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UNDERSI DE OF SHI P HULL Background of the Invention

The U.S. patent of Garland et al., 5,211,125, 5 I ssued May 18, 1993,
rel at es twosgsgr8gpar at us and a met hod for perform ngPETUSHHsur f ace
wor k on generally vertical sidewall areas of a ship hull

Typi cal of the work to be conducted is bl ast- cl eani ng, and painting
of those areas of a ship 10 hul | . Various el aborations and nodifi.cations
to the apparatus and nethod are disclosed in U.S. _patent of

Gol dbach et al . ARRARATUS) FOR PERFORMING)RXTRRYAL SURFACEQEGRK,QN in U, S
patent of Gol dbach et al. No. UNDERSIDE 358, sHI® Huzaued Cctober 11, 1994. 15

In general, the above-identy.fJ . t |sclose pl aci ng towers
al ong at Ieast a portion o g thl|e the ship is
in drydock orThg bt pakente of Gardiand Pﬁeaﬁomeﬁ AlydkBes

agai nst tge hujssuéd Mdyeale, APIY|ClragatesdocEn aﬁpara\mnschnaSaventi | at ed

i Cconarerhk $E eattrming skl pRECREe RBERCER "0 010"

and extracts dgenexatily oexticalomjdewall areashofi 8asbiprbuldhke air
exhaust ed fro”?ﬁfcﬁlfdf)% Aork 4 conducted is Yhakean the hull is
e¥

ccoom ot TEATLAEC ang ap IR i, ek oLesl Belhhhipn TouTt <0 10, 2

vertically el
cl eani ngl@per ahabhe, Varicsns elahnqaniqns anglagditﬁea#ﬁ995d60|$bels appl i ed

L om theapp ai-iﬂsgnaafw'tmhoa P Aildc1®skBCAAMANE. oi:ataﬁt of sh: P
U N9 PELRbah SHS'S! O, % A leap, sneRBACHRLER BR Syt S TP
1995, and in U.S. patent of Goldbach et al. No.

5,353,729, issued October 11, 1994.

15 In general, the above-identified U.S. patents
disclose placing towers along at least a portion of
the sidewall of a ship (while the ship is in drydock
or afloat), and enshrouding the tower or towers
against the hull, to create an enclosed spaced,

20 which is ventilated by means of an air-processing
system. The air-processing system heats and
conditions the air being supplied to the enclosed
space, and extracts dust and volatile organic
chemicals from the air exhausted from the enclosed

25 space. '

Work on the hull is accomplished within the
enclosed space, from a platform mounted to a
vertically elevatable trolley supported on a
respective tower. During cleaning operations, the

30 output of a blast cleaning device is applied from
the platform against a respective increment of the
ship hull. During painting operations, a paint
spraying device is applied from the platform against
a respective increment of the ship hull.



2 Al t hough ruch of the sidewall of a ship hull is

substantially vertical, eenpound-curvature is exhi bited in bow and
stern areas, and even am dship the exterior surface curves under at
the sidewall 5 base, fromvertical to horizontal. Mich of the
exterior swéaegsigd the bottomof a ship hull is gendCaATUSP6/62691
substantially horizontal (particularly if the shipis in the
economi cally significant class of bul k cargo vessels, such as very
| arge crude 10 carriers). The above-identified U. S. patents
di scl ose, anong them a way of apply ng surface work in the

curved bow, stern and sidewall base (or Wil ge) areas of the ship hul

sidewal . An i nporta’[q‘%gﬂ?g%?o%?& of He Q’ﬁéﬁlla%omﬂﬁb! Hglégg_gyi ng out

t he process to curvature 1n ose areas, .is that the
work pl at f or m | SUbgEAREdaLdY ¥ertical o \coRpoundscugvature igng which are
extensi bl e and eghibitell! ¢ntbowrdiid stermnatrenssy dndo@viehcamniashep so that

where the hull gsgr8%#%§?§§a¥§¥€§ééngqgva§1ﬁﬂgggia&gthgwgide%ggéarns can

be extended (di I've 10 one anot her, | ed be), for
al ways nai Bt ai nPAgeuntremnveytical to hqorizgnkalng MuchhefwShR platform from
the particul ar exteriBer siepacéfos e Mottt d@val Ishipi Ag1posked on, 25

egerdese o vighlEhy30ab) dEAAN S U Qo spagibdTaRtbetant 1o 1Y

vertical area, 9 onal a Mere hull is
curving away 1if theoghipeisolerthe economicaliye signdfdrapts 6laske t ower

or towers inclugespdk cafloOiéysely ! ifith Wi GergxllaRgeateuad the rear and
si des of BBG tomerﬁﬁggﬁ?t of side-by-side towers, and over the top,

but al.so pOrtiofi8* seal with the support surface on which the
tower or towers are The above-identified U.S. patents disclose,

among them, a way of applying surface work in the
curved bow, stern and sidewall base (or bilge) areas
of the ship hull sidewall. An important part of

15 this way of accommodating carrying out the process
to the fact of curvature in those areas, is that the
work platform is mounted to the trolley by a set of
arms which are extensible and retractable towards
and away from the trolley so that where the hull

20 curves away from the respective tower, the arms can
be extended (differentially relative to one ancther,
if need be), for always maintaining uniformity in
the spacing of the work platform from the particular
increment of ship hull sidewall being worked on,

25 regardless of whether that increment is part of a
large substantially vertical area, or is part of a
transitional area where the hull is curving away
from the tower.

The shrouding for the tower or towers includes

30 not only portions which extend around the rear and
sides of the tower or set of side-by-side towers,
and over the top, but also portions which seal with
the support surface on which the tower or towers are



3 supported (e.g., a drydock deck if the ship is in dr ydock,
or an alongside barge if the .ship is afloatw—————whil e A

Further, at the left and - ri ght ends of the encl osure, the shrouding
extends 5 forward to seal against the ship hull sidewall surface,
e.g., mntﬁydyaﬁgﬂ of a batwing-like skel et al framewpchknusssnsdrxi bl e
plastic fabric sheeting having nagnetic grippers secured along its

| eadi ng edge. At the base of the sidewall, at the 10 limt where the
hul | exterior surface curves away too radically towards horizontality
to be able to be effectively worked on using the above-descri bed

t ower based apparatus (or near the waterBine, in the case of a ship

afloat), the prior art ysten115 referred t rOV|de t he
shroudi ng with %“B?‘Efteds e-geind IW‘% 88ek ggugg éPeFrEn Mhi ch

defines the drydaooiey dor an &loreyside hﬂmgecdﬂfthedshﬁpcesoafﬂbat
tower or set of #Py U‘Qﬂd’kﬁéﬁ d;ﬁqe é'ftﬂﬁr, at thid’ 1ake hﬁgSl mlarly
a to t

attached and se e 20 ower rear ge is seal ed
to the Lﬁﬁﬂﬁt°%&’¥%@é‘°l°§ﬂrean& i §HF°BGSBS gxtend
i nt egr at edsi nt orbheaxl-defﬁo aEhY iggaiinatd the shipshtdl sidewalle shrouding.

Accordingly, p p t a2 L pai nt
overspray. and t%&ﬁ:% ?ar#%’e%ié{%omi?; ? ﬁatwiﬂa i{igel ng washed by
rain into the 3kele§ﬁ&e§r4WPW9ﬁ¥\ﬁQErﬁhﬂfi@ﬂetﬁé‘ﬁﬁiﬁ SEPH 4Sdone on the
ship hull. sheeting ttaviiy mdgttid igtdpgebs petaped albhgeitsO

discl ose, among, kel Ve, SNAUTANS Moo LK biflevaly, SRCEHeVT 301 Ve,

separating it from ther 'S as as from
used- up sg%nt abi!%tV%here thq|hq;1 epteniora susasrecuEYes| awa¥educed

and/ or too radically towards horizontality to be able to be
effectively worked on using the above-described
tower based apparatus (or near the waterline, in the
case of a ship afloat), the prior art system
15 referred to above provides the shrouding with a bib-
like lower frontal curtain element which defines the
lower frontal part of the confined space of the
tower or set of towers. The upper edge of the
curtain is similarly attached and sealed to the
20 hull, and the lower or rear edge is sealed to the
tower support surface, left and right edges are
integrated into the left and right end curtains for
the shrouding.
Accordingly, paint chips, metal flakes, spent
25 abrasive, paint overspray and the like can be kept
from falling into, or being washed by rain into the
water in the vicinity of the work being done on the

ship hull.
The above-identified U.S. patents further
30 disclose, among them, ways and means for recovering

spent abrasive, separating it from paint chips and
other debris as well as from used-up spent abrasive
{(i.e., which has become too size-reduced and/or



4 rounded in particle shape)f'and recycling the portion of it

whi ch is reuseabl e, together—with make- up unused abrasive grit, to

t he abrasive bl asting applicator devices. 5 Abr asi ve bl asti ng
appl i cator devices which are cl osed-cycle are known in the art, and
are referreW09628340t 0 and further identified in the above- i BETUSY 60261

U S. patents. In such a device, the output nozzle or equi val ent
structure of the device is surrounded 10 around the rear and sides, by a
forwardly extending structure, the effective forward edge of which
forms a trap against the surface being blast cleaned, so t hat
much of the spent abrasive, paint chips, %cale and the i ke which

rebound from or Ia e of, t he rk surfac rat her than
falling to the E%R'E‘dg ik g %E"Eg};’unla%? L‘rf% r%ﬁ%% e‘{h‘ﬁ\nthl n the trip,
and either funné’lqr@é%f’& &l whdchr iscreusenble c#pgethelandhiecycl i ng back
to the bl ast apmak%ahy uﬁﬁ‘ébﬁeabrasivérgfﬂlﬁ1 atd| thél dbpasiveycl es, may

sinply be 20 ed, w ntial separation, within t he

device, until t%@ inha?PBE %8 g ?% reduced and too adul terated
wi th paint Zhips andhbs‘abéve blasMMe%mhlcam ot ke dvtsigiplageof grit of
the parti cldsellaycle ateRAbi 4 mtazvtreé}l Gk Wdfbriaq fresh

abrasive grit | U. atents further
di scl ose, annngtPh€HF Fﬁﬁgnﬁﬁ Egﬁgt#€85%n£9 the ? %uﬁﬂ%? ifie
wor k- appl yi ng d@Scepatehntss alin suchabrdevice pltisd cutputa mzﬂe sprayer,

can be a hand- 3Q eg B&lvdluptt séfgfseufg R QAR P g UMD

operator standln% on the el evata atform
10 ound the rear and s des, by a forwardly extending

structure, the effective forward edge of which forms
a trap against the surface being blast cleaned, so
that much of the spent abrasive, paint chips, scale
and the like which rebound from or are blasted free

18 of the work surface, rather than falling to the deck
or other undersurface, are caught within the trip,
and either funnelled to a collector for separation
and recycling back to the blast applicator device,
or for a plurality of cycles, may simply be

20 recycled, without substantial separation, within the
device, until the grit has become too size-reduced
and too adulterated with paint chips and scale,
whereupon, the contained supply of grit of the
particular blaster is wholly or partly replaced with

25 fresh abrasive grit.

The above-identified U.S. patents further
disclose, among them, that whereas in some
instances, the work-applying device such as an
abrasive blaster or a paint sérayer, can be a hand-

30 held unit being supported and manipulated by a human
operator standing on the elevatable platform of a
respective shrouded tower, in other instances, the
work applicator is mounted on a carriage that is



respective shrouded tower, in other instances, the wor k applicator is
nount.ed-oR—a—car+i-age—that—-s— novabtearong rails
extending in a left-to-right direction on the front and/or bottom of
t he el evatabl e platform Indexing of the carriage al ong t he

pl at f or m oo obsgsygnder aut omated control, off- 5 pl at f orPCY/0$969269% nanual
control and/or on-platform manual control (e.g., by a human operator
oper ati ng the controls of a control panel). Cl eani ng and
pai nting of ship hulls and the | i ke, using apparatus such as that
descri bed above 10 as practiced by MMC Conpliance Engi neering, Inc. of
Norfolk, Virginia, U S A, and the apparfatus used, are called a

CAPE[ err] system t hat Al t SO f the sane
pri n[C| pl ]es \XouP& Bg’%‘e ﬁm‘@ng’ggggoﬁ’ﬁtm"%”%&% ﬂ?‘#%mcﬁ rﬁi‘r‘%}" kill in the
art, 15 no ddibrectdone oapghec bont t and/ @arboktemcociter al | v or
substantially qummu plavedend! yxﬁ&&*mg of théXi&¥rhlge WilcHee Of a

ship hull structure, the above-jdentified U S

in dr
patents &é‘n?@“F@@E? Gﬁ“ciéaﬂPﬁﬁrsﬂ% ted Qﬂ ﬁé; ifariy 20
shaw or descri iptatfpema(tenosel ﬁanumbr¢nm@rotland$nr on-planth&mes

Vorking on suc udl E%ﬁ%ro&a(kné | %y Ya "fiman o pdxbivﬁ e&Le LMy Of o

presents uni que 1N associ ate
preferred rotafthfg °99 rO%ﬁeef pypenEreL RrR&E) e abrasive blasting grit

apgl i cator, Leakagleqabaalihqsana pabrtisly nef fslotp thells and Ve, sgpporgi ngf
an nmovi n t he | I C un erside o
9 ﬁﬁg, @%éﬁﬁu?k:lsggatus sucly &< Seiat é%é a}lﬂi h

t he bottom of e I nvention
10 as practiced by MMC Compliance Engineerinq, Inc. of

Norfolk, Virginia, U.S.A., and the apparatus used,
are called a CAPE™ system, by that company.

Although some of the same principles would be
understood by a person of ordinary skill in the art,

15 no doubt to be applicable to cleaning the generally
or substantially horizontal, downwardly facing
external surface of a ship hull in drydock, or
similar structure, the above-identified U.S. patents
do not focus on cleaning such areas, or particularly

20 show or describe ways and means for working on such
surfaces. '

Working on such a surface, particularly for
blast cleaning it, presents unigue handling problems
associated with the weight of a preferred rotating

25 wheel-type closed cycle abrasive blasting grit
applicator, leakage of abrasive rebounding from the
work, supporting and moving the applicator along
successive swaths of the underside of the bottom of
the hull.

30 Summary of the Invention

For abrasively blast-cleaning the bottom of a
ship hull while the ship is supported on blocks on
the floor of a drydock, an upwardly facing closed




For abrasively bl ast-cleaning the bottom of a ship hull ﬁhile t he ship
I S supported on bl ocks—ea————the fl oor of a drydock, an upwardly facing

cl osed 6 cycl e abrasive
wheel having a durable but conpliant seal projecting forwards around
Its frontal wooss3qeerineter, is nounted for transversal noveceUsIAi2691g

the noderately articulatable rails of a nobile 5 carrier. A control
panel is provided for effecting traversal, for controlling spraying
of abrasive, for controlling X-Y novenment of the carrier along the
drydock floor, and for extendi ng and retr%cting rail end support

jacks of the carrier franme for locally 10 conform ng the verti cal

posi tioning of rgaj fah 0 Shi.p. The
pr.inci pl es of thgi’ilﬂn%\%%%vvﬁ I"fhek?el ?'G%Qr d atlrsggfs%gs%%m%{’ﬂn? ef erence
to the draw ngs &P} @rpiecting, forwazds axpyndnikesfreatakown. The
specifics 15 periméter cdis mounted ForNgransPer8akniédehént along

exenplify, rathe |0 Ly f e Lnyept. as defined in
t he cl ai ns. EhérEHhééJQéﬁ¥f€§£¥§§;§%ﬁg Poﬁa%%stﬂg %x§§%§ & _ In the
Drawi ngs: 29 carriqy gurfe cPntyrol Pamel dsapeopidedrfer effecting showing

a ship in drydockravéredly, dor Homird1lifg sprayihySoPoabeds Peé Noesxt ernal l'y
bl ast - cl eaned using,_ a _pwar dl faC|ng C osed.cgclf abrasive grit-
propel I'i ng mheelcfﬁhﬁgiﬁﬁﬂﬁn* d SV RN, Of c the, FREF 1€55along ey o 4™ vi t hin
a shroud- confi ne@drydede Haarsd and £ier extendingnandgeebractimgeraikl| in
accordance W th gna suppd¥ﬁﬁ#§$ﬁ§jd¥“HW3 cRpkiet FPSme’ £SRModqYHpLi ON;

e 2 LRalat EiRborne, et VERi¥ad Podlbioning SEYAH %0fas 5" O
the bottom of the ship.

The principles of the invention will be further
discussed with reference to the drawings wherein
preferred embodiments are shown. The specifics

15 illustrated in the drawings are intended to
exemplify, rather than limit, aspects of the
invention as defined in the claims.

ie o D
In the Drawings:

20 Figure 1 is a small scale pictorial view
showing a ship in drydock, having an increment of
its bottom being externally blast-cleaned using an
upwardly facing closed cycle abrasive grit-
propelling wheel unit supported on a mobile carrier,

25 enclosed within a shroud-confined space served by an
air-management system, all in accordance with a
preferred embodiment of the present invention;

Figure 2 is a larger scale fragmentary front
elevational view of cleaning 6perations within the

30 confined space, using the apparatus of the present
invention;

Figure 3 is a fragmentary side elevational view
thereof;



30 confined space, using the apparatus of the present I nventi on;

Figure 3 ls—a fragrentary—side elevational view—— thereof;

7 Figure 4 is a fragnentary front el evati onal vi ew of one
| eg of frame of the nobile carrier, show ng what happens as the
carrier i Sweosessikei n transition fromreadi ness for tPaTAISPE2E%9 n an X
5 direction, to readiness for travelling in ayY direction;

Figure 5 is a larger scale fragnentary perspective view of what is
shown in Figure 4; Figure 6 is a fragnentary perspective view of
10 the frontal side of a closed cycle abrasive bl aster provi ded
with a sturdy conpliant seal in accor danée with the preferred

enbodi nent of the i entlo nment ary

Lgure 7 |s fr
cross-sectional view*gure 4t§ﬁbﬁ 55‘9W@“EP§¥ gF?“%feg?§ﬁ€g°Ba 15
Figure 8 is a swzi\arrmﬁ ©n# ag:gamfoffrtam ednthel mobile tagrierircuitry for .
the apparatus ofn& g eps as the"bfipfel 13 lagbgvahl onal view of

t he control panel or t appar atus o Fi gure
10 illustrates Seanrsihicy frpn readiness, 5&?9'5%'37’?111"6% ig| #paXion a

possi bl e dsydoch:f-ém:m, to readimessn folri ¢bavelltng farab¥l ge bl ocks

ext end at@ Figure 11 shows in fragmentary side
el evation a catlon of the frane of the nobile carrier (two 25
of which are shown) Fifsmreaécém@détamgrt sgadpsfragmentagYhwar t shi ps, both

bet ween two neigébsgddttiveciview of whatslisdghéwnaff pigafdl 4pg one set of
sliders; and Figure 6 is a fragmentary perspective view of
10 the frontal side of a closed cycle abrasive blaster
provided with a sturdy compliant seal in accordance
with the preferred embodiment of the invention;
Figure 7 is a fragmenthry cross-sectional view
taken on the line 7-7 of Figure 6;
15 ~ Figure 8 is a schematic diagram of the control
logic circuitry for the apparatus of Figures 1-7;
Figure 9 is an elevational view of the control
panel for the apparatus of Figures 1-8;
Figure 10 illustrates schematically in
20 fragmentary front elevation a possible drydock floor
layout in which sliders for bilge blocks extend
athwartships;
Pigure 11 shows in fragmentary side elevation a
modification of the frame of the mobile carrier (two
25 of which are shown), for accommodating traversal
athwartships, both between two neighboring sets of
sliders, and straddling one set of sliders; and
Figure 12 shows in front elevation a
modification of the frame for extending the height
30 of the blaster support rails further upwards than
can be achieved by extension of the frame leg screw
jacks, i.e., to permit working on the undersides of
higher-blocked ships.



\,

Figure 12 shows in front elevation a nodi fication of the franme for
extendi ng the height 30 -—of-the blaster support rails further upwards

t han can be achi eved by extension of the frame | eg screw j acks,
i.e., to permt working on the undersides of hi gher - bl ocked shi ps.

8 WO 96/28340 Det ai | ed Descri ption A HOGYUSH6RAIV | ew
of apparatus for practicing a preferred enbodi nent of the invention
is illustrated on a small scale in Figure 1, in order to give 5

i nterested readers an overview for facilitating t hei r under st andi ng
of , a typical site. In Figure 1, a drydock is shown at 10, having
a floor 12 between its upstanding st&irboard and port W ng
walls. On this drydock floor, a ' i . supported in an
upright condition at a given ut adjacent the fl oor
12, - a keel bl och PéftRELAlYieR9f 1apparatus for proctdcisg Fhe

transitional reg%ﬂ!eﬁﬁedt enbedbiént of the inventivnldwalilllus2rakea ship's

oL 24, e G R0hek Spen L IRCRIAIes, 1 B AR SO0l

orientation from
the ship's ISottodnterested readersngh sonenveied fory facilisasdngat el y

vertical are thek POURAEPBLANATRY &Ff O A5l Bilte.the fields of ship 20
bui | di ng, repair and 8e%gthggsi as %gi i tsS v bilggs. Th%pefore, t he
cribbing or other supg r{d9 twhtt ¢ {Ehﬁnﬂsiﬁag Bh2% B8rt BAVABPatent
t hese t ransifloonal2rbgtwaen aits gipstanding gtoirbgard enkdsport  The
keel 30 of the SR rua§1gpdighlthf§cu§yddék:¥§oortlgnghgﬁﬂhaahscenterline
at the.bOtE%n] Sghgwg supported in an upright condition at a given
elevation above but adjacent the floor 12, a keel
block (or keel blocks) 16, and bilge blocks 18. The
transitional regions 20 at the bases of the
sidewalls 22 of a ship’s hull 24, where the outer
15 surface 26 of the hull changes in spatial
crientation from being substantially or
predominately horizontal on the ship’s bottom 28, to
being substantially or predominately vertical are
known among many professionals in the fields of ship
20 building, repair and operations, as being its
bilges. Therefore, the cribbing or other supports
which support the ship bottom adjacent these
transitional regions are often called bilge blocks.
The keel 30 of the ship runs medially along its
25 longitudinal centerline at the bottom, so the
cribbing or other supports which support the ship
bottom beside and/or under the keel are often called
keel blocks. The bilge blocks typically are made up
of discrete block elements sﬁaced longitudinally
30 from one another 1ongitﬁdina11y along the ship under
the bottom at or beside each bilge. The keel block
or blocks can be one unitary element, or a



cri bbing or other supports which sﬁpport the ship bot t om besi de
and/ or..under—the keel—are of ten—eatted —keet—bl ocks.—TheDbrtge br ocks

typically are nade up of discrete block el enents spaced

| ongi tudinally 30 from one another |ongitudinally along the ship under

t he bot t onw@dermsadoesi de each bil ge. The keel bl ock orPQIMGRN6HH2694Nn be
one unitary elenent, or a 9
succession of elenments placed in one or nore |ines ext endi ng

| ongi tudi nally of the ship. In a typical practice of the

process, the ship bottomis substantially horizontal, and the keel 5
bl ock and bilge bl ocks are sized and posPtioned to support the bottom

T ol o OSSR (3L o8 T engsa, S 15, R Lop LRSI

f1?OL 12, tEeafUaxtbnﬂimQEidnqtﬁidﬂnaﬂ&y :fh;?; Ship.usu;IL{ belgg a ﬁllgﬂtll

pitch in the transvefge, t{Pic f’%?' q'& ?J feS Pridces80! thE snfp SN P hu
fee

in thi s exanpl e preasur es ers)
| ongi t udi nal cePRE ?@rﬁﬁeﬁ“@#ﬁ?ﬂ&%ﬁ ly; onigoptad,cand the kgelne of eit her
sidewal I, snd tmo@blmd&mwmo&s arledisj2zed @ positgonea tbher bul k

cargo vessel  guppd Al ALl Y SIUAIBEOL bkl §d75 0ckfe on

such shi ps). I'ons e kéel bl'ock
directly rests mvhetmyﬁiwkrfl?o@rf t&lﬁddtrnré%.pmeageredkbesieﬂr ectly
rests on it, w¢he kEEl, amdEdventysisix inchleel Tgosneayedbagei 8BRe both

Wanke o the kel Yo, Bl Wbl WS VO Pt o
vway bet wet theusnaymmmma #idahte piticlk dn the transverse
direction to the ship’s bottom. The ship hull in
this example measures 41.7 feet (127 meters) from
longitudinal centerline at the keel, to the vertical
plane of either sidewall, and the ship is a very
18 large crude carrier or other bulk cargo vessel
(although the invention is not limited to use on
such ships).
In some typical installations, the keel block
directly rests on the drydock floor, and the ship’s
20 keel directly rests on it, with other support blocks
being snugged against both flanks of the keel,
between the drydock floor and ship bottom. Although
the bilge blocks also can extend vertically all of
the way between the drydock floor and the ship’s
25 bottom, e.g, at sites located about two-thirds of
the way from the keel centerline towards the
vertical planes of the sidewalls of the ship.
However, it is also typical (as shown in Figures 10
and 11) for there to be rows of sliders 32, i.e.,
30 beams or rails laid in a predetermined array, e.gqg.,
in pairs extending athwartships on each side .of the
keel, with some spacing of their most medial ends 34
from the keel block or blocks 16, so as to provide



25 bottom e.g, at sites |ocated about two-thirds of the way from
the keel centerline towards—the vertical planes of the sidewalls of

t he ship. However, it is also typical (as shown in Figures 10 and
11) for there to be rows of sliders 32, i.e., 30 beans or rails laid in a
predet er mi nSP 2628340 e. g. , I n pairs extendi ng at hwart sRCBE8IS8602621c h

si de. of the keel, with sone spacing of their nost nedial ends 34
fromthe keel block or blocks 16, so as to provide

10 respective |ongitudinal corridors. In such an installation,
the bilge bl ocks 18 are supported on the sliders 32 so that they may
be adjusted in position transversel&pcﬁ the bottomof the ship. 5

The present inv | ' (ﬁqﬂ lai1C RS [ | lations
regardl ess of mﬁpé €€b$ﬁ€€bl e qﬁﬁ&%& ih%??éct?? géé? %ﬁ t he drydock
floor, or indiretfstallation,the,bilge blegks, 18| 35 shpperced| eners.

Li kewi se, each btheksliders I racerthatnzheynmey bet adfustée® fn i ntegral,

honbgenous ”E”b%osf‘e{oﬁ%%g\fﬂ}selgf of?‘%iS”%'o%Q mogfgﬁiagg%}pg%manbers for

achi eving desir ves Si ze,” position Tlhity.
In preferred prabheREesant Hnvenkden 48 egnally apppicable 9

bl ast - cl eani ng tiwstalibdtsidis Gegata1éss oFhwhetnhbe! tRE SAIydepTEERsed On in

surtace using t rizsstay Al O Wt dructh cipoR, Jof natiacify 'S
above-i denti fi edFe8% ophhsidrydpels flppravia thessiiders.e. g., a quadrant,
of the sideval | Lixdwisw, Zach WIoERd (a8 USi BOndehitioRdl} WEES nowked side

te)%cISIOSie’ng ;s?w ouzﬁlfeigb.bj:'&(c){# Qni‘?’% Sgdﬂ 8;5,5@;3%;32&@%&,?}’@ aWrking on the
si dewal | secti oragsankiagniforrribbing members for achieving desired
objectives of size, position and durability.
In preferred practices of the invention, the
process of blast-cleaning the underside of the
15 ship’s bottom can be carried on in conjunction with
blast cleaning of the ship’s hull sidewall exterior
surface using the apparatus and processes disclosed
in the above-identified U.S. patents. Thus, if a
section, e.g., a quadrant, of the sidewall is being
20 worked on using a set of towers ranked side by side,
the bib portion and end portions of the tower-
enclosing shroud (i.e., curtains) of the apparatus
for working on the sidewall section (or extensions
of those portions), can serve (together with the
25 keel block or blocks 16) to provide enclosing
shrouds or curtains, extending between the underside
of the ship hull and the floor of the drydock, for
perimetrically enclosing an adjoining section of the
underside of the ship’s bottoh as an enclosed space
30 ‘44. The curtains can be made of the same materials,
supported, fastened and sealed against the floor and
bottom in the same ways and by the same means that
are disclosed in the above-identified U.S. patents.



of those portions), can serve (together with the 25 keel bl ock or bl ocks
_16) to provide enclosi-hg——  shreuds or —etrtatns, extending—betweent he

under si de of the ship hull and the floor of the drydock, for

perimetrically enclosing an adjoining section of the under si de of the

shi p' s bowwoerms4an encl osed space 30  44. The curt ai nPCXWSNO26¥0de Of

the sanme materi al s, supported, fastened and seal ed agai nst the fl oor

and bottomin the sane ways and by the sanme neans that are

di scl osed in the above-identified U S. patents.

11 In a preferred practice of the invention, the

appar atus used al so includes an assenbl 33e of support equi pnent,

whi ch may be sited wholly or art on_l and,, but .i,s preferably
nmostly, if not 5 I“MHO%F?FggﬁﬁﬁdPEéﬂtg%ea9 Lﬁhﬁw*nYﬁﬂﬂﬁ?éisqﬁﬁch can be
noor ed al ongsi dpparatdsydsed alsevwhncludegpanasgenblage 'afs a floating
drydock). The gupaoni %gulj_gﬁﬁﬂ{:g ?rhichpﬁfieﬁélbﬂ’téd‘q}m g @ air handling

system i ncl udi ng punp 3 fr circulating air, a heater-humdity 10
adj uster (e.g. Paxtd¥son dander byF| -‘FiPEGf%F?b%%%?uY' LMt 4 first
conduit 43 for wholllyyi soppbetedconsadsupport Sihaxge 46 whidc aah Qsedui t 46
for exhausting S S d,he .{%H}Snﬁmi;{ed air to a .
particul ate re%%@%?daaégpgggég4§ﬂ?e&€§§°g£c§élgﬂt Separat’or for -
removi ng ai r bodifle 2afAeatingparydeck) . The{guppeyt e@HPRANtt chip and

scal e fragnent praférably iR3ludesdVan Spinyhaidling eystiendDridiudirigirn air

TG ner at i g aBpEPRP, $8563% ¥ G PheARG CAREY L neater fRlRY | (T,
at nosphed®, an@Bjuster (euwfoll§ gasplired ercytlfined @iy iheater side of
t he 40), a first conduit 42 for supplying the enclosed
space 44, a second conduit 46 for exhausting the
enclosed space and leading the exhausted air to a
particulate removal apparatus 48 (e.g., a cyclone
15 separator for removing airborne abrasive particle
fragments and paint chip and scale fragments and
paint overspray particles) from the return air
stream, and preferably also a volatile organic
chemical (*VOC") incinerating apﬁaratus 50. The
20 cleaned air can be exhausted to atmosphere, and/or
wholly or partly recycled to the intake side of the
pump 38. In case of at least partial recycling of
the air stream (which is preferred), the air heater
40 can be wholly or partly merged in structure
25 and/or function with the VOC incinerator 50.
Further, the support equipment preferably
includes a supply 56 of abrasive grit, a pressurized
supply conduit 58 for supplying abrasive grit to the
blaster or blasters (described below) in the
30 enclosed space 44), a return conduit and/or conveyor
60 for returning spent abrasive, likely contaminatedq
by a burden of paint chips and scale, from the
catching means of the blaster or blasters, and a




punp 38. In case of at |east partial recycling of the air stream
(which is preferred), the=arrt—teater 40 can be wholly or partly
merged in structure 25 and/or function with the VOC incinerator 50.
Further, the support equi pnent preferably i ncludes a supply 56 of
abrasi ve griwQse28ssessuri zed supply conduit 58 for sumSTIiS86/0268} asi ve
grit to the bl aster or blasters (described below in the 30

encl osed space 44), a return conduit and/or conveyor 60 for returning
spent abrasive, |ikely contam nated by a burden of paint chips and
scale, fromthe catching neans of the blaster or blasters, and a

12 cl eaner 62 (e.g., a cyclone se ator, magnetic separ at or

and/ or the like) ngs aj | and ' to ply 56 the
reuseabl e fracti 8;18%?&? & {%’?'dsi%vecycr]iotn.er %}%é%%b?ggrygﬁgﬁ??fgan. be steel
shot, 5 st ecPOPARBERR ANA/95 Fheuikedafor genexatingeand ch as is

conventional |y upefyéDingbtastine supiflly 56 the reuseabiécfira&tbr-§gari ng

oracticing the aBfasfyd Grit. ane abrablyes $REE baB belRERE1 R0k g 10
in common wht h t#éteelphoaguentis pearundumgagase,i ar the like, cseahi ng
e A e TN
?ﬁeégkgce-ident??&%ﬁei}Sfciih{hﬁﬁglnﬁb Préﬁﬂg%%ﬁg igeef Bgﬁbﬁrt equi pnent
can al so include furtTke support;mewipment used in practicimgl$hé2, and a
pressuri zed sup%yeeemuiﬁvéﬁmf caid e/ dup1l2akivkOor, or SREr&d Nore
DA P YT i Chtal B e sl oquiphent"EbE35 SRE En 4 "
coating (otYrecoi®i AP PP quip g n
the cleaning and/or painting of the primarily
vertical portions of the ship’s hull exterior
surface in accordance with the methods disclosed in
the above~identified U.S. patents. To that end, the
15 support equipment can also include further
apparatus, e.g., a paint supply 52, and a
pressurized supply conduit 54 for supplying paint to
one or more paint sprayers which can be used within
the enclosed space 44 for coating (or recoating) the
20 ship bottom underside that has been cleaned using
the process and apparatus of the present invention.
Apparatus for practicing the present invention
importantly includes a mobile carrier 56 for
apparatus for performing external surface work on
25 the underside of the ship hull. The carrier 56
preferably is used for subportinq and controllably
positioning an abrasive blaster 58, although it can
also be used or alternativelg be used for supporting
and controllably positioning a tool which applies
30 other work, e.g., spray painting, or welding.
The mobile carrier and abrasive blaster are
described below in more detail with reference to



20 shi p bottom undersi de that has been cl eaned usi ng t he process

-and_apparatus _of..t.hepresent—-nvent+on. — Apparatus—for_practi ci ng

the present invention i mportantly includes a nobile carrier 56 for
apparatus for perform ng external surface work on 25 t he undersi de of
the ship hyblengsddre carrier 56 preferably is used foPCHUPSOREMNg and
control |l ably positioning an abrasive blaster 58, although it can

al so be used or alternatively be used for supporting and control |l ably
positioning a tool which applies 30 ot her work, e.g., spray painting, or
wel di ng. The nobile carrier and abrasive blaster are

described below in nore detail with ref@Bence to .
13 Figures 2-9 (with vari ati pns, bei descyi bed, above and
bel ow wi th ref EAGHEES; %‘?i éﬁ&gg %91‘2?1.'&"-1“5 being desrrined bl aster is
shown at 58. Aabove andnbelowawliyhavefénéhee ston Pigurtesh| W-ix)ycl i ng shot -
5 bl asti ng wheel Aﬁa?bggsyggdblgﬁ}gﬁefgnéﬁymprﬂ egg.ed unit is

di aho @

avai l able from Nel co, [ocated in ng ty, Cklahoma, U S. A
Using it point &oumexsiadly availablecsenizportahlmkecycling shekrto be
unpr ecedent ed. pAlaistinghwheelsbannbenused ai | Aiprédently prefexyety)s, the

preferred bl aster ,.dgposi| (o] fgga'f | grit onto

t he outer rinléﬁﬁg'qg gb&?é%?%?y§#§§g¥?%ﬁoVW£§$, ﬁ%%qﬁﬁggas his grit by
centrifugal foCd&¥hoPkarhPpPpagul.Enhoughsingrbhipginted upyasidsgy 60 of the
housi ng 62 of wakndrathah silleways, isPbeibévéd o b structural

Rdapting it forrprecedentRdr RabABuGR BBE ofowrl BN YelX K WET |7
seal strdé ur edrawinge,dttle preferred blaster deposits a received
stream of abrasive grit onto the outer rim of a
rapidly rotating wheel, which throws this grit by
centrifugal force forwardly out through a frontal
opening 60 of the housing 62 of the blaster.

15 Preferably, two structural modifications are
made to the commercially available blaster for
adapting it for use in practicing the present
invention, namely, a seal structure is provided
around the frontal opening 60, and means are

20 provided for movably supporting the blaster on the
mobile carrier 56.

The seal structure, as shown in most detail in
Figureé 6 and 7, includes a rectangular wear shield
64 which lines the inner perimeter of the mouth 60

25 of the blaster housing 62 and projects forwardly out
of the mouth. It is ringed by a forwardly
projecting brush seal 66 socketed in a channel 68.
Both the wear shield and the brush seal channel are
secured to one another and to a mounting flange 70

30 shown perimetrically bolted at 72 to the housing 62
around the opening 60. By preference, the brush
seal is made of Kevlar® polyaramid fabric sheets or
boron fibers, and preferably the wear shield and



around the frontal opening 60, and neans are 20 provi ded for novably
supporting the bl aster en—the- nobite carrier 56. The sea
structure, as shown in nost detail in Figures 6 and 7, includes a
rectangul ar wear shield 64 which lines the inner perinmeter of the
mout h 60 25 woesksishe bl aster housing 62 and projects forwarRIFEU$HG02691

of the mouth. It is ringed by a forwardly projecting brush seal 66
socketed in a channel 68. Both the wear shield and the brush seal
channel are secured to one another and to a nounting flange 70 30
shown perinetrically bolted at 72 to the hou5|ng 62 around the
openi ng 60. By preference, the brush l4secal is made of Kevlar[err]

Eﬁ! )e/?&a;nng fabri Cbrsuhs%e sea(i channalbgrr:gnngdgecr: chpsdolr}.de ?lﬁc}é ! heb\r/\ﬁ:‘L

seal channel are fitsxr o dadlddstilct stiedds on fiber or ballistic steel.

In use, the brush sealr] $ge@"PRe HPLLRT S8al is jdmiRBrESwdrds contact with
the work surface 5 perinetrica

of wherge abrasive i ew ng
forwardly fromt Hé’l’tﬂa&'ﬁsér nFPscPBSéﬁﬁe‘é‘!@Bnﬁh & %ﬂﬁpy prevent nost,
if not all, sof tlphnﬂuﬁtﬁrcally of wherewabtaisivénciaispewdswnpe | ateral ly

outwards from $rbicehaupRgraRs tgesvwdgméé%dfrom so 10
escapi ng. Reboun&'ng abrasive partlc renail n tzﬁgPed Wi t hin

the perineter of integrddy pgevent “°55ac*f|ﬂ?5 e Rfudhey “& ooped
up, reforned thdthiwoulds bthepwisd dacapedlamnrnllgaaunuindgyﬁutmel to

o os2as o s bR Bl hgoUbh*Ehe Uiy apmacd 40t B 10,
openi ng i ntl® escaping. Rebounding abrasive partxcles which
remain trapped within the perimeter of the seal fall
back into the housing to be scooped up, reformed
into a stream and dropped onto the rotéting wheel to
be again impelled against the work surface.

15 As the abrading process continues, not only
spent abrasive drops back'through the opening into
the unit, but also abrasive fragments, paint chips,
and dislodged scale, including oxidized metal and
flaked metal. Periodically, the unit 58 is emptied

20 of its increasingly contaminated and ineffective
stock of abrasive, and recharged with a fresh stock.
or, as also described above, the abrasive grit stock
of the blaster 58 can be continually replaced by
effective connection with a reclaiming and recycling

25 facility, e.g, located on the support barge 36.

The movably mounting and positioning structure
of the mobile carrier 56 for the abrasive blaster 58
is shown including a rail assembly 74 which has two
longitudinally extending parallel, usually generally

30 horizontally extending rails 76 which are connected
to each other at opposite ends by respective.
transversely extending ties 78. At each end, each
tie is shown provided with a respective boss 80




the unit, but al so abrasive fragnents, paint chips, and di sl odged
~scale, including oxidized metal-—ard——  faked—net al . Pertodical-ty;, The
unit 58 is enptied 20 of its increasingly contanm nated and ineffective
stock of abrasive, and recharged with a fresh stock. O, as also
descri bed yigogmaed he abrasive grit stock of the bl asmcwuddsne@n be
continually replaced by effective connection with a reclaimng and
recycling 25 facility, e.g, located on the support barge 36.

The nmovably nmounting and positioning structure of the nobile carrier
56 for the abrasive blaster 58 I's showmn including a rail assenbly 74
whi ch has two |l ongitudinally extea8ing parallel, usually generally 30
horizontally extending rails 76 which are connected to each other at

opposite ends Whichspreiects forwardlytMpwaxdly)eans,feryeas &8 M. At each
tlegd each i mounh€ing ﬁbmmgmﬁl?d rédpect Ivas Jduiity swidzh 32,

ic r S er
nmounting platf %P% ?h@g} Fé@%&ﬁ |%/)éd HPV%P&Y% i 1w l%aac out er (upper)
end of which, PPPyS¥imptelycimca same plane dki%tté!%/ quter sampreflane with

the outers(uppei:he_ end of'€ke chEush S&&1 bgsish seal 66. By
preference, the rail| _end

, onnections to respective ties 78 are
articul atable, at | xsprggeﬁence, &P? rfﬁ%g end spnne ns, fe the
rectangul ar raklespectivesties| 78 sa¥ecaxk icwintahlehe atarsadtortecacked in 10
use, by indivi gyglebai emeﬁ@u Uh &% "En D ﬁﬁ@ﬁ&i& rular rairocation of four

ends of the tmn t|e urt her describ oW, in order
to accommodat e® °mgl¥o§Ff¥5ﬂE’6? 'H]ec?’él?% Wﬂe& %Fc &° éﬁ?&fiﬂ
orlentathn anuseyr byt individual beidht caadPusiimentc of the spatial

location of four ends of the two ties 78, by means
further described below, in order to accommodate
position of the rails 74 to local spatial
orientation and curvature of the surface 26 of the
15  bottom 28 of the hull 24. (The objective is always
to dispose the rails 76 so that both of them, along
the entire length of each, is spaced a preselected
given distance away from the surface 26. The linmit
switches 82 serve an important function, described
20 below, in achieving that objective.)

' The framework of the mobile carrier 56 further
includes four generally upright legs 84 which
collectively slope upwards and inwards towards one
another like the edges of a pyramid, so as to have

25 their lower ends disposed at corners of a longer and
wider rectangle than their upper ends.’

Each leg 84 incorporates between its upper and
lower ends a means for individually adjustably
lengthening and shortening that leg. In the

30 preferred embodiment, that means is a remotely
operable, mechanical screw jack 86. A pneumatically
or hydraulically actuated extensible-contractible
member could be substituted, but, for its




15 bottom 28 of the hull 24. (Tﬁe obj ective is al ways to di spose
the rails 76 so that bot h-ef—t-hem al ong the entire | ength of each,

I s spaced a presel ected gi ven di stance away fromthe surface 26. The
limt switches 82 serve an inportant function, described 20 bel ow,
i n achi evi nywd dsnk3qobj ecti ve.) The framework of tRETRSN602E]
carrier 56 further I ncl udes four generally upright | egs 84 which

col l ectively sl ope upwards and i nwards towards one anot her like the
edges of a pyramd, so as to have 25 their | ower ends disposed at
corners of a |onger and wi der rectangle than their upper ends.

Each |l eg 84 incorporates between its uppéﬁ and | oner ends a neans for

i ndi vi dual |y adj ust abl l.engt heni : sho I n eg. In the
30 preferred %ﬁﬂﬁﬁﬁ%&ﬁﬂﬁlﬁlﬁﬁy ea%gh?grgggéﬁgté$f&$ ?béggggéable,
méchani cal screwellers@ontinvalenergy| fnput oroin btyiek se2kst uat ed

extensi bl e-cont rggtdiiftain a ddEtedC Adgfe@CotlUbRtehsicon, DUscrdwr its
16 conpar aj i el shqﬂﬁ%c struction which does not rely on
conti nual ener gyj‘?‘ﬁb 8 §r EF ity of seals to mintain a selected
degree of e&tension, Eacicrleag 84 is sbiowhsspoured;ce.g95, by a cleNis | eg 84

IS shown secur edjqfni0-gg Dat? i< Upber endl €bNh §§s¥éét'ﬂr§.élﬁ@eéf gpd to a
respective end o 0 di sposed in

supporting rel at?ﬁ?ﬁ‘ﬂ‘ﬂ?f;estrj%g%égies\?te;% gg’eﬁg%ﬁguegeiﬂl evis joints are
shown havi ng horsuppdrt irax ase Xk ion tice tiengespagtivei bhel endi . eThe paral | el
to the  ral lélﬂ’(gﬂ‘ fmésaialuaﬁﬁm ha¥dngSnok$L6R€EL axeshori zontally
ot e B v R hding longitudinally) i.e.; pacaifef &5 £h3 'ower end
with . extending longitudinally, ‘
rails when the rail assembly 74 is disposed
horizontally without being warped.
Each leg 84 is provided at its lower end with
means for rollingly supporting that end on the floor
15 12 of the drydock 10 while permitting that end to be
controllably moved longitudinally and transversely
of the ship bottom on the drydock floor. Although
such an objective could be achieved by providing
each lower end with a swivelable castor or a ball-
20  shaped roller similar to the roller ball of a
‘ballpoint pen, and for all the ends in common, a
separate, orientable driver engageable with the
drydock floor 12, a different construction is
presently preferred, in which the structure at each
25 lower end is separatély power-rolled in a selected
direction.
For that purpose, the lower end of each leg 84
has a wheeled truck 90 pivotally secured on its
lower end by a respective horizontal axis pivot
30 joint 92 which disposes the respective truck to
extend approximately horizontally, transversally of
the mobile carrier 56 so as to have a medial (or
inner) end and a lateral (or outer) end (both



means for rollingly supporting that .end on the floor 15 12 of the

drydack 10 while pernitting.that—esd—o be cont r ol |-abty—Troved
| ongi tudi nal | y and transversel y of the ship bottomon the drydock
floor. Although such an objective could be achieved by providing

each | onwerywglgagdgph a swivel abl e castor or a ball- 20 Shepusoeasdier
simlar to the roller ball of a bal | point pen, and for all the ends
in common, a separate, orientable driver engageable with the

drydock floor 12, a different construction is presently preferred, in
whi ch the structure at each 25 | ower end is separately power-rolled in a
sel ected di rection. Forl"t hat purpose, the | ower end of

each leg 84 a wh Iedtr nglv b‘?lg secured on Lt
| oner end by a?%k’lp}gi‘f‘?\@ﬁ&? 2K 8’ éte i fpdy 0 |ch
di sposes the r dshmediruaks r&itlene)providedxwénb Appivntnaebl 9fhori zontal ly,

transversally QJn els 9 irHHJ' 'meaaabuake%meoasnx;agaﬁaﬁtaw{w' al (or
i nner) end and a atera out er

17 r el atthf dydeRk (ﬁa‘r‘q‘?’erl 6?“?!%2 kB'FeF‘QPiéﬁdgaBﬁer 56 {ne trucks
90 are prowi dectoVidd roXleditranisversally ofhéhesbBtétahi 28, ofihtelpe | ower ed

I nt o engagenent r).go 0 1 t carrier
56 5 to be rﬂ#‘; 211 ransvéeﬁr.hga%o\éq ?’5 Eb Efne am"ggw #;Ig ﬂg&i*f hip 14,
on the floor 128 (9 %m{‘*ﬁﬁ@ AEG Rrovided wikh af s?ﬁ%"@r%\is 90 are
provi ded with afsaduelsaé which,0Wwhehctbwetedintbd, em;ege:hmred i nto

e A clir b gt N
floor 12.1@The 5%6'69 |Q§1§‘Q§|flﬂ el°n91t“§\?u§a§-ét's°6f thecbpiten 28 %E rever sed
from the the ship 14, on the floor 12. (The locations of the
two sets of wheels could be reversed from the
preferred ones shown and described.)
Each leg is shown having, located directly
15 below the respective truck pivot joint, with a
respective foot tip 98. The amount of downward
extension of each foot tip 98 relative to the
effective diameters of the wheels 94, 96, is such
that midway between pivoting of each truck 90 on its
20 joint 92 so as to dispose one of its wheels 94 or 96
in supporting and driving engagement with the
drydock floor, and so as to dispose the other of its
wheels 96 or 94 in supporting and driving engagement
with the drydock floor, neither wheel is so
25 disposed, but, instead, the mobile carrier is
predominately or entirely supported on the drydock
floor via direct engagement of the foot tips 98 with
the drydock floor 12.
The trucks 950 are shown 1ong1tud1na11y
30  interconnected into first pairs by horizontal lower
frame elements 100 which are coaxial with the
respective pivot joints 92 and transversely into
second pairs by horizontal lower frame elements 102.



preferred ones shown and described.f' Each | eg i s shown havi ng,
| ocated directly 15 bel-ewt-he-respective truck pivot joint, with a

respective foot tip 98. The anount of downward ext ensi on of each foot
tip 98 relative to the effective dianeters of the wheels 94, 96, is
such t WL 9628doay bet ween pivoting of each truck 90 on PCHUSH/02691 0i nt
92 so as to dispose one of its wheels 94 or 96 I n supporting and
driving engagenent with the drydock floor, and so as to dispose the
other of its wheels 96 or 94 in supporting and drivi ng engagenent

wi th the drydock floor, neither wheel is €§ di sposed, but, instead,
the nobile carrier is predom nately entirely supported on the

dr ydock fl oor vi [ GSQE t e ;f.0

drydock floor 12. #né! iﬁﬁ ﬁﬁ rucE?pgﬁgLrgn%ﬁbm%&Pg gaﬁé?ly 30

i nt er connect ed |H?thF?S?’ﬁ%??st?wthﬂwqﬁﬂﬂﬂﬁﬂ WQOWEF12°R airénveelenents 100
whi ch are coaX|abranéhtthnsverseré&ﬁﬁﬁﬁﬂdﬂiqz,vm@-mqratsoﬁzigﬁd transversely

t d
150 Secon(pBRblebiBl {ddr fa M louckBiE e 8UTDEC 1858 04 1,
reference t @& theriﬁiﬁﬁztPV%F$RNW§§#n¥ﬂfQHﬁn9° to’ thefranpestansverse

el enents 102, byn&rmbnabilmr framabnaﬁ@nhauhalleiemaﬁdst Do Qubpoard set
of I'egs 84 is c&ﬁgl?ﬁ éqéi %Mt4kg#§fe ce to the respectlve
hori zont al Iomer FFANE Ton I na OO by second obl i que
brace struts 106. The truc}qﬂn&Q ARSk Feyotedy Dpﬁmabﬂ-9 fexrabl e for
pi voting about tphevoesRgCaboit thd irfespecdtiviljointkt 85nghi vel y di spose the
first mheeha 94, aitbrnatively dispose the first wheels 94, the
second wheels 96, or the foot tips 98 in direct
engagement with the floor 12 of the drydock, by
means of an operator, which, in the preferred
embodiment is shown being provided in the form of
15  respective remotely operable mechanical screw jacks
- 108 which are shown extending between lower clevis
connections to the respective trucks 90 distally of
the respective pivot joints 92, and upper clevis
connections to the respective legs 84 at vertically
20 intermediate sites on the respective legs. In the
orientations depicted, full retraction of the screw
jacks 108 arrange support of the mobile carrier for
movement transversely of the ship bottom,
intermediate extension of the screw jacks 108 fix
25 the location of the mobile carrier by supporting it
on the foot tips 98, and full extension of the screw
jacks 108 arrange support of the mobile carrier for
movement longitudinally of the ship bottom.
The screw jacks 108 could be substituted by
30 other adjusters, e.g., turnbuckles, or pneumatic or
hydraulic cylinders.



second wheels 96, or the foot tips 98 in direct engagenent with the
floor 12-of-.the drydoeck—by— —treans of —anm—operator, Which, in the
preferred enbodi ment is shown being provided in the formof 15
respective renotely operabl e nechani cal screw jacks 108 which are
shown ext epgioggsiet ween | ower clevis connections to REEUSWHAENL | ve
trucks 90 distally of the respective pivot joints 92, and upper
clevis connections to the respective legs 84 at vertically 20
intermedi ate sites on the respective legs. 1In the orientations
depicted, full retraction of the screw: j acks 108 arrange support of
the nobile carrier for movenent tr¥hsversely of the Shlp bottom

i nt er medi at e ext ensi n of éé} §§remuiq%%s 108 fix % % cation of the
nobi | e carrier by su rfR &% ROSST S i58r9§? Ahad°Pal

ext ensi on of thprefeeably by indiridigd .amemefelyupperabde gesrnobile
carrier for otdPV&FPds | ol tudinal Iy of the ship bottom

m
The screw jacks 108 could pe s ituted b ot h ust
tur nbuckl es, or pneuPR ?IQP{% éﬂ%iﬁnﬂﬂﬂiM| gbylFﬁ&engL° pair’
19 5 dha iteocdll uehtafesyr aqm\shmm heu.ngopétr'ohal ly
preferably by i ﬁgng %¥§v éﬁﬂl r s 110.
One pair of theEFé&k@&aéo ¢ é%?é oafg palr %% of the EB&QE g??é&e br aces,
are shown being ﬁlﬁﬁ?@???*ve 1°" 'thﬁézPé§ﬁécP¥§§ ﬁéﬁﬂéPs of the
| ower frane joih@srssmectlve | ongi tudinal, horizontal axis clevis
joints 112. ' h Ry f JLiges in 10

*ﬁbiﬁ%tﬂ éﬁ%ﬁ éﬁ%ﬁ% qwnzhel Yihek! 36

Figure 2 at a transvers
10 Figure 2 at a transversely intermedlate location

relative to its path along the ship hull bottom,
from beside the keel blocks, to the effective outer
extent of its usefulness (e.g., where the rail
assembly 74 becomes Qisposed at 45° to horizontal in
15 order to place both rails in equal close adjacency
to the hull surface 26 at the respective bilge 20.
As best shown in Figure 3, the housing 62 of
the abrasive blaster is mounted to the rails 76 for
sliding or rolling support, e.g., by brackets 114
20 having pairs of opposed concavely grooved rollers
116 which rollingly grip the respective rails
between them. Four sets of rollers 116, preferably
spaced from cone another as shown, are provided.
The rail ties 78 are shown further mounting
25 respective sprockets 118 for a roller chain 120.
Although the housing 62 could be physically pushed
and pulled by a human operator for causing it to
traverse a swath of the urnderside of the bottom of
the hull, by preference, one of the sprockets 118 is
30 powered by a reversible remotely operable motor 122,
for moving the abrasive blaster at a desired.speed,
in a desired direction, along the underside of the
bottom of the hull.



relative to its path along the ship'hull bott om from besi de the keel

bl ocks, to the effective euter extent of its usefulness (e.g., where
the rail assenbly 74 becones di sposed at 45 to horizontal in 15
order to place both rails in equal close adjacency to the hul
surface 26 o éd83foespective bilge 20. As best skavsan2t¥igur e
3, the housing 62 of the abrasive blaster is nmounted to the rails 76
for sliding or rolling support, e.g., by brackets 114 20 havi ng
pai rs of opposed concavely grooved rollers 116 which rollingly grip
the respective rails between them Four sets of rollers 116,
preferably spaced from one another 28 shown, are provided.

The rail ties 78 are shown further jnounting 25 respecti ve sprockets 118
for a roller chain 17¥arious °§QQ4H%R$?§:ﬁ@gﬁ@@§?ﬂ§“§2 Eﬁﬁ?ﬁfﬁﬁgﬁhysically

pushed andagsbtistéd with tire arramive blastarsi eggi{ aodust
traverse a swath | Ofcdrite- 010 o] by
pr ef erence, one $i%%€€%*lp%%{<§‘gbef1§ 'S §’§ rpta%%gmérzsdfg§ %ﬂgeegifjg%%l e
remot el y oper abl earpier 96 can be NQQ9tQQmﬂ"h&hﬁh@°HEFSSF9Er ®Ester at a

desired.spegd, e.g.,i&sdsKewm A KMiguies @ and ong the underside of the
bottom of the hull. 20

Various other itenms o %ﬁﬁffﬁﬁﬁﬁ %ﬂ%ﬁ%ﬂﬁ%ﬁgﬁg? for EggoE?% %ﬁ with the
abrasi ve bl ast ercagrier 56dard its ahrgigive Hlaskersig ghewntiBl panel 126
for the nobile pjgup@rgier 56 can be nounted on the nobile carrier, 5

Che il e carr hrPEsfefERd devayt Sor. e, BPRFEPL Bantl f38' £ N U1
8. . 10 shown in Figure 9.
In the modification shown in Figures 10 and 11,
the longitudinal elements 100 of the lower frame of
the mobile carrier are given an omega-shaped jog 128
intermediate their ends, éo'that the carrier can

15 straddle bilge block sliders 32. Also, in this
modified embodiment,'the functions of the structures
90-98 are resorted into swivelable, powered caster

" wheels 130, which are shown being dual wheeled.
In the modification shown in Figure 12 (which

20 is applicable to either the embodiment of Figures 1-
9 and to the embodiment of Figures 10 and 11, the
ability of the mobile carrier to adjustably dispose
the abrasive blaster 58 higher up off the drydock
floor 12 is enhanced by separating the upper and

25 lower parts of the frame of the mobile carrier 56 or
56’ from one another, and interposing a frame
extension module 132 vertically between them, to
which the two frame parts are functionally
connected, e.g., as depicted.

30 In use, an increment of the underside of the
ship in drydock is perimetrically cordoned off by
curtaining, e.g., as described at the outset of this
description, to provide a confined space delimited



A preferred | ayout for the control panel 126 is 10 shown in Figure 9.

| nt-he—mpdidficatten—shewrin Fi-gtres—16 and—ti,——— thefomgrtudinal

el enents 100 of the | ower frame of the nobile carrier are given an
onega- shaped jog 128 intermediate their ends, so that the carrier can
15 st r awdlosr2é84bge bl ock sliders 32. Also, in this PEHYSP6/2691

enbodi nent, the functions of the structures 90-98 are resorted into
swi vel abl e, powered caster wheel s 130, which are shown bei ng dual

wheel ed. In the nodification shown in Figure 12 (which 20 S
applicabl e to either the enbodi ment of Figures 1- 9 and to the

enbodi nent of Figures 10 and 11, the 21 ability of the nobile carrier to

adj ust ably di sq‘? :letqs b‘?pé;he :g{i{n%sb&ﬁtﬂ%aﬁgﬁﬁrggd%g?e{:?gpsﬂ.% t he drydock

floor 12 is enha Separ arts of the
frame of the nd™dle @ndidelighted at its5 owerofxEaBt kYt ke and
i nterposing a fd@fdock £loddX! €DheOBr Mot abZdsivet bmahtarbet ween them to

fopi cted. 50 S UEPBR Farlffe ARELBRATHEL poptei SRRATE SEne s Ty
ship in dr§dockirysdoml | Ao c@ﬁh}nc&ba&nsenﬁneéyspace- cEachihamg, e.g.,

as descri bed Eﬂatfibﬁﬁﬁéiﬁe(ﬁbﬂﬂﬁdiy directeachabPhbiVe blagtéyi de a confined
space delimted

its upper exteRAdKeS8ing, RiFaspestive gite,op the “nﬂﬁf?id%nﬂ}dﬁv?n1ted at
its |ower exterhotkon af the hui&ydosnpplvoponcnstéonﬁnaeeamadg|aadblaster-

equi pped nmobi | Gagdi rﬁ&iﬂér&ﬁfﬁﬂ uaaedianpkbeméa wﬁeudaf&céffea wi thin
t hat conflned ;gage Each di rected abrasive

ec
bl ast er & SR LES Uk AUBRLF: BEoRTLE. RF JLFe) abran LY Re
blaster. An operator, properly outfitted with

protective gear (e.g., dust-proof coverall with a
respirator) is stationed at the control panel of
each mobile carrier.

15 The support wheels of each carrier are operated
to station the carrier beneath a swath of the
enclosed increment of the underside of the bottom of
the hull. The carrier is rendered stationary,
whereupon its legs are extended until all four of

20 its upper corner sensors make contact with the hull
bottom, indicating proper standoff positioning of
the rajils. Next, as the abrasive blaster is
operated to spev abrasive grit upwards at the
underside of the hull, the abrasive blaster is

25 advanced along the rails on the mobile carrier at
least once in at least one direction (and possibly a
plurality of times, including in both directions, at
a desired speed, until the operator, e.g., based on
visual inspection, is satisfied that the particular

30 swath of the undersurface has become adequately
clean or as clean as desired by removal of rust,
scale and/or paint. The operator then stops
abrasive blasting, retracts the legs, moves the



bottom of the hull. Supply connectidns are nade and each nobile
carrier unit is provided with electrical 10 ...power service and a supply of
grit for its abrasive bl aster. An operator, properly outfitted with
protective gear (e.qg., dust-proof coverall with a respirator) is
stationed af, ?ﬁgntrol panel of each nobile carrierpcybsosnzéor  The
support mheels of each carrier are operated to station the carrier
beneath a swath of the encl osed increment of the underside of the
bott om of the hull. The carrier is rendered stationary,
whereupon its |l egs are extended until all four of 20 Its upper corner
sensors nmake contact wth the hull @@t t om i ndi cating proper st andof f
posi tioni ng of t he rai,ls. Next t he abrasi ve bl aster
bperated 1o speBolHLE GAFTHRF: LR RUPAGIAPSPRY With & MRSEHRREAIS @ hul| |
t e abrasi ve bl aﬁmne:s sdath ofdthacednfiinad iheremerts ofh tthee nobil e
carrier at a t 402N |

Bic & 'tﬂe ngéﬁﬁ ofNEnd! hGFt | Oal}:d( Q!de%zﬂem LY Speed,

plurality of tlnes |reci|ons

until the oper at%}rt’\é“'gc ‘B& Eﬂ gRerationy; inth ?rﬁaﬁﬁﬂ’? sesqribed  sfi ed
that the paitlcndhuvém) swat h of the undersurface has becone adequately
clean or as clean asdﬁyy BRva u or paint.
The operator then stops nhﬁgpgﬁaﬁf vé %Taz?é ﬁ%twex}égﬁﬁﬂ#ﬁgﬁﬂgés noves

t he successive swaths, the abrasive blaster is staakedk carrier
t o subadj acency amd/fore reatoekedi withr abrasivé ugt erirs wiieh mdinridie confi ned
I ncrenment of t'“ﬁescri %pq%°§gde of the bottomof the hull, and conducts a

further cl eoanl ng opereﬁel on, 1 n the manner described 5 above.
1

The possibility will occur to those skilled in
the art, after reading the above, that the process
can be further automated to place the operaior and
control panel outside the confined space, with

"visual inspection of location and progress being

15 made via television cameras an/or other remote
sensors carried on or adjacent the mobile carriers
56.

Likewise, the possibility will occur to those

skilled in the art, after reading the above, that

20 the abrasive blaster 58 can be replaced by another’
work~applying device, such as a paint sprayer or a
welder, for similarly carrying out other work on the
underside of the ship hull. 1In the instance of
welding, the increment of the hull underside does

25 not necessarily need to be perimetrically sealed off
by a curtain.

Further, the possibility will occur to those
skilled in the art, after reading the above, that
the apparatus and method could be used for applying

30 work to the underside of something other than a ship
bottom, e.g., to the underside of a bridge from a
work barge located under the bridge.



During operation, and/or between cl'eani ng of successi ve swat hs, the
—abr asive blaster—is—steecked -——andtor restocked wWth-abrasrve grit—in

t he manner descri bed above. 10 The possibility will occur to
those skilled in the art, after reading the above, that the process
can be furwbegnsgsé omated to place the operator and CPOT/US6/Q3601 e |
out side the confined space, with vi sual inspection of |ocation and
progress being 15 made via tel evision caneras an/or other renote
sensors carried on or adjacent the nobile carriers 56.

Li kewi se, the possibility will occur to those skilled in the art,

after reading the above, that 20 t he2dbrasi ve bl aster 58 can be repl aced

by anot her woy k- | yj ng device, suc int _sprayer or a

wel der, for siml arig %Q‘P"P%i ﬁ%‘bfﬁe Wﬁﬁg‘r %iaﬁ gﬁ@ appara H&er si de of the
shi p hyl . In £oe pelsfcm(:ieng)fextexjnamnﬁfwg,e woeki Qur audgtsdtﬂet b€& hul |
under si de does,ﬁ_@p hui@taé‘%ﬁqrﬁé%mr{a&o@ﬁf pﬁ\f/:\ﬁbFFEBEQaEEtheal ed off

by a curtain. Further, the OS\S,ilé\ i % occyr to those
skilled in theofrthe Attgriutes fet foxhh i theappecificakionyparatus and
met hod cosll d bendeedtlie® heyding Msuithary W kheoIhkentidarsi de of sonet hi ng

other than a Shlhpesppesodid! | Ylcahk 1t Ga'bed812148 €b ohbi doe froma

wor k barge | ocC
23 extent oyl thonk, dap from the; peinginiesyshereot for
perform ng extasntheyp dve dee loutl inedcandlexplained iahthaibul | as

descri bed her g} e e Lbyutes set forth in
t he specifi cat#ﬁ%@’?&a unge'r ; Ee ‘ﬁzet%nr?g *“gﬁ%f?%zr’g g?&{:?#ei P%venti on"
10 understood as encompassing all such modifications as
are within the spirit and scope of the following
claims.



her ei nbef ore. Because it can be nDdfTied to sone extent w t hout

departing fromthe principres-t her eof as they have been outlined and
explained in this specification, the present invention should be 10
under st ood as enconpassing all such nodifications as are within the
spirit and sygngdthe foll ow ng cl ai ms. PCT/US96/02691

24 What Is Clained Is: 1. Apparatus for applying work to
t he downwar dl y facing. undersi de surface 26 of a——_structure 28
which is located in vertically spaced 5 confrontln n toan
upwardly facing support surface 12, corrprl si ng: "mﬂl{/ ,IHm”H 56
having a | ower portion 100, 102 and @4 upper porttore

supports 90, 94, 96 Eroviged OE tge | ower 10 portion of the frane and

equi pping the fr in at | east two orthogonally rel ated

hori zontal directions &l onAprimatasyfort applydong, work tantheo be stationed

as a result of S?&bﬂ@ﬁ‘faﬂttdaﬁ und@k‘%?ﬁé' ¥ui:'§§€é|‘¥6n8fr§| ation to each
0

of a plurality 1 rtho y ,related sal d undersj de

surf ace; strpclire, 2 48 F&FFEeé 9eY?FE§F?§ Y spaceqd st abl y
mount ed by 8¢, 86cor&¥oriﬂ:ﬂuj &aaiuidmpner an upwapdlyofacing asupparte for
bei ng | ower ed aney, égﬁqyi M th said underside surface and

rai sed |nto genera I 'equal’ly sp ded sub- adj acency with sai d
under si de surface thr wgﬂme 6 favingea) daWersportioni10@e 2 iand rail s of
said set; an @pw\wzeﬁj;mf Fai;ng work applicator 58 for

supports 90, 94, 96 provided on the lower
10 portion of the frame and equipping the frame to be
moved in at least two orthogonally related
horizontal directions along said support surface,
and to be stationed as a result of such movement in
directly underlying relation to each of a plurality
15 of orthogonally related swaths of said underside
surface;

a set of elongated rails 76 vertically
adjustably mounted by 84, 86, 88, 112 to said upper
portion of said frame for being lowered away from

20 adjacency with said underside surface and raised
into generally equally spaced sub-adjacency with
said underside surface throughout respective lengths
of respective rails of said set;

an upwardly facing work applicator 58 for

25 applying work to said underside surface;

a support structure 114, 116, 120 supporting
said work applicator on said set of rails for
advancement along said set of rails for applying
work to a succession of sites all along any selected

30 said swath of said underside surface which has
become a directly overlying swath as a result of
said movement of said frame.



25 applying work to said under si de surface; a support structure
. ' sate—work apptictator—on satfd-set of ralls for
advancenent al ong sai d set—ofTaits for—appl yi ng work to a succession’

of sites all along any sel mﬂ 3| l ﬂ wat h of said underside surface
whi ch has woegnésagone a dil I“ﬂm swat h as a r esuPCTAS96/02691 saj d
* c L ] S *

novenment of said frane. 25

2. The apparatus of claim1l, wherein; said work applicator 58
is an abrasive bl aster. 3. The apparatus of claim2, wherein:
sai d abrasive blaster 58 is one in which a 5 supply abrasive grit is
directed onto a rotating wheel so?®s to be centrifugally flung upward

out t hrough ap opepi ng. 60 | SJ. 62 of ,the. abr asi ve
bl aster. EA. ﬂh@ %Rﬁﬁ#éhékjggj(J%QWn , Wﬁ%ﬁﬁéPm: 10 t he
housing 62 is provi saddvwerk aapplhieatiy 58 is an edrasdveobdasier.seal 66
extendi ng paranmetrigal |l yphe appé¥atiid bOREIUIM 2,f WhePodngenent with said
under si de surfag& 26 so, as to IthaéL#eral scggi g; abr asi ve '
grit being flung upfaid| 9prysive blastey AN Im ¥hLeh B asive grit
reboundi ng frosupply abrasivelggrit is ireunted antoar riotalkdng nat eri al
di sl odged fro al | §g¥5 ' ct.i.@n of the
abrasive grit .nlmee]. s3%8 ga%ﬁ'ﬁ%%?ﬁaa us %#lﬁgﬁéﬁr&hgrgi n: 20

r

sai d seal 66 i shEORERsANseRening 60 in a hpusing 8&s of claim 4,
wherein: abrasivei dl1aseér 56 i s nmade of polyaranid fibers or
other flexible, durgple fﬁﬁeiﬁﬁﬂratus of claim 3, wherein:

10 the housing 62 is provided with an upwardly

directed compliant seal 66 extending parametrically
of said opening, for engagement with said underside
surface 26 so as to limit literal escape of abrasive
grit being flung upwardly by said abrasive blaster,
15 abrasive grit rebounding from said underside
surface, and particulate material dislodged from
said underside surface by abrasive action of the
abrasive grit.
5. The apparatus of claim 4, wherein:
20 said seal 66 is a brush seal.
6. The apparatus of claim 4, wherein:
said seal 66 is made of polyaramid fibers or
other flexible, durable material.
7. The apparatus of claim 4, wherein:
25 said seal 66 is made of boron fibers or other
flexible, durable material.
8. The apparatus of claim 1, wherein:
said frame further includes an intermediate
portion 84, 86, 88, 112 removably interposed between
30 said upper and lower portions, for effectively
height~-adjusting said set of rails. '



7. The apparafus of cl aim 4, wher ei n: 25 said seal 66 is made of

boron fibers or other —f+exi ble durable material. 8. The
apparatus of claim1l1, wherein: said frame further includes an

i nt er medi at e portion 83“““(“““““3“ “mrrovabl y interposed between 30
sai d upper AaMO%/28M0 portio Y hei ght - RGTVEOEPIL i d
set of rails. e s 26 9.
The apparatus of claim 13, wherein: sai d supports 94, 96

provi ded on the | ower portion of the frame conprise notor-driven
wheel s. 10. The apparatus of c&gin19, wherein: 5 t he
not or-driven wheels are provided on a plurality of sw vel able castors
130 | ocated at i del [ | r f r portion of

the framne. wIil. #%ée] %%%%‘Sésj %{3 C aiﬁnmqg, M&Egrkglwﬁ 10 t he

mot or - dri ven wheel s aB8i@; S8UPRRYES P4 P6 Providad onpkBeglower transverse
movenent and anopbetidfi of the ffrrame ngompriisw notoredeivenowhadlest abl e

trucks 90 | ocat gg.at?%\grt eéa%%}%ﬁt%ﬁprgnegﬁeggibbe | ower

portion of the frane; "and g nmeans 'l 8, 126 for
sel ecting Wi ch of thEhechater-ariven stheels axe, proyidedi @9 Pel ation for
the carrier 56 oplukflity of sswbrslalsle feutors 130 located a2 The

f claj | | f i ngl ud
Foor tip 95, anavaaedv HEEFLRERF bornare 3 dilhighy’ BEEF SRR OF 7" °

al ternatively di $p8sER@m8aid foot tips but neither sai d set of wheels
in said supporting rehali othe apparatus dJfS.ciWia 3QPahakeégnel claim 1,
wher ei .n. 10 S%hg lﬁgtt:ozgidzr'fl\lwelg vlltpecelfsd easreatprloggatedt \ﬁf)a two

sets, one 94 for transverse movement and another 96
for longitudinal movement, on adjustable trucks 90
located at widely distributed corners of the lower
portion of the frame; and further including means
15 108, 126 for selecting which of the sets is disposed
in supporting relation for the carrier 56 on the
support surface 12.
12. The apparatus of claim 11, wherein each
said corner further includes a foot tip 98, and said
20 selecting means is further operable for
alternatively disposing said foot tips but neither
said set of wheels in said supporting relation.
13. The apparatus of claim 1, wherein:
_ said set of rails includes at least two
25 generally coextensive, generally parallel rails 76
each having two opposite ends; and
said rails are vertically adjustably mounted to
said upper portion of said frame by said upper
portion including four vertiéally extensible~-
30 retractile legs 84 having respective upper ends to
which respective ends of respective ones of said
rails are respectively secured.



25 general | y coextensive, generally parallel rails 76 each havi ng

-two oppestte—entds—amdt— saird rail'sS arée vertically adjustably
nmounted to sai d upper nnr'rion of —sai-d jran‘e by sai d upper

portion including four vert retractile |l egs 84
havi ng r ewnessreae upper endt ﬂﬂlﬂ'!lﬂ“ﬁ@' 'mr espective en®ETESRENect.i ve
ones of said rails ar sy secured.

27 14. The apparatus of claim 13, wherein: sai d
support structure includes a plurality of opposed pairs of concavely
grooved rollers 116 on a housi ng gortion 62 of said work applicator
58, each 5 pair rollingly trapping respective rail 76 between

them and A3 ApBaritis! 88 &fmnﬂasa&d&deﬁﬁrs to roll

al ong respective ones of sardrails for novin rk applicator

along said rails. sgid S“PPOrESStr¥ﬁ5“§®péﬁﬁ&ﬁﬂﬁﬁﬁacﬂ%ﬁ?ﬂ@MtYwm%reln

said neans fOropiﬁt%ldngai&lsdolfObbﬁbSvémyrqi'bovéd rollers 114 |@i £hain 120
entrai ned aboyt sproc

and secured t g PO %ié§8ﬁza85IF§§€ ﬁgggpgﬁé}f$£¥§E§§éd Sq#ne aggeLZtus

of clai m8l5, wedrerellingly trapping afrespectivecrail 76 doetwemver
rotatable by ¢nem; &h@ns of a drive notor operatively connected

\t/\grerke;gpl i cat or 58“139“5n12§r'a35‘8e%t822§(?)'& E’l‘q £aid'rg é’gsl L é'%?p‘par at ussg:‘d
claim 17, furtaleng respectdivedongs of said rails cfer arovirig 4smid
per|netrlcalIx"ﬁnpgggggghngraglong saidCr&{Eet of said underside surface 28
|nclud|nqia ' 15. The apparatus of claim 14, wherein:
said means for causing said rollers to roll, is
a roller chain 120 entrained about sprockets 118
spaced apart along said set of rails, and secured to
said work applicator 58.
15 16. The apparatus of claim 15, wherein:
one of said sprockets 118 is power rotatable by
means of a drive motor operatively connected
thereto.
17. The apparatus of claim 13, wherein:
20 said work applicator 58 is an abrasive blaster.
18. The apparatus of claim 17, further
including: _
a curtain of 44 perimetrically encompassing an
increment of said underside surface 28 including a
25 plurality of said swaths thereof, said curtain
sealing between said underside surface and said
support surface 12.
19. The apparatus of claim 1, further
including:
30 a curtain of 44 perimetrically encompassing an
increment of said underside surface 28 including a
plurality of said swaths thereof, said curtain



25 plurality of said swaths theréof, said curtain seal i ng between
sai d undersi de surface and-sard . support surface 12. 19.
The apparatus of claiml1, furt : i +ag- 30 a curtain of

44 perinetrically enconpassing a M oy of said underside surface
28 incl udi ngwoos2ssdo plurality Oﬂ'“mwlmmem“];WI eof , sai d REWYS2pM2691
28 seal i ng between sai d undersicdeLsunface and said support
surface 12. 20. A nethod for applying work to the

downwar dl y facing underside surface 28 of a 5 structure 28 which is

| ocated in vertically spaced confronting relation to an upwardly
faci ng support surface 12, conprisiné. (a) vertically
and horizontally . : |_US y | | sfaci ng work 10
applicator 58 on ’aer?ldﬁﬁerbeﬁg’r elglotr?gsh gnggPQi&é n&%éﬁ%\ﬁéej éc/aaird?i er 56 which
has a | ower portisspport surfacepd2.102 that is supported on the support

surface and equi pped t2@.be aArgéedtiodn fok hAppiying work to tte orthogonal |y

rel ated hori zont direc.o n | pogt,. surface and
stationed in ownwar %?tsﬁ%?‘&na‘é‘? legégr%l‘gﬁ%ens% ée)%c of a
plurality ofSort lebgmetiune 28 shd¢hsiat hgcated in vertically #raged de

surf ace; confrontify redsitioantslahhepuabily £o¢ingrsuiport
directly under a selected said swath of said under si de surface 28
and vertical ly adfWFd@qGfR) 12, SOWPXISIBId nner portion 74 to define a
support and t r avefa)pamvertdcadlydandrhonpponear¥ 58 that is
general ly evenly diregd{ustdtAyl aupporédhd an upwardly facing work

10 applicator 58 on an upper portion 74 of a

mobile carrier 56 which has a lower portion
100, 102 that is supported on the support
surface and equipped to be moved in at least
two orthogonally related horizontal directions

i5 along said support surface and stationed in
directly underlying relation to each of a
plurality of orthogonally related swaths of
said underside surface;

(b) positioning the mobile carrier 56

20 directly under a selected said swath of said
underside surface 28 and vertically adjusting
said upper portion 74 to define a support and
travel path for said work applicator 58 that is
generally evenly directly subadjacent said

25 swath throughout the length of said swath;

(¢) while moving said work applicator 58
along said path, applying work upwardly
therefrom to said underside surface 28 to said
swath; '

30 (d) moving the mobile carrier 56 along
said support surface 12 into underlying
relation to another said swath;



25 ~ swath throughout the Iength of said swat h; (c)

.whi l e ppvi-Rg—sad-d—werk—appl | cato+—58— ——-—-—arong sard—path, appl yi ng
wor k upwardl y theretLgﬂL£%~§§ggfﬂ2ﬂ§;i'de surface 28 to said
swat h; 30 novi rrier 56 al ong
sai d suppqmganajoace 12 into undHi’ reI at i RCHURIYMSOher said
swat h; ’” l’ (e)
repeating steps (a)-(c) in relatlon sald ot her swat h; and
(f) repeating steps (d) and (e), atnleast one of said swaths to
“which work is applied 5 bei ng Iogated i n | ongitudi nal
conti guousness with at |east®%not her of said swat hs to which
work is applied and in t ugt h at |east a
further one of ié‘g déé&tfjhng t’me sc@ cﬂ 'S app |e3§‘
21. The method of EPaPHiQODthh%r%W4Fh- and sai d work appllcator 58 is
an abrasive bl aster (£ pndrépeatihiid stups e(di)t arsii{@)ynder diedgtsurface is

abrasive bl asting due_t rdly
t her eagai nst. 15 ofie 8f2§§%&%€hod%&fc€? o%szs FEW i ncl udi ng:
prior to &onductingbeing logatedriphongitudinal qgnﬁngﬁqmgngsa ncrement 42

of said underside sy{tRCge 1eastbanaufétrt&r sa X0 dwathd @ swmaesart surface,
sai d I ncrenment %ﬂ #udlqglfbgl y of sald swat hs. 20 23.

The method cl ai m 22% in LHans¥eFA&i de surface 28 is the
under si de of a cohnldauoﬂsaesmlqoiﬂam s’legaiitsm;ﬁ)mtl&rr fomee ofs a fl oor

12 of a drydock 10 gajahkGRchsers ipich woris U gd ed. on keel bl ocks
16 and bllge bIocks 12.
21. The method of claim 20, wherein:
said work applicator 58 is an abrasive blaster
and the work applied to said underside surface is
abrasive blasting due to spewing of abrasive grit
upwardly thereagainst.
15 22. The method of claim 21, further including:
prior to conducting step (a), peripherally
enclosing an increment 42 of said underside surface
by a curtain, against the support surface, said
increment including a plurality of said swaths.
20 23. The method claim 22, wherein:
sald underside surface 28 is the underside of a
hull of a ship, and said support surface is a floor
12 of a drydock 10 in which the ship 14 is supported
on keel blocks 16 and bilge blaocks 12.
25 24. The method of claim 23, wherein:
in practicing step (f), the mobile carrier 56
is sometimes rollingly moved substantially
longitudinally of said structure 28 on said support
surface 12, for becoming positioned under a swath to
30 be worked on which is longitudinally contiguous to a
swath which has been previously worked on, and is at
other times rollingly moved substantially
transversally of said structure 28 on said support



25 24. The nethod of cIainf23, wher ei n: in practicing
step (f), the nobile carrer-56 is sonetinmes rollingly noved
substantial ly - | ongi t udi i re 28 on said support

0 o ccEr o AT, o™
previously worked on, and is at * ¢ bth®r Yines rollingly noved

substantial ly transversal ly of said structure 28 on said support

30 surface 12 for becomi ng positioned under a swath to be worked on which
is transversely contiguous with a swath ggich has been previously worked
on.

surface 12 for becoming positioned under a swath to
be worked on which is transversely contiguous with a
swath which has been previously worked on.



