3 0 JAN 2004 1 COWUTER CONTROLLED METHOD AND APPARATUS FOR FAILRLN D,
PAI NTI NG OF MARI NE VESSEL SURFACES The present invention gener a2994
to automated f airing and painting of marine vessels, and the- present

i nvention specifically relates to the use of conputer controlled robotic
equi pnent for analyzing surface inperfections, fairing, applying a
sprayable fairing .conpound, and painting. Custom nmarine vessels are
constructed Vo tlne proven technlques and nethods Part of this
process is - 2 M EDC R : p BpR [ ek

smooth surface is fill N.IMEN@?@FaHﬂRDNEn?ﬁSSﬁLpé@@ﬂ éO“ for painting.
Fairing, as applied in the marine industry, 1S done st exclusively on
the exteriors of, yachts, where the ..greatly enhanced aesthetic quality
of paint on a professionally faired huII or superstructure. inparts a
uniformmrror like quality to the paint finish. Commercial or. mlitary
mari ne vessel s ar efhg nogresendr f ahvedtios t cgendniost ard altiare Ilﬂ_‘éol ved
as wel| asaibmatie! Yappshhehht TR0k S Rl I ICSSS o FaLLLNG, |3

acconpl i shed by anal 2|n a mari . et i or Surs acd™fo
i nper f ect iRHE® ot k1 | ABRFiddcpdily t aefatteses thor thenpuisey bife

i nper f ect I@m{)uu‘e:omdrhﬂ:dinnléd QfobBtIRY Sgfuld phridh@. f};&a%hwaa é %foE:%W of
skilled cr;ﬁﬂ dgf hapd. oper at ed a;r t ool s, oper 3 ectric
tool s, E and 10061 's of “&hy™I conBPRAYVIBS tﬁbre%?r?ﬁﬁb r f SRAEANSNI s
process. WHQW m@mamﬁmganal yze the inperfections in the hull or
superstructure surface by using a straight edged, elongated board or

batten to " map" Qhﬂﬂ@ﬂ<ﬁ£¥¥ﬁéeﬁéégéfeiQrEm%onstructed today using
time proven techniques and methods. Part of this process is
known as fairingi Fairing is a process whereby a less than

smooth surface is filled, sanded and primed in preparation
for painting. Fairing, as applied in the marine induétry,
is done almost exclusively on the exteriors of yéchté,
where the_gréatly enhanced aesthetic quality of paint on a
professionally faired hull or superétructure, imparts a
uniform mirror like quality to the paint finish. Commercial
or wilitary marine vessels are almost nevér faired due to
the cost and time involved as well as the purely aesthetic
nature of such a process.

Fairing is accomplished by analyzing a warine
vessel's exterior surface for imperfections and then
utilizing certain techniques for removing the imperfections
from the hull or superstructure. Traditionally, a crew of
skilled craftsmen using hand operated air tools, hand
operated electric tools, simple hand tools or any
combination thereof has performed this process. The first
step is to analyze the imperfections in the hull or
superstructure surface by using a straight edged, elongated
board or batten to . " map" or mark imperfections in the
vessel surface. The next step involves applying a pfimer,
usually a spray applied primer. After the "mapping" and
priming steps, any 1mperfect10ns greater than approximately

I/8"(31nnﬂ in depth are manually filled with trowelable fairing



vessel surface. The next step involves applying a priner, usu QI N)Imll-
applied priner. After the "mapping" and primng steps, any inpertections
greater than approximately 1/8" (3 nm in depth are manually filled with
“trowel able fairing 3 0 JAN 2004 2 conpound, applied using hand trowels and
| ong netal spreaders \Wen the trowel ed fi | ler has cured, it is hand

sanded usmm@diﬁmi blgsksi and 3 nd attached. and with

manual |y ed .p aﬂders en t Hé%‘? g%e %%‘?ngl?léﬁjreﬁe}:g
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fairing oﬁm}ﬁﬁmdlsra;g manapbubeﬁsuanag '@8H§bb¥r@§'era&f€lhsﬂéf}%ﬂ gguipment.

Once all y@fadiey 'm{]ﬂ col has been l'ied randar 1y - sanded,
nt| ng t hf al re | PPgratedy P??Fué?ﬂﬁ@rﬁheﬂh@@n‘eh@t es the

pri m ng and |

fairing aﬁﬁ%ﬁnm@@g Fiedarest 1sUmeagt¢ueagnemeethodﬁd 8asulfaceimhih 5,000
square fegatidizQ0 18 ahke approxi mat el 2 man- hours
per squacrggif e}(gtdf}% nanaﬂ;%%}? S%)(ﬁﬁ%%? ad‘ﬁgn?ot%mﬂ?é%“ﬁdﬂﬁié P8 fair
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finish Rl athd lﬂaii:siﬂige&;o@tﬁih@shhge BaLAMOR eﬁﬁeﬁaﬁﬂda% L1291 ndustry,
have att BoLve -t he c#nefflm ency corr spondi ng to arge Yasks

per f or med by and V88t 0B ng PREMEANY ashBet s Figachdubuildn. eor

exanpl e, SYPSTERANEuTRO. theﬁSch'hxﬂlBlett@s Vagiee! 1521 rd@SCr bRES padint onat ed
pai nting pybelegm for autonobiles' performed primarily by ro%ots wilh rotary
bel |l -type atom zing devices attached to the robot arm Wile this

I nvention is adeguat e for painting nmass-production autonobiles, it only
serves to- paint. sg,ng cpxrent methodsgg 24 1Enrfaeeivich &8, 000 . square

feet (500 m?) of fairable area takes approximately 2.2 man- ~-hours per
square foot (24 man-hours perm) or 11,000 total man-hours to fair from an
"unfaired surface to a high quality, i.e. "yacht quality" ,
painted finish. Related industries, such as the automobile
manufacturing industry, have attempted to solve . the
inefficiency corresponding to large tasks performed by
hand, by automating certain aspects of production. For
example, U.S. Patent No. 4,532,148, to Veciello, describes
an- automated painting system for automobiles performed
primarily by robots with rotary bell-type atomizing devices
attached to the robot arm. While this invention is adegquate

for painting mass-production automobiles, it only serves to-
paint.

U.5. Patent No. 4,498,414, to Kiba, et " al.,
describes an automobile painting robot. This robot was
designed to paint automobiles on an assembly line with the
additional feature of being able to open the car door for

- greater access for painting.

While the above patents relate to automated
painting robots and a system for painting with robots, U.S.
Patent No. 5,571,312, to Andoe, describes a coating

material that could be applied by the robots to a marine
vessel,



descri bes an aut onobil e pai nting robot. This robot was designeg 40 i
aut onobil es on an assenbly line with the additional feature of gtﬁld&“&m#

to open the car door for greater access for painting. Wile the above
patents relate to automated painting robots and a systemfor painting with
robots, U S Patent No. 5,571,312, to Apdoe, describes a coating material
that could be applied by the robots to a marine vessel. 30 JAN 2004 3
None of the above réfeeerfdestheacdboire wirérreacieseorpoeiat &f hehéfh bys

reference, degeriddeadEIHOL{Qr byl atdfdGe@cdBr HBEcYeseela hBtaddi tign, the
mari ne vess , |.ndustr%{8has not de qomat ed nmethod.to save the
a
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tinme and expénde Exptnded I h S5y atVedSer tHGHY BEpEPS rRtiffe. As
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fairing of i.ne S i O v i nd exhense, t nsure
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aut omat ed f &PPAGEEREGFUERDI oys nul ti-function robots with interchangeable

operative heads. The present invention satisfies the needs in the art by

providing automati oast eckBakegyeheeanahyze, ikaiar nard ipaitHe tdhe hidd ss and
superstructur%%oof Odm‘x[ariu Y sscglf I n. ordgr Lo.save rr%teiri al_ cos | abor
and to provfn eC et BTl %Jdrjpr?%c? i ORTFafri ﬁ&. EcardiT éie{ro WCfirst
aspect of tisevienténei end ehperse| sapd ovd deusare gt isyi-drmflaémémiged net hod
for fairing and painting the entire hull and/or superstructure of a marine
vessel, utilising arThebat isyst eM MHeGh el udesHIld Pl €r a method of

automated fairing that employs multi-function robots with

interchangeable operative heads.

The present invention satisfies the needs in the
art by providing automation technology to analyze, failr and
paint the hulls and superstructures of marine vessels in
order to save material cost, labor and to provide computer-

controlled precision fairing.

According to a first aspect of the invention, there
is provided a computer—-implemented method for fairing and
painting the entire hull and/or superstructure of a marine
vessel, utilising a robot system which includes multiple
robots positioned on moveable means and having arms provided
with wvarious attachments, moveable about wvarious control
axes, comprising the steps of:

positioning said marine vessel so as to provide said
robots access to said hull and superstructure

analysing said vessel’s hull and superstructure for
imperfections, wherein this analyzing step includes utilizing
lasers, affixed to the robots, in a surface mapping system;

applying a fairing compound to said imperfections;

sanding said fairing compound in alignment with said
hull and/or superstructure;

removing any compound dust generated by the sanding
process; and |

painting said hull and/or superstructure.



robots positioned on noveabl e neans and having arns provided L th various
attachnents, noveabl e about various control axes, conprising rﬁ
positioning said marine vessel so as to provide said robots access to said
hul | and superstructure anal ysing said vessel's hull and superstructure for
| nperfections, wherein this analyzing step includes utilizing |asers,
affixed to the robots, in a surface mappfng system applying a falrlng
conmpound to said inperfectlons sanding said fairing conpound in alignnent

with said hull andhetosdpes std Ust sedsnd %mpéicrtg o&n)théoﬁﬂ‘ir@ﬂdléhlﬁttwr at ed

by the sandi.ng ocC and a|nt|n aid.h r upe structure 30
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provi ded a gerpoteg- ithpl @rm:ntred hrétlnoahct/@rr fmperrrsgrantlurqz)aprﬁt |angmaahmeenti re
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whi ch includes nmultiple robBots positioned on noveabl'e means an
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provrde sai d robots agcess to S?Id hul I and superstructure; analysing sai d
vessel ' s hulT™"8hd>s0 r§tr3€?ur% for inperfections, wherein this anal yzing
step includes utili ppﬁgthﬂaldw sadff imegdneoveheel obot 85 tn prewurdeacEivhppi ng

system applyhRgsasfaidd g sarposath e SalfdeLapardigeld;ons; sanding said
fairing conpound in alignment with said huII and/ or superstructure;

removi ng any corrpouﬁaaéliﬁtn%eﬁ%t“at B8SBY. theldkhdPig superstructure for

imperfections, wherein this analyzing step includes utilizing
radar, affixed to the robots, in a surface mapping systemn;
applying a fairing compound to said imperfections;
sanding said fairing compound in alignment with said
hull and/or superstructure;
removing any compound dust generated by the sanding
process; and

painting said hull and/or superstructure.

According to a third aspect of the invention, there
is provided a computer-controlled method for finishing at
least the entire hull of a marine vessel, involving a computer
for directing the movement of robots, said robots positioned
on moveable means, such as a gantry, tracks and/or a gantry-
tracks combination, each of said robots having a base, a
primary arm, a secondary arm and a wrist terminating in a
support head, and various tools attachable to said wrist or
said bases, the method comprising the steps of:

positioning said marine vessel, relative to said
robots, so that said robots are operatively accessible to
surfaces defined by said marine vessel;

attaching and using an analyser tool on each of said
robots for analysing the surfaces of said marine vessel to
detect contours and imperfections, wherein this analyzing step
includes the production of a surface map by the use of lasers
attached to said robots;

attaching and using a surface sensing tool on



process; and painting said hull and/or superstructure. Accor di n o] [
aspect of the invention, there 1is provided a conputer-controll %ﬁnemmmm

for finishing at least the entire hull of a marine vessel, involving a
conputer for directing the novenent of robots, said robots positioned on
noveabl e neans, such as a gantry, tracks and/or a gantry- tracks

conbi nati on, each of said robots having 4 base, a primary arm a secondary
armand a wist termnating in a support head, and various tools

attachabl e t ali L st ! .1 he_net ho onprising_the. steps
of : positi onel%lr%l é_'%i \gra?rér F%%Ot\zlgegfs% ,t%%feg) g.:tll% es‘%& ssalglfjtcacr%bcﬁg, %%n? iat’ said
robots are @@eratively accessible to surfaces defined by said marine

vessel ; attaching angdtHshiy aBn@NaLHSEr at B nOMEaIL10forsal L roboL s 4 or
anal ysing the surfaces of said nprine vessel to ™ detect contours and

i mper f ect i of&POWReFRE PR NInaR YT i FHFTECES- i ncl udes the production of a

surface map by the use of lasers attached to said robots; attaching and

using a surface sensig ook of 3 SodAM 20k 48 GaGhOh 5810 pobOLF L Or
preparing said surfaces for° painting; —and attaching and usi ng a pai At i ng
t ool on eachSof PEATHHEY oBoteorMputeparenti iRy 18 dnethdhcéer Addursliing tat a

fourth aspeg_tea_@t the dmvienrt hany %he& Qnaﬂi@lepﬁflé}éisg%ﬁg BEORRWGeE- e&;a@m%f ed
rethod, for gl S igeal Lessltheantas o Bl o gamine. Vessel oy
posi ti oned oconmoeeehbt ene@ans, s\8UChEaS agaganty,y trocaskandAdl oa gagaryg+ y-
tracks Conblt'igt:icgn’co?r@ﬁﬁaeioﬁfii daERbQYs QQY&nQoﬁoggs%aﬁng a base, a
primary arm, a secondary arm and a wrist terminating in a
support head, and a various tools attachable to said wrists or
said bases, the method comprising the steps of:
positioning said marine vessel, relative to said
robots, sco that said robots are operatively accessible to
surfaces defined by said marine vessel;
attaching and using an analyser tool on each of said
robots for analysing the surfaces o¢f said marine vessel to
detect contours and imperfections, wherein this analyzing step
includes the production of a surface map by the use of radar
attached to said robots:
attaching and using a surface sensing tool on each of
said robots for preparing said surfaces for painting; and
attaching and using a painting tool on each of said
robots for painting said surfaces.

Accordingly, it 1s an object of the invention to
use robots to analyze the imperfections in a marine
vessel's hull or superstructure by utilizing a surface
mapping laser or radar.

It is a further object of the invention to use
robots to apply any sprayable fairing compound as may be
necessary to correct the detected imperfections in a marine
vessel's hull or superstructure by utilizing spraying

equipment to apply the compound.



primary arm a secondary armand a wist termnating in a support head,

and a various tools attachable to said wists or said bases, t.'ﬁneﬂ @AFN)(QU[M
conprising the steps of: positioning said marine vessel, relative to said
robots, so that said robots are operatively accessible to surfaces defined
by said marine vessel; attaching and using an anal yser tool on each of said
robots for analysing the surfaces of said narine vessel to detect contours
and i nperfecti onsAnohheei abfjbts anallyZi gr&itgn iikClkvdaget PepPEHAESt i on of

a surface, f radar ,attached to said robofs;.attachi ng and
using a sugrgfqg%:gyl}sée%%sﬁ}ggo‘fm?r?uéﬁicr?%‘?e i W5 3ot R i FgSsai d

surfaces f%ﬁsﬁﬁﬁr&?n@?gaﬁdtoaﬁK&GHanEanﬂmqstmgsarpa¢@tbygumaokﬁbnaeach of
sai d robotwi fldmgaimkhnai gl Hesd! faces. Accordingly, it is an object of the
invention to use robots to analyze the inperfections in a marine vessel's

hul | or superstrugtuge. Ilizing a,surfac pping laser qr radar. It
is a further obj e& o?lﬁelgwgﬁ?tri oﬂg??)cﬁséDferﬁggt sl?%aré&ﬁﬂry afy §Prayabl e
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i nventi on ¥ G uSE PP MEB 8 and the fairing conpound once it has been

applied to the vessel in order to achieve a snooth surface by use of a
mlling or sandi ng B¢ddl Awsitihelr folrjicleer ofbjed Divddteidmvianttenukse to

renove, froBdte cPEbALEn B8 nha! biaqutcggg.eu 28 U vessel surface

by utilizing spraying equipment to apply the paint.

A still further object is to provide moveable means
for the robots for the purpose of allowing the robots

complete access to the vessel's hull and superstructure
surfaces.

‘Another object of the invention is. to provide the
robots with interchangeable heads for accomplishing the
tasks of analyzing the hull for imperfections, applying
fairing compound, s_émd_ing the hull and painting.

The above objects and advantages of the present
invention will become apparent from the following
description and appended claims, taken in conjunction with:
the accompanying drawings which show by way of example some
preferred embodiments of the invention.

Fig. 1 is a plan view of a vessel located in the
operational area of the automated fairing system and

approximate layout of said system according to the present
invention;

Fig. 2 1is a perspective wview of the automated
fairing system including a gantry mounted robot, according
to a preferred embodiment;

Fig. 3 is an elevational side view illustrating a
track mounted fairing robot and gantry mounted robot as



created by the sanding process by a vacuum tube or other simlar cleanin
means. A still further object of the invention is to use robot£ﬁ Q]ANoQﬂ%l}
the final paint coat to the vessel surface by utilizing spraying equi prent
to apply the paint. A still further object is to provide noveabl e neans
for the robots for the purpose of allowing the robots conplete access to
the vessel's hull and superstructure urfaces. Another object of the

i nvention th.li%%dprovi dght he_robots w th_interchangeabl e heads for

acconpl i shing the tasks’6f SHEPPSFRY t haininy fevsteperéwrdt i washodppl yi ng

fairing céfsouddngssndthg phesdnd lirarehtiaint iapg. The above objects and

advant ages of the present invention will becone apparent fromthe
following descripiyen andspppgid | 18, taken in _conjunction with- the
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| ayout of said systemaccording to the present invention; Fig. 2 is a

perspective view gisihg; QU d .fairing systemincluding a gantry
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perspective views of the Vartolf® 1s capable of receiving
various electrical input signals for initiating the
operation of' the vrobots 14 in accordance with a
preprogrammed sequence of operation. The robots 14 are
located on parallel tracks 16 for movement along the
longitudinal axis of the marine vessel 18. The vessel 18 is
situated in the operational area of the robots 14, between

the tracks 16, allowing said robots complete access along
the length of the vessel 18.

A Fig. 2 represents a perspective view of an
alternative embodiment of the system 10, in which the
robots 14 on tracks 16 can be seen working on the vessel 18.
in conjunction with a gantry 20 and gantry wmounted robot
22, said gantry 20 and gantry mounted robot 22 are also
controlled by the controller 12. According to the
alternative embodiment, the gantry 20 would have the
capability of 1linear movement 24 up and down the
longitudinal axis of the vessel 18 and the robot 22 on the
gantry 20 would have side to side movement and telescoping
means 35 to raise or lower to the work surface.

As stated in the description of Fig. 1, this
invention operates with, and the apparatus thereof
includes, robots 14 (Fig. 1), without a gantr?_ 20.
Additionally, when using gantry 20, various alternative
structures are operative within the bounds of this
invention, such as when the " legs™ , as are shown in Fig.

2, or with "legs" as shown but suspending the gantry from
above. '



heads to be used in conjunction wth the robots according to the present

I nvention. Referring to the drawi ngs, and nore particularly Fi3;[] yAN 20[]4
t hereof, -an automated fairing system 10 is shown which includes a
controller 12 for directing the novenent of robots 14. Said controller is
capabl e of receiving various electrical input signals for initiating the
operation of the robots 14 in accordante with a preprogranmmed sequence of
operation. The roB8t §2314 b eseemcimelign Par dlteel rdbatoks 16 haa wpyenent
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system 10,onen | 6Ret RS+ * n.tracks n?e seen working on the
vessel 18  in c; i unct | or?&%tghggllg%%t rt;?ogﬁ a%oé' géﬁtr Onitfift eBCr o 22,
sai d gant P2 FCanG g r §ododitedbaepo 022 the prinargortmol 32d kyet he
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- the work dmtkachanfsadhat atbhdithe desgriptjon_of Fig. .1, this .invention

oper at es Wlﬁhi and t he appar at us tHer%‘gf p’itonclﬂlaes,écfob& 1 4eEgrgd 1)
wi t hout a gan Fy. 20. Additionally, when using gantry 20, various :

alternative structures are operative within the bounds of this invention,

such as when the Figgs' 4A-4Daslduetsheen the Riatioud RftlidiingeS@se as

shown but teéigensis Ng gfohe gant rabﬁdchBn as utilized iﬁ thé automated
fairing system 10. The optional analyzer tool 50 in Fig. 4A
is used for analyzing the vessel’s surface 19, throﬁgh‘the
use of surface mapping laser or radar 53. This tool is
affixed using a connective means 51 which interlocks with
w?ist 36. The analyzing process may be accomplished with
the analyzing méans_attached to the base 30 of the fobéts
14 and 22 rather than at the end of thé éecondary arm 34,

The fairing compound application tool 60 in Fig.
4B, employs a spray nozzle 62 supplied with compressed air
64 and fairing compound 66 through hoses 65 and 67
respectively. The tool is affixed using a connective means
61 that interlocks with the wrist 36.

Fig. 4¢ portrays an interchangeable sanding tool 70
useable for sanding the areas treated with fairing compound
66. The tool uses a means for sanding 72 in conjunction
with a vacuum hose 74 for the removal of the toxic dust
created from smoothing the failring compound 66. A hood 76
encloses the sanding means 72 and the vacuum hose 74, the
vacuum hose projecting through the tool 70 and within the
hood 76, proximate sanding means 72, which is not shown in
the drawing of Fig. 4C for the sake of c¢larity, but is to
be understood that way, as previously described herein. The

hood 76 is used to pPrevent the dust from escaping and is



above. 3 0 JAN 2004 7 As can be seen in Fig. 3, the robots, 14 and 22, are
hydraul i cally operated units which include a base 30, a pr| @j’ArN32[]ﬂ&
secondary arm 34 and .a wist 36 that termnates in a support hea 38
which interlocks with any one of the interchangeable tools 50, 60, 70 and
80. The <controller 12 and the base 30, the primary arm 32, the secondary
‘arm 34, the wist 36, the support head 88 and the interchangeable tools

50, 60, 70adme 8fked ecopaitaiioe! she car&acarfedcatﬁbﬂquvam%&evfaﬂ; esul t

of novenen of rchangeabl e. topl s 50 in a desired
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enpl oys a $Hdsy R‘P@Eﬁﬁé%l%upghnedsmtﬂmmrmm Bor udd aficei atlié ng

conpound 6&altRrouIR=pOE§S &5 meﬁ‘zwasﬁgﬁ eCtyny, &Lyrﬁgﬂ% Eﬂ?gggﬁgaf:{éxed

using a. conne: tlve ans that interl ks W t

portrays amii gﬁge@é’&“@ sdm§ rF@-’ecS(%!rWO 1%%%?54%%@%@11&198%% ar eas

treated w of ft'_eharnmgs&ﬂi:mblﬁmls Bér dhgathol whan Foreansidje SaRGbNg 72 in

conj unct Ohf@lﬁa%@rg?c"ﬁﬁgﬂcaﬁalﬂyf o%itie 1%?:%%Var!-:hlpst h%lfeoxllagesg ot
invention method involves only the steps of positioning the
_Yessel, cleaning with water-blasting, and analyzing for
imperfections or contours before repairing and/or painting.

An interchangeable painting tool 80 is shown in
Fig. 4D, a perspective view. Paint 86 is aﬁplied through a
spray nozzle 82 that is supplied by hoses 85 and 87 with
compressed air 84 and painﬁ 86 respectively. The painting
tool 80 is interchangeably afflxed to the wrist 36 by a
connective means 81.

It will be understood that the | preferred
gmbodiments of the present invention has been disclosed by
way of example and that other modifications and alterations
may occur to those skilled in the art without departing
from the scope and spirit of the appended claims.



created from snoothing the fairing conpound 66. A hood 76 encl atsgs tAfﬁ 200]‘,
sandi ng neans 72 and the vacuum hose 74, the vacuum hose proje né
through the tool 70 and within the hood 76, proximte sandi ng neans 72,
which is not shown in the drawing of Fig. 4C for the sake of clarity, but
is to be understood that way, as previously described herein. The hood 76
is used to prevent the dust from escapinggand is 3 0 JAN 2004 8 also used
to enhance the suction capability of the vacuum 74. The sanding tool 70 is
i nterchangeably affixed to the wist 36 by a connective neans 71. Al so,
usable for cleaning the surfaces, analgizegand treated with fairing
conpound 66, are various alternative neans; e.g. a water- blasting neans is
used in one of the tools, but this requires sufficient connections for

nandl | vat o S0 AL o R Pufl M0 TR RR Oy

the water-blasting or we

cl eani ng, theupsreasture ofsa adiius tveskel,outilishey §irgkot Bhteith@hihsmeludéd aastifler a
yacht, than for a large ship). Furthernore, particularly with |arge ships,
the present IPRRFROSHIPNED 9T dGVsoRIEyBSarsnayd ¢ having a@es grropided t Wishi Yagioupe

vessel , cl eagyng Winkd nYWRESS gé(ga?gm&s c@ﬁgop%%g,iyc?t : ig{rﬁgrthe gtg&e&{ ections or

contours before repalring an pal nt1ng. ngeabl e pai nting tool
80 is shown in Fi(g 4Ppsidopiegspecariee wessal siab nd pddvids saippbbed dcbysough a
spray nozzl e 8@ that ,is s |ied by hoses 85 and 87 with conpressed air 84
and paint 865 é‘ﬂﬂ@?ﬁ@'éﬁ’?éﬁq‘% Cpainting tool. 80 is interchangeably

That the preferr e emmaa sk o Y N Nl e R e e
by wherein this analyzing step includes utilizing lasers, affixed to the
robots, in a surface mapping system;
(c) applying a fairing compound to said imperfections; -
(d)  sanding said fairing compound in alignment with said hull and/or
superstructure;
(e) removing any compound dust generated by the sanding process; and

@ painting said hull and/or superstructure.

2. A computer-implemented method for fairing and painting the entire hull and/or
superstructure of a marine vessel, utilising a robot system which includes multiple
robots positioned on moveable means and having arms provided with various
attachments, moveable about various control axes, comprising the steps of:

@) positioning said marine vessel so as to provide said robots access to

said hull and superstructure;

(b) analysing said vessel’s hull and superstructure for imperfections,
wherein this analyzing step includes utilizing radar, affixed to the
robots, in a surface mapping system;

{c) applying a fairing compound to said imperfections;

(d)  sanding said fairing compound in alignment with said hull and/or

superstructure;

(e} removing any compound dust generated by the sanding process; and



way of .exanpl e and that other nodifications and alterations oc
those skilled in the art wthout departing fromthe scope anmgl erNoéﬂD’?

t he appended clains. 3 0 JAN 2004 9 CLAIMS 1. A conputer-inplenmented met hod
for fairing and painting the entire hull and/or superstructure of a marine
vessel, utilising a robot systemwhich includes nultiple robots positioned
on noveabl e neans and having arns provideggwi th various attachnents,

noveabl e about various trQl. ) onprising the steps of: (a)
positioning said nHri né)%%ltg g}ﬂdggéﬁaag'd'tc%g‘g‘?e @f%ﬂ“%-ai d robots access to said
hul | and superstructure; (b) analysing said vessel's hull and

superstructure for inperfections, wherein this analyzing step includes

utilizing | asers, ‘afPmRugr-eenttohled meshast for finishingsatrleast therempps gl of & mawine ( ¢)

Compound | n AP nneoR A ehfin B for EREHSEC e yebtl BEAOD 80 rbbng

any conpound pdsisibngk oer aioecatily héunssandi ag Proasess iradddand/éy apparidy-fgeksai d
hul I and/or superstructure. 2. A conputer-inplenented nethod for fairing
and pai nti ng SPREMaHPR.rcach of paid sebats havinga bases arimasy awm.c seapndeey ows gud a

utilising a n SV Vall | -1 ot | ’
noveabl egrrear?g &gﬁeﬁ%@ glwgrsrggp %rpg{:ﬁage d&Hu%}ds&gﬁsgﬁtggl‘ﬁg{&t@%ﬁiﬁe&nﬁ%?gﬁg@gabl e
about vari oudasmsnthe alethodewmpiing the stegs ofie st eps of : (a) positioning said

mari ne vessel so to pr.avide sajd rpbots gccess to said hull and
super st ruct ure; (E?S) an f/@f’ﬂ'ﬁ‘gss&‘i“!j AL ey es8e hlﬁ‘iﬁPt“éFnEP §€’J‘_ge¥_°§’ﬂsué9 hat sd
i nper f ect i ongebotyAer Eﬁtiﬁfél&%c&é@ﬁ]!abéztb BGrfAdeS Befifld B&ﬂs%t emﬁl %&C ihd @és?@' radar,

affixed to the robots, in a surface mapping sys (c) app ying a fairing
conpound to said i(bper fatechingand Ysig amandlysgr toal on éaphrof sgid copoforanalysing

al i gnment wi ttltfle ﬁﬁfa@eg"w’ Laic? ?rga{n%re vedstl £ ﬁ%tregtcéolfl[toed'rs and imperfections, wherein this
analyzing step includes the production of a surface map by the use of lasers attached to
said robots;
(c) attachiﬁg and using a surface sensing tool on each of said robots for
preparing said surfaces for painting; and
(d) attaching and using a painting tool on each of said robots for painting

said surfaces.

4. A computer-controlled method for finishing at least the entire hull of a marine
vessel, involving a computer for directing the movement of robots, said robots
positioned on moveable means, such as a gantry, tracks and/or a gantry-tracks
combination, each of said robots having a base, a primary arm, a secondary arm and a
wrist terminating in a support head, and various tools attachable to said wrists or said
bases, the method comprising the steps of:

(@)  positioning said marine vessel, relative to said robots, so that said
robots are operatively accessible to surfaces defined by said marine vessel;

(b) attaching and using an analyser tool on each of said robots for analysing
the surfaces of said marine vessel to detect contours and imperfections, wherein this
analyzing step includes the production of a surface map by the use of radar attached to

said robots;



JAN 2004 10 (f) painting said hull and/or superstructure. 3. A
conputer-controlled nmethod for finishing at | east the entire hull of a
marine vessel, involving a conputer for directing the novenment of robots,
said robots positioned on noveabl e neans, such as a gantry, tracks and/or
a gantry-tracks conbination, each of saifirobots having a base, a prinmary
arm a secondary a . i $er i i p

various tools att ggﬁabﬁga?gn gildtu\s/;\}r sgt%ﬁg%chs%g?ééﬂg %ange%gl, Qa{che&en%ﬁf)%%% for
conpri si ng t hpeemmtiepsaidfsurfie@y fprgmidtingnamyy sai d mari ne vessel, relative to
sai d robots, so Lgaf said . .robots .are operatively a%ﬁe sible to_surfaces
defined by said ne aftecing ang psing o paifmggoghen gashef seid mbers fspaingige on
each of sai dsp@bQisedsor anal ysing the surfaces of said marine vessel to
detect contours and inperfections, wherein this analyzing step includes
the production of a surface map by the use of |asers attached to said
robots; (c) attaching and using a surface sensing tool on each of said
robots for preparing said surfaces for painting; and (d) attaching and
using a painting tool on each of said robots for painting said surfaces.
4. A conputer-controlled nmethod for finishing at |l east the entire hull of a
marine vessel, involving a conputer for directing the novenent of robots,
said robots positioned on noveabl e neans, such as a gantry, tracks and/or
a gantry-tracks conbination, each of said robots having a base, a primry
arm a secondary armand a wist termnating in a support head, and
various tools attachable to said wists or said bases, the nethod
conprising the steps of: (a) positioning said nmarine vessel, relative to
said robots, so that said robots are operatively accessible to surfaces
defined by said marine vessel; (b) attaching and using an anal yser tool on
each of said robots for analysing the surfaces of said nmarine vessel to
detect contours and inperfections, wherein this analyzing step includes
the production of a surface map by the use of radar attached to said
robots;

_ ) . .
(&) removing any compound dust generated by the sanding processis §1dy g\Donny



3 0 JAN 2004 11 (c) attaching and using a surface sensing tool qugiﬁag%nu4
said robots for preparing said surfaces for painting; and (d) a¥t

and using a painting tool on each of said robots for painting said

surf aces. COVPUTER CONTROLLED METHOD AND APPARATUS FORFAI RI NG AND

PAI NTI NG OF MARI NE VESSEL SURFACES ABS;RACT A conputer controlled nethod
utilizing robots for the fairing and inting of marine vessel surfaces
conprising the ste gs of anal yzi ng the vessel huH
for inperfedt?onsiERdd p T Je
snoot hi ng t he |nperfECtPKMNTINGHGFEﬂAgHNEHvEggﬂﬁlSﬁﬁ?ﬁ@ﬁé and/or
superstructure; and applying a final paint Tinish to the hull and/or
superstructure. Fig. 2

ABSTRACT

and/or

suer struct ure

A computer controlled method utilizing robots for
the fairing and painting of warine vessel surfaces
comprising the steps of analyzing the vessel hull and/or
superstructure for imperfections; applying a fairing
compound to the imperfections; smoothing the imperfections
into alignment with the hull and/or superstructure; and
applying a final paint finish to the hull and/or
superstructure. |

Fig. 2



