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BELT DRIVE DUAL ROBOT GANTRY

@ A method and apparatus for positioning robots using a gantry. A base platform is provided, and a work platform is
positioned above the base platform for supporting one or more humans.
One or more robots are supported on the base platform independently of the work platform. At least one gantry is

positioned above the base platform and adjacent the work platform for supporting and positioning the robots along
the work platform.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de
techniek en schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende
stukken.
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BELT DRIVE DUAL ROBOT GANTRY

BACKGROUND INFORMATION

1. Field.
The disclosure is related generally to robotics and more specifically to an isolated human

work platform for stabilized positioning of collaborative robotics.

2. Background.

Aircraft manufacturers typically rely on work cell automation during the build process for
a fuselage assembly. A typical work cell includes a workstand and one or more cradle fixtores to
hold and position the fuselage assembly.

Currently, robots are used outside the fuselage assembly, and some work inside the
fuselage assembly is performed by robots as well. However, it is desired to increase the use of
robots inside the fuselage assembly, as well provide humans with safe access while the robots
operate within the fuselage assembly.

However, platforms used inside the fuselage assembly are not isolated and, as a result, end-
of-arm tooling on robots inside the fuselage assembly may bounce or otherwise be impacted due to
platform movement caused by human or machine motion nearby, which results in the end-of-arm
tooling on the robots being in the wrong location or position.

There is a need, then for a work platforim that allows humans to work safely inside the
fuselage assembly, and that provides isolated support for human and machine motion without

imparting any of that motion to the robots working inside the fuselage assembly.

SUMMARY

To overcome the limitations in the prior art described above, and to overcome other
limitations that will become apparent upon reading and understanding the present specification, the
present disclosure describes a method and apparatus for positioning robots asing a gantry.

A base platform is provided, and a work platform is positioned above the base platform for
supporting one or more humans. One or more robots are supported on the base platform
independently of the work platform. At least one gantry is positioned above the base platform and
adjacent the work platform for supporting and positioning the robots along the work platform.

The disclosure will now be discussed with reference to the following description and

drawings.
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DRAWINGS

Referring now to the drawings in which like reference numbers represent corresponding
parts throughout:

FIG. 1 illustrates a typical work cell layout for assembly of an aircraft fuselage.

FIGS. 2A and 2B are perspective side and top views of the work cell layout.

FIGS. 3A and 3B further illustrate a configuration of a work platform, wherein FIG. 3A is
a side perspective view of the work platform and FIG. 3B is a bottom view of the work platform
showing its underside.

FIGS. 4A, 4B and 4C further illustrate the configuration of the work platform, robots,
gantries and cable carrier system, wherein FIG. 4A is a side perspective view of the work platform,
robots and gantries; FIG. 4B is a top view of the work platform, robots and gantries; and FIG. 4C is
a bottom view of the work platform, robots, gantries and cable carrier system, showing their
underside.

FIG. 5 is a cutaway view of the work platform positioned above the base platform, wherein
the cutaway view shows only half of the work platform.

FIG. 6 provides a view where the work platform has been removed, leaving only the
gantries, cable carrier system, individual support stands and robots.

FI1G. 7 is another view of the gantry on one side of the work platform, as well as the
individual support stands attached to the gantry, with the robots omitted.

FIG. 8 is another view of the gantry on one side of the work platform, as well as the
individual support stands attached to the gantry, showing details of the dual drive belts.

FIG. 9 illustrates the steps of an aircraft manufacturing and service method.

FIG. 10 illustrates an aircraft and its components.

DETAILED DESCRIPTION

In the following description, reference is made to the accompanying drawings which form
a part hereof, and in which is shown by way of illustration a specific example in which the
disclosure may be practiced. It is to be understood that other examples may be utilized and
structural changes may be made without departing from the scope of the present disclosure.

FIG. 1 illustrates a typical work cell 10 layout that includes one or more cradle fixtures 12
to hold and position a fuselage assembly 14 of an aircraft. Currently, robots are used outside the
fuselage assembly 14, and some work inside the fuselage assembly 14 is performed by robots as
well. However, it is desired to provide an apparatus for stabilized positioning of collaborative
robotics inside the fuselage assembly 14.

In this disclosure, the fuselage assembly 14 is positioned adjacent a workstand 16 that

includes a base platform 18 positioned inside the fuselage assembly 14. (Some of the support
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structures for the workstand 16 are omitted from this view in the interests of clarity.) The base
platform 18 is independently supported within the fuselage assembly 14 by the workstand 16.

A work platform 20, which is an isolated motion platform, is positioned relative to the base
platform 18. The work platform 20 may be positioned above the base platform 18.

One or more robots 22 are positioned inside the fuselage assembly 14 and supported on the
base platform 18 independently of the work platform 20, so that any movement of the work
platform 20, for example, flexing or shaking due to movement on the work platform 20 does not
affect the position of the robots 22 or the base platform 18.

The robots 22 are supported independently of the work platform 20 on gantries 24
positioned on both sides of the work platform 20. The gantries 24 are mounted on and supported by
the base platform 18 independently of the work platform 20. The gantries 24, positioned above the
base platform 18 and underneath the work platform 20, are used for positioning the robots 22 along
a length of the work platform 20. The robots 22 are placed on individual support stands 26, which
are mounted on the gantries 24.

The robots 22 are provided with power, control and communication, as well as parts
supply and return, via a cable carrier system 28. The cable carrier system 28 is positioned on or
above the base platform 18 and underneath the work platform 20 to provide a compact solution for
supplying the robots 22.

The work platform 20 has a profile height above the base platform 18 inside of the
fuselage assembly 14, This profile height allows humans 30 to access the inside of the fuselage
assembly 14 while standing on the work platform 20. The profile height can be 12 inches or less,
although other embodiments may have a profile height that is more than 12 inches.

At the same time, the work platform 20 sets the humans 30 at the correct height to easily
reach areas of work in the fuselage assembly 14. Moreover, the fuselage assembly 14 may be
rotated, so that the humans 30 can reach upper or lower areas of work in the fuselage assembly 14.
In one example, there is no need for ladders when the humans 30 work in the fuselage assembly
14.

The robots 22 and individual support stands 26 are positioned on the gantries 24 slightly
above the base platform 18, and extend above the work platform 20 to a height necessary to
position the robots 22 for an optimum reach within a work area. The robots 22 and individual
support stands 26 can have a combined height of about 30 inches, which is about 18 inches above
the 12 inch height of the work platform 20, although other embodiments may have a combined
height that is {ess or more than 30 inches.

The base platform 18 and work platform 20 together provide a collaborative workspace for
the robots 22 and humans 30 within the fuselage assembly 14. The work platform 20 is isolated

from the robots 22 for stabilized positioning of the robots 22, Specifically, the work platform 20
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provides isolated support for movement thereon without imparting any motion to the robots 22,
thereby eliminating positioning errors caused by flexing, vibrations or fluctuations in the work
platform’s 20 height due to movement of the work platform 20.

FIGS. 2A and 2B are perspective side and top views of the work cell 10 layout,
respectively, with the cradle fixture 12 and fuselage assembly 14 omitted, wherein the shape and
position of the fuselage assembly 14 are indicated by dashed lines. These figures show the
workstand 16 positioned at one end of the fuselage assembly 14 to independently support the base
platform 18, as well as the work platform 20, both of which are suspended within the fuselage
assembly 14.

These views illustrate an apparatus for supporting four collaborative robots 22 and humans
30 in a narrowing work envelope, for example, an aft/tail section and a nose section of the fuselage
assembly 14. Specifically, the work platform 20 may be narrower than the base platform 18. The
work platform 20 is positioned relative to the base platform 18 to provide areas 32 for moving or
positioning the robots 22 and individual support stands 26, as well as humans 30, on one or more
sides of the work platform 20.

The work platform 20 is tapered along its length, to fit the narrowing fuselage assembly
14, with a front end 20a that is wider than a back end 20b. The front end 20a of the work platform
20 is positioned at a forward end of the fuselage assembly 14 and the back end 20b of the work
platform 20 is positioned at an aft end of the fuselage assembly 14.

The tapered configuration of the work platform 20 is used to expose areas 32 of the base
platform 18 sufficient for the robots 22 and humans 30 to traverse the base platform 18 and
maneuver around the work platform 20 for times when the robots 22 need to be serviced or
inspected in position. This tapered configuration also allows the use of the same robots 22 for
tapered as well as cylindrical sections of the fuselage assembly 14.

The work platform 20 can have a straight configuration, rather than a tapered
configuration. This straight configuration could be used for cylindrical sections of the fuselage
assembly 14.

Once the fuselage assembly 14 is in position, an end-of-platform support 34 is positioned
and interlocked to the back end 20b of the work platform 20 to secure the position of the work
platform 20. The end-of-platform support 34 can comprise a structure that is itself supported
independently of the workstand 16 and base platform 8.

The work platform 20 also includes a ramp portion 20c, adjacent the front end 20a, that is
secured through the base platform 18 and the workstand 16, wherein the ramp portion 20c
promotes human 30 and tool cart access to the work platform 20. In addition, a ledge 20d is

provided along one (or both) sides of the work platform 20 for humans 30 to stand on.
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FIGS. 3A and 3B further illustrate the configuration of the work platform 20. FIG. 3Aisa
side perspective view of the work platform 20, taken on the line 3A-3A of FIG. 2A looking in the
direction of the arrows; and FIG. 3B is a bottom view of the work platform 20 showing its
underside, taken on the line 3B-3B of FIG. 3A looking in the direction of the arrows.

The work platform 20 can have a tapered configuration, with the wider portion 20a (the
front end 20a) at a forward end of the work platform 20 and the narrower portion 20b (the back end
20b) at an aft end of the work platform 20. The work platform 20 also includes the ramp portion
20c adjacent to the front end 20a, which angles downward from the work platform 20 to reside on
or above the base platform 18 {(not shown).

In addition, the work platform 20 has a planar top surface 20a, 20b, 20c¢ as shown in FIG.
3A and a ribbed bottom surface 20e with longitudinal struts 20f as shown in FIG. 3B. FIG. 3b also
shows the underside of the ledge 20d of the work platform 20.

FIGS. 4A, 4B and 4C further illustrate the configuration of the work platform 20, robots
22, gantries 24, individual support stands 26 and cable carrier system 28. FIG. 4A is a side
perspective view of the work platform 20 (including the front end 20a, back end 20b and ramp
20c), robots 22, gantries 24 and individual support stands 26, taken on the line 4A-4A of FIG. 2B
looking in the direction of the arrows; FIG. 4B is a top view of the work platform 20 (including the
front end 20a, back end 20b, ramp 20c and ledge 20d), robots 22, gantries 24 and individual
sapport stands 26, taken on the line 4B-4B of FIG. 4A looking in the direction of the arrows; and
FIG. 4C is a bottom view of the work platform 20 (including the front end 20a, back end 20b, ramp
20c, ledge 20d and struts 20f), robots 22, gantries 24, individual support stands 26 and cable carrier
system 2§, taken on the line 4C-4C of FIG. 4A looking in the direction of the arrows.

There may be separate gantries 24 on each side of the work platform 20. Each of the robots
22 are placed upon an individual support stand 26 that is attached to their respective gantries 24.
The robots 22 and the individual support stands 26 are fully supported by the gantries 24, which in
turn are supported by the base platform 18 {(not shown), and are not affected by motion of the work
platform 20.

In designing the gantries 24, the need was identified to independently position two robots
22 on each side of the work platform 20 using only a single gantry 24. Current systems only allow
for one robot to be positioned along a gantry 24. The single gantry 24 can allow for independent
control to drive two robots 22 on one side of the work platform 20 to their respective specified
focations using high precision.

Each of the two robots 22 on one side of the work platform 20 are moved laterally along
the side of the work platform 20 via the single gantry 24. Specifically, the gantry 24 allows each of

the robots 22 to travel a substantial portion of the length of the work platform 20 on one side of the
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work platform 20, except for the space occupied by the other robot 22, as well as the space on the
opposite side of the other robot 22.

The cable carrier system 28 can be positioned at least partially underneath the work
platform 20 and conforms to a tapered configuration of the work platform 20. The cable carrier
system 28 provides a set of cables 36 for each of the robots 22. Although shown as individual
elements, each of the cables 36 may comprise a bundle of power, control and communication
cables, as well as parts supply and return tabes.

The cable carrier system 28 is designed to be integrated with the work platform 20, but can
be used independently of it. In designing the cable carrier system 28, there were no available
concepts for stacking and nesting two pairs of cables 36 that would provide service to four robots
22 in a narrowing tapered configuration, within a compact space between the base platform 18 and
the work platform 20. The cable carrier system 28 provides a unique method for stacking and
nesting pairs of the cables 36 to the robots 22 on each side of the work platform 20, while keeping
the cables 36 from interfering with each other and still allowing for a full range of motion.

In addition, the longitudinal struts 20f of the work platform 20 support at least portions of
the cables 36 above the base platform 18, for stacking the pairs of cables 36, so that they do not
interfere with each other. Specifically, an upper cable 36 in a pair is supported by the longitudinal
struts 20f above a lower cable 36 in the pair, which allows the upper cable 36 to glide over the
lower cable and the lower cable 36 to glide under the upper cable 36, without the cables 36 making
contact.

FIG. 5 is a cotaway view of the work platform 20 positioned above the base platform 18,
wherein the cutaway view shows only the left half of the work platform 20, with the right half of
the work platform 20 removed, taken on the line 5-5 of FIG. 2A looking in the direction of the
arrows.

The front end 20a of the work platform 20 is mounted on one or more risers 38, 40
mounted on the base platform 18, while the back end 20b of the work platform 20} is cantilevered
above the base platform 18. Once the fuselage assembly 14 is in position, the end-of-platform
sapport 34 is positioned and interlocked to the back end 20b of the work platform 20 to secure the
position of the work platform 20.

The riser 38 is also a support structure, and is comprised of a bottom flange 38a, a
triangular-shaped vertical web element 38b, and a top flange 38c, wherein the triangular-shaped
vertical web element 38b connects the bottom flange 38a to the top flange 38c. The bottom flange
38a is mounted on the base platform 18, and the work platform 20 is mounted on the top flange
38c.

Similarly, the riser 40 is a support structure, and is comprised of a bottom flange 40a, a

triangular-shaped vertical web element 40b, and a top flange 40c, wherein the triangolar-shaped
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vertical web element 40b connects the bottom flange 40a to the top flange 40c. The bottom tlange
40a is mounted on the base platform 18, and the work platform 20 is mounted on the top flange
40c.

Note that only a portion of the riser 40 is shown with the right half of the work platform 20
removed, e.g., about half of the riser 40, with the remaining portion of the riser 40 hidden
underneath the left half of the work platform 20. Note also that there is another riser 38 hidden
underneath the left half of the work platform 20, wherein the hidden riser 38 1s positioned on the
opposite side of the riser 38 shown in FIG. 5.

The ramp portion 20c of the work platform 20 is also mounted on the risers 38, 40 to
provide easy access from the base platform 18. The ramp portion 20c¢ of the work platform 20 is
supported on or above the triangular-shaped vertical web element 38b. The ramp portion 20c of the
work platform 20 also is supported on or above the triangular-shaped vertical web element 40b.

The risers 38, 40 for the work platform 20 are positioned on the base platform 18 in such a
way that they do not interfere with the gantries 24 or the cable carrier system 28. The risers 38, 40
allow the gantries 24 and the cable carrier system 28 to be positioned between the work platform
20 and the base platform 18.

The riser 40 may also include a support section 40d for at least portions of the cables 36
positioned midway up the vertical web element 40b, for stacking the pairs of cables 30, so that they
do not interfere with each other. Specifically, an upper cable 36 in a pair is supported by the
sapport section 40d above a lower cable 36 in the pair, which allows the upper cable 36 to glide
over the lower cable and the lower cable 36 to glide under the upper cable 36, without the cables
36 making contact.

As noted above, there may be one gantry 24 positioned adjacent to each inside edge of the
work platform 20 for moving the robots 22 along a length of the work platform 20. The gantry 24
is constructed of a steel main square support tube 42 that is anchored near the riser 38 at one end,
i.e., a forward end 18a, of the base platform 18, so that the weight of the gantry 24 is supported
from the forward end 18a of the base platform 18. A remainder of the steel main square support
tube 42 is cantilevered and positioned above the base platform {8 towards another end, i.e., an aft
end 18b, of the base platform 18, so that the gantry 24 is isolated from motion of the work platform
20. The steel main square support tube 42 is then coupled to the end-of-platform support 34 at the
aft end 18b of the base platform 18. Another gantry 24 is present on the left side of the work
platform 20, in a mirror image of the gantry 24 shown, but is obscured by the work platform 20 in
this view.

The work platform 20 also includes one or more removable access panels 44. In the
example of FIG. 5, there is one access panel 44 in the left half of the work platform 20 shown, but

there would be similarly placed access panel in the right half of the work platform 20 that is
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omitted. The removable access panels 44 are designed to provide access to components of the
gantry 24 and cable carrier system 28 underneath the work platform 20, e.g., for repair, installation
and/or removal.

FIG. 6 provides a view where the work platform 20 has been removed, but with its outline
indicated in dashed lines, leaving only the robots 22, gantries 24, individual support stands 26 and
cable carrier system 28.

The cable carrier system 28 maintains the cables 36a, 36b, 36¢, 36d in a crossover
configuration in the space between the base platform 18 and the work platform 20. Specifically,
the cable carrier system 28 positions the four cables 36a, 36b, 36c¢, 36d to independently supply the
four robots 22a, 22b, 22¢, 22d withowt interfering with each other and still allowing for a full range
of motion for the cables 36a, 36b, 36¢, 36d.

The shape of the work platform 20 helps to guide the cable carrier system 28. In addition,
sections of the cables 36a and 36¢ are pinned at 28a and sections of the cables 36b and 36d are
pinned at 28b, where they crossover, in order to pivot, which allows the cables 36a, 36b, 36¢, 36d
to go from a minimum to maximum radius without sliding from the pinned locations at 28a, 28b,
which keeps the correct amount of cable 36a, 36b, 36¢, 36d in place at all times. The pinning of the
cables 36a, 36b, 36¢, 364 at 28a, 28b prevents the cables 36a, 36b, 36¢, 36d from slipping
backward through the crossover area and interfering with any opposing set of cables 36a, 36b, 36c,
36d.

The cables 36a, 36b or 36¢, 36d for the robots 22a, 22b or 22¢, 22d on a first side of the
work platform 20 are fed in from a second side of the work platform 20 opposite the first side of
the work platform 20 at a first end of the work platform 20, and the cables 36a, 36b or 36¢, 364 for
the robots 22a, 22b or 22¢, 22d on the second side of the work platform 20 are fed in from the first
side of the work platform 20 opposite the second side of the work platform 20 at the first end of the
work platform 20. For example, the cables 36a, 36b for the two robots 22a, 22b on a right-side of
the work platform 20 lay on the base platform 18 and are fed in from a left-side of the base
platform 18 at the front end 20a of the work platform 20. The cables 36c, 36d for the two robots
22¢, 22d on the left-side of the work platform 20 are fed in from the right-side of the work platform
20 at the front end 20a of the work platform 20.

In the cable carrier system 28, the cables 36a, 36b, 36¢, 36d are crisscrossed to
communicate with the robots 22a, 22b, 22¢, 22d, so that the cables 36a, 36b, 36¢, 36d flow from
adjacent the front end 20a on one side of the work platform 20 to adjacent the back end 20b and the
front end 20a on an opposite side of the work platform 20. For example, cable 36a connects to
robot 22a; cable 36b connects to robot 22b; cable 36¢ connects to robot 22¢; and cable 36d
connects to robot 22d. Cables 36a and 36b flow from adjacent the front end 20a of the work

platform 20 on the left-side of the work platform 20 to adjacent the back end 20b and the front end
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20a of the work platform 20 on the right-side of the work platform 20). Cables 36¢ and 36d flow
from adjacent the front end 20a of the work platform 20 on the right-side of the work platform 20
to adjacent the back end 20b and the front end 20a of the work platform 20 on the left-side of the
work platform 20.

The cables 36a, 36b, 36¢, 36d are stacked and nested so that a first one of the cables 36a,
36b or 36¢, 36d can reach any location aft (towards the back end 20b) of a second one of the cables
36b, 36a or 36d, 36c, and the second one of the cables 36a, 36b or 36¢, 36d can reach any location
forward (towards the front end 20a) of the first one of the cables 36b, 36a or 36d, 36¢. For
example, the cables 36a, 36b are stacked and nested so that the cable 36a can reach any location aft
(towards the back end 20b) of the cable 36b and the cable 36b can reach any location forward
{towards the front end 20a) of the cable 36a. Similarly, the cables 36c, 364 are stacked and nested
so that the cable 36¢ can reach any location aft (towards the back end 20b) of the cable 36d and the
cable 36d can reach any location forward (towards the front end 20a) of the cable 36¢.

In addition, the cables 36a, 36b, 36c, 36d are stacked and nested, so that on each side of the
work platform 20, a first one of the robots 22a, 22b, 22¢, 22d can travel towards a first end (20a or
20b) of the work platform 20, while a second one of the robots 22a, 22b, 22¢, 22d travels towards a
second end (20b or 20a) of the work platform 20, without the cables 36a, 36b, 36¢, 36d interfering
with each other. For example, one robot 22a can travel towards the front end 20a of the work
platform 20, while another robot 22b travels towards the back end 20b of the work platform 20,
without the cables 36a, 36b interfering with each other; and one robot 22c can travel towards the
front end 20a of the work platform 20, while another robot 22d travels towards the back end 20b of
the work platform 20, without the cables 36¢, 36d interfering with each other.

Otherwise, there would be the problem of potential restriction of movement of the four
robots 22a, 22b, 22¢, 22d. Current cable track systems do not nest and stack in a crossing pattern o
provide the full reach that is required in this configuration. The cable carrier system 28 allows for
the cables 38, 38b, 38c, 38d to be connected to the robots 22a, 22b, 22¢, 22d in a very small
workspace while not interfering with each other.

FIG. 7 is another view of the gantry 24 on one side of the work platform 20 {not shown),
as well as the individual support stands 26a, 26b attached to the gantry 24, with the robots 22
omitted. In designing the gantry 24, the need was identified to independently position two robots
22 by using only a single gantry 24. Current systems only allow for one robot to be positioned
along a gantry. This system allows for independent control to drive both robots 22 to specified
locations on a single gantry 24 using high precision.

The gantry 24 includes a plurality of drive belts 46a, 46b for independently positioning the
individuval support stands 26a, 26b (and the robots 22 placed thereon). There can be two belts 46a,

46b running along the length of the gantry 24, wherein the two belts 46a, 46b are positioned
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vertically with respect to each other. The top belt 46a can drive the aft individual support stand
20a, and the bottom belt 46b can drive the forward individual support stand 26b, although this may
be reversed in other embodiments.

Each of the individual support stands 26a, 26b on one side of the work platform 20 are
moved laterally along the side of the work platform 20 via the drive belts 46a, 46b. Specifically,
the drive belts 46a, 46b allow each of the individual support stands 26a, 26b to travel the length of
the work platform 20, except for the space occupied by the other individual support stand 26a, 26b,
on one side of the work platform 20.

Each of the individual support stand 26a, 26b includes a base 48 that extends underneath
the main square support tube 42 of the gantry 24 to counter-balance the individual support stand
26a, 26b (and the robot 22 placed thereon).

The main square support tube 42 is comprised of two guide rails 50a, 50b, comprising an
upper guide rail 50a and a lower guide rail 50b. Each of the individual support stands 26a, 26b
includes a bracket 52 that mounts the base 48 to the guide rails 50a, 50b of the gantry 24 to provide
for movement and sapport of the individual sapport stand 26a, 26b {and the robot 22 placed
thereon).

Each of the individual support stands 26a, 26b are cantilevered from the rails 50a, 50b, so
that the individual support stand 26a, 26b (and the robot 22 placed thereon) are supported from an
inboard side of the gantry 24, and the weight of the individual support stand 26a, 26b and the
robots 22 does not affect either the base platform 18 during positioning of the fuselage assembly 14
or the work platform 20.

The bracket 52 of the individual support stands 26a, 26b also includes one or more bearing
blocks 54a, 54b that are attached to both ends of one of the drive belts 46a, 46b. A belt tensioning
mechanism 56 connects the bearing blocks 54a, 54b and ensures that a proper tension is maintained
on the drive belt 46a, 46b.

Cables 36 for the robots 22 are supported by the base 48 of the individual support stand
26a, 26b, and are routed through an aperture 58 in the bracket 52 of the individual support stand
26a, 26b to the robot 22 placed thereon.

FIG. 8 is another view of the gantry 24 on one side of the work platform 20, as well as the
individual support stands 26 attached to the gantry 24, showing details of the dnal drive belt 46a,
46b.

Each of the belts 46a, 46b includes a motor 60a, 60b, and one or more pulleys 62a, 62b.
Specifically, the top belt 46a is driven by pulley motor 60a, wherein the belt 46a is wrapped around
pulleys 62a, and the bottom belt 46b is driven by pulley motor 60b, wherein the belt 46b is
wrapped around pulleys 62b. Pulleys 62a, 62b are used so that the drive motors 60a, 60b are

positioned near a forward end of the work platform 20 for ease of access for maintenance via



10

i5

25

35

11

access panels 44. A similar configuration of pulleys 62a, 62b are positioned at the other end of the
gantry 24, but without the motors 60a, 60b.

The forward sides of the belts 46a, 46b are exposed on the main square support tube 42
between the upper rail guide 50a and lower rail guide 50b. The return sides of the belts 46a, 46b
are internal to the main square support tube 42,

Finally, cabling 36 for the robot 22 lays in the base 48, threads through the aperture 58 in

the bracket 52, and extends underneath the lower guide rail 50b as well as the belts 46a, 46b.

Airplane Assembly

The disclosure may be described in the context of an aircraft manufacturing and service
method 64 comprised of steps 66-78 as shown in FIG. 9 and an aircraft 80 comprised of
components 82-94 as shown in FIG. 10.

As shown in FIG. 9, during pre-production, exemplary method 64 may include
specification and design 66 of the aircraft 80 and material procurement 68. During production,
component and subassembly manufacturing 70 and system integration 72 of the aircraft 80 takes
place. Thereafter, the aircraft 80 may go through certification and delivery 74 in order to be placed
in service 76. While in service 76 by a customer, the aircraft 80 is scheduled for routine
maintenance and service 78 (which includes modification, reconfiguration, refurbishiment, and so
on). The base platform 18, work platform 20, robots 22 and other elements as described herein can
be used at least in steps 70 and 72 of method 64.

Each of the processes of method 64 may be performed or carried out by a system
integrator, a third party, and/or an operator (e.g., a customer). For the purposes of this description,
a system integrator may include without limitation any namber of aircraft manufacturers and
major-system subcontractors; a third party may include without limitation any number of venders,
subcontractors, and suppliers; and an operator may be an airline, leasing company, military entity,
service organization, and so on.

As shown in FIG. 10, the aircraft 80 produced by exemplary method 64 may include an
airframe 82 with a plorality of systems 84 and an interior 86. Examples of high-level systems 84
include one or more of a propulsion system 88, an electrical system 90, a hydraulic system 92, and
an environmental system 94. Any number of other systems may be included. Although an
aerospace example is shown, the principles of the disclosure may be applied to other industries,
such as the automotive industry.

Apparatus and methods embodied herein may be employed during any one or more of the
stages of the production method 64. For example, components or subassemblies corresponding to
production process 70 may be fabricated or manufactured in a manner similar to components or

subassemblies produced while the aircraft 80 is in service 76. Also, one or more apparatus
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embodiments, method embodiments, or a combination thereof may be utilized during the
production stages 70 and 72, for example, by substantially expediting assembly of or reducing the
cost of an aircraft 80. Similarly, one or more of apparatus embodiments, method embodiments, or a
combination thereof may be utilized while the aircraft 80 is in service 76, for example and without

limitation, to maintenance and service 78.
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Conclusies

1. Inrichting voor het positioneren van robots onder gebruikmaking van een stellage,
omtvattende:

een basisplatform;

een werkplatform dat boven het basisplatform is gepositioneerd teneinde één of meer
mensen te ondersteunen;

é¢én of meer robots die aan het basisplatform onathankelijk van het werkplatform zijn
gesteund; en

tenminste een stellage die is gepositioneerd boven het basisplatform en naburig is aan het

werkplatform, voor het ondersteunen en positioneren van de robots langs het werkplatform.

2. Inrichting volgens conclusie 1, waarbij elk van de robots op een individuele

ondersteuningsstijl is geplaatst die is bevestigd aan de stellage.

3. Inrichting volgens conclusie 2, waarbij de individuele ondersteuningsstijl een basis omvat
die zich onder de stellage uvitstrekt teneinde tegenwicht te bieden aan de individuele

ondersteuningsstijl en de robot die daarop is geplaatst.

4., Inrichting volgens conclusie 2 of 3, waarbij de stellage een of meer geleidingsrails omvat
en de individuele ondersteuningsstijl een haak omvat die de basis van de geleidingsrails
ondersteunt teneinde beweging en ondersteuning van de individuele ondersteuningsstijl te

verschaffen en de daarop geplaatste robot.

5. Inrichting volgens conclusie 4, waarbij de individuele ondersteuningsstijl een vrije einde
is aan de geleidingsrail opdat de individuele ondersteuningsstijl en de daarop geplaatste robot

ondersteund zijn aan een binnenwaartse zijde van de stellage.

6. Inrichting volgens een van de conclusies 4 of 5, waarbij kabels voor de robots zijn
ondersteund door de basis van de individuele ondersteuningsstiji en voor een opening in de haak

van de individuele ondersteuningsstijl, waar doorheen de daarop geplaatste robots zijn gerouteerd.

7. Inrichting volgens ecen van de conclusies 4-6, waarbij de haak omvat een of meer
agerblokken die zijn bevestigd aan de einden van een aandrijfriem, en een riemspanmechanisme
dat de lagerblokken verbindt teneinde te verzekeren dat een juiste spanning op de aandrijfriem

blijft behouden.
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8. Inrichting volgens een van de conclusies 1-7, waarbij de stellage omvat een aantal
o Lol
aandrijfriemen voor het individueel positioneren van de robots aan de stellage op gespecificeerde

stellages.

9. Inrichting volgens conclusie 8, waarbij de aandrijfriemen verticaal ten opzichte van elkaar

gepositioneerd zijn.

10. Inrichting volgens conclusie 8 of 9, waarbij de aandrijfriemen elk van de robots

zijdelings langs een zijde van het werkplatform bewegen.

11. Inrichting volgens een van de conclusies 8-10, waarbij de aandrijfriemen elk van de
robots zijdelings langs een zijde van werkplatform bewegen, behalve voor ruimten die door andere

robots worden ingenomen.

12. Inrichting volgens een van de conclusies 8-11, waarbij elk van de aandrijfriemen een
motor omvat en een of meer pulleys, en de motor is gepositioneerd aan een einde van het

werkplatform naburig aan een toegangspaneel voor toegangsgemak voor onderhoud.

13. Inrichting volgens een van de conclusies 1-12, waarbij de stellage is gepositioneerd langs

een rand van het werkplatform en tenminste gedeeltelijk onder het werkplatform.

14. Inrichting volgens een van de conclusies 1-13, waarbij de ten minste één stellage een

aantal stellages op meer zijden van het werkplatform omvat.

15. Inrichting volgens een van de conclusies 1-14, waarbij de stellage is verankerd en aan
een zijde van het basisplatform is ingeklemd met een vrij einde, zodat het overblijvende gedeelte

van de stellage is gepositioneerd boven het basisplatform.

16. Werkwijze voor het positioneren van robots onder gebruikmaking van een stellage,
omvattende:

het verschaffen van een basisplatform

het positioneren van een werkplatform boven het basisplatform voor het ondersteunen van
een of meer mensen;’

het ondersteunen van een of meer robots aan het basisplatform onafhankelijk van het

werkplatform;
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en
het positioneren van tenminste een stellage boven het basisplatform en naburig aan het

werkplatform voor het ondersteunen en positioneren van de robots langs het werkplatform.

17. Werkwijze volgens conclusie 16, waarbij elk van de robots op een individuele

ondersteuningsstijl is geplaatst die is bevestigd aan de stellage.

18. Werkwijze volgens conclusie 17, waarbij de individuele ondersteuningsstijl een basis
omvat die zich onder de stellage uitstrekt teneinde tegenwicht te bieden aan de individuele

ondersteuningsstijl en de robot die daarop is geplaatst.

19. Werkwijze volgens conclusie 17 of 18, waarbij de stellage een of meer geleidingsrails
omvat en de individuele ondersteuningsstijl een haak omvat die de basis van de geleidingsrails
ondersteunt teneinde beweging en ondersteuning van de individuele ondersteuningsstijl te

verschaffen en de daarop geplaatste robot.

20. Werkwijze volgens conclusie 19, waarbij de individuele ondersteuningsstijl een vrije
einde is aan de geleidingsrail teneinde dat de individuele ondersteuningsstijl en de daarop

geplaatste robot ondersteund zijn van een binnenwaartse zijde van de stellage.

21. Werkwijze volgens conclusie 19 of 20, waarbij kabels voor de robots zijn ondersteund
door de basis van de individuele ondersteuningsstijl en voor een opening in de haak van de

individuele ondersteuningsstijl, waar de daarop geplaatste robots zijn gerouteerd.

22. Werkwijze volgens een van de conclusies 19-21, waarbij de haak omvat een of meer
fagerblokken die zijn bevestigd aan de einden van een aandrijfriem, en een riemspanmechanisme
dat de lagerblokken verbindt teneinde te verzekeren dat een juiste spanning op de aandrijfriem

blijft behouden.

23. Werkwijze volgens een van de conclusies 16-22, verder omvattende het onathankelijk
van elkaar positioneren van een aantal robots aan de stellage op vastgestelde locaties onder

gebruikmaking van een aantal aandrijfriemen.

24. Werkwijze volgens conclusie 23, waarbij de aandrijfriemen verticaal zijn gepositioneerd

ten opzichte van elkaar.



10

i5

25

16

25. Werkwijze volgens conclusie 23 of 24, waarbij de aandrijfriemen etk van de robots

zijdelings langs een zijde van het werkplatform bewegen.

26. Werkwijze volgens een van de conclusies 23-25, waarbij de aandrijfriemen elk van de
robots zijdelings langs een zijde van werkplatform bewegen, behalve de ruimten die door andere

robots worden ingenomen.

27. Werkwijze volgens een van de conclusies 23-26, waarbij elk van de aandrijfriemen een
motor omvat en een of meer pulleys, en de motor is gepositioneerd aan een einde van het

werkplatform naburig aan een toegangspaneel voor toegangsgemak voor onderhoud.

28. Werkwijze volgens een van de conclusies 16-27, waarbij de stellage is gepositioneerd

langs een rand van het werkplatform en tenminste gedeeltelijk onder het werkplatform.

29. Werkwijze volgens een van de conclusies 16-28, waarbij de tenminste een stellage een

aantal stellages op meer zijden van het werkplatform omvat.

30. Werkwijze volgens een van de conclusies 16-29, waarbij de stellage is verankerd en aan
een zijde van het basisplatform is ingeklemd met een vrij einde, zodat het overblijvende gedeelte

van de stellage is gepositioneerd boven het basisplatform.

31.Werkwijze volgens een van de voorgaande conclusies 16-30, waarbij het basisplatform is
aangebracht binnen een assemblage voor een vliegtuig en waarin het werkplatform is

gepositioneerd boven het basisplatform in de assemblage.

32. Werkwijze volgens conclusie 31 voor gebruik bij het assembleren van een

vliegtaigromp.

33. Systeem omvattende een inrichting volgens een van de conclusies 1-15 en een

viiegtuigrompsamenstel.

34. Gebruik van een inrichting volgens een van de conclusies 1-15, of een systeem volgens

een van de conclusies 16-31, voor het assembleren van een vliegtuigromp.
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ABSTRACT

A method and apparatus for positioning robots using a gantry. A base platform is provided,
and a work platform is positioned above the base platform for supporting one or more humans.
One or more robots are supported on the base platform independently of the work platform. At
least one gantry is positioned above the base platform and adjacent the work platform for

supporting and positioning the robots along the work platform.
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gppropriate, wera furnishad

4. Additional commenis:

Box No. V' Reasoned statement with regard 10 novelty, inventive step or industrial applicability;
citations and explanations supporting such siatement

1. Statement

Novelty Yes: Claims 57,912, 14, 1822, 2427, 29, 31
Na: Claims 1. 2 L 13, 15417, 23, 28, 30, 32:34
inventiva step Yes: Glaims- 37,9412, 14,1822, 2427, 29, 31
Mo Claims 1.2,8, 13, 18-17, 23, 28, 30, 32:84
tndustrial applicability Yeg: Claims 1-34.
Mg Clains
2. Gitations and axplanations

see separate shest
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Referance is made to the following document:
D1 DE 20 2015 101427 Ut (KUKA Systems GmbH) - 21 June 20186
2 Independent claim 1: lack of novelty

The present application does not meet the criteria of patentability, because

the subject-matier of claim 1 is not new. Document D1 indeed discloses {the
references and explanations in parenthesss applying to this document):

eeninrichting voor het positionaren van robots {8) onder gebruikmaking
van gen steliage {24), omyvatiende:

aen basisplatform (8);

een werkplatform {11) dat boven het basisplatiorm is gepositioneerd
teneinde één of meer mensen (10) te ondersteunen {see paragraph
FO022h,

gén of meer robots (8) die aan het basisplatform onafhankelijk van het
warkplatform zijn gesteund {the work platform being supported on the
base platform by height adjustment means and the robot being - in one
of the embodiments - supported by the column {24}, sse paragraph
0024}, en

tenminste ean stellage (24 die is gepositioneerd boven het
basisplatform en naburly is aan het werkplatform {(see figure 1), voor het
ondearsteunsn en positioneren van de robols langs het werkplatform.

Allthe foestures of claim 1 are therefore known from D1

3 independent claim 18! lack of novelty
Ciaim 16 defines a method for positioning robots which corresponds to the
functioning of the device defined in ¢claim 1.
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8.1

5.2

53

The objection of iack of novelly raised in paragraph 2 above concerning the
subject-matterof claim 1 applies, mutatis mutandis, to the subject-matier of
claim 16, which therefore also lacks noveity.

Independent claim 34: lack of novelly
Notwithstanding a lack of clarity (see ltem Vil below), the subject-matter of
claim 34 lacks novelty for the {ollowing reason:

Claim 34 defines an use of a device as defined in claim 1 for assembling the
fuselage of an airplane. The device of claim 1 is known from D1 and this
documaeant also mentions the use of such a device for assembling and
airplang, see paragraphs [00D4] and [0017].

Dependent claims 2, 8, 13, 15, 17, 23, 28, 30, 32 and 33: lack of novelty
and/ar inventive step

The dependent claims 2, 8, 13, 15,17, 23, 28, 30, 32 and 33 do not contain
any features which, in combination with the features of any claim o which
they refer, meet the requirements of novelty and/or inventive step. The
reasons for this objection are the following:

Goncerning claims 2, 8, 17 and 23:in D1 {see figure 1), the robot (8}
comprises a plurality of articulated segmenis connected in series and
mounied on a support base which is movable along the column {24}, This
vertical movement can be realized by means of an actuator {see paragraph
{0023]), so that the robot is displaced along a vertical. A belt and pulleys
system is one of the well-known solution that the skilled person would chose
without exercising an inventive step.

Concerning claims 13, 15, 28 and 30: in D1, the column (24) is fixed at its
lower end on the base platform (6) and extends vertically above thig base
platform partially under the work platform {11) and - in its upper part - along a
vertical side of the work platform (1 1) (which comprises a safety balustrade).

Concerning claims 32 and 33: the apparatus and method disclosed in D1, can
be used for the assembly of an airplans, as explicily mentioned in
paragraphs [0004] and {8017]. A methed according to claim 16 for assembiing
an airplane, respectively a system including an apparatus according to claim

1 and an airplane fuselage, are consequently implicitly disclosed in 1.
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8 Dependent claims 310 7, 9 {0 12, 14, 18 10 22, 24 o 27, 29 and 31
The features of dependentclaima 30 7. 810 12, 14, 18 1o 22, 24 10 27, 29
and 31 seem to be neither known from, nor rendered obvious by, the
available prior art.

7 Industrial applicability
The claims 1 to 34 satisfy the criteria of industrial applicabitity.

Re item VI

Certain observations on the application

Claim 34 is not clear because it refers {0 "a system asccording to one of the claims 16
to 317, whereas claims 16 to 31 actually define a method.
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