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Compact Paint booth and method

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority from U.S. Provisional
Patent Application Serial No. 61/059,170 and 61/059,555,
which were filed on June 5, 2008 and June 6, 2008, respec-
tively. The contents of each are expressly incorporated

herein by reference in their entireties.

Background

Painting or coating applications for motor vehicle applica-
tions generally entail large, expensive installations within
a vehicle assembly plant. Ongoing efforts to reduce costs and
increase plant efficiencies have led to a desire for increas-
ingly smaller coating plants, as smaller coating installa-
tions generally consume less energy during operation than
larger installations. Further, smaller coating installations
offer increased installation flexibility and greater utiliza-

tion rates of plant floor space.

Quality and environmental concerns generally require large
coating installations having separate booths for application
of different coating layers, e.g., an exterior paint layer
and interior paint layer. For example, generally an interior
paint booth and an exterior paint booth are provided sepa-
rately along a coating installation line. The separate inte-
rior and exterior booths are provided in order to ensure that
application of different coating layers, minimize overspray
of coating materials, especially where different materials

are applied in different layers. Therefore traditionally the
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interior and exterior booths are separated from one another,
and include separate support systems such as coating waste
disposal mechanisms, manual backup zones for application ro-

bots, etc.

Accordingly, there is a need for a coating installation that
allows for application of different coating layers and/or
different coating materials within a reduced footprint as
compared with traditional coating installations having sepa-

rate booths.

Brief Description of the Drawings

Referring now to the drawings, exemplary illustrations are
shown in detail. Although the drawings represent some exam-
ples, the drawings are not necessarily to scale and certain
features may be exaggerated, removed, or partially sectioned
to better illustrate and explain the present invention. Fur-
ther, the exemplary illustrations set forth herein are not
intended to be exhaustive or otherwise limit or restrict the
claims to the precise forms and configurations shown in the

drawings and disclosed in the following detailed description:

FIG. 1A is an isometric view of an exemplary coating instal-

lation;

FIG. 1B is an isometric view of another exemplary coating in-

stallation;

FIG. 1C is an isometric view of another exemplary coating in-

stallation;

FIG. 1D is an isometric view of another exemplary coating in-

stallation;
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FIG. 2 is an isometric view of a vehicle body for coating
within an exemplary coating installation, the vehicle body

including a plurality of application zones;

FIG. 3 is a process flow diagram for an exemplary process for

applying a coating material to an object; and

FIG. 4 is a process flow diagram for an exemplary process for

degrading a coating installation.

Detailed Description

Various exemplary illustrations of a coating installation,
methods of applying a coating material to an object, and me-
thods of degrading a coating installation, i.e., reassigning
application robot tasks during a malfunction of one of the
robots, are disclosed herein. Examples of coating installa-
tions provided herein generally include paint booths in a ve-
hicle assembly plant, but a wide variety of other applica-

tions are also possible.

Generally, a coating installation or paint booth may be pro-
vided for applying coating materials such as primer and base
coat paint where coating robots are applying coating materi-
als simultaneously to interior and exterior surfaces of a ve-
hicle body. The exemplary coating installation includes a
first section where coating robots positioned on high and low
rails simultaneously apply a primer coat to a vehicle body
both to the body’s interior and exterior surfaces. A second
section may also be possible where a base coat paint material
is simultaneously applied to both the interior and exterior
surfaces of the vehicle body. As described in the exemplary

embodiment the coating robots may in some circumstances in-
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clude an appendage configured to allow a coating robot to se-
lectively operate as an opener robot. By allowing a coating
robot to selectively operate as an opener robot the total

number of robots in a paint booth may be reduced.

The coating installation may further include a scrubber for
paint application waste disposal. The paint application waste
disposal defines a predetermined length encompassing each of

the coating robots in the paint booth.

Additionally, a method of painting an object, e.g., a motor
vehicle body, in a paint booth is disclosed. Exemplary meth-
ods may include simultaneously applying a first paint layer
to first and second portions of the object, for example inte-
rior and exterior surfaces of the object followed by simulta-
neously applying a second paint layer to the first and second

portions of the object.

Methods for degrading a coating installation are also dis-
closed. An exemplary method generally includes a process for
selecting a replacement robot, or robot to carry out tasks
previously assigned to a robot that has failed (either in
part or completely) These tasks may be prioritized; for exam-
ple replacement robots may paint the exterior of the car
ahead of the engine compartment and the engine compartment
ahead of door jams. In this way tasks that are highly visible
or labor intensive are done on a priority basis. The method,
for example, may allow a robot that was previously assigned
to paint a door jam to be reassigned to painting the exterior
of the car if a coating robot assigned to the exterior of the
car is not available. This method may be further enhanced
where the coating robots are configured to also act as opener

robots insofar as coating robots may step in and perform ope-
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ning operations if a robot assigned the task of opening is

not available.

Turning now to FIGS. 1A-1D, exemplary coating installations
or paint booths 100 are described in further detail. FIGS. 1A
and 1B illustrate an exemplary in line coating operation whe-
re a vehicle body 200 continuously moves through the paint
booth. As body 200 moves through the booth, a plurality of
robots 102a, b, ¢, d, e, £, g, h, i, j (collectively, 102)
operate to coat the vehicle, both on its interior and exte-
rior surfaces. Robots 102 may include any coating application
robot that is convenient, for example multi-axis robots,
e.g., 6-axis or 7-axis robots that are capable of various ki-
nematics or movements that allow the robots to perform spray-
ing and/or handling operations associated with a painting op-
eration. Robots 102 may also apply different types of materi-
als, for example primer and base coat, to body 200 to affect
a complete coating/painting operation. As shown, a rail sys-
tem including upper rails 104 and lower rails 106 is provided
for the mounting of the robots 102. Specifically, upper rails
104a, b (collectively, 104) may support six (6) of the robots
102a, b, c, d, e, and f for movement in a generally longitu-
dinal direction that is generally parallel to the path of
body 200. It is understood that fewer than six robots may be
used and the number of robots within paint booth 100 may be

fewer.

As shown, robots 102a, b, d, g and j may operate to coat body
200 with a first coating material such as a primer on both
the body’s interior and exterior surfaces. Thereafter, as ve-
hicle body 200 progresses through the booth in the direction
of arrow 103 and robots 102 g, j, e, £ and c may operate to
coat body 200 with a second coating material, for example a

tinted basecoat. As described in more detail below, robots
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102 may be configured to operate both as painting robots and
as opener robots. Further, when the base coat is being ap-
plied, another vehicle body (not shown) may receive a primer

coat within the booth 100a.

The application robots 102 illustrated in FIG. 1 are gener-
ally are configured to apply coating materials to the body
200 as it moves through the paint booth in the direction 103.
The robots 102 may each be provided with an atomizer 108 that
is configured to apply a paint material to a vehicle body.
For example, various atomizers are generally provided in Uni-
ted States Patent Nos.6,189,804, 6,360,962, and 6,623,561,
each of which are hereby expressly incorporated by reference

in their entireties.

The atomizer may also be capable of applying different mate-
rials to the object 200, even in succession. For example, the
atomizer 108 is capable, if necessary, of applying a first
coating material, such as to one portion of a vehicle 200,
for example a primer coat to the exterior, and then subse-
quently applying a second coating material, such as to an-
other portion of the vehicle 200, for example a base coat to
an exterior surface. Various examples of such atomizers are
also provided by United States Patent Application Serial No.
12/300,741, which is the United States National Stage appli-
cation of WO 2007/131636, each of which are hereby expressly
incorporated by reference in their entireties. Accordingly,
the atomizer 108 may apply a second coating material without
mixing any of the prior coating material that may remain in
the atomizer 108 after its application. Thus, the robots 102
may apply different coating materials, e.g., paint, within
the same paint booth 100a to the body 200. The robots 102 may
even be individually capable of applying different coating

materials in succession; for example a given robot 102 may
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apply a primer, base coat, and clear coat to a given vehicle

or object.

As part of this capability, the atomizer 108 may include a
cleaning feature. For example, as best seen in FIG. 1B, robot
1021 has an associated cleaning wash bowl 112. The cleaning
wash bowl 112 allows for insertion of the atomizer 108 into
the bowl 112 for cycling a cleaning fluid throughout the at-
omizer 108, thereby generally entirely removing traces of a
coating material left within the atomizer 108 after applica-

tion.

The various robots 102 may be controlled by a central motion
controller (not shown) associated with the paint booth. For
example, a motion controller may be provided that generally
provides instructions to the robots 102 regarding movement
during a coating operation. It is understood that these in-
structions may be input based on the specifics of vehicle bo-
dy 200. Further, a controller may also include a computer-
readable medium that includes instructions executable for
performing various tasks as part of the processes and method

discussed herein.

As described above, the booth 100a includes a rail system in-
cluding upper rails 104 and lower rails 106 that generally
allow selective placement of the robots 102 at various posi-
tions within the booth 100a for application of a coating lay-
er and/or other functions e.g., opening a closure panel of a
vehicle. Each of the upper and lower rails 104, 106 generally
extend in a direction parallel to a path defined by the ob-
ject to be coated as the object moves through the paint
booth. Each of the robots may thus be secured to its respec-

tive rail 104 or 106 for movement along the rail.
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The robots may be generally grouped for application of vari-
ous different coating materials, such as paint. In another
example, robots 102a, 102d, and 102i may cooperate to apply a
first primer coat to both the interior and exterior portion
of the body 200. Further, robots 102b 102g and 102j may be
grouped together to apply a primer coat of paint to both un-
derhood (interior) and deck areas (exterior) of the body 200.
Each of robots 102c, 102e, 102f, and 102h may be grouped for
application of an exterior base coat layer to the body 200,

e.g., to interior and exterior surfaces of a motor vehicle.

The specific groupings discussed herein may be convenient, as
the robots grouped together for a given coating layer are ge-
nerally disposed adjacent one another in the longitudinal di-
rection, e.g., direction 103, of the paint booth 100a. While
these groupings may be convenient from the standpoint of
applying a particular layer of paint to the body 200 in a
single region of the paint booth 100a, any other grouping of
the robots 102 for application of one or more layers of paint

may be employed that is convenient.

Various coatings that are applied to the vehicle may advanta-
geously have a reduced flash time, the flash time including a
predetermined period of time after which a coating is applied
prior to a follow on coating. As flash times are reduce by
paint manufactures it is understood that the dimensions of

the exemplary paint booth 100 may be reduced.

Turning now to FIG. 1B, the operation of the robots will be
described in further detail. While the robots 102 have been
generally described as application robots capable of spraying
or applying a coating material, e.g., a primer or base coat
of paint, to an object, the robots may also be configured to

perform other tasks that may be necessary during application
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of a coating material to the vehicle. For example, the robots
102 may each be configured to manipulate closure panels,
e.g., doors, a hood, or a decklid, of a vehicle between open
and closed positions with respect to the vehicle. This con-
figuration advantageously allows robots 102 to perform func-
tions other than applying a desired coating material, such
additional functions being opening and closing closure panels
of the vehicle to allow application of the coating material
to all surfaces of the vehicle. Robots 102 may be provided
with a feature allowing the robot 102 to grasp a portion of
the closure panel. For example, as seen in FIG. 1B, a hook
110 may be provided on the robot wrist to allow a robot 102k
to open and close a hood (or door, or truck deck) of vehicle
200 as desired. By providing coating robot with the ability
to open and close portions of the vehicle it is poésible to

reduce costs as fewer robots are needed.

As briefly described above, the paint booth 100 is generally
configured to apply a coating material to various portions of
the vehicle 200. FIG 1C is an exemplary drawing of robot 102
simultaneously applying a coating material to exterior and
interior surfaces of vehicle body. The exterior coating may
be applied to an outer surface 204a of a door panel 202 of
vehicle body 200 by a robot 102p while an interior coating
robot 102q may apply an interior coating layer to an inside
surface 204b of the door panel 202. A third robot 1020 may
generally manipulate the door 202 relative to the vehicle bo-
dy 200, e.g., by opening and closing the door 202 to allow
painting of the interior and exterior surfaces 204a, 204b of

the door 202.

As the robots 102p and 102q may generally apply a wet coating
material to the door 202 generally simultaneously in some ex-

amples, it may be necessary to provide a device for prevent-
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ing contact between door and body surfaces while each are
still wet. For example, a door clip (not shown) may be pro-
vided that generally spaces apart the door (or any other clo-
sure panel) from the body after the door is moved back to its
closed position. In one known example, a door clip engages
striker features of the door and body, thereby spacing them
apart while not contacting visible components of the door or

body.

As best seen in FIG. 1A, the paint booth may further include
a scrubber 300, i.e., a paint application waste disposal a-
rea, that is in communication with each of the application
robots 102 within the booth 100a. Paint waste from each of
the robots 102 is carried away by the paint application waste
disposal 300. The paint application waste disposal or scrub-
ber 300 defines a predetermined length encompassing each of
the application robots 102. In other words, each of the ap-
plication robots 102 are generally contained within a single
paint booth 100a, where the length of the booth 100a may gen-
erally be defined by the longitudinal extent of the scrubber
or waste disposal system 300 that services the robots 102 of

the paint booth 100a.

Various features and methodologies described herein generally
permit the provision of exterior and interior coating robots
within a single paint booth 100, as generally illustrated in

the exemplary booths of FIGS. 1A, 1B, and 1C.

As shown in FIG. 1D, transverse rails may also be provided
for even greater flexibility of applying a coating layer. For
example, a lateral rail 250 extending horizontally across a
paint booth 100d may be provided that supports an additional
robot 102y. Further, an additional lateral rail (not shown)

may be provided at an end of the booth 100d longitudinally
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opposite the end at which the lateral rail 250 is provided.
This may add two additional robots at both the point where
the vehicle body 200 enters the paint both and where the ve-
hicle body 200 exits the paint booth. By providing additional
coating robots it is possible to apply additional coating
layers in an even more compressed footprint. In such an exam-
ple, it may be that robot 102y is involved with a primer coat
and other robots, within the same paint booth performing
other coating operations, for example base coat and clear co-
at painting operations. As shown in FIG. 1D, the example hav-
ing one or more transverse rails may also include upper and
lower rails 104, 106, respectively, that support additional
robots 102.

Turning now to FIG. 2, a vehicle 200 is shown having various
exterior application zones 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, and 16. Arrows 20 represent the path of a
coating robot along the surface of vehicle 200 with the path
being defined by a set of computer instructions available to
the coating robot assigned to apply a coating to any given
zone. Each of the zones 1-16 represents an area of exterior
layer application that is assigned to one of the robots 102
within the booth 100. Coating application zones for interior
portions of vehicle body 200 may be likewise provided albeit
not shown in Fig 2. For example, as referenced above in re-
gard to FIG. 1A, different robots may simultaneously coat
different parts of the vehicle including simultaneous appli-
cation of coating materials to both internal and external
surfaces. In the exemplary embodiment the computer instruc-
tions associated with each zone may be available to every ro-
bot in the painting booth. As described below by making the
instructions available to all robots the coating system of
the exemplary embodiment may provide a method to continue

painting operations in the event that a robot fails.
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It should be noted that zones 1-16 are much smaller than is
traditional. For example, the six horizontal zones 1, 7, 8, 9
15, and 16 may be divided into two zones in the prior art, a
left zone and a right zone. By dividing the horizontal sur-
faces into smaller sections additional robots may be able to
work to apply a coating to vehicle 200. While it is therefore
beneficial to reduce the size of assigned zones in order to
allow greater flexibility of the robots 102, this may also be
influenced by overall size and complexity of an object being
coated or painted. Therefore a particular size of the zones
1-16 may be influenced not only by a desire for greater fle-
xibility of robot tasks, but also by an overall size of a ve-

hicle and surface complexity.

Turning now to FIG. 3, a process 301 for coating an object in
a coating installation is illustrated. Process 301 may gener-
ally begin at 302, where a first paint layer, for example a
primer, is applied to both the interior and exterior surfaces
of a vehicle body with a first group of robots. In certain
applications separate primer materials may be applied to the
interior and exterior surfaces of a vehicle body. Process 301
then proceeds to 304. At 304, a second paint layer, for exam-
ple a base coat is applied to the interior and exterior sur-

faces of a vehicle body with a second group of robots

As described above, the exemplary paint booth 100 generally
allows application of both an interior and an exterior paint
layer within a single paint booth 100. Further process 304
may occur relative to a first vehicle body while process 302
occurs with respect to a second vehicle body within a single
paint booth 100. Alternatively, the first and second layers
may be applied one after the other, in any order that is con-

venient.



10

15

20

25

30

WO 2009/146936 PCT/EP2009/004062
13

At process 306, paint application waste may be carried away
from the first and second application robots via a paint ap-
plication waste disposal. The paint application waste dis-
posal may define a predetermined length encompassing each of
the first and second application robots and may occur at any
time. It is contemplated that the predetermined length of the
scrubber may be as little as 45 feet in some applications as
a result of providing all interior and exterior robots within

a single booth 100a. Process 301 may then terminate.

Turning now to FIG. 4, an exemplary process for degrading a
coating installation is described. Degrading a coating in-
stallation generally includes reassignment of robots with va-
rious application and handling tasks associated with a coat-
ing operation due to a parpial or complete malfunction of at
least one of the application and/or opener robots. For exam-
ple, where an application robot requires service, becomes in-
operable, or is otherwise unavailable for applying a coating
material, manipulating a closure panel of a vehicle, or .per-
forming some other task assigned to it during normal opera-
tion, it will be necessary for another robot to perform the
task. If multiple robots become unavailable further reassign-
ment may be necessary. Further, it may be necessary to reor-
ganize other application tasks amongst the remaining robots
in order to continue the painting operation using only the
robots. This may be referred to as a “lights out” applica-

tion, that is, entirely without manual intervention.

Generally, exemplary degrade processes follow a hierarchy of
assigning robot tasks according to various factors. In select
applications, but not all applications, at least one extra or

“degrade” robot may be provided within a paint booth. For
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example as seen above in FIG. 1A robot 102g may be assigned
normal painting tasks or may in other circumstances be as-
signed more of a complete or partial stand by mode and act as
the degrade robot 102g. The degrade robot may pick up the
task previously performed by the malfunctioning robot, or
tasks may be reassigned amongst other robots including the

previously idle degrade robot.

Generally, the reassignment of robot tasks follows a hierar-
chy or priority scheme. For example, a task, such as applying
a particular coating layer to a given portion of a vehicle,
may be assigned to another robot based upon the proximity of
the other available robot to the disabled robot. For this
reason, if a degrade robot is provided, it may be convenient
to locate a degrade robot, e.g., degrade robot 102g, gener-
ally within a middle portion of a paint booth. Furthermore,
any robot 102 specifically designated as a degrade robot may
have a maximum level of task flexibility, e.g., the degrade
robot 102g can apply different materials, handle different
closure panels of the vehicle, etc., thereby allowing the de-
grade robot 102g to step in to perform the tasks of a maximum
number of other robots. The reassignment of robot tasks may
also involve shuffling of tasks amongst available robots. For
example, where the degrade robot is inconveniently located
with respect to a malfunctioning robot, such that the degrade
robot would not adequately be able to perform the malfunc-
tioning robot’s task, it may be more convenient to reassign
the malfunctioning robot’s task to a third robot that is
functioning properly, and then reassigning the third robot’s
task to the degrade robot. Accordingly, all tasks continue
operation in a “lights out” fashion, such that no manual ap-

plication is needed.
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Furthermore, while examples are provided herein regarding a
degrade robot where initially the degrade robot, e.g., robot
102g, is completely idle, degrade robots need not necessarily
be entirely idle initially or during normal operation. For
example, any robot that is not being used to its full capac-
ity during normal operation may function as a degrade robot

and pick up additional tasks as necessary.

Nonetheless, if and when a second robot malfunctions, it may
become necessary to degrade the application further and fur-
ther reassign robots to accomplish coating operations. Pro-
viding an increased number of painting zones and making the
computer instructions associated with each zone available to
all robots within the paint booth facilitates a robust de-
grade operation within a compact footprint. As a matter of
priority the tasks involving the most amount of manual work
may be determined and given priority within a degrade hierar-
chy. for example, exterior panels will require much higher
quality as a result of the high visibility to the customer,
and therefore require significant attention to detail and mi-
nimizing disruptions and thus if an exterior operation fails
it may receive top priority. Another factor may be that inte-
rior portions of a vehicle having multiple surface undula-
tions or features, e.g., an engine compartment, will require
a greater amount of work to apply a coating layer than, for
example, an interior coating layer of a body interior. Thus,
painting of an engine compartment will be prioritized ovef a
door jam. In this way, if any manual intervention is neces-
sary it will be of the least important features. In other em-
bodiments line speed associated with vehicle 200 may be de-
creased, or as described above even stopped entirely for a
period of time, to allow the remaining robots to complete all
painting operations without manual intervention. In cases

where manual intervention is desired or necessary, i.e., whe-
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re the enough robots 102 have malfunctioned such that remain-
ing robots cannot pick up all of the tasks assigned to the
malfunctioning robots, it may be advantageous to assign low-
est priority tasks to the manual spraying devices. For exam-
ple, where a task assigned to a malfunctioning robot includes
surfaces that are generally smooth and undulating, or are not
in areas of a vehicle often visible to a potential customer,
these tasks will be assigned to a manual spraying device when
necessary before tasks associated with more complex or visi-

ble features.

Additionally, in examples where a first degrade robot 102 is
not fully idle during normal operation, i.e., the degrade ro-
bot 102 performs at least some task, there may be greater po-
tential for requiring use of a manual sprayer when other ro-
bots malfunction. Greater utilization rates associated with a
degrade robot during normal operation may therefore be toler-
ated by accepting greater potential for needed manual inter-
vention, as a degrade robot may in these cases be less avail-
able to pick up additional tasks from malfunctioning robots.
Conversely, lower utilization rates initially associated with
a degrade robot, e.g., robot 102g, may allow greater flexi-
bility to pick up tasks from other robots 102 that are mal-
functioning, thereby decreasing the potential need for manual
intervention when one or more robots malfunction. Further, a
degrade robot having a lower initial utilization rate will
necessarily be capable of picking up a greater number of
tasks, even performing tasks of more than one robot in some

cases.

Maintaining a “lights out” operation for a given painting op-
eration, i.e., without any manual sprayer, may even be possi-
ble by taking other measures to allow greater utilization of

the robots 102. For example, a given line speed, i.e., a rate
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of motion of a conveyor associated with a paint booth 100,
manual intervention may be required more often than if the
line speed is simply lowered, thereby allowing a longer time
period for robots 102 to collectively complete the assigned
tasks. Further, a line speed may be entirely stopped during a
particular painting operation, thereby allowing completion of
the collective tasks by the robots 102, and avoiding a need
for assignment of any of the robot tasks to a manual spraying

device.

Process 400 may generally begin at 402, where a plurality of
robots are provided for applying a coating material to an ob-
ject moving through the coating installation. Further, the
robots are configured to move closure panels of the object
relative to the object. For example, as described above a
plurality of robots 102 may be provided in a booth 100a, whe-
re the robots 102 may each perform a series of handling and
application tasks in order to apply a coating material. Proc-

ess 400 may then proceed to 404.

At 404, process 400 queries whether a malfunction has been
detected one of the robots. A malfunction may generally pre-
vent a given robot from performing a first assigned task. If
a robot malfunctions it will typically return to a home posi-
tion where collisions will be minimized. For example, a coat-
ing application controller may detect that one of the robots
102 can no longer apply paint because its paint lines will
not clear or otherwise requires service or replacement, or
any other situation where a robot cannot perform its assigned
task adequately. Where a malfunction is not detected, process
400 then proceeds to 406, where normal operation of the coat-
ing application continues, then returning to 404 for contin-
ual monitoring. Where a malfunction is detected at 404, pro-

cess 400 proceeds to 408.
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At 408, the malfunctioning robot is identified. For example,
a controller of the coating installation may identify that a
particular robot 102 has become disabled on an associated
rail along which the robot 102 moves. Process 400 then pro-

ceeds to 410.

At 410, the position and last painting function of the mal-
functioning robot position is identified. For example, a con-
troller of the coating installation may determine where along
path 20 the robot has ceased painting operations, and how
that location as become adjusted as vehicle body continues to
advance through the paint booth. Process 400 may then pro-

ceeds to 412.

At 412, a second one of the robots is selected to perform the
first assigned task, e.g., based upon a degrade priority
scheme. The degrade priority scheme may select the second one
of the robots based upon a proximity of the second robot to
the first robot as well as the task currently assigned to the
second one of the robots. Alternatively or in addition, the
degrade priority scheme may select the second one of the ro-
bots based upon a proximity of an idle one of the robots,
i.e., a degrade robot, to the first (malfunctioning) robot.
The second robot that is selected may be the idle (i.e., de-
grade) robot, or alternatively may be another functioning ro-
bot, for example where the degrade robot is inconveniently
positioned with respect to the task needed to be performed.
The second robot may thus initially be performing another
task, e.g., closing/opening closure panels of the vehicle,
applying a coating material, or any other task needing to be
performed as part of the application process. The provision
of dual-capability robots, i.e., robots that are capable of

applying a coating material and also of opening/closing the
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closure panels of the vehicle, as described above, may be es-
pecially advantageous in this respect, as robots may be
freely reassigned tasks with maximum flexibility. Further, in
some cases it may be necessary to assign tasks to a manual
spraying device where there is not enough remaining capacity
amongst the robots 102 to pick up all of the tasks assigned
to one or more malfunctioning robot 102. In making a determi-
nation of what task to assign to a manual spraying device, a
task currently assigned to a robot being considered for tak-
ing over the task of the malfunctioning robot (s) may be com-
pared with the task(s) of the malfunctioning robot, or other
robots being considered to take over the task of the malfunc-
tioning robot, in order to determine which task is a lowest
priority task that may be re-assigned to a manual application

device. Process 400 then proceeds to 414.

At 414, a new path is determined for the second available ro-
bot that is taking over for the malfunctioning robot. This
path will allow the substitute robot to travel to the last
known location of painting operation and pick up where the
painting operations previously ceased. This new path may pre-
cisely match the location of the last known painting opera-
tion or may operate to an approximation. For example, where
the malfunctioning robot is disabled from movement, it may be
necessary for the robot taking over the task of the malfunc-
tioning robot to avoid the disabled robot, while still com-
pleting the task of the malfunctioning robot. In another ex-
ample, a particular module being coated when a given robot
malfunctions may be entirely re-applied by a robot taking o-
ver for the malfunctioning robot. Thus, instead of merely fi-
nishing a module or area of a vehicle left incomplete as a
result of a malfunctioning robot, a robot taking over the
task may entirely re-do the module, thereby minimizing poten-

tial coating imperfections that might otherwise result from
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an interrupted coating operation. A controller of the coating
installation may generally take into account the location of
the malfunctioning robot, e.g., as determined in at 410, and
adjust a path associated with the task now being performed by
the available robot accordingly. Process 400 may then proceed
to 416.
At 416, the coating operation may continue. In one example,
the controller reassigns an available robot to complete any
uncompleted portions of the task of a malfunctioning robot.
The available robot(s) thus may continue a coating operation
of a vehicle even where another robot becomes disabled during
the specific coating task it is initially assigned. For exam-
ple, the controller may assign the task of the disabled robot
to an available robot, thereby allowing the available robot
to take over where the disable robot left off and finishing
the coating operation of the vehicle. Further, as described
above an available robot may completely re-do a particular
task left partially completed by a malfunctioning robot.
Alternatively, 416 may include a command from the controller
of the coating operation to simply reassign the task of the
malfunctioning robot to an available robot, continuing the
coating operation on the next subsequent vehicle moving
through the paint booth.

r” A}

an exam-

Reference in the specification
ple,” “one embodiment,” or “an
ticular feature, structure, or
connection with the example is

ple.

to “one example,
embodiment” means that a par-
characteristic described in

included in at least one exam-

The phrase “in one example” in various places in the

specification does not necessarily refer to the same example

each time it appears.
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With regard to the processes, systems, methods, heuristics,
etc. described herein, it should be understood that, although
the steps of such processes, etc. have been described as oc-
curring according to a certain ordered sequence, such proc-
esses could be practiced with the described steps performed
in an order other than the order described herein. It further
should be understood that certain steps could be performed
simultaneously, that other steps could be added, or that cer-
tain steps described herein could be omitted. In other words,
the descriptions of processes herein are provided for the
purpose of illustrating certain embodiments, and should in no

way be construed so as to limit the claimed invention.

Accordingly, it is to be understood that the above descrip-
tion is intended to be illustrative and not restrictive. Many
embodiments and applications other than the examples provided
would be upon reading the above description. The scope of the
invention should be determined, not with reference to the a-
bove description, but should instead be determined with ref-
erence to the appended claims, along with the full scope of
equivalents to which such claims are entitled. It is antici-
pated and intended that future developments will occur in the
arts discussed herein, and that the disclosed systems and me-
thods will be incorporated into such future embodiments. In
sum, it should be understood that the invention is capable of
modification and variation and is limited only by the follow-

ing claims.

All terms used in the claims are intended to be given their
broadest reasonable constructions and their ordinary meanings
as understood by those skilled in the art unless an explicit
indication to the contrary in made herein. In particular, use
of the singular articles such as “a,” “the,” “said,” etc.

should be read to recite one or more of the indicated ele-
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ments unless a claim recites an explicit limitation to the

contrary.
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CLAIMS

A paint booth for applying paint to an object, the ob-
ject including interior and exterior surfaces, the ob-
ject moving through the paint booth along a conveyor,
the conveyor defining a path, the paint booth compris-
ing:

a first and second robot rail positioned parallel to
the path of the conveyor;

at least a first and second robot positioned on at
least one of the rails and configured to simultaneously
apply a first paint layer to the interior and exterior
surfaces of the object; and

at least a third and a fourth robot positioned on at
least one of the rails and configured to simultaneously
apply a second paint layer to the interior and exterior

surfaces of the object.

The paint booth of claim 1, further comprising third
and fourth rails, wherein the first through fourth
rails are positioned in lower and upper positions on

opposite sides of the conveyor.

The paint booth of claim 2, further comprising a fifth
rail extending in said direction generally perpendicu-
lar to the conveyor and at least one robot positioned

on the fifth rail.

The paint booth of claim 3 wherein the robot positioned
on the fifth rail is configured to apply a third paint
layer to the object.
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The paint booth of claim 1, wherein said first and sec-
ond robots are further configured to open and close a

door on the object.

A method of degrading operation in a paint booth, the
paint booth including a plurality of robots, the plu-
rality of robots having individual assignments related
to applying a coating to an object, the object includ-
ing exterior and interior surfaces, the method compris-
ing:

detecting a malfunction in one of the plurality of ro-
bots wherein the malfunction prevents the robot from
performing its individual assignment;

identifying the assignment of the robot that has mal-
functioned, and

selecting from the plurality of robots a first robot to
perform the task previously assigned to the robot de-
tected to be malfunctioning based upon at least a rela-

tive priority of the assignments that the robots have.

The method of claim 6 wherein one of the plurality of
robots is designated as a degrade robot and is prefer-
entially selected to perform the assignment of any ro-

bot detected to be malfunctioning.

The method of claim 6 wherein the relative priority is
that exterior surfaces are preferred over interior sur-

faces.

The method of claim 8, wherein a path is calculated for
the robot selected to perform the task previously as-
signed to the robot that was detected to be malfunc-

tioning.
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The method of claim 6, further comprising:

detecting a second malfunction of a second of the plu-
rality of robots, said second malfunction preventing
said second robot from performing its assigned task;
comparing the tasks assigned to the first and second
robots that have been detected to be malfunctioning;
and

selecting from the plurality of robots a first robot to
perform the task previously assigned to the first robot
detected to be malfunctioning based upon the proximity
of the robot to perform the assignment of the robot
that has malfunctioned and based upon the relative pri-
ority of the assignments that the robots have and se-
lecting from the plurality of robots a second robot to
perform the task previously assigned to the second ro-
bot detected to be malfunctioning based upon the prox-
imity of the robot to perform the assignment of the
second robot that has malfunctioned and the relative

priority of the assignments that the robots have.

The method of claim 10, wherein exterior surfaces are
given a higher priority than interior surfaces of the

object.

The method of claim 6, wherein the selecting from the
plurality of robots the first robot to perform the task
previously assigned to the robot detected to be mal-
functioning is additionally based upon a proximity of
the robot to perform the assignment of the robot that

has malfunctioned.
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