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 @GLxm‘ambeeFanﬂRmmn?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 vel | asalitemped! ¥appshhe of rocess, Fairing.is
acconpl i shed by anal ?l n g %g?l g&hﬂ&ﬁg oﬁSM%gsl%%s%ﬁlrﬁ'ac% ?logh

i nper f ect iRHEENT t k91 | ARRFiddcpdily t @elaiteses thor thenouseg 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 6RAEdNShI 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" mmgayﬂ< e | h The_ next

PEAL ©6L500%5) Arkh SOl NI B68, THEDSX | e

step |nvolves a i n rimer usua ray ap
‘mappi ng" ﬂ%%QEngkecﬂalques and methods. gart of this process is

known as falrlngi 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 yechte,
where the_greatly 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



primng steps, any inperfections greater than approximtely I/%‘ﬂ (‘}AINT)ZUU'JI-
depth are manually filled with trowelable fairing 3 0 JAN 2004 conpound,

applied using hand trowels and I ong netal spreaders Wen the trowel ed
“filler has cured, it is hand sanded using hand bl ocks and "Il ongboards™
wi th sandpaper attached and with maneal |y operated power sanders. Wen the

surface besumdral,r ethgsl 7 athyshy SRy h @chw%f‘ér’aa final ogtio al
appl i cat isgk;}e(g eépr.ay bl e fairing conpound nay be ap'b i ed®B8i nBeR&hual | y
oper at ed “Spr el ﬂﬂﬁﬂ.t}@ﬁcéraﬁﬁle@f fihderaibeisnewedpouitd hashhean
appl i ed @Rhdmthusing bandenlopksnhig ahdonghBhiag: t Ngi Rl LafaBubh, or

. i ng

super st rygt Letes t fairing and paintin proces
current mtﬁ%ﬁgﬁgj%&t‘“ﬂq% Y055l & e POMEEL SE‘B&G'rﬁQ)Wb@nf eheabl e

area t akédiERsico o fpizedl imn redatdvedly saguaheah@Otal24 gupihQuUrs per

) or 1kbfd3dHxat ﬁﬁb‘M&S ' m .~unfaired surface to a high
quZaI ity, et aﬁﬁ qual i tyx'? gga%ﬁkég%?ﬁi g%.lrliélgatcé’ﬂ‘ﬁmt‘?a%s]?esuchgas

i.e.’'
t he autorﬁ%ﬁl@dyHﬁ?&ﬁ%o‘!‘ﬁ??ﬂblYnéngra??dh@wa&t tegnpipeerita Snae albe
i nefficiedfcytberres i NGdrbdhaide hhask rf y an ut omat i ng
B odher] oo B nEEE BpBR" I st a5y

certain of production. For ,exanple, U. X 148, to
Veci el | o, %?rs’i be gllﬁﬁl.lgaut%?w%t e®PHATGNg Y8t erfdisredut budBi | eat

per f or re@uUbgriskamictyriey tbbot scomphet @t arphdeldailripey ahag zbggngfﬂéces
attached gy dala@ robot arm Wiile this invention is adequate for painting
mass- production autonobtles, it only serves to- paint. U S. Patent No.
4,498,414, to Kipa, et -al., describes an autonobile painting robot. This
robot was desi gHEARPo CHARRL Rebhoris, e R BNfaGEs Seith V5 ) 00® adridnd he

?g?i ltO ;iozﬁ_d_:etf €S0URE ) If RAEAEI AR faReORPPrbRENGAIyIPY dQ-nSUFRISL, aCCESS
1is:z'q'ﬂtgu':e foot (24 man-hours per m*) 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,



Wi | & the above patents relate to automated painting robots an
for painting wwth robots, U S. Patent No. 5,571,312, to Andoe,gdigj%ﬂiggngﬁ

coating material that could be applied by the robots to a mari ne vessel.
30 JAN 2004 3 None of the above references, each of which is incorporated
herein by reference, describe a nethod f fairing a marine vessel. In
addition, the marine vessel industry has not devi sed an aut omat ed net hod
to save the tinme aN@nexpdhséhexpaimiedl rairgenicss -a s@gBelothuvhighd is

super st r uct Ui@o rp® 1 teRNSIBSHENS e pyt h@@t@n@e negdsicRibhe Arhetabga Fdet hod

of automated. fai.ring of marine v els_in rrto ave tine and expense,
and to ensu%@lﬁrlé’cﬁ g?oﬂaf:épfel ﬁ’&ssﬁﬁerems %dfl%rltoﬁler ed"Fhiffe A% or a

‘met hod of dutdorsatred Had rnaig that segplaoy ssuhdntd tddinté tlood r bbotsavei tithe
i nt er changeahlg, opgs aLl, g%n@%adesx Jﬁ‘&ecﬁ”ﬁﬁenfaiﬂ et Lon, Satd fhﬁilt 25%&‘990'3

inthe art by providin automaton technol ogy to anal yze, alr an pai nt
the hulls aﬁ@P§E§§F§€F®€?ures of marine vessels in order to save materi al
cost, labor and to provide conputer- controlled precision fairing.

‘Accor di ng to a fi rsAsaapﬁ@gsfef;uteheei n‘tﬁ@'ﬁ:ieSﬂs heleed i piHeyvigded %ﬁ a
conputer-l nte method for fairin aintin e entire, hu

ond)or supelSTTTR e BT ner L AREeFE ‘pePRPS! H§25o0S0ar Sreitm i ch
i ncl udes nuﬁewelelmeoboﬂseapsnseonemdohon@W&uﬂﬂepnﬂaﬂ&;qnufduﬁmnmg arns
provided wth various attachnents, noveable about various control ‘axes,

conpri sing the stepgnefre RASit ireiicha SbdTaN Nhe/essel £ 50 ASmdOnds 0¥k de
said robots access to_said hull and superstruycture anal ysing said vessel'
hul | and suﬁﬁ@ﬂﬂﬁﬁﬁqjgﬁ Eﬁng that employs multi-function rcbots 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.



i mperfections, wherein this anal yzing step includes utilizing aser

affixed to the robots, in a surface mappi ng system applying a aﬂrJﬁMN 2004
conmpound to said inperfectlons sanding said fairing conpound in alignnent

with said hull and/or superstructure; renoving any conmpound dust generated
by the sanding process; and painting said hull and/or superstructure. 3 0
JAN 2004 4 According to a second aspect ®f the invention, there is

provi ded a conputer-inplenented nmethod for fairing and painting the entire

hul' | and/ or super st pyebdien®@ft@ aBEédhd Va@%%lt ot ithleSiiRgent 1 OHOL +isarsd em
whi ch incl udes nultuggf robots %OSltl ned .o qgﬁ%e nmeans .,and havi

arns provi ded MWW SAri 9 SR mERR SSH aﬁP uf°¥a Eﬁﬁgngoﬁ?}

axes, conpmbshngnghehst&m$lmé IpﬂéJtamﬁan;supatsﬁmucherwesﬁehismazmna() _
provi de sai %s"sQQOt Su@lcﬁ%iﬁgt 0 Sa_idﬂ;otﬁu'é @Mns%ﬁ%%ﬁt rH?éMq%s {yging said

vessel's hull and superstructure for _inperfections, wherein t |s anal yzi ng
step |ncIudé?bQFFIP?Fhﬁloﬁ%ﬁkﬂn BIGSRE M5PRe APEHHRYLNY naENS UPFREKShppi ng

system applmrtngvari@ng G aconpausd hevesailed appet fecticns consasti agesai d
falrlng conmpound.in %_H%p nt mn%h said hull and/or superstructure;
St

removi ng anfnmgﬁﬁgﬁ% Sgﬁe?ated by the sanding process; and painting

said hull and/or supesstieming ezaiAtawrdinngvessalt hdrds atpeprowvide hanid

invention, thgres aéc@gsovaod%qla GQIP WS s%@@ké@i&&%ﬂ@t hod for finishing at
| east the entire hull of a marine vessel, I nvol V|n$ a conputer for
i

directing the rmvenéﬁ?llaﬁlfu‘%bﬁ%d ¥5PeE+ ofbolfl‘éllpoé’ﬂ 8H@@rs%ﬂlcr%\¥é’abﬁ%
means, such iapeafgabidrys, tuwiatksnantisr afaganiny/ -stidgpacks:1cagbi aaildaingeach

of said rOb%%%aQ?vgf§H§%J“¥§athg 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.

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



primary arm a secondary armand a wist termnating in a 'éuppab mzou#
and various tools attachable to said wist or said bases, the h

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 anal ysing the surfaces of sai® marine vessel to detect contours
and i nperfections, wherein this analyzing step includes the production of

ising a surrael Snsras rSart Sa kRIS g ca R el RNty PanbEb\e, ™
preparing sa@ surfaces for painting; and attaching and using a painting

tool on each of saidttheRohs hRd Qﬁirﬂﬁieﬁ'gp§ﬁi1@i_r?”€&ﬂesonA@é@{cgf‘gséﬂja
fourth aspect . of tge invention, there _is provided a conputer-controlled

h
met hod for FPRPSAI HYF H2iNtdad: SeHe B¥MEeCEShul | of a marine vessel ,

i nvol ving a conputer for directing the novenent of robots, said robots

positioned on nove QE?QS suc gggt Y..d rack a y-
tracks conbLnation,?%%gﬁ 0 s%?dgrgggﬁggha |ﬁ% gfbggé,%g%ggé?é%ﬁygggé% a
secondary af aPEPEdRd st tMBEREr ARt ¥Pld edsuppErad héad, ind shiparidus

tools attachabke tReSaitthrer hells 6f a SahdhrRasessel heimRINALLCaMBLILSHHE: t he
steps of: p%éltlonlng%sal mari ne vessel, relative.to s robot’s, so that

d id
sai d robot s "8fe “GPEFE TV el BB % RNy adeddudOPRES BYSLEIPSrhr i ne
vessel ; att achimegeahtle useamys amswaralaser dadiryon teachsobndédecd ar ghotsy+ or
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i nperfections, erein this analyzing step includes theé productioh of a
surface mapPEYREE G&8/ ofd rERfndary 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.



attached to said robots; attaching and using a surface sensing tool on each
of said robots for preparing said surfaces for painting; and 3tﬂ aJAlNuZU 4
and using a painting tool on each of said robots for painting said

surfaces. Accordingly, it is an object of the invention to use robots to
anal yze the inperfections in a marine vessel's hull or superstructure by
utilizing a surface mapping laser or ¥adar. It is a further object of the

invention to use Anobhes bbjepplyr aftye sptvlilen fiai KongseorERYLd 8s may be

necessary d.9,£ cf 4 etected jnperfections in a marjne vessel's hul
or superstruct %%%b%alu{iﬁqdzé(ﬁ“&’ Osuﬁlrda;rrclpnncge Houiphentet oa%%jp’r?fit%% EBfpound.
30 JAN 200%8Feianth herdeb) ot asthieve imvemeddn ssrfacasbyr aiset off oasand t he

fairing compaung @Ceantiigsnbsgn applied to the vessel in order to
achieve a snooth surface by use of a mlling or sanding head. A still

further object of ;the ipwention is to, renove, fromthe work area, the
fairing conpound é\us%tl@egué‘%hﬁf tﬂ]@%%‘ﬁdicffg 5&‘8ce§'§vwlé’r*/a&§un#?ube or
ot her si H9maves| ednPhng HeansorA saréd, f wichefabbingt cfmpdumd ngasation is

to use rohedatdd BPPENe t BEnkiAG! LPBLOLSCRR! VP‘?F&% r by
utilizing sprayi n%}‘?&2%"u‘_‘;'ig:;?}rnenlt1 tlgéla ply % eB aian&atcﬂ&s“fi u?%héréﬁgﬁj ect is
to provid blca-€ § 8RSt he robots for the purpose of allow ng the
robots conplete access to the vessel's hull and superstructure surfaces.

Anot her object of &t Is&iildvdntritbieri sabjmtproﬁ/iﬂfe t heventalat siew! td use
(o ©f cnonasables MRAGBHI! ECATRLLS Pallfe! BBac! 284End' RRALY7LAG:L0E NI
by utiliéing 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, sanding 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



fairing conpound, sanding the hull and painting. The above objects and
advant ages of the present invention will become apparent fromd e JAN Zlgﬁll.
foll owi ng description and appended cl ai ns, taken in conjunction with- the
acconpanyi ng draw ngs whi ch show by way of exanple sonme preferred

enbodi nents of the invention. Fig. 1 is a plan view of a vessel |ocated in
the operational area of the automated. fairing systemand approximte

| ayout of [ stem according to the present invention, Fig. 2 is a
per spect i \%q\}géz\%&of llnhefég‘ﬁut BHSPEEW‘F‘ai fhEiBYst ewFtem| uahdg @eyhodry

nount ed r G§GCrddagokdi hije poesen efreramd carfbegiqgnent; Fig. 3 is an
el evational side viewillustrating a track nounted fairing robot and

gantry mount ed robeogsas 43043AN,2004 jJized.in the aytomated fairing

system ang net hod gccor dj ng It\c!lor%t %egﬁ%%%ﬂnﬁfﬁ n‘\"/%ﬁ‘f"f’oﬁ% FY3%199A- 4D are
perspecti Ve Vi ews &i® thed 2t eI uRgidon ovidd Ukl robeomj aacbidinai t h t he
robots ac&er $hegpresenheipraseiyni nvention. Referring to the draw ngs, and
nore particularly Fig. 1 thereof, an automated fairing system 10 i s shown

whi ch includes a gaptrp{ler+42 Jior directing the novenent of robots 14.
Sai d cont ?ol ler.is, ca ablgg tc:)% r%%eig?%%m%'ri S‘Hg di¥d r PREFLPAPRFLIEI gnal s

for initiatPng t nEReERRE at BN avtomas edofotisrilgy | syscaor dands Wshéwa
prepr ogr amiridhséqudndesoh eperabioar fhe f&bo&ﬁréc%ﬁ{o‘%e t%llfx]é)cr%w?gmgﬂt paral | el
e

tracks 16for t, al gng.the | ongitudinal axis mar i ne-vessel
18. The vgssejf&%gteélrgqsﬁ't ug‘?g‘a i LoF&r atforarabla 6F t hecedvinsg 14,

bet ween VAEIPHECkSLlectraradwi Aypesi dsighells cEgY et EnRCLASinp! Opge t he

| engt h of opbeavesfiel k8. the robotsg 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.

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. '



Fig. 2 represents a perspective view of an alternative enbodi nent of the
system 10, in which the robots*14 on tracks 16 can be seen \NO@([]ndA)N ﬂﬂa‘t
vessel 18 in conjunction with a gantry 20 and gantry nounted robot 22,
said gantry 20 and gantry nmounted robot 22 are also controlled by the
controller 12. According to the. alternative enbodi nent, the gantry 20
woul d have the capability of |inear noverment 24 up and down the

| ongi t udi nal axi sB8f “PRe Rfesseen 18nafdgt hé.r olhet Rbars t hee gaat oy, 20 woul d

have side dre siydeanDieseNy apdrheb&SERPELH LM Céﬁléieo flr %It a%’?‘:’sgroi’ln\%\gﬁ[i '2) (r)1
I '

t he wor k : stated 1n_the_description o .
oper at es %ﬁ%ﬁnﬁ?}eggpp% BHCRRI RPN Fd (AR ar Ghvies 136 (Ehgt 1),
vv:thout a tgaminptes0in Addiugponal Ih_;e,ad\/\nﬁsr)h_ld&lii&ﬁl g@l‘ﬁ@'r%o%ﬁ%s y;%_rthogﬁ%, N
alternati ve Sdff USHHT r e .w I e_bpounds o Is |hvention,
such as when thﬁr "Pg%?ﬁp'%&,%h%%%grg%héh&?ﬁtlisn%'g.6 2. 8 384 n8Ot edbe as
shown but STEFEAELARY theagdnttilie thane dBoveths PrimdirP0R4w’ 3As ea be seen
in Fig. 3gsedeadashonsm 34,a8de?9ridtexfydfpal d.cald %?FE%S al%lr&i t evvhi ch
arm an

i ncl ude a; rimary arm32, a secon Sa I'st 36
t hat terr#%a%? gglgpﬁagbgﬁpp@g?%l%e%%éo whi $hapft 4 oaks winetradgdyelyne of

t he i nt er SPEMGEEBFe fiogolartBEBvieE tHe: antl 8Pesdhe oEORbLOMLRE L2 apd the

. base 30, timtepthEBE¥aBiE Inoidlesgsecondary, arm 34, the wist 36, the
support head 38 and the i nt er chasr?g']ea%?'e t'%bdl Sa % &b, 180 andlesd rafe

operatively cninect ed for achi evi ng the end result of novenent "of the
i nterchangeabl e tools 50, 60, 70, and 80 in a desired manner. Figs. 4A-4D
illustrate the vaFigas #Atépclidigesirhee 0@l a23.0uB0 infQrdHithgelP1aS

utilized itoollee $o/f OBRLEd70, and 80 as utilized in the 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.
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.

4B,

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,
the drawing of Fig.

which is not shown in
4C for the sake of ¢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



fairing system 10. The optional analyzer tool 50 in Fig. 4A is used for
analyzing the vessel's surface 19, through the use of surfaca ﬂ'adANgZ[]ﬂlf
| aser or radar 53. This tool is affixed using a connective neans 51 wh
interlocks wwth wist 36., The anal yzi ng process nmay be acconpli shed vvlth
t he- anal yzi ng neans attached to the base 30 of the robots 14 and 22
‘rather than at the end of the secondary arm 34. The fai ring conpound

appl i cati omliseolusEd itd FirfhandiB, t IR @S h SRL iNG43) ?tgfélp\gi%@q“vm th
conpressed -gi r h%4 Saand fa| rlq&xqprrpound 66 through hoses 65 an
1% ed 15T nP e TtnasaRly fdisceds ta Here

respectively.
i nt er | ocks Wit tﬁé V\bYsta 3@onFiegt i%€ poeanays7an iNliser,chasgead! ecs@andi ng

tool 70 usashlanbOlesAndhiitaddie aLgas tieatad WA LA LG, coIpoUnd - 66.

The t ool uses a Er;tfejlans for sanding 7 conj unction Wi $ose 74
for the ref® fhe 758 FaIUS Gearadtivemmamsthiang t e waterng

conmpound 6@olaﬁthogd néanendlsosesed hansape NG MEARS 7@0@@ t Bt Vaghiun hose

74, th t th h t he tool thin th hood
76 proxi e aaea e D GRRERC e o £oR AR hiraiPRw ST Fi g

4C for the t%’d-l@ep@ﬁ:eélltaﬁilﬂ-y rpguiresta dbpingdeeastsofiot haﬁevms/teaaSthe
previ ousl y vdeser bhadt hagel b gaﬁ,emﬁghzglt iaed LadeeyeaL ol dust from
sed”fo en

escapi ng and | 7t3 f#& 2004 al so u ) ance t e suc capabl lity
of the vacUiifm ARG R RTRFULE | ﬁ&r%ﬁj@ol@%fﬁh&@%@ t he
wist 36 byfa Wenmestdale hh@ms fdr A gachtsakhenf @or & By sRgppur faces,
anal yzed a@qrrth%%ggew taﬂhxfﬁédﬂg érco‘@t%mﬂ 66 are. vari '1!1[5e alternative

nmeans; e.g., a water- neans i s use oneé th 0oPESEHt this
requi res sdffeeFeRp Eﬁﬁh%‘étff-%‘i‘el'w’%ﬁ anng ithey skepsr ofapdsithesingtemeial | y

requires avespelg nEbdnif wsehafwflerd-1aastahe,- bilﬁ‘ét Ih%19% i RgWeEspashi ng.
Vhen materlg&%§k gglbﬁs or contours before repalrlng 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 paint. 86 respectively. The painting
tool 80 is interchangeably aff:l.xed 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.



used for cleaning, the pressure is adjusted for the size of th e
(less for a yacht, than for a large ship). Furthernore, parti c3|ﬁr3?e‘5|nmmf

| arge ships, the present invention nmethod involves only the steps of
positioning the vessel, cleaning with water-blasting, and anal yzing for

i nperfections or contours before repairing and/or painting. An

i nt erchangeabl e painting tool 80 is showngin Fig. 4D, a perspective view.
Paint 86 is applied through a spray nozzle 82 that is supplied by hoses 85
and 87 with conpressed air 84 and paint 86 respectively. The painting
tool. 80 is interchangeably affixed to ctihemngi st 36 by a connective neans
8l. It will be understood that the preferred enbodinents of the present

i nvention has been disclosed by way of exanple and that other

nodi fi cati ong and ' r . hos ki.lled,in th rt

wi t hout depa?t’ i ng ﬁké@%&%ﬁ%ﬁ&%@g%ﬁ%ﬁ%& f?)]?{atlro S ﬁ@"%ﬁg&%&%&ntbf@“ﬂ@dfé’fo
JAN 2004 9 ClsipdvEinicturd ofcimpiatiae -viessel, eutitizirgda Febdtadsfent whithr indmdad ehup@hlet i ng
the entire hull and/or uperstructure of a marine vessel, utilising a
robot syst em™ Nt PR maerblEemeanhand hnying isgme drrenidadveih wripsans
and having SRREHRIGN ARIcMIE BB LAAYS cofibb AERERRNDsIRECRLS goout var ous
control axes, conprising the steps of: (a) positioni Sai d nmafi ne vessel
so as to provide $&i d mokitibsingsarissatine vessed sdak lto gnevide peid Sobots tadeas t6 b)
anal ysi ng saidd egsel.' s huyll and superstructure for inperfections, wherein
this analyzi it} Ffl SERGHBEMES | i 2i ng | asers, affixed to the robots, in a
surface mapping s en s aPk Y o of &1 %Fl%rteo at :

i nperfections; (dg(@gané‘f1 ﬂgg_usl%i %h?afa;?eﬁgs gglgrpgginﬁgﬁﬁ al i gnmfeorlrt h\ﬂj\ﬁrﬁecgg?sd

hul | and/ or super st r ucthgrean this) anabyring stgpamygludeniiliriog dasdrs, gefifizedtte dhby

t he sandi ng process; arrlglbotéfiga %'fa[‘ée'nq p%aés%s eﬂ{;l and/ or superstructure.

=

(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



2. A conputer-inplenented nmethod for fairing and painting the ir
and/ or superstructure of a marine vessel, utilising a robot s@b rfA&uébD’?

includes nultiple robots positioned on noveabl e neans and havi ng arns
provided with various attachnents, noveabl e about various control axes,
conprising the steps of: (a) positioning said marine vessel so as to
provide said robots access to said hull gnd superstructure; (b) anal ysi ng

said vessel's hull nand r far ectlons wherein this
anal yzing step i népudesp%ﬂ{?%lg?élrdlr#lgh%gg/ﬁ SuPaetr#I:F%? “to the robots, in a
surface mapping system (c) applying a fairing conpound to said

i nperfections; (d) sanding said fairing conpound in alignment with said
hul | and/or 3super’s FPmIERigHeontiobly F@ﬁﬂﬂ( f@rﬁ}mtgoa’rﬂwhﬂlecnm@re bdhef amedingy

the sanding W%%gsi%xoco 3 Qortl@}]elzg&d'fh]rgctm f#r P& % | o gﬁgboq&a?al& é?tst he

superstructure ut er nt r ol I'ng

entire hull qnbsmonm ionemovestie imednsy ehohi g A g@ﬁﬂﬂijUtr@cEksf Bxid/ e raegé.rltfygtridk@
novenent of rob sai d rgbqts . positioned on noveabl e nean such as a
gantry, track8 HH‘;I P cachy g F%IQI?%%k%Vln%ﬁhﬁﬁ%éﬁWY 8B %S’PO@&IIJI&W@J

having a baseyrid tddiiRinY iRhBu :%ﬁ&a‘?l”%ﬂ%h%dyt%ﬂ Rach¥bieSh salﬁrmtg%tgegg'sn a

support head, and vari ous too attac le to sar Wrists
t he met hod c@n@sr@ﬂmgzthddecmtemmgme stepd ofposi ti oni ng sai d marine vessel,

relative to said robots, .so that.said. robots reoeratr acc ssrbleto
surfaces defined l@ saiPgs! ﬁﬁ’r”inﬁe a\&‘g%‘r’é’rne ?ffelatr alLys S%‘F}drqffg?/n Aafiflyser
tool on each r&fot§&b%%)éﬁﬂ9él§ aEc%ss@I&aebkéﬁﬂst b dBY dafPRariad ve°s§éld rrarl ne

vessel to detect contours and inperfections, wherein this analyzing step
i ncl udes the prodde}i onttaghicg mummmlmr tohbomieashoff shidsebas firtaaglysidgt o

obot s for . AreuPehESLLRE -BRe Rl s ol Ao S ApeRliothonrgn dhia

usi ng a pai ntah#lgzihgelep dmcledes thoprodadiibnrcTaciusfatOmna Ilp@y fiid g of TRk a@tﬁéﬁe@qes
4. A conputer- controlled met hod for finishing at least the entire hull of a

mar i ne vess&MAIPBI%| vi ng a computer for directing the novement of robots,
sai d 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 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;



gantry-tracks conbination, each of said robots having a base,

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 opetrsatively accessible to surfaces
defined by said i ne ; . gt j i 09l on
each of said robgﬁgjfof%§§§§%gp%ggmgﬁ%agﬁkgggggg%gﬁgE?Hé%%?ﬁﬂ%xggggé ﬁ?o
det ect cont oynrepaang shidperfaes forqadntinghendi n this anal yzi ng step incl udes

t he production of surface map, by the use of radar attached to  sajd,
robots: 3 0 JAN 2(@4 113‘1&@35'% 3‘?‘% Héﬁg RPAUHBEUISP e sa@u?é%@gér%ﬁ%f%g)atr@@g on
each of sai dsp@kQisedsor preparing said surfaces for painting;, and (d)
attaching and using a painting tool on each of said robots for painting
sai d surfaces. COVPUTER CONTROLLED METHOD AND APPARATUS FORFAI RI NG AND
PAI NTI NG OF MARI NE VESSEL SURFACES ABSTRACT A conputer controlled nethod
utilizing robots for the fairing and painting of nmarine vessel surfaces
conprising the steps of analyzing the vessel hull and/or superstructure
for inperfections; applying a fairing conpound to the inperfections;
snoothing the inperfections into alignment with the hull and/or
superstructure; and applying a final paint finish to the hull and/or
superstructure. Fig. 2

posi tioned on noveabl e nmeans, such as a gantry, tracks and/or aa‘]&JAN/ZW*
[





