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SYSTEM AND METHOD OF PERFORMING OPERATIONS ON ARTIFACTS
WITH STOWABLE ROBOTIC PODS

Field of Invention

[0001] The present disclosure concerns systems and methods for performing

automated manufacturing, maintenance and other operations with a computer-

controlled robot workstation.

Background

[0002] Due to their size and shape, certain large artifacts can pose challenges in

perform ing manuf acturi ng operations on the arti facts. Such arti facts incl ude but are not

limited to aircraft and aircraft parts such as wings and engines; wind-turbines and

associated parts such as blades and towers; boats, ships, and constituent parts such as

hulls and rudders; trains and train parts such as engine, carriages, and axles; defense

artifacts such as missile bodies, and tanks; rail cars, locomotives, infrastructure

elements and assemblies such as bridges, towers, and building subassemblies, and

agricultural and earth moving machines, and their subassemblies. The manufacturing

and finishing operations performed on such artifacts can vary, and can include but are

not limited to cleaning, polishing, sanding, abrading, washing, drying, tacking, wiping,

painting, sealing, surface inspecting, scrubbing, treating, masking, de-masking, taping,

pri nti ng, and Iabel ing. Further, Iarge artifacts can requi re repai r i ng or reprocessi ng i n

connection with these processes. The aforementioned operations and processes can be

required in a particular area or entire surface of the large artifact. Thus, systems and

methods for performing operati ons on Iarge arti facts are desi rable.

Summary

[0003] A system and method for operati ng at Ieast one stowabl e automated roboti c

pod in a workspace having a workpiece is disclosed. The pod includes a robot on a

base that can also incl ude one or both of a tool nest and process equi pment. A door to

subfloor storage allows the pod to raise its base vertically, placing the robot into the

desired vertical position in the workspace. Once operations on the workpiece are

complete, the pod withdraws back to the subfloor storage and the doors to the storage

volume close.



Brief Description Of The Drawings

[0004] In the accompanyi ng drawi ngs, structures and methods are i11ustrated that,

together with the detailed description provided below, describe aspects of asystem and

method for performing operations on large workpieces. It will be noted that a single

component may be designed as multiple components or that multiple components may

be desi gned as a si ngl e component.

[0005] Further, in the accompanying drawings and description that follow, like

parts are indicated throughout the drawings and written description with the same

reference numerals, respectively. The figures are not drawn to scale and the proportions

of certai n parts have been exaggerated for conveni ence of i11ustrati on.

[0006] Figure 1 illustrates a schematic view of a stowed robotic pod 100.

[0007] Figure 2 illustrates a schematic view of an extended robotic pod 100.

[0008] Figure 3 i11ustrates an overhead schematic view of robotic pod 100.

[0009] Figure 4 ill ustrates a schematic view of system 400 performing operations

on workpiece406.

[0010] Figure 5 illustrates an alternate schematic view of system 400 performing

operati ons on workpiece 406.

[0011] Figure 6 ill ustrates a diagrammatic view of a controller 600.

Detailed Description

[0012] With reference to Figure 1, a self-contained robotic pod 100 is shown in a

stowed position below floor 102. The pod 100 includes robot 104, which is positioned

on abase 106. The base106 includesan upper portion 108 and lower portion 110. A s

shown in Figure 3, the upper portion 108 can rotate about axis A with respect to the

lower portion 110, allowing an additional degree of freedom in operati ng the robot 104,

whi ch is a six-axi s arti cul ated robot 104. The base 106 and robot 104 can be sel ecti vel y

moved vertically from the subfloor volume 112 with lift 114. According to one

alternative, facilities with basement space can use such space instead of a dedicated

subfloor volume 112. The illustrated lift 114 includes telescoping arm 116 that is

secured to the base 106 and Iifts the base 106 and robot 104 and any additional items

on the pod 100 from the subfloor storage vol ume 112 to the workspace. The Iift 114

can alternatively have scissor arms providing the vertical linear motion. Any operating



mechanism for the lift 114, such as pumps, gears or other devices can be stored in the

subfloor volume 112. Further, the operating mechanism for the pod 100 and the robot

104 in parti cular can be stored withi n the subfloor vol ume 112 or el sewhere. A s shown

in Figure 1 , doors 118 are in aclosed position and are flush with the floor 102.

[0013] With reference to Figure 2, the pod 100 is shown extended out of the

subfloor volume 112 as would be done during operation of the robot 104 to perform

manufacturing processes. The doors 118 are in the open position, and can extend

vertically when open as shown to provide a safety barrier to workers in proximity to

the pod 100. The tel escopi ng arm 116 of the pod can Iif t the robot 104 to the necessary

height to perform manufacturing processes. The subfloor volume 112 can be

configured to allow staff access to the pod 100 in order to perform maintenance or

service on the pod, or to perform tasks related to operations and processes performed

on aworkpiece, such as the work piece described in Figures 4 and 5.

[0014] With reference to Figure 3, according to one aspect of the present teachings,

the pod 100 can also include one or both of a tool nest 300 and process equipment 302.

The tool nest 300 can incl ude del ivery systems and appl icati on equi pment such as pai nt

atomizers, dispensers, paint guns, abrasive tools, inspections tools, cameras, and other

devices for performing manufacturing and finishing operations and processes. Process

equipment 302 can include paints, sealer, coatings, mixing equipment, consumables,

and space for materi al storage. PI acement of the process equi pment on the pod 100 can

allow for less supply equipment to be used when automating certain tasks. For

example, providing paint supplies with the process equipment can reduce the amount

of supply lines requi red to deliver paint to the robot 104. Further, the proximity of tools

in thetool nest 300 allowsfor quick transition from onetask to thenext. Placement of

the tool nest 300 on the base 106 also allows for easier storage of the pod 100.

According to another aspect of the present teaching, the pod 100 includes universal

docki ng stations for one or both of the tool nest 300 and process equi pment 302. This

allows for flexible swapping out of the tool nest 300 and process equipment 302 with

replacement tool nest 300 and process equipment 302 required for successive tasks.

According to yet another aspect of the present teachings, the pod 100 can identify one

or both of the tool nest 300 or process equipment 302 loaded onto the pod 100. Such

recognition can include abstract identification, such as identifying that one or both of a

tool nest 300 or process equipment 302 have been mounted to the pod 100. According



to another aspect of the present teachings, the identification can be specific, including

recognizing whether a particular tool nest 300 contains painting tool or cleaning tools,

for exampl e. Once the pod 100 has identif ied one or both of the tool nest 300 or process

equipment 302, the pod can initiate startup sequences or working parameters based

upon the selection of tool nest 300 and process equipment 302. The identification of

the tool nest 300 or process equi pment 302 can be real ized through a vari ety of devi ces

including but not limited to RFID tags and detection equipment, through lock and key

mechanical interfaces, or other methods. Further, the pods 100 can perform

predetermined instructions upon receiving a particular tool nest 300 or process

equipment 302. Such instructions can include but are not limited to mounting a

particular spray gun from the tool nest 300 onto the robot 104 or purging a paint feed

Iine among the process equi pment 302.

[0015] With continued referenceto Figure 3 , the illustrated robot 104 isconfigured

for applying paint or other coatings to a workpiece. According to another aspect of the

present teachi ngs, the robot 104 can be a general purpose robot. The upper base porti on

108 on which the robot 104 is mounted at one end serves as an arm 304 rotatable about

pivot 306 at the end of arm 304 opposite robot 104. It should be noted that

counterweights placed on the base 106 can be used to balance the pod 100 while it is in

any accessible orientation. In addition to the rotational degree of freedom provided by

pivot 306, an additional linear degree of freedom along axis X is provided by the track

308 having two rails 310. A carriage 312 on which robot 104 is mounted interfaces

w ith the rai Is 3 10 and can be moved along the track 308 i n order to provi de the desi red

motion for the robot 104 along the axisX. With the six axes avail able to the robot and

the additional three axes provided by the rotation around pivot 306, movement along

the track 308, and the vertical motion provided by lift 114, a total of nine degrees of

freedom are available to the robot 104. More or less degrees of freedom can be

implemented according to the present teachings. For example, one or both of the

rotation about pivot 306 and movement along track 308 can be removed to reduce the

degrees of freedom by one or two degrees. Further, a less articulable robot 104 than

the illustrated six-axis robot 104 can be implemented. Additional pivot points and

tracks in additional directions can also be included to increase the total degrees of

freedom avai Iable to the pod 100.



[0016] The pod 100 can be shi pped integral ly or modularly over commonly

avai lable carriage, and can be readi ly instal led in a pre-formed subfl oor vol ume 112.

Accordi ng to one aspect of the present teachi ngs, the pod 100 can operate with only a

physi cal communication connecti on, such as Ethernet or a w ireless connecti on, and a

power source, such as a 420 volts A C source. Accordi ng to yet another aspect of the

present teachi ngs, the pod 100 can also requi re a forced air suppl y to operate, for

instance when applyi ng pai nts.

[0017] With reference to Figure 4, the system 400 incl udes eight pods 100

positi oned in a workspace 402 defi ned at least i n part by wal ls 404 and f loor 102. A

workpi ece 406 is disposed w ithi n the workspace 402. The i11ustrated workpi ece 406 is

a large artifact in the form of a commerci al ai rcraft. Whi le an ai rcraft is il lustrated,

other items can serve as workpi eces 406 accordi ng to the present teachi ngs. Examples

of such items incl ude but are not l imited to ai rcraft w ings, fuselages, engi ne nacel les,

w indmi l l turbi ne blades, rockets and other large, complex structures. Whi le a booth

can form a desi rabl eworkspace 402, the vol ume in whi ch the workpi ece 406 is disposed

need not be a dedicated booth, but instead can be any vol ume suffici ent to hol d the

workpi ece 406 and al low instal lation and operati on of the system 400 as descri bed

herei n .

[0018] With reference to Figures 4 and 5, the eight sets of stowable pods 100 are

shown in an operati ng position extendi ng from the subfloor vol ume 112. It should be

noted that more or Iess than eight pods 100 can be impl emented accordi ng to the present

teachi ngs The number of pods 100 used can be dictated by several considerations such

as avai Iabl e workspace and capaci ty needs. The workpi ece 406 can be brought into the

workspace 402 whi le the stowable pods 100 are withdrawn into the subfloor vol ume

112 and the doors 118 to the subfloor vol ume 112 are closed. When the doors 118 are

in the closed configuration, the doors 118 can Iie f lush with the level of the floor 102.

This arrangement al Iows uni mpeded use of the workspace 402. For exampl e, when al I

eight sets of doors 108 shown in Figures4 and 5 are closed, the workpi ece 406 can, for

example, be rol led ova and on the closed doors 118 without damagi ng the pods 100.

Further, the choice of workpiece 406 need not be limited by constrai nts imposed by the

diffi culty of movi ng robot workstati ons or navigati ng around fixed robot workstations

that cannot be hidden under the floor 102 or otherwi se removed as an impedi ment to

introduci ng a workpi ece 406. Once the doors 118 are opened, the pods 100 can raise



the robot 104 to a suitable working elevation relative to the workpiece 406 within the

workspace 402. A s shown in Figure 5, the each of the pods 100 can be selectively

raised to different heights relative to the workpiece 406 and one another.

[0019] According to other aspects of the present teachings, the pods 100 can be

mounted on tracks that allow movement throughout the workspace 402 but that allow

the pods 100 to be withdrawn to a discreet location within the workspace 402. This

permits human operators 408 to perform manual tasks without interference from the

pods 100. Withdrawing the pods 100 further permits moving a large workpiece 406

into the workspace 402. Pods 100 can also be installed in other locations within a

workspace 402, such as from a ceiling, or other predetermined locations on the floor

102 that can be permanently or temporari ly fixed.

[0020] According to another aspect of the present teachings, extended portions of

track, such as track 308, can be i implemented. In one implementation, one or more pods

100 can be mounted on an elongated track 308 that spans a length of the workspace 402

longer than that permitted by a single base 106 as shown in Figures 4 and 5. Such a

track 308 can be disposed on one or more bases 106 raised by one or more lifts 114.

For exampl e, a singl e elongated base can have two Iif ts 114, one at each end of the base

106 adjacent a terminal of the track 308. Such an elongated track 308 can permit a

linear degree of motion along a greater portion of the subject workpiece 406, such as

the ai rcraft workpi ece shown in Figures4 and 5 than the tracks 308 on individual bases

106 shown in Figures 4 and 5. According to another aspect of the present teachings,

an elongated track 308 can be segmented and disposed on multiple bases 106 each

supported by a lift 114 that can raise the track 308 segments individually to a

predetermined height, effectively forming a continuous elongated track 308.

[0021] Human operators 408 can be present within the workspace 402 while the

pods are working on the workpiece 406. According to other aspect of the present

teachings, human operators 408 can be stationed on the pods 100 while the pods

perform thei r operations on the workpi ece 406. The interacti ons avai Iabl e to the human

operators 408 can vary, and can include comprehensive real time control over the

operati on of the pod 100 and robot 104. A programmi ng interface on the pod, such as

computer screen, keyboard, and mouse, manual controls, safety overrides, and other

manner of controls can also be avai Iable to users to provide various levels of onboard

control of the pod 100. Accordi ng to one aspect of the present teachi ngs, a pod 100 can



be implemented according to safety codes, regulations or standards followed,

promulgated or otherwise required by governmental code or regulation. Such

adherence can include the safety sensors and monitoring devices, Safety Programmable

Logic Controllers ("SAFE PLC"), additional and redundant controllers, alarms, shut

down mechanisms, human-machine interfaces configured for safe use, power interfaces

and mechanical safety devices such as doors. A variety of additional safety

mechani sms can be impl emented accordi ng to the present teachi ngs.

[0022] With reference to Figure 6, controller 600a includes a central processing

unit ("CPU") 602, non-transient computer storage media such as random access

memory ("RAM") 604 and hard drive storage 606 that can include one or more solid

state and magnetic hard drives, for examples. The CPU 602 executes instructions 603

stored on non-transient computer storage media, such as one or both of the RAM 604

and storage 606. The instructions 603 written on one or both of the RAM 604 and

storage 606 are written in a suitable computer-readable programmi ng language such as

the C programming language, or a programming language written for use with robots,

such as the RAPID programming code, made available by ABB, Inc. In addition,

pianni ng and programmi ng of automated processes can be performed by use of software

such as RobotStudio ® which permits loading of three-dimensional models of the

workpiece (e.g., CAD representations of the workpiece), into RobotStudio <D and

programming and simulating the robot processes within RobotStudio®.

[0023] The control Ier 600a is connected to robot 104a through electri cal connecti on

601a, such as one or more cables. A robot interface 612 manages communication

between the robot 104a and controller 600a, transmitting electrical signals and

optionally operating power to the robot 104a. According to one aspect of the present

teachi ngs, upon executi on of the instructi ons 603 stored on at Ieast one of the RA M 604

or storage 606 by the CPU 602, the CPU 602 provi des signal s to the robot interf ace 6 12

through the bus 614 that cause to the robot interface 612 to communicate signals to the

robot 104a though connection 601a. The signals provided by robot interface 612 in

turn cause the robot 104a to move and perform operations as directed by the CPU 602.

The robot interface 612 can, for example, cause the robot 104a to move to a particular

position or move with a particular velocity along a determined path and apply paint,

sand, or otherwise perform operations on the workpiece 406.



[0024] A user input/output (I/O) 616 such as a keyboard or remote control can be

used to input instructions 603 into controller 600a. The user I/O 616 communicates

with the user I/O interface 618 through connection 620. The user I/O 616 can be used

to input instructi ons 603 into the control Ier 600a. Accordi ng to one aspect of the present

teachi ngs, the user 110 6 16 can be used to by a human operator 408 to input instructi ons

603 that result in operations being performed by the pod 100 on the workpiece 406.

[0025] A network interface 608 permits connection between control Ier 600a and a

network 610 through physical connection 621a, such as an Ethernet connection. It

should be noted that wireless connections can also be implemented instead of or in

addition to physical connection 621a. Additional controller 600b isalso connected to

the network 610 though connections 621b allowing the controllers 600a, b to be i n

communication and further allowing the control Iers 600a,b to synchronize the actions

of the pods 100 whi Ie performi ng operati ons on workpi ece 406. 11shoul d be noted that

the aspects of controllers 600a, b described herein can be distributed, such as by

providing computing resources and memory through a computer workstation, and

providing the robot interface within a separate unit that communicates with the pods

100 through a communication link. According to another aspect of the present

teachings, the controllers 600 can be configured to communicate with and control the

pod 100, incl udi ng any of its aspects, the robot 104a, the base 106, the Iif t 114 , and the

doors 118. Such control can extend to any of the degrees of motion available of the

pod 100.

[0026] For the purposes of this disclosure and unless otherwise specified, "a" or

"an" means "one or more." To the extent that the term "includes" or "including" is

used in the specification or the claims, it isintended to be inclusivein amanner similar

to the term "comprising" as that term is interpreted when employed as a transitional

word in a claim. Furthermore, to the extent that the term "or" is employed (e.g., A or

B) it isintended to mean "A or B or both." Whentheapplicantsintendto indicate'Only

A or B but not both" then the term "only A or B but not both" will be employed. Thus,

use of the term "or" herein is the inclusive, and not the exclusive use. See, Bryan A .

Garner, A Dictionary of Modern Legal Usage 624 (2d. Ed. 1995). Also, to the extent

that theterms"in" or "into" are used in the specification or the claims, it isintended to

additionally mean "on" or "onto." A s used herein, "about" will be understood by

persons of ordinary skill in the art and will vary to some extent depending upon the



context in whi ch it is used. If there are uses of the term whi ch are not clear to persons

of ordinary skill i n the art, given the context in which it is used, "about" will mean up

to plus or minus 10% of the particular term. From about A to B is intended to mean

from about A to about B, where A and B are the specified val ues.

[0027] While the present disclosure illustrates various embodiments, and while

these embodiments have been described in some detail, it is not the intention of the

appl icant to restri ct or in any way Iimit the scope of the claimed inventi on to such detai I.

Additional advantages and modifications will be apparent to those skilled in the art.

Therefore, the invention, in its broader aspects, isnot limited to the specific detai Isand

i11ustrative exampl es shown and descri bed. Accordi ngl y , departures may be made from

such details without departing from the spirit or scope of the applicant's claimed

invention. Moreover, the foregoing embodiments are illustrative, and no single feature

or element isessential to all possible combinations that may be claimed in this or a later

application.



Claims

What is claimed is:

1. A method for operati ng at Ieast one stowabl e automated roboti c pod in a

workspace having a workpiece, the pod including a robot on a base, comprising:

openi ng a door to a subf Ioor storage vol ume;

rai si ng the base verti cal ly from the storage vol ume into the workspace;

performing one or more predetermined operations on the workpiece with the

robot;

Ioweri ng the base verti cal Iy into the storage vol ume; and,

closi ng the door to the storage vol ume.

2. The method of clai m 1, wherei n the performi ng one or more predetermi ned

operations includes performing one or more of cleaning, polishing, sanding, abrading,

washing, drying, tacking, wiping, painting, sealing, surface inspecting, scrubbing,

treating, masking, de-masking, taping, printing, and labeling, riveting, drilling,

assembling, gluing, wiring, or installing parts onto the workpiece.

3. The method of claim 1, wherei n the base is rotatabl e about a verti cal axi s.

4. The method of claim 1, wherei n the robot is Iinearl y moveabl e on the base.

5. The method of claim 1, further including mounti ng a tool set to the pod, wherein a

controller recognizes the tool set and causes the pod to perform at least one

predetermined operation.

6. The method of claim 5, wherei n the predetermi ned operati ons incl ude instal Iing one

or more tool s onto the robot.

7. A system for operati ng at Ieast one stowabl e automated pod in a workspace,

comprising:

at least one robot on a base,

a subf Ioor storage space;

a Iif t operabl e to sel ecti vel y move the robot on t he base between the storage

vol ume and the workspace; and,

a controller in operable communication with the robot, the controller including

a processor and a non-transient computer-readable medium including instruct! ons that

upon execution by the processor perform an operation on the workpiece with the

robot.

8. The system of claim 7, further comprising:



a door that in a closed position forms a portion of the floor of the workspace

and is openable to permit the pod to selectively move between the storage vol ume and

workspace.

9. The system of claim 7, further comprising:

a base sel ecti vely rotatable about a vert ical ax is.

10. The system of claim 7 , further comprising:

a base selectively rotatable about a horizontal axis.

11. The system of claim 7 , further comprising:

a selectively mountabletool set.

12. The system of claim 11, further comprising:

instructions on the non-transient computer readabl e medium that upon

execution identify the tool set.

13. The system of claim 12 further comprising:

instructions on the non-transient computer readabl e medium that upon

execution perform predetermined operations based upon an identification of the tool

set.

14. The system of claim 13 further comprising:

instructions on the non-transient computer readabl e medium that upon

executi on instal Is one or more tool s in the tool set onto the robot based upon an

identification of the tool set.

15. The system of claim 7 further comprising:

instructions on the non-transient computer readabl e medium that upon

execution causes the pod to replace a tool on the robot.



















Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2013168499 Al 04-07-2013 NONE

WO 0140109 Al 07-06-2001 AU 1945701 A 12 -06--2001

WO 0140109 Al 07 -06--2001

us 5570992 A 05-11-1996 NONE

FR 2550984 Al 01-03-1985 NONE

US 6507163 Bl 14-01-2003 NONE


	abstract
	description
	claims
	drawings
	wo-search-report

