a movable planar
assembly disposed under the moveable table assembly wherein the movable planar

assembly is configured to translate in a vertical direction.

The adaptive manufacturing table of claim 1, wherein the projector is a short throw

projector.

The adaptive manufacturing table of claim 1, further comprising an automatic cable tie

device.

The adaptive manufacturing table of claim 1, wherein the table surface comprises a

plurality of holes.

The adaptive manufacturing table of claim 1, wherein the projector is secured by a

projector frame portion.

The adaptive manufacturing table of claim 12, wherein the projector frame portion is
attached to the structural frame assembly using one or more hinges such that the

projector frame portion is configured to rotate.

The adaptive manufacturing table of claim 1, further comprising a shelf assembly.

16



WO 2015/013232 PCT/US2014/047534

15. An adaptive manufacturing table comprising:
a moveable table assembly comprising:
a table surface;
a table frame disposed adjacent to the table surface;
5 a lower working surface disposed on a forward side of the table surface; and
a projector mounted to a projector frame,

wherein the moveable table assembly rigidly interfaces with the projector frame.

16. The adaptive manufacturing table of claim 15, wherein the projector is configured to

10 directly project an image onto the table surface.

17. The adaptive manufacturing table of claim 15, wherein the moveable table assembly is

configured to rotate and to translate.

15 18. An adaptive manufacturing table comprising:
a moveable table assembly comprising a table surface comprising a plurality of holes;
and

a projector such that the projector is rigidly mounted to the moveable table assembly.

20 19. The adaptive manufacturing table of claim 18, wherein the projector is configured to

directly project an image onto the table surface.

20. The adaptive manufacturing table of claim 18, wherein the moveable table assembly is

configured to rotate and to translate.

17
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