; UVe3eXLXI L"n6PT27 1 COVPUTER CONTROLLED METHOD AND APPARATUS FOR FAI RI NG

AND; PAI NTI NG W Hm U SSEL SURFACES The present inventi onJmmﬂmmmmmm
el ajes to 5 lil iring and painting of marine vessel

presént inven rcally relates to the use of conputer conissgdl ed
roboti c equi prrent anal yzing surface inperfections, fairing, applying a

sprayabl e fairing .conpound, and paintingl 10 Custom mari ne vessels are
constructed today usi ng time proven techniques and nethods. Part of this

process i s kn@@Mm ﬂmnccmommn“ IMECTHOD MQFM@ msrﬁbu ﬁAtﬁ@ﬁGtﬂﬁD

snmooth surface is filled, ; [ .9 for painting.
Fairing, as applied in t:?glu . } 7 %%d G J& FDSt excl usi vely

on the exteriors of yachts, where the greatly enhanced aesthetic quality of
paint on a professionally faired hull or superstructure inparts a uniform
mrror like quality to the paint finish. Commercial or mlitary marine

vessel s are al mst npyer iagmhaue koot ikhe Cgshopsthyl medfyelyed s

wel | as the purely aesthetic nature of such ocess airing 1s
acconpl i sRedByCBAEEYz £AGrangaante RGN @&t@arbme suepgedsf oand the

i mper f ect i onprésént heﬂnuéhtiahngsﬁeéiﬁiéhnaﬁhn.t@w@esf Ored erfmé NGidde of

i nperfections 25 from grstruct ure. raditi ona, rew of
skilled craf Fg%lfli‘t'%lgl ﬁﬁnﬁ’éﬂgiﬁﬁef‘éﬁ% Qi T Ygrent Jéﬁg/ eﬁ"b‘f:"tc
t ool s, sinpl émpenfietbbdbrspr Halrdoghi naply ier eaf Isprayabfler nmlai:husg

process. The, te S yze the inperfections in the hull or 30
superstructuré ééﬁ?gceg?)a Bé?ﬁgﬂgéstral ght edged, el ongated board or batten
to " nap mar k |n§$rfect|ons in the vessel surface. The next step,

i nvol ves Qppl ying a PRSERIR maxdne| wessedsa\argprrefdtiucked. tadayr using

" mappi ng ananﬂél ﬁ}:BGeﬁteééhnWeh n&ﬁ’dfxﬁéﬁhm WHH f Ly Wéé‘éémié?' y 3
.ar.e fi,lled with trowel able f V

511/9g" in de \ge r| n
> compound, | BBBVTcaS, EAIG LA FALGIETS Lng IOR5SREL Mo ess WRAP  he
trowel ed fil bmoobhhssovfade iiB |fSL]Jilmdd sanded widn g rhiamed bJrocpasepmdatlon

| ongboar ds t er ‘Q%F
sandgrs V\heﬁ&l}f‘hgé@ﬁgg?l aceF ein fg"}ﬂ%’%‘&s{%g@%g}% n%%g'géh al
final oplPonkf Mg cadmestof explugiyely f &1y | ﬁbec@?‘&ﬁm@rﬁayoﬁe whtied

ESI ng nmanual ilnheeeetgéegr&atay RGiNapERAl acSttetalkl q«ahltlle Biflt Eidi?x&%fgwhnldl
as been applied an r|mng an e faired hu

or 10 supersPF@ ?ﬁ?éof‘ﬁggycoﬁﬁf"é?g Cl'{ |ﬁb‘p§ﬁgg h‘t‘?ﬁg Jp'P%%’éé@ si ng
current net hudéfoamswitaoe hikhk &uemﬁ)t}sqtuarc,-hé geaifts Dimigh of Coramendizl ar ea
t akes approxbga;nq_llyit%& THU T e 4101 5 QWAL € iﬂBEt(ﬁévgg”'fQ‘i%ﬁ Qﬁfe &g or

11, 000 total hours“to talr froman 15 un alred surface to a hi
quality, 2P, etheyﬁeﬁlt s itdyre inyalyedy a9 Wedi a\%l%ee(?‘f*?ﬁfdét??%?ge%h‘éh as
t he aut onobi hatGeaubackuehng prddeksy, have attenpted to solve the
i nefficiency corresponding to |arge tasks performed by hand, by automating

certain aspects of ppgeyehi onlSFoggngﬁ ?gpég yM( m?orﬁgjt%bnb%ll  Malinéd 8

to Veaiello, describes an automte rng s iles
per formed pr Vegpely sby exbsigation ta: y fie | “imprrfadidions g ardi cklen

attached to hlaglrieb.atg aePeafhi ke chii gubBvest| eembslagle@lh@t ﬂn;f;@ff@atmwg

duct t I
T R TR £ BACR SEYSEe SR T M e ALY
robot was deskdided ocpafhbmant ounbng eshaml aropessardd yalirnetwplh, t hband
addi tional .fegluce.of DejdekAPle £8o288N WiRpHd defa ' OLodRadr & ef afgress

for painting.
combination thereof has performed this process. The first

step is to analyze the imperfections in the hull or
30 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 primer,
usually a spray applied primer. After the "mapping" and
priming steps, any imperfgctions greater than approximately

35 1/8" (3 mm) in depth are manually filled with trowelable fairing



Wil e 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 35 vessel.
t Y 3 None of the above references, each of which is incorporated herein by
reference, describe a nmethod for fairing a marine vessel. In addition, the
mari ne vessel industry has not devised an automated nethod to save the 5

tinme and efPBRSNNExpedPPdieq f Migdngg Dapsssdirowgls armndupkery r voetak. As a
consequencgpriebdeesl. S whetEathd Ntibwe Bed £9118r MBRBOGWRkgaUtiBE £drERET i NG

of marine vessels in orﬁg&g&o $ave ti ang exgens e and, to ensyre
preci si on PARFERy vsiRsr iRIQcks and, LLlopabaardl’ ar¥ith, sandpeRsy of

aut onat ed faditeichgdt hatl edphoyanmliy- bpecated poheirssanlibrsnt whehavpeabl e
operati e cel BE 1 REE lqnvent Lon hsfi e_needs.in the,art by
providi%ﬁ autqngfi%%1BgQ%§g%§gyggoggggFégé?yfgﬁgoéﬁdaﬁé g%%ﬁt ?hglﬂﬁ | s and
super st r uctoptdongl mpnlicatdsye| of | apvayeble o fadvd ngatcampgiuncogtay | keor and
to provi deaci?;mlérderm Ohd 54 ChSl I ; r h ment
of the invenfion is a?%%nﬁ%te??%gngﬁgﬁ%ég #F?%Xdﬁ%§P&%§%ﬁ{ngifﬁgbﬁ§?| or

20 super st Qfct fiRe oflring i romrawy  hasi | PeeRg apRbird apsk cmpRpAdhY

I ncl uges md.:zrr]id@dg r oppi@ingsi taemed paﬂnﬁg;g@ablbghgeanﬁaﬁgh ha\ﬂ'ur]gl ar gg
provi W th various attachnents veabl e .about .various_control  axes,
conpri ?I'Cbng Eﬁ?eersstté'bls?% epogp‘FPonFﬂ‘ﬁpnfﬁtée‘?rar"T}hee %&?eﬂn%oa t BapPEIPEe the
robots 25 gomeesst.o the hull and superstructure; anal yzing the vessel s
hul | and superstructure for inperfections; applying a fairing conpound to

the inperfections; yaand e tiaet’ AdeiHEsC O OMDEEd de %igangpbgw %guwe hul |
or superstructure, rgndving any conpound dust _generated by the sandi ng
process; arfB8ebfIO0 #y avkifaianhle atpa takesanpreximapelys? r AcNARChOVES AR her

]|cor ef erred ezstﬁimi:lege Bbot hé{ﬁl} ﬁmtlﬁ)u]?d ﬁerl@xg?) | gri DI(}_@O'O Q?ta? Hﬁﬁh&ﬁf%ﬁiﬂorﬁ agfigt (rjy
or nov. nt. e n.a er rer.erred e I men &.Io S ar.e L,0vi de
with ar é‘ﬂgﬁlflﬁde %lg&o% |r$§nab hiep L%H‘%&Vdr i o at tyﬁ'ﬁ?‘%eﬂ"ﬁlﬁ anot her
preferred eedotiederfinish arRelated tndpstSciesi heuckoapr thesausomgbileur f ace
meppi ng sysy e&dédﬂr@g | Ar@igerpl || 806! O LRENRRA - dd) afgider phef erred

enbodi nent the anal yzi step further conprises asi nq(a surface mapgl ng
syst em ut i 1¥8EHGGIERGY ~gorrespondipge kebotarge tasks performed by

hand, by automating certain aspects of production. For
20 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 adequate

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

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

30 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
35 vessel.



10 I n another preferred enbodi ment the fairing conpound application step
further conprises using a spraying apparatus; affixed to the end of the
~robat arm In another preferred enbodi ment the fairing step further
conprises using a mlling apparatus and vacuum 15 apparatus in conjunction
wi th one another, affixed to the end of the robot arm In another preferred
enbodi nent the painting step further conprises using a second spraying
apparatus, affixed to the end of the robot arm 20 In another preferred
enbodi ment the steps further conprise usi ng i nterchangeabl e attachnments for
use by the. robots. Négeorafi nghy, aldovies aafeberces of ebloh | ofenttiiem t dsuse
robots to a&?&'c&ﬁo&ﬁﬁe&”ﬁf&feqq{['ﬂ?s fe'fe%e%@ ned@zﬁ:xvﬁﬁasea Sn dOEor

superstructure utiTizing a surface mapping |aser radar-.
further obj éétlr&flgt He F‘ﬂ%ﬂ?—l yese8lusen oﬁéﬂét%%napﬁw aax e ayaﬁﬂél

fairing conjadndtay ﬂﬁ)é htothedeetPdd 40 aatbfatelhaetitbactiesd s4Rper taetions

i 30 hul | tructure by util
caui pront® £ 5 8019 hE BENRBuAKEE 8% Hhor A DY) dbt VEPoEhe THentin i s

to use robowEsperstandtube.fairing conpound once it has been applied to the
vessel in order to achieve a snmooth surface by use of a mlling or sanding

head. 5 A still furpBep eBhEQ&uQﬁcé hech&¥&N 4 0] héed OifiCARY Cart @Byt e work
area, the fairi %co ound dust crea,t ed by the, sandi n rocess b a vacuum

tube or ot &9 HEOMRERS fdrdnga of imaring t‘ﬁ%’? et?t 8F
i nvention i save tidmel@ndobrpsense, aqupd ytd médmlpmmo@o&hlmnghe vessel
surface by utilizing spraying equipnent to apply the paint. A still further

obj ect isp to provi dengpyeapl g %@Eﬁei‘oﬁeﬁﬁelﬁopﬂésa%rff:? apgle-egaa ofe

all owi ng the robots conpl ete access e verse

super st r uct @orstes fEadadng Ahath cemRpye t mBitinbunelion | sAPPESt ¥ifMovi de
t he robots uriterichaggeablgeapeeabLadshéads acconpl i shing the tasks of

anal yzing the hull for inperfections, applying fairing conmpound, sanding

the hull and paintigpgg S)par egttabﬂwergﬁoqfgg?gggfgggaghggq&egs t Riesent

invention will becone a from oW ng descri_ption and appended
cl ai ns, také@¥h RYcPFPYALLngnantenatien edmriRhdraalyge witdy 8RS by
way of exenpaEntonther RGELS edn_anmqjmmtracozhrtebe ofvedtid. v@bs&lg. ihis a

I fs I d
Fairing sysoReinace pah S, RhEPe s, AEpe DAL Blof Bl Bl Dlv di” LIRS

pr esent mv&ﬂnmllﬁdgprscilslanpéaspm»ve view of the automated 30 fairing
systemincluding a gantry nounted robot, according to a preferred

enbodi ment; Fig. 3 heanpgbeydtédnahmboiddRenteves | iumd r ahvagtaohr ank mount ed
fairing rObOctom%)rh e%arlt rp)iemenet gd ro ?xt as or fairing the hull or
20 superstructure of a marine vessel, utilizing 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 the marine vessel so as to provide the robots
25 access to the hull and superstructure; analyzing the
vegsel's hull and superstructure for imperfections;
applying a fairing compound to the imperfections; sanding
the fairing compound in alignment with the hull or
superstructure; removing any compound dust generated by the
30 sanding process; and priming and painting the hull or
superstructure.

In another preferred embodiment the robots are
positioned on glide tracks or a gantry for movement.



6 utilized in the automated fairing system and nethod according to the
present invention; and Figs. 4A-4D are perspective views of the various
‘heads to be used in conjunction with the robots according 5 to the present
invention. Referring to the drawings, and nore particularly Fig. 1 thereof,
an automated fairing system 10 is shown which includes a controller 12 for
directing the novenent of robots 14. Said controller is capable of
receiving 10 various electrical input signals for initiating the operation
of the robots 14 in o ' pr 55%33% e nc pe i on.
The robots 14 are |6@§;3{ on%%hrkFngr?égcﬁgg%G_ Qrtingg%%nsogﬁggg %ﬁ%

| ongi t udi nal PARY3def vheh e adantahle dorTpd fixdngl and pging wariawed in
t he operati ongtaghménes.t he robots 14, between the tracks 16, allow ng said
robots conplete access along the length of the vessel 18. Fig. 2 represents
a perspective view of_an_alternative enbodinent of t S m 10, ip_which
the 20 rohot s 14 on 17 JaRGChEr CBRCHErEER  ShlRtnd e o X E ety b Fs?
conj uncti n #krhhargaanpyiges andiganar gunbanectappbng spstemi utganeing20
and gantry npyuLed r9bsix&d @& St rolled by the controller 12.
According to the alternative enbodiment, the gantry 20 woul d have the 25
capability of |inear_novenent 24 up and do%ga%he | on 'tudinﬁl axi s gf t he
vessel 18 and the robBt 389t ﬁrtﬁEegﬁﬁf?§ S et habBe aPRB YR gE P
nmovenent andfuekbstopongrisaasus8ingoar ausfaoce heppingosybtemoukiddarfiage. As
stated in th cripkk of ,F is 30 invention operates with, and
t he apparatugagﬁgfegrkkﬁg?ug%s§g?o &?2914 (Fig. 1), without a gantry 20.
Addi tionally, when ugsing gantry 20, various alternative structures are
operativé®ithin thelBou §§e§knBr?ﬁ%€5ﬁ§on?mﬁﬁgﬁmﬁggMuﬁP?hefalF&&Q',
as are showncompbugd 3applicatdionh "dtegs"” fasctdeown dempsimgenduainghea
gantry from . .S 1 0nsFig. S, a 22, are
hydraulicall%g%ég%g egﬁgﬁ?gggghigﬁgf%%?dggté éégfégfqg&beﬁéFy%%Pﬁ,32, a
secondary arm 34 and a wist 36 that termnates, in a support head 38, which
interl ocks with any 3Romncithamepraferrethngihsfimenbl $hsp, f3dring &§¢rso.
The Cﬁnt r ol | eurtheandecbhiprsss Q{A;C%righeaprrimmgir Bpparatig S@sdndeycuuar m
34, the i st port. he 8 t i ng oQls 60,
70 and 8 #grgp%%g?%p%véﬁg‘%%%H§5$€é§¥dgﬂgbﬁpgﬁi%%géﬁggbngefggﬁétgéféﬁé
nmovement of ewe oF itheexreohahgaam.e tools 50, 60, 70, and 80 in a desired
manner. Figs. 4A-4D illustrate the various interchangeable tools 50, 60,

70, and 80 as utilizefl idhdteraubesmded adnbadinsast eehd Opalheiapt isored

anal yzer tool_.50.in Fig 4A 15 is _used for | y=zi Ves ' ace
19, through tﬁﬁlé‘ﬁq-ﬁls?é: ofc(a’sm FTACe mappiivg I‘—"ases%%%’r&érZ aga%rrt .ngeThisa?qagroﬂ%qu'

af fi xed usi n@fficethdet ithe spdnofsthahrehot m¥mi ocks with wist 36. The
anal yzi ng process nmay be acconplished with the anal yzing nmeans attached to

the base &) of the rghoténcttheld prREfLFrddt Sbodimemit thbe segpsof furtcher
secondary ar rgo%n%p‘rise using interchangeable attachments for use by the
robots.

Accordingly, it is an object of the invention to
use robots to analyze the imperfections in a marine
25 wvessel'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

30 vessel's hull or superstructure by utilizing spraying

equipment to apply the compound.



The fairing conmpound application tool 60 in Fig. 4B, enploys a spray nozzle
62 supplied with conpressed air 64 and fairing conpound 66 through hoses 65
‘and 67 respectively. The tool is affixed using a connective neans 25 61
that interlocks with the wist 36. Fig. 4C portrays an interchangeabl e
sanding tool 70 useable for sanding the areas treated with fairing conpound
66. The tool uses a neans for sanding 72;in conjunction with a vacuum hose
74 for the renoval of the toxic dust 30 Created, from snoothing the fairing
conpound 66. A hood AFH"-’BWH sathefs fhai AgVRBRAIN 798 R Y8R XRRUEMYse 74
, the vacuunsamdetheojfadking tbmpughdt BAck0ak Hasamew fapiplikhe thoathe/6,

proxi mate s i ns._/2. ich is not_shown .in the drawing of Fi.g. 4C
for the sakgog%&%gfqlﬁt f,r Ut V\?os ?%hﬁ%v%eaur? PS5 P SRS %,“2& Sl’f'eva} ously
descri bed heRélhingher trantlizgy ieaged to prevent the dust from escapi ng and
IS 8 al so used to enhance the suction capability of the vacuum 74 . The
sanding teol 70 is imterghangeabtNepl JHPRE t Bft Endv iiskved@iBY aisonective
means 71. A 9 c)‘lrjsabl fortgll eani t he surfsces anal yzed and re%; ed with
fairing 5 co?‘rp%un%’ 6670 e LSy i BORK aldtEPnat FIE eisin%. §OMROURRerBst i ng
means i s usedreatedebyf thiee gaowling hutoddsss beqai vesusuf frubeerir cotrimact i ons
for handling i tially requires a drying neans for use
after the m?é\@%géras??%%ﬁ%'}épng%\b@'mshi ng. When water-blasting is 10 used
for cleaning, the pressure is adLusted for the size of the vessel (less for

a yacht, than for a ?afgtlinfpythetr phéerbref Sher ilayeRtienniistn Yoaryre
shi ps, the prebens tavepplgnthet bofal npainescoat ytd hehstepssel posfdconi ng

t he vessel, egps j - bl J a Z| 5

i mper fecti ongyo?e%g%%#ué 25 %%‘g{rré&regqgfépﬁ%ﬁé: gg’d% ggll%alhﬁgl }%{n%n

i nt erchangeabl e painting, tool 80 is shown in Fig. 4D, a perspective view.
Paint 86 is applied 2Hflothh sihery aRieate 1g2 tehrrovide ppreeleymernes g5
andI 87 with ﬁom)rtﬂ%ed'obbtsS?fﬁld thai r@xhﬁﬁowsmctilémwmg hehpai fdboigs 20
tool 80 is i g af fix to the i S conn Y ns
8lL. It wll gé‘%é%gggst%%%} t a%ot% epr‘é sesrer%‘(as enﬁggi rf‘yenn s%?‘*?%é"%?%‘é%%t

i nvent i oAShagubfamedi scl osed by way of exanple and that other nodifications
and alterations 25 may occur to those skilled in the art w thout departing
fromthe jscoloe and ZMdsier]e:gf?bﬁl@?apa_endﬁd glrﬁlem'_ ion SlsCld&lh hl\{lﬁidvid!e the
conputer-inp e thod for.fairi a inting the . o]
superstructufggggga ar né“&ggggﬁ?gﬁ?‘???s{hﬁéﬁgs r% ot ascycgtm?%l\ﬁﬁlq'g%i%}é?udes
mul tipl e robbtgkgosfi i anadlyshngodeh| bukkaforantmpenfertiandg pABRIYEEIW t h

various attaghienhy, cBRYEEREE SRREEnY AN URI1G0 MNP0 badn@IngGoNpPri sing the
steps of: (a) positioning sald marine vessel so as to provide said robots

access tq,said hull d superstructure; ) anal Vsi sai.d ssel. gl
and supe(ragt ructure fgfrlei r?p%g’rvfeec?#ﬁ%%tfs(é%‘%ap%ﬁi]‘ﬁ ntgag;% a?#i nt\él co L%lgj?lg to
sai d i nperfednvepsion will become apparent rom 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.

25 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 view of the automated
30 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



(d) sanding said fairing conpound in alignnent with said hull and/or
superstructure; (e) renoving any conpound dust generated by the sanding
.~process; and (f) painting said hull and/or superstructure. 2. The nethod of
claim1, wherein said robots are positioned on glide tracks or a gantry for
novenent. 3. The method of claim1l or 2, wherein said robots are provided
with arnms adaptable for affixing and using various attachnents. 4. The

met hod of claim1, 2 or 3, wherein saidéanal ysing step further conprises

u?]e of ﬁ Zuuftamezaappﬁﬁ]g &ﬁst e%ubﬁ&éi@n?féﬁﬁﬁﬁé, aysterd %ﬂdthllﬂefﬁ@@t- S.
The net ho .Qne,_Q e precedi.ng cl ai ns, erein said anal ysing step
ArcBRERECeS: o SNEEE HisTirg o8y < PR

further conprises AT utilising radar, affixed
to the robot. 6. The nethod of any one of the preceding clains, wherein
said fairing conmpouRégappHicaPi drestrgranaatiare cohevs sef Use ovamispsayi ng
appar at us, abhisedd ®bd BN DT S hAiBn with 7ehd NeoBBEHOHc0braMgONe of
t he prec%Q|@g %halns, wherein sajd tTairing step further conprises use of a
gri ndi ng> m-P *AG BF85RbI NYVE ™Mt us whi ch operate in conjunction with
one another and which are affixed to the end of said arm 8. The nmet hod of
any one of the precBdEagrihai o, tiiver érawsagsl, pandt i norst ppridcubarly

conprises a o] ! p ff4 : d ,@f i 9. A
Figcond BREAUSRY ARPY ed ftASﬁglarggf %ggtﬁﬁl ll%ofﬁél dnak

it
conmput er-controll ed method for finishing a [ , a marine
vessel , i nv#CHg InCREss & sRtralleat 7y §oe dbverehRd ofhe opoVemeR) ¢
robots posi dfonedbotis Mameabkbaideadsntdldeas ia geapaylet e kreadadiohga

gant 1y- Gacl Gqufinald e S Ofy58ld rbols NAVEG 3, RRSE,. BT T HRLY arm
a secondary arm ar]d a Wi st erm niﬁl ng 1 a §uppor hea , an ari1 ous
tool s attaclePgratiensaief w thes aobossd Hasesint haguasudaaceonpdith ngat he

steps of ! (PrePROgirafeld Sainthi@l | B¢ V tide! atthée +8p&esd 1obgke, SO

Pr
that said rqQbots are operatively accessible to surfaces defined by said
mari ne vessgﬁca(tﬁ% af’f‘acﬂ?ﬁ%}ﬁ?’% d Banléna29§erm‘?'6‘?f1‘e‘b§1 Df t3&i d

robots for longitudinal axis of the marine vessel 18. The vessel 18 is
15 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

20 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

25 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

30 invention operates with, and the apparatus thereof

includes, robots 14 (Fig. 1), without a gantry 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.

35 2, or with "legs" as shown but suspending the gantry from
above.



anal ysing the surfaces of said marine vessel to detect contours and

I nperfections; (c) attaching and using a surface sensing tool on each of

.»sai'd robots for preparing said surfaces for painting; and (d) attaching and
using a painting tool on each of said robots for painting said surfaces.

10. The method of claim9, wherein said analysing step further includes the

production of a surface map by the use aof |asers attached to said robots.

t1. The meihod of Sleldld B8 Hephey epfgsaﬁd e8! ¥elnesst an fand hes,
i ncl udes the production of a surface nmap the ‘use a radar sgstenl
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per foct i ons. are ELRE - AR e iR ste (et Y it SRR R e o
prepar e t hemdods p&mrnua@g_ 70, and 80 as utilized in the automated
fairing system 10. The optional analyzer tool 50 in Fig. 4A
15 is used for analyzing the vessel’s surface 19, through the
use of surface mapping laser or radar 53. This tool is
affixed using a connective means 51 which interlocks with
wrist 36. The analyzing process may be accomplished with
the analyzing means attached to the base 30 of the robots
20 14 and 22 rather than at the end of the secondary 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
25 61 that interlocks with the wrist 36.

Fig. 4C 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 wvacuum hose 74 for the removal of the toxic dust

30 created from smoothing the fairing compound 66. A hood 76
encloses the sanding wmeans 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 clarity, but is to

35 be understood that way, as previously described herein. The

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



17. The apparatus according to claim15 or 16, wherein said apparatus

conprises a pair of tracks, each track arranged with one track on each side
--of said hull, and a pair of robots, each robot noveabl e al ong one of said
tracks. 18. The apparatus according to any one of clains 15 to 17, wherein

one of said tools conprises a neans for sanding to prepare said surfaces
for painting. 19. The apparatus accordin% to any one of clains 15 to 18,
wherein one of said tools conprises a neans for water-blasting to clean
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a] ca] ca] ca clumpbudlC#lCaldx'e? various alternative means; e.g. a water-
blasting means is used in one of the tools, but this
requires sufficient connections for handling water, and
this potentially requires a drying means for use after the
water-blasting or power-washing. When water-blasting is
10 used for cleaning, the pressure is adjusted for the sgize
of the vessel (less for a yacht, than for a large ship).
Furthermore, particularly with large ships, the present
invention method involves only the steps of positioning the
vessel, cleaning with water-blasting, and analyzing for

15 imperfections or contours before repairing and/or painting.

An interchangeable painting tool 80 is shown in

Fig. 4D, a perspective view. Paint 86 is applied through a

spray nozzle 82 that is supplied by hoses 85 and 87 with

compressed air 84 and paint 86 respectively. The painting

20 tool 80 is interchangeably affixed to the wrist 36 by a
connective means 81.

It will be understood that the preferred
embodiments of the present invention has been disclosed by
way of example and that other modifications and alterations

25 may occur to those skilled in the art without departing
from the scope and spirit of the appended claims.
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(d) sanding said fairing compound in alignment with said hull and/or
superstructure;
(e) removing any compound dust generated by the sanding process; and

(f) painting said hull and/or superstructure.

2. The method of claim 1, wherein said robots are positioned on glide tracks or a

gantry for movement.

3. The method of claim 1 or 2, wherein said robots are provided with arms

adaptable for affixing and using various attachments.

4. The method of claim 1, 2 or 3, wherein said analysing step further comprises

use of a surface mapping system utilising lasers, affixed to the robot.

5. The method of any one of the preceding claims, wherein said analysing step

further comprises use of a surface mapping system utilising radar, affixed to the robot.

6. The method of any one of the preceding claims, wherein said fairing
compound application step further comprises use of a spraying apparatus, affixed to

the end of said arm.
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positioned on moveable means, such as a gantry, tracks and/or a gantry-track

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:

(a) 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;

() 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.

10.  The method of claim 9, wherein said analysing step further includes the

production of a surface map by the use of lasers attached to said robots.

11.  The method of claim 9 or 10, wherein said analysing step further includes the

production of a surface map by the use of a radar system attached to said robots.

12.  The method of claim 9, 10 or 11, wherein, after said positioning step, a water-

blasting tool is attached to each of said robots, and used to clean said surfaces.
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15. A computer controlled apparatus for finishing vessel surfaces and painting of
the hull and superstructure surfaces of a marine vessel having a hull, comprising a
plurality of robots, controllable by said computer, mounted on means moveable
relative to said marine vessel, a plurality of tools attachable to said robots for mapping

the surface contours of said vessel, and for painting said surfaces.

16.  The apparatus according to claim 15, wherein tools are provided for applying
a fairing compound to said surfaces where imperfections are found and tools are

provided for sanding said surfaces to prepare them for painting.

17.  The apparatus according to claim 15 or 16, wherein said apparatus comprises a
pair of tracks, each track arranged with one track on each side of said hull, and a pair

of robots, each robot moveable along one of said tracks.

18.  The apparatus according to any one of claims 15 to 17, wherein one of said

tools comprises a means for sanding to prepare said surfaces for painting.

19.  The apparatus according to any one of claims 15 to 18, wherein one of said

tools comprises a means for water-blasting to clean said surfaces.

20.  Apparatus comprising control means, multiple robots and means on which

said robots are moveable, operable according to the method of any one of claims 1 to
14.



