[err] APPARATUS AND METHOD FOR PERFORM NG EXTERNAL SURFACE WORK ON SH P '

HULLS AND THE LI KE The present invention relates to an apparatus for 5 yd
and nethod of performng surface work on a generally vertical surface such’
as a surface of a ship hull. In neral ,, the |nvent|on reldtes 4o providing
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staging access to and coating of hutl's of
varying configurations boLh afloat and in orydock durlno the abPaS|ve
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W th requirenen of t e U S. Clean Alr Act and Clean Water Act. 15

The present inverXion relates to apparatus and a nmethod foer surface work
such as cI eani ng ang Ehetpresenty nyeEseibrextelards st fars esppdratay Horl s,
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basel i ne appmmgsnhaxnpak& cntrplled sealed erphosuzre|wivighlpermbtses,

the af or emepldpsfical stagdpg access to and coating of exposed areas
10 of ships' hulls of varying configurations both afloat and

in drydock during e abrasive blasting, spray painting and
solvent evaporation Rhases of the coating process so as to
be, so far as practically possible, in full compliance with
requirements of the U.S.\ Clean Air Act and Clean Water Act.

15 - The present inveption relates to apparatus and a
method for surface work such as cleaning and painting, on
exposed external surfaces of §hip hulls,-which improve upon
the apparatus and methods which\are disclosed in EP-A- .
92309723.2, equivalent to Garlan et‘al., U.S. patent No.

20 5,211,125, issued May 18, 1993 and'pending unpublished
European patent application No. 9330 877.5, equivalent to
another copending'U.s. patent application 975,520 of
Goldbach et al. These are collectively \referred to herein
as the baseline apparatus and methods. .

25 Fgr-disclosural purposes, the aforementioned
patent app}icatisns are incorporated herein reference.

,/Ship's hulls are very large and are ‘complexly

contoureé in both the vertical and longitudinal\directions.
The world's population of ships has a very signi cant

30 number of different sizes and shapes.

/’ Coating of the exteriors of ships requires

uéing abrasive blasters for surface preparation and
/gainte:s for application of paint. Both blasters and
painters must be brought into close proximity to

-+35 - the portion of the hull they are working. ' Neither



_patent applications are incorporated herein by reference. Ship's huIIs are
*very large and are conplexly contoured in bath the vertlcal_and -

‘I ongi tudi nal directions. The world's populaﬁlon ‘of- th bQSuﬂavery B
.significant 30 nunber of different sizes HAd* sHapes.” Cbatlng of the
‘exteriors of ships requires using abrasive blasters for surface preparation
and painters for application of paint. Both blasters and painters nust be
brought into close proximty to 35 t he oortlon of- Phe’ﬁull t hey are
wor ki ng. Neither BRRARRRUS AN MY REFOR S er s nor
painters can perfor”‘ébﬁFKCEDanﬁno‘ QhIﬁDﬁﬁLtBaﬁNﬁ5rﬁﬁuﬁiﬁEfeet of hul
surface without noving or—-berng noved to another Tocation. Tn earlier

ti mes, worker novenent from5 pl ace to place around a ship's hull was
accomodat ed by mié | st gerst amwi?éhai@zu nteldees htd. ar §ppatatesrforrahdnes,
“the co t|n t¥§:F:,P(%l‘:[exter or huII gve t he materllne maslfnst Qétenldone
With t e s MSF Ng FUETAERWOFE on @ generally vertica

surface such as a surface of a ship hull.

In general, the invention relates to providing an
atmospherically controlled sealed enclosure which permits
10 economical staging access to and coating of exposed areas
of ship's hulls of varying configurations both afloat and
in drydock during the abrasive blasting, spray painting and
solvent evaporation phases of the coating proéess so as to
be, so far as practically possible, in full compliance with
15 requirements of the U.S. Clean Air Act and Clean Water Act.

The present invention relates to apparatus and a
method for surface work such as cleaning and painting, on
exposed external surfaces of ship huils which improve upon

20 the apparatus and methods which are disclosed in
EP- A—92309723 %, equivalent to Garland et al., U.S. patent
No. 5,211,125, issued May 18, 1993 and EP-A-0597643,
equivalent to Goldbach et al, U.S. patent No. 5,355,823.
These are collectively referred to herein as the baseline
25 apparatus and methods.

The above US patents were published after the priority
date claimed by the present European patent. The above .
European patent applications claim priority dates before
30 the priority date clai?ed by the present European patent,
but were published after that date, and thus should be
considered in relation to Art. 54(3) EPC.

For~disclosural-purposes,—the_aforementioned-patent—
-.35 - -applications-are-incorporated-herein-by-reference:—
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10 the U S. of the Oean Water Acts all but elimnated this practice
silnce coating of this area of a ship afloat deposited significantty rore
spent abrasive and paint overspray in the water than-dj-d coating in a °
drydock. 15 More recently.ygequired worker novenent has been
acconplished through the use of manlifts. A conventional manlift includes a
st agi ng basket nounted on an arm which has the capability of being
hydraulically Ii%%fd, eﬁtiﬂded and rotgted' this_arm 20 1 i ng nounted on
a carriage power Bysa u fe?ﬁﬁlV85¥b RPN g?ﬂ © Yiage has t he
capabi | i t y ednbeunegd mbaebdothothel werticalhl axd bongitwdinaht al surface. Even
nore recent asi g, oL S made to

repl ace théa%ﬁégé%gﬁé'thgﬁﬁgﬁéf%g gagéé?%aaf%é é% %ﬁgéﬁggﬁgs ot bl ast head
whi ch has tveryaptgnifigant numberngf ¢itfexentgsizes randishpper. abrasi ve.

Howevers this approach has had little acceptance because of the cost to 30
purchase and operate_ the apparatus, plus operating difficulties with the

devi ces actual | yCRAEINGLPE. TR |RELQRLIPES LE FRIDS | ZRFELIRS NFINGhi ch

operat e’ on ABFEEiREUbEaSRETYRESE , stuPeacte CPPSHaLELISH andl repair including
drydocki ng al nost al ways takes

painters for application of paint. Both blasters

and painters must be brought into close prqximity

10 to the portion of the hull they are working. Neither



35 place imedi ately adjacent to |arge bodies of water. This Sheet Has
Been Replaced 3 Pollution of these |arge bodies of water including G eat
Lakes, rivers, seas, bays and oceans has become of nuch greater concern to
societies around the world because of the negative effect of 5 this

pol lution on the vegetable and animal |ife which depend upon these bodies
of water. This concern has grown as nore of the public elects to use these
bodi es of water for recreation through sg%nning and boating as well as
l'iving adj acent to 10 themin hotels, houses, apartnents and

condoni ni uns. i sty | BhexFB £§§f§ Ll VA CT S a
significant qu}glr?ftlélié'?:éf(%]c par t?%ﬁ%gén%%% usual 'y ﬁ%kc%qurprrﬁ?élgd I n
part of smal | ePOFE th@es HiSYRTLFeRY Lrsurfige withopteaks down

upon being propekied Rieweing ahdved Ot NHiotHer Studatidnl | and in part of
smal | particles of the sqkf'%ﬂgfjnt and steel which is renpved by the
abrasive. Wile this dusttT SHALE YIRSy HATKRT AINLRIRE EEPRd to be -

hazardouss it place to place around a ship’s hull was accommodated
- by building staging around the ship.

Also, in earlier times, the coating of the
exterior hull above the waterline was most often
done with the ship afloat. However, enactment in

10 the U.S. of the Clean Water Acts all but eliminated
this practice since coating of this area of a ship
afloat deposited significantly more spent abrasive
and paint overspray in the water than did coating in
a drydock.

15 More recently, required worker movement
has been accomplished through the use of manlifts.

A conventional manlift includes a staging basket
mounted on an arm which has the capability of being
hydraulically lifted, extended and rotated; this arm

20 being mounted on a carriage powered by an internal
combustion engine. The carriage has the capability
of being moved from place to place on a horizontal
surface. o

Even more recently for abrasive blasting,

25 efforts have been made to replace the worker in the
manlift basket, with an enclosed shotblast head
which has the capability of catching, processing and -
reusing the abrasive. However, this approach has
had little accepéance because of the cost to

30 purchase and operate the apparatus, plus operating
difficulties with the devices actually available.

Since ships are very large vessels which
operate on large bodies of water, their construction
and repair including drydocking almost always takes

35 place immediately adjacent to large bodies of water.



20 ~ is nevertheless noxious to the public and does contain toxins in
-apparently nonhazardous quantities. Because a portion of this dus
inevitably is bl own over the adjacent body of water, small 25

of these toxins find their way into the water. Further, if the la
percentage of the spent abrasive which | ands on the drydock fl oor
pronmptly cl eaned up, trace anounts of the toxins | each out during
rainstorms or fromother sources of 30 4 water used in ship repa
deposited into the body of water fromthe drydock's drai nage system Toxic

petrol eum products incl pdingtiofl 8¢ tHBsbC2AL§eaBHage828EeSwasapci ated with

manlift,

fork]ifﬂﬂggd congressor operations can S|H1Iarlé be carr
[err] 4 throufiFIHEIngyabertdkakAgSgeTiVeFEm PRES  t RRYSdPBLeREBBEY of
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this pollution on the vegetable and animal life
which depend upon these bodies of water. This
concern has grown as more of the public elects to
use these bodies of water for recreation through
swimming and boating as well as living adjacent to
them in hotels, houses, apartments and condominiums.

Abrasive blasting of a ship’s hull
necessarily creates a significant quantity of
particulate material, usually dust comprised in part
of smaller particles of the abrasive medium as it
breaks down upon being propelled pneumatically
against the ship’s hull and in part of small
particles of the ship’s paint and steel which is
removed by the abrasive. While this dust is not
currently officially considered to be hazardous, it
is nevertheless noxious to the public and does
contain toxins in apparently nonhazardous
quantities.

Because a portion of this dust inevitably
is blown over the adjacent body of water, small
quantities of these toxins find their way into the
water. Further, if the large percentage of the
spent abrasive which lands on the drydock floor is
not promptly cleaned up, trace amocunts of the toxins
leach out during rainstorms or from other sources of
water used in ship repair and are deposited into the
body of water from the drydock’s drainége systen.
Toxic petroleum products including fuels, lubricants
and greases associated with manlift, forklift and
compressor operations can similarly be carried |
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regul ati ons mandate that either contam nants be elimnated or drydock storm
wat er runoff be collected and treated, a process not currently feasible
because of the quantity of water involved. 10 Typically, a
ship has a large quantity of exterior mechanical equipnent. This

equi pnent, which is expensive to repair and purchase, is subject to severe
damage if infiltrated by the dust from abrasive blasting, which is itself
very 15 abrasive. This nmechanical equi pnent, which includes interior
ventilation systens, nust be tenporarily covered with protective covering

during abrasiyve blastjing. .Thi.s tenpor.ary covering.inhibits operation of the
i nterior ventF?%??%ﬁ gggtgﬁ¥dﬂﬁgng%3lna¥§bFX§Fﬁg 5P§§t%ﬁ§ i s under way
causi ng di scoadpatent bbapsofr eaternbers |iving aboard as well as to

wor kers inside the shi Pre Eﬁi:u@'ial;%liltlio}lgeiﬁﬁgigﬂmﬁln?gh%md %.used in

abrasive bl asting has nechanical"*conponents.™ i Cl Udes” ai r
conpressors, Gheanf¥ateroAkti fimposeuoreostyingeptaresknitidions anes. Since

this equy prendy shiaREhahesdih 8RRl Fatke BASEMImndsgannot be |
protected. It thererore, experiences ver i gh mai nt enance cost, extensive
out - of - servi ceegalatpensonandake $hat: Gﬁébeé'pGPEFﬁﬁ'é% be

eliminated or drydock storm water runoff be

collected and treated, a process not currently

feasible because of the quantity of water involved.

10 Typically, a ship has a large quantity of
exterior mechanical equipment. This equipment,
which is expensive to repair and purchase, is -
subject to severe damage if infiltrated by the dust
from abrasive blasting, which is itself very

15 abrasive. This mechanical equipment, which includes
interior ventilation systems, must be temporarily
covered with protective covering during abrasive
blasting. This temporary covering inhibits
operation of the interior ventilation systems when

20 abrasive blasting is underway causing discomfort to
ships crew members living aboard as well as to
workers inside the ship. o

Virtually all the equipﬁent currently used
in abrasive blasting has mechanical components.

25 This includes air compressors, manlifts, forklifts,
dust collectors and drydock cranes. Since this ‘
equipment must operate during abrasive blasting, it
cannot be protected. It therefore, experiences very
high maintenance cost, extensive out—of—service

30 periods, and shortened operating lives.

Coatings on drydock horizontal surfaces
experience short lives as they are abraded off by
the combination of spent abrasive and vehicular and
personnel movement, including that which accompanies

35 shoveling and sweeping.



Coati ngs on drydock horizontal surfaces experience short lives as they are
‘abraded off by the conbination of spent abrasive and vehicul ar and
personnel novenent, including that which acconpanies 35 shovel i ng and
sweepi ng. [err] 5 Workers who are free to proceed with exterior ship
construction and/or repair tasks which do not involve nechanical ship's
conponents are disrupted, nmade |ess efficient and exposed to 5

respiratory and eye aggravati on when abbasive blasting is proceeding
concurrently. Workers and ship's personnel transiting through the abrasive
dust cloud to and from Hezkexsewher age freesiiop prcseadhiwiih y affected. 10

Most shi ps 0p§§§afibe 3h4pr EeRstuTdibHahat/oR R Y tvhildier efore,

t he nost popu narine paints are solvent-based vinyls and epoxies. Some
mari ne pai nt sA@oRPEi Anypivemechandcalpghilpg s FOMPOReNY®m@4Gese paints are

bei ng appl i edgidbuptedyehnaledldss @fifeeibhevandlexddeddigicent body of
S respiratory and eye aggravation when abrasive
blasting is proceeding concurrently. Workers and
ship’s personnel transiting through the abrasive
dust cloud to and from the interior of the ship are
similarly affected.

10 Most ships operate in a corrosive
saltwater/spray environment. Therefore, the most
popular marine paints are solvent—based vinyls and
epoxies. Some marine paints contain zinc or copper.
During the time that these paints are being applied,

15 overspray is often blown into the adjacent body of
water. This same overspray can coat itself on
nearby boats, buildings, waterside cafes and cars,
causing expensive damage and infuriating the public.
Even the portion of the overspray which lands on the

20 drydock floor can find its way back into the
adjacent body of water as it attaches itself to dust
or dirt particles on the floor of the drydock which
are washed by water through the drydock’s drainage
system. _ .

25 Non—waterbased paint sclvents common in

marine coatings release volatile organic compounds -
(VoCs) into the atmosphere during the time that they
are evaporating, during the paint curing process.
Regulatory authorities are becoming increasingly

30 concerned that these VOCs are damaging the
environment. While VOC emissions from marine paints
may not be apparent to the public, they are a matter
of growing regulatory oversight, and will ultimately
have to be reduced. The only current way to dispose

35 of these invisible VOCs is to contain the air into



water. This sane overspray can coat itself on nearby boats, buildings,
wat er si de cafes and cars, causing expensive damage and infuriating the
public. Even the portion of the overspray which |Iands on the 20 dr ydock
floor can find its way back into the adjacent body of water as it attaches
itself to dust or dirt particles on the floor of the drydock which are
washed by water through the drydock's drai nage system 25

Non- wat er based pai nt solvents comon inenmari ne coatings rel ease volatile
organi ¢ conmpounds (VOCs) into the atnosphere during the tinme that they are
evapor ati ng, whichgthég aaenreteased, pandetbenRpyotessr ghatit Baxi ti es are

becom ng incréﬁg%égﬂb 390C 1ﬁggﬁg?9ggrthat t hese VOCs are danmgi ng the

envi ronnment em SSI ons rom nmari ne pal nts my not be appar ent to
the public, they are a Bestemapagement prac§icesobgingecuryentlynd wil |

ultimtely naye;iaoa £sdﬂszaﬂmzaetﬁﬁlxmaaﬁee% ‘A’Bi‘a&@v@' gagtcata  Of
ese invisib to contain the arr
S paint overspray being blown beyond the drydock
perimeter include placing a curtain over each end of
the drydock, performing abrasive blasting downward
only, using airless paint spray equipment, and
ceasing operations when wind velocities become

10 higher than a predetermined limit. However, these
practices nevertheless permit a significant
percentage of the airborne abrasive dust and paint
overspray to blow outside of the perimeter of the
drydock. In addition, these practices do nothing to

15 reduce the many other negative affects of the ship
coating process.

Recently, some shipyards have begun
shrouding ships, from the weather deck down to the
drydock structure, with very large strips of '

20 material. This material must be somewhat porocus to
keep it from shredding in the wind. However, the
lives of these large strips of material are short
because of damaqe frcm wind, handling, errant
abrasive blastlng and other hazards inherent to the

25 heavy industrial environment prevalent in shipyards.
Because of the basic cost of the shrouding material

- itself, its short life in the shipyard environment
itself, the cost of installing , removing , handling
and storing it, this approach is very expensive.

30 While this approach contains even more airborne
abrasive dust and paint overspray within the drydock
perimeter than current generally accepted best
management practices, some still escapes through the
necessarily porous material-and through the joints

35 where the strips of material overlap. In addition,



whi ch they are rel eased, and then process that air through a VOC

i nci nerator. Best nanagenent practices being currently utilized to mnimze
t he anount of abrasive dust and 5 pai nt overspray being bl own beyond the °
drydock perineter include placing a curtain over each end of the drydock,
perform ng abrasive blasting downward only, using airless paint spray

equi pnent, and ceasi ng operati ons when w nd vel ocities becone 10 hi gher
than a predetermned Iimt. However, thege practices nevertheless permt a
significant percentage of the airborne abrasive dust and paint overspray to
bl ow out si de oftdihe dsproEdierdoést hettdlydosksolveatiethany dbree practices

do nothing to 15 Jeduce_the mapy, _other.negatjve affects of the ship
coating proce&ﬁeQ%ﬁﬁﬁﬁlif%§%5§ 3%i5§5r§glﬂa %atéﬁ%ﬁpgﬂ?%ﬁﬁiﬁﬁéships, from
t he weat her dedocewothing heo drgducé ¥0Cuemilsejiomsth very large strips of

20 material. This matger] t a [ from
shredding in the w nd. Fﬁ@é%g¢Fﬂ%?et$§%€§f§ t %ggéggggéesggﬁggé%f mat eri al
are short Sbhecadbstffremesgndbbastbing, thatl isgthertechnabegyi o€ bl asting

and other hazanfg |yl ¥ flleify! Nonéwevel PN L NPHSLELS! 18VEEPIREY

preval ent in shipyar .
and very costly from an equipment and manpower

standpeoint and does not address painting problems
including overspray and VOC emissions.
10 - With regard to approaches to resolving the
many problems associated with the coating of ships,
~ as expensive as the coating process is or may
become, the major cost consideration is the speed
with which a ship may be coated or recoated. This
15 is because of the daily amortization and operation
costs of the drydock required to lift the ship out
of the water for_recoating ($5,000 td $20,000 U.S.
per day) and the ship itself which is out of service
during recocating ($10,000 to $100,000 U.S. per day).
20 These costs demand that with whatever solutions are
developed to solve the existing problems with
abrasive blasting and coating of ships, elapsed time
of the coating process be of the essence.
. The first aforementioned copending Ué~and EP
25 patent application discloses a system for performing
external surface work on a ship hull, in which a
vertical tower is erected on a support surface
beside a ship, e.g., on deck of a drydock in which
the ship is berthed. A set of flexible confinement
30 curtains externally surround the tower, but are open
towards a vertical segment of the ship hull. The
tower mounts a vertically movable trolley, to which
a cantilever arm mechanism mounts a work platform.
In use, workers and/or roboticly controlled devices.
35 operating from the platform use abrasive blasting



Because of the basic cost of the shrouding material itself, its short life
In the shipyard environnent itself, the cost of installing , renoving
handl'ing and storing it, this approach is very expensive. 30 Wiile this
approach contai ns even nore airborne abrasive dust and pai nt overspray

wi thin the drydock perinmeter than current generally accepted best

managenent practices, some still escapes through the necessarily porous
material and through the joints 35 ere the strips of material overl ap.
I n addition, [err] 7 this approach does little to solve the many ot her

e ast ons. | CHE- St nev e cRBEsRy AL AL S bRRRR R ARABR B (D0 Y
sandbl asti ngsprayingsnokelesjhramdogaiot vacodinel asiting However, this
process 1 s 8@%§%gwﬁggds§§5&%%§tz'pésf EQ%Q- o %‘%é}?&% Snpover

st andpoi nt an arntin pro ens | ncl overspray and
VOC eni ssi onsegment of hull su r dst confinesc vishin &l ving the

5 shroud provided by the curtains. A system of supply
lines and recovery lines which extend into and out
of the confined space supply air abrasive, paint and
other needs, and collect fumes and other expehded

material for processing, reprocessing or disposal,

10 all with the intent of minimizing contamination of
the environment. Similarly, spent abrasive grit,
with its burden of paint chips and scale fragments
is swept-up for separation, reuse and disposal. As
work on each vertical segment of the hull is

15 completed, the tower is shifted to a successive
location along the hull. Magnets mounted to edge‘
portions of the curtains are used for femovably
fastening the front edge of the shroud to the ship
hull around the whole of the perimeter of the

20 respective vertical segment. During the course of
the work on a segment, the work-applying nozzle is
traversed horizontally while aimed at the hull, and
after the particular act of work on each horizontal
band of the segment has been completed, the trolley

25 is raised or lowered on the tower, so that another
band can be worked on. The cantilever arms which
mount the work platform to the trolley are extended
and retracted, as needed, for maintaining the
desired proximity of the work-applying nozzle to the

30 hull surface from one band to the next. Although
the baseline apparatus and method as disclosed in
this aforementioned U.S. patent contemplate that
more than one tower may be in use at the same time
for performing respective tasks on respective

'35 vertical segments of the same ship hull, this
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many probl ens associated with the coating of ships, as expensive as the
. coating process is or may becone, the major cost consideration is the speed
W th which a ship nay be coated or recoated. This 15 i s because of the
daily anortization and operation costs of the drydock required to lift the
ship out of the water for recoating ($5,6000 to $20,000 U.S. per day) and
the ship itself which is out of serviceqduring recoating ($10,000 to
$100, 000 U.S. per day). 20 These cos?s dermand that with whatever

sol utions. are sgl ¥ I Sk oRls t
bl asti ng and cg8¥gh88%g05%d 8, gg gé abbEgPeﬁhglggg?%%g98?@%222 be of
t he essence. shEOﬁdnsg aﬂurekennpéneﬁ tbpeROWRFSYS and EP 25 pat ent

appl i cation discloses aa&%&b&@ ftheeueﬁgh:ngm%bewahtsaéf aCfadfr k on a
ship hull, |n mhlch a verti cal tomer is erected on a suggort surface besi de

a ship, e.g. K tBRiGeCk &heaSEFPRGcRIPHERANERCNRE SAPENAINGPPhERd BPset of
f1exi bl esconfpaeaaﬁt apPlicatibhai n&‘h&Xbasaalxhxe appaw&dst Aagt ower, but are
open Lovar ds A YREL! 2 3SATRNL okl UEaEhed e J1° b gu Bt s 2
wor k p'athFnklhﬁluaﬁeduga&ewsr&nQQODnraﬂgbumhpgcsngmehtsdoaethees 35
operating fron]thehﬁ&itkgagbuse r%il%s g%aiobggs having
respective adjustably cantilevered, elevatable work
10 platforms, with the shroud curtains possibly
providing interconnected confined spaces for all or
some of the towers, with some side curtains
subdividing the space in order to isoclate the
~ environments of various types of work from one
15 another, as needed. That aforementioned U.S. patent
application further discloses providing a support
barge for carrying the various air compressors,
paint supply tanks, abrasive material hoppers, so
that all of these items of equipment need only to be
20 connected to the various nozzles, etc., within the
shrouded, confined space, rather than individually
transferred to, from and from place to place around
the hull. Other elaborations are disclosed,
including possibly stationing the towers on a
25 movable barge, so that the above~waterline part of a
floating ship can be worked upon using the apparatus
and method. In that connection, towers which can be
laid-down for transit on their support barge, then
easily erected to vertical positions for use are
30 disclosed, as are ways and means for connecting the
tower-support barge to the floating ship, and for
using inflatable seals and also dams to seal the
front edges of the shroud curtains to the hull, and
bottom edges of the shroud to the support deck
35 despite possible'felative movement of the ship and



[err] (e.g., via conpressed air-powered abrasive grit- spraying nozzles)
and paint or other coating conposition spray nozzles to work on the
vertical segnent of hull surface that is confined within the 5 shr oud
provi ded by the curtains. A systemof supply lines and recovery lines

whi ch extend into and out of the confined space supply air abrasive, paint
and ot her needs, and collect funmes and ot her expended material for
processing, reprocessing or disposal, 1§, all with the intent of

m nim zing contam nation of the environnment. Simlarly, spent abrasive

grit, withitg o%f:d%g;;g:}of@'sﬁrg&' Rin b 1S G G { AP RiKSo£ $ SFept - up for

separation, reuse a sposal wor k on each vertical segnent of the

hull is 15  sSPemy GIB’EPSJE‘H% (RAMIC iRAEGiGLes and FRRYRLsFSRL ¢ ocat i on

al ong the hul lprcipaHd s;mlflt D€ P A | RS Bddy "ee Gligar ns are used
around the wharEUBH (g p&q%ﬁﬂé Sitkn@nebis 1L doideek jertelal  segrent
During the coylsseeiing Morsd-am. a segnent, the Work appl yi ng nozzle is

In practicing the baseline apparatus and
methods, as well as those of the present invention,
it is a goal to provide sufficient freedom of motion
to permit full worker and/or robotic access to all

10 of the external surface of the ship hull that is to
be worked on, and alsc to contain abrasive blast
dust, spent abrasive, paint overspray and volatile
organic compounds (VOCs), thereby significantly
reducing the quantities of these materials which are

15 released to contaminate the air, nearby bodies of _
water, ship’s mechanical equipment, drydock cranes,
abrasive blasting and painting support mechanical
equipment, local housing, automobiles, nearby yachts
and other floating vessels, and in addition

20 significantly reduce the efforts necessary to
collect, dispose of, recycle and incinerate waste
abrasive and paint residue and significantly reduce
the disruption of the concurrent shipboard repair
work, all without increasing the drydock utilization

25 times or ship out-of-service tinmes.

For 3ssisting a reader who does not have '
ready access to the disclosure provided in the
above-mentioned copending U.S. applications, most of
the detailed description which is provided in most

30 extensively in the second of them and that is _
substantially germane to preferred practices of the
present invention, are repeated below with reference
to Figures 1-14.

Preferred- practices of the baseline

35 apparatus and methods made possible significant



traversed horizontally while ained at the hull, and after the particul ar
act of work on each horizontal band of the segnent has been conpl eted, the
“trolley 25 is raised or |owered on the tower, so that another band can
be worked on. The cantilever arnms which nmount the work platformto the
trolley are extended and retracted, as needed, for maintaining the desired
proximty of the work-applying nozzle tp,the 30 hul | surface from one
band to the next. Although the baseline™apparatus and net hod as discl osed

in this aforenentione S.; I r t ower may
be in use at lgﬁ‘?rgglﬁéndeﬁ ﬁ‘gﬁénﬂqéﬁ#% gisogneéc]t Ve ads?#si@ érigggect ive 35
vertical segmbmild abating beratde dfiithe tffivklowirgyaf orenentioned U. S

patent does not disclosg joi dy SOk léﬁlﬁlu%%ﬁ%ﬁx&éﬂms'

However, this latter inprovemgnt 1S a nain .OEIC 0

af or enent i onedsc @ddadinarads witdh Bt potent tpRtethe The baseline
apparat ug and gRIROE U A RIEGLT, tﬂﬁ&r?&&%i&ftdﬂn dhe Grissise .
si mul t aneousl y wor ki ng on adj ol ni ng segnents of _1he
spills which run or wash off the drydock floor.
b. Abrasive dust is collected and-
processed without leaving the enclosure.
c. Paint overspray is filtered without

10 leaving the enclosure. .

d. VOCs are contained and incinerated .
without leaving the enclosure. _

e. Storm water is prevented from running
through spent abrasive and debris contaminated with

15 paint.

£. Use of recyclable steel grit abrasive
instead of mineral abrasive eliminates disposal of
spent abrasive with its contained toxins.

Preferred practices of the baseline

20 apparatus and methods also provided a significant
opportunity for improvement in coating quality by
preventing negative effects of weather by preventing
rain or snow from impacting on hull areas during
coating and by providing hotter dehumidified air

25 during coating.

Preferred practices of the baseline
apparatus and methods further provided a significant
| opportunity to shorten coating and drydock span
times by: _

30 a. Shortening or eliminating equiphent
mobilization, setup, teardown and demobilization
time through use of the coating support barge.

b. Eliminating weather interruptions.
_ c. Accelerating paint curing by -heating
35  air in the enclosure.



sanme hull using a plurality of towers having respective adjustably -
cantil evered, elevatable work 10 platforns, with the shroud curtains
possi-bly providing interconnected confined spaces for all or sone of the
towers, with sone side curtains subdividing the space in order to isolate
the environnents of various types of work from one 15 anot her, as
needed. That aforenentioned U S. patent application further discloses
provi ding a support barge for carrying gpe various air conpressors, paint
supply tanks, abrasive material hoppers, so that all of these itens of
equi prent need only to ke, 20 Al16@iMeGicst tshiperepaipugopRzEbes, etc.,
within the shrouded, gﬁPfJneq sgfce rather than individually transferred
to, fromand PROGSALEING BREL FRMH9he hull. Qther el aborations are
di scl osed, including possibl yrRedudingidwyddektokeasupntim@sSby novable
barge, so that_t above-waterline part of floatihg ship can.be worked
upon usi ng t h&° QKF%ﬁ%FWkR$€ ; ?#\ﬁ?ﬁﬁicﬁﬂﬁ%%f€8n2°t8&gﬁénmhich can
be | ai d- gown ftive terayidguws. t heir support barge, then easily erected to
vertical positions for re 3 | scl osed, and neans for
connecting the tower-su%? -e‘B’a‘?‘%ﬁ%&%"ﬁO@gt’f’% %%gﬁﬁé%d for using
infl atabl e sealpparatud sandiemsthads efurtiar facilitated very

considerable reductions in the cost of the coating

process for all the reasons respectively listed

10 immediately previously under opportunities to reduce
coating and drydock span times. Even more

significant cost reductions can be realized as the

very significant costs associated with drydock
utilization and ship out—of-service times reduce

15 proportionately to span time reductions. Also:

a. Rework from weather can be
eliminated.

b. Transportation and crane handling of
support equipment can be eliminated.

20 c. Abrasive contamination maintenance of
manlifts, cranes, forklifts and compressors can be
eliminated.

d. Wear and tear on portable hoses and
ducting can be virtually eliminated.

25 e, Temporary covering of ship’s
mechanical equipment can be eliminated.

£. Purchase and disposal of mineral
abrasive can be eliminated. _
The present invention builds on the

30 advantages provided by preferred practices of the
baseline apparatus and methods, and, in preferred
practices thereof, provides additional advantages.

The present invention provides certain
- -~ improvements on the baseline apparatus and methods,
35 that grew out of experiences with building and



front edges of the shroud curtains to the hull, and bottom edges of the
shroud to the support deck 35 despite possible relative novenent -of the
ship and [err] 10 tower support barge, and for reducing. run-off of spent
abrasive, paint particles and renoved-ggale fromthe tower support deck to
t he body of water around the floating ship, or ship in drydock which 5

I's being worked-on. In practicing the baseline apparatus and net hods, as

well as th . . i t It ] I izde sufficient
freedom of Qﬁgﬁgfg&ﬂ,gg %ﬁ%ﬁu ?6%1\/\/0% er Haatnstﬁlg'rn%r%% tafé%él%rc%glgdto all 10

of the extsethiodsur fansk tife meking whplanshfior dargeye spediesd on, and al so
to contain i@ 1! Huc TS o nR¥hBlasO HeirS Rt ol

vol atile ofgﬁﬁ?%k%%hpéﬁﬁ%éﬂ%V(fgf, t'her eby éﬁgnificanfly regﬁéLng t%g
quant i ti ese¥terpade SurRtaqenwoOTlhiQth shi® Pwlls. el eased to contam nate the
air, ngarby bodies of water, ship's nechanical equipnent, drydock cranes,

abrasi ve bl asting and_paintin%'sup ort nechani cal .
According to the present invention there is provided

apparatus for performing surface work on a generally
vertical surface, comprising a plurality of towers arranged
to be disposed side by side in a set to be supported on a
10 generally horizontal support surface in confronting
relation to a longitudinally and vertically extending
portion of the generally vertical surface, each tower
comprising a plurality of modules destackably stacked one
upon another and including at least a base module arranged
15 to be directly supported on said support surface, and an
upper module arranged to provide an upper end for the
respective tower; shroud means mounted to said towers for
cooperating with said generally vertical surface to enclose
a confined space within and forwardly of said set of
20 towers; and a ventilation system including ducting for
supplying fresh air through said shroud means to said
confined space, and ducting for recovering contaminated air
through said shroud means from said confined space, said
ventilation system including ventilating machinery mounted
25 on said upper modules. '

It is to be appreciated that where features of the
invention are set out herein with regard to apparatus
according to the invention, such features may also be

30 provided with regard to a method according to the
invention, and vice versa.



equi pnrent, | ocal housing, autonobiles, nearby yachts and other floating
vessel s, and in addition 20 significantly reduce.the efforts necessary
to collect, dispose of, recycle and incinerate waste abrasive and paint
residue and significantly reduce the géiguption of the concurrent shipboard
repair work, all w thout increasing theg drydock utilization 25 times or .
ship out-of-service tinmes. For assisting a reader who does not have ready

access to the disclosure provided in the above-nentioned copendi ng U S.
appl i cations, nodt RATEHRULRY aj TRere ke (RFRV R RFSOTRRFYSM A nost 30

ext ensi vel {eHd iiferSeLen ta Ohe tH6d 8 Cpd S ring URSHIA bk 84 | JeiSF 4B t O
preferred practjices of the present, ipvention, are repeated, bel ow wmth
a%‘t‘#%%%f’&ﬁ 3

ref erence VERHifReSUTTace prePRPTEIDT HhePSs
appar at us FEEUIR Ofwas es PSS bed 6t Gidemerdlly Herizorddl i sgppyevents in

envi rogrental L) 2NSSn LHIA LS N DY dn C08HL "GeRSSRY Y FlrdfiGa O | OW NnO:
work surface, the towers being arranged in a set side by
side along a first increment of the work surface, each
tower having a base module and an upper machinery module
including a work platform; providing shroud means mounted
10 to said towers for cooperating with said generally vertical
surface to enclose a confined spaced; enclosing by said
shroud means a confined space extending from the set of
towers towards the said vertical surface; performing work
on the generally vertical work surface from the work
15 platfordm including or consisting of spray painting the
vertical work surface from the platforms; collecting
contaminated air from the painting operation inside the
confined space; setting up a second set of base modules
along a second increment of the work surface; moving the
20 upper machinery modules from the first to the second set of
base modules and replacing the upper machinery modules by
upper ventilation modules; collecting contaminated air from
the confined space by the upper ventilation modules as the
paint dries; and after the paint has dried, dismantling the
25 towers confronting the first increment of the work surface
'into modules for reuse in successive phases of work on the
surface. Preferably the step of performing work on the
vertical work surface includes connecting abrasive blasting
heads on the work platforms and using them to blast paint
30 and/or scale from the vertical work surface; collecting
contaminated air from the blasting and painting operations
inside the confined space and processing the contaminated
air outside the confined space.



a. Use of internal conbustion equipnment is elimnated with its potenti al
to pollute the 5 wat er through fuel oil, lubricating oil and grease
spills " which run or wash off the drydock floor. b. Abr asive dust is
col'lected and processed w thout |eavingdghe enclosure. c. Pai nt overspray
Is filtered without 10 | eavi ng t he encl osure. d. VOCs are contai ned
and incinerated wthout |eaving the enclosure. Stormwater is

e.
prevented from runni ng through_spent abrasive_and debris contam nated with
15 pai nt . egBFrPe dilaBoy De.gesEr e&b?a&“ﬁ%’qrn ead of nineral

gbr ?si vedel ﬂ:ﬁéﬂéi‘?éd@'ic &@ﬁﬁ%ao.f adide Rixemplatiyy €esitulreist ©f dhieai ned t oxi ns.

o i LAGhEESa0, SspeoiBen o) b cpPRRE B byl o 8 %0

preventi ng asgahgementsact Inosomenidaseshthesey deattugesaimay provdde rom

7558 GinibboaRRs (i AP TR AN il U g BT L 00

met hods f urihéepegndentdy fsiophen Eeatures. _

Shrouded towers for supporting adjustably

cantilevered work platforms for performing external surface
work on ship hulls (such as abrading and painting) are

10 modularised for sake of economy and efficient utilization,
including shifting of modules using fechniques and
equipment currently used for shifting shipping containers.
Supply and recovery line connections between support barge-
mounted equipment, floating drydock and work platform-

15 mounted work applicators is facilitated by fixed
installation of some portions and the provision of flexible
connectors between these portions. Alternative adjustable
cantilevering structures are disclosed for mounting the
work platforms to the vertically movable trolleys.

20 Preferably, rotating wheels rather than compressed air, are
used to propel the abrasive grit against the hull surface,
and abrasive supply systems having degrees of automated
recovery of spent grit are disclosed.

Preferred practices of the apparatus and method

25 of the present invention make possible further significant
improvements in environmental compliance during ship hull
coating, as follows: ‘

a. By facilitating use of abrasive blasting .
wheels in place of air blast nozzles, much less compressed

30 air needs to be used inside the enclosure, reducing the
possibility of dust being blown out of the enclosure
through small openings because of positive pressure.



7
opportunity to shorten coating and drydock span tinmes by: 30

a. Shortening or elimnating equi prent nobilization, setup, teardown and
_denobi l'i zation tinme through use of the coating support barge. b.

El i m nati ng weat her interruptions. c. Accel erating paint curing by
heating 35 air in the enclosure. Thi s Sheet Has Been Repl aced 12 d.

Al l ow ng nost ship repair work to procggd during hull coating. e.

Reduci ng drydock cleanup time by confining contani nated or spent abrasive
towthin5 the enclosure., Preferred practices of the baseli,ne apparatus
and net hods further fac?fita?$d°9%f§chﬂ i BRraprEe, GU§E: ABASPRMhe cost of

the coating pvenassrd@ratlthéhgsouecespnbeseswilli ¢aly tosthd floor

Span times, erii adekRRerEbRRabaRua 8 e PrBREC GnSE FadRETe, ol T he

5
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35

in it being washed into the body of water during
undocking.

c. Use of portable hoses and ducting,
especially on the floor of the dock, can be
significantly reduced consequently reducing the
chance of contamination from disconnection or
failure.

Preferred practices of the apparatus and
method of the present invention also provide
additional significant opportunities for improvement
in coating quality:

a. Abrasive blasting using wheels

instead of air blast nozzles can improve visibility

during blasting for operator and inspector and
remove much of the human vulnerability factor.

b. Potential for mechanizing abrasive
blasting and painting can remove much of the human
vulnerability factor.

c. Permanently installed header systems
on coating support facility, drydock and staging
devices can provide improved control over the
atmosphere. inside the enclosure.

' Preferred practices of the apparatus and -
method of the present invention further provide
significant additional opportunities to shorten
coating and drydock span times by: '

a. Significantly reducing the length of
temporary hose and ducting to be hooked up, and the
time associated therewith.

b. Significantly reducing the incidents
of damage to hoses and ducts by raising them off the
deck, and the lost time associated therewith.



very significant costs associated with drydock utilization and ship
out-of-service tines reduce 15 proportionately to span tinme reductions.
‘Al so!  a. Rewor k from weat her can be elimnated. b. Transportation and
crane handl i ng of support equi pnment can be elimnated. 20 C.
Abr asi ve contam nation nmai ntenance of manlifts, cranes, forklifts and
conpressors can be elimnated. d. Wear and tear on portable hoses and
~ducting can be virtually elimnated. 25 e. Tenpor ary
covering of ship's nmechani cal equipﬁen97can be elimnated. f. Pur chase

and di sposal of m neral _abragive.,gcan be elimnated. Th resent invention
bui | ds on the 30 aduint agerSRtBYraRtELE, S HREF LY R0 oFhsi PEECesF the
basel i ne appasfitremaininetioss, anddduct poekep| eandrehei timet her eof ,
pr overent s DI EAERBed T ESILEE S, s and et hods, 35 that ar ew out of
experiences with -buil didhg anBacilitating abrasive and paint ‘
5 equipment setup and replenishment, and the
associated lost time.

e. Further reducing the amount of
abrasive cleanup, and associated lost time, by using
abrasive blasting wheels with collection capability.

10 £. Use of abrasive blasting wheels
instead of air blast nozzles considerably reduces
abrasive blasting span times.

g. Using mechanized equipment to move
abrasive blasting and paint spraying equipment

15 reduces span time.

h. Facilitating use of multiple abrasive
blasting and paint spray units by a single operator
saves span times.

i. Using upper staging devices with

20 ventilation ducting and redundant lower staging
units allow staging unit setup to be taking place in
one enclosure location while abrasive blasting and
spray painting are taking place in a second
enclosure and VOC collection is taking place in a

25 third enclosure location, thereby reducing overall
span time. '

j. Greater extensions of modified
scissor mechanism and modified parallel mechanism
cantilevered arms permit iarger areas of hull in

30 bows and sterns to benefit from use of the staging
devices, thereby saving time.

k. Use of staging device module lifting
pads and crane handling device while moving staging
devices, similar to that used to load and unload



[err] operating prototypes of such baseline apparatus and nethods, and the
maki ng -of plans for larger scale, commercial use of such apparatus and

met hods for perform ng external surface work on ship hulls. 5

According to the present invention there is provided apparatus for
perform ng surface work on a generally vertical surface, conprising: a
plurality of towers arranged to be supported on a generally horizontal
support surface in confronting relationlBo the generally 10 verti cal
surface shroud nmeans nounted to said towers for cooperating with said

enerally vertical surface for enclosing a,confined.space; a ventilation
gyst em i %cl udi FRPHRLRERS F'BfI""’sGB‘gI FERR Y%PB‘S:F}IQFF ?g‘ll?%gﬁ%isc?v&r oud neans

to said confinesnspaeeabaedsgant tiigesar recovering 15 contaninated air
the towers are arranged 3 de B¥ierted foatane” BRERerE Sfiieilenind, |0 1%
general |y horisbhda¢anuppumﬁtsthﬁa¢épﬁnsauihgsnpfnghaehmating()zi :
L0 LUl | Vegiioler atghl UneH! B0 atonctBinugy B DiSndPBSL Y |
st acked one updrydeckhds nat coovediegtaer| practiceBdse nodul e arranged to
be directly supported OnL§§£§y§UBE%E%r§Hﬁfﬁ%ﬁct%@@sa%f the
apparatus and method of the present invention
further provide additional cost-reduction
10 opportunities, including:
a. Providing a centralized hydraulic
system can eliminate the cost of purchasing and
maintaining individual hydraulic power units for
each staging device.
15 b. Facilitated use of abrasive wheels in
place of air blast nozzles can result in less
compressed air dispersal of contaminated abrasive
and dust and less associated cleanup. _
' c. Use of abrasive blast wheels instead
20 of air blast nozzles can reduce use of compressed
air, and therefore, the compressor size and cost to
purchase and operate. |
d. Abrasive wheel-contaminated abrasive
collection in a discharge reservoir which discharges
25 directly into a collection bin can reduce abrasive
cleanup cost. '
e. Localized collection of abrasive
dust, paint overspray and VOCs can reduce the
required size of air handiing and contaminate
30 processing equipment and the cost of buying and
operating that equipment.

35



upper nodul e arranged to provide an upper end for the 25 respective
tower, the shroud neans being nounted to said towers for cooperating with
said surface to enclose a confined space forwardly of said set of towers,
and said ventilation systemincluding ventilating machi nery nounted on said
upper nodul es. 30 It is to be appreciated that where features
of the invention are set out herein with regard to apparatus according to
the invention, such features may al so be provided with regard to a net hod
according to the invention, and vice ved8a. 35 [err] 14 In particular,
there is provided in accordance with the invention a nmethod of perform ng

work on a generally ver EhfaliifdnkaCee EABPiNYVeRtioA (1Yl RgwALRl Ural ity of
towers supported on a_general ly horizonal %Mﬂ;t surface

confronting r@?ﬁ??éheéobx UéﬁéP§IF¥aWEFF|U&F Pﬁe§GPF&c$° ﬁPGV|d|ng shr oud
means nount eda¢8ompaflyif a&ahghggogaehaﬁbhg.mnth said generally vertical

surface to enclose a confined spaced perform ng work on the generally-
5 Figure 1 is a pictorial view, from above,
of a ship in drydock, showing four ship staging
devices provided in accordance with principles of
the invention, being used for conducting enclosed
cleaning and painting operations on a respective

10 four increments, on two sides, of the exterior of
the ship hull, the shroud on the device in the
foreground being shown partly broken away so as to
show the operation in progress. The dry-dock crane
which can be used for moving the devices to address

15 successive increments of the hull should be noted.

Figure 2 is a side elevation view of one
of the ship staging devices of Figure 1, on a larger
scale; ’

Figure 3 is a top plan view of the tower

20 and shroud structure thereof;

Figure 4 is a downward-looking transverse
‘sectional view thereof, taken at a level below the
hoist but above the trolley, showing the
cantilevered truss arms supporting the work platform

25 at a variably transversally extended position
relative to the tower;

Figure 5 is a side elevational view of the
structure shown in Figure 4, with the trolley in
longitudinal section;

30 Figure 6 is a side elevation view of the
trolley, with the arms omitted, showing the relation
of the trolley to the frame;

Figure 7 is a fragmentary elevational
view, with some parts cut away and sectioned,

35 showing one of the preferred safety ratchet



vertical surface froma work platformnounted on a tower; 10 and
collecting contam nated air fromthe confined space; characterised by the
steps'of: arranging a plurality of nodular towers in a set side by side
along a first increnent of the work surface, each tower having a base
nodul e and an upper nmachinery nodule including the said 15 work platform
encl osing by said shroud neans a confined spaced extending fromthe set of
towers towards the said vertical surfacgo perform ng work on the vertica
wor k surface including or consisting of spray painting the vertical work

surface fromidyenlpidr f6xr 6athesti BHe 28woCRAEBNDOBAES &ob them the
pai nting operatiﬁn i nside the confined space; setting up a second set of

base nodul es ¥%# second increnent of the work surface; noving the upper
machi nery nodul es fromFiguferstisoat seheratid ddagoambegethedul es and

Coll oot by coMARILIEPoreE s PREtncRal  rRe qdRhER, VoIt o1 O TPaul o

ventil asi on nodul es as Figupei 9t idracpictorialt viewhefpai barges dri ed,

di smantling t té@ﬁéﬁfeoggfggtiggtﬁhg ﬁééggtkngﬁggggﬁrgf t he work surface
or Ra Wor

i nto nodul es reuse rn su cbssive Ses” 0 .on the 30 surface.
Preferably t essamipligs pbaidrovey WorRoshzontalkepositionsr Rnstheace

oy " oo ARAN S k8110 REaEafprkierbank Aba basim a0 Lo 0o
towed to position for conducting a coating operation
10 on a floating ship (not shown in this figqure):;
Figure 10 is a pictorial view showing the
- barge of Figure 9, with the enclosure assemblies
erect for conducting a coating operation on a
floating ship (not shown, but which would be at the
15 left if shown in this figure), the support barge of
Figure 9 having been omitted from this figure:
Figure 10A is a larger scale transverse
cross-sectional view of the region-shown circled in
Figure 10;
20 Figure 11 is a pictorial view showing by
itself the support barge of Figures 9, 13 and 14;
Figure 12 is a pictorial view of use of
composite enclosure assemblies mounted on a drydock
floor (rather than on the floating barge of Figures
25 9 and 10) for use in conducting a coating operation
from weather deck level down to keel level on a
ship’s hull, or for completing on the normally
submerged portion of a ship’s hull, a coating
operation that had been bequn and completed on the
30 normally exposed portion of the ship’s hull using
the process and apparatus that is described with
reference to Figures 9, 10 and 14;
Figure 13 is a schematic top plan view
— showing a practice of the coating operation which is
35 described with reference to Figure 12, also using



contamnated air fromthe blasting and painting operations 35 inside the
confined space and processing the contam nated air outside the confined
“space. Thi s Sheet Has Been Replaced 15 There will now be described a
nunber of preferred, optional and exenplary features of the invention,

. described in the context of exenplary arrangenents. In sone cases these
features may provide 5 i ndependent inventive concepts which may be utilised
i ndependent|y of other features. Shroud towers for supporting adjustably
cantil evered work platforns for perform external surface work on ship
hul | s (such as abradi ng and painting) are 10 nodul ari sed for sake of
econony and ethecsueppouti barge wihichndisudiesgrilbed mighofrafietheinee usi ng

t echni ques angdgegyl ?gnglgUEEQntly used for shifting shipping containers.
Supply and recover?{a I ne connectiaons between support barge-, nounted

equi prent, floating dryHégRTEnd4ndik 3pisghraidhici S0P pdamt &dekor k
applicators ishérthly hapedchicll ¥ thes caaktdingbpeiratd®h RMildPis and- the
provi sion of flexib[e conngptors betme%p %heseeportlo S, AIHFrnatlve
adj ust al? e described with reference to Figures 9 and 10, also

using the support barge which described with

reference to Figure 11.
Figures 1-8 and the related description have

been carried forward (with modifications to Figures
10 2, 3 and 8 from the above-identified EP-A-92309723.2
equivalent to US patent application No. 07/782,315).

The coating operation which is shown and
described is sometimes herein referred to by a term
" CAPE " .

15 Figures 15-49 illustrate changes and
elaborations provided by the'principles of the
present invention, relative to the baseline
apparatus and methods.

Figures 15-20 depict improvemehts to

20 service line layout and connections.

Figure 15 is a schematic front elevational
view of a ship supported in a floating drydock
served by a support barge for the shrouded staging
system, supply and recovery lines to and from the

25 support barge being shown comprising some )
permanently installed segments on the barge, drydock
wingwall and staging device modules, with flexible,
disconnectable connections; '

Figure 16 is a larger scale fragmentary

30 schematic rear elevational view of the part of the
structure shown in Figure 15; _

Figure 17 is a smaller scale schematic top
plan view of the structure shown in Figures 15 and
16;



cantilevering structures are disclosed for nounting the work platfornms to
the vertically novable trolleys. 20 Preferably, rotating wheels rather
t han conpressed air, are used to propel the abrasive grit against the hul
surface, and abrasive supply systens having degrees of automated recovery
of spent grit are disclosed. Preferred practices of the apparatus and

nmet hod 25 of the present invention nake possible further significant

i mprovenents in environmental conpliance q#ging ship hull coating, as
foll ows: a. By facilitating use of abrasTVve blasting wheels in place of
air blast nozzles, nmuch | ess compressed 30 air_.needs to be used inside

the enclosure, reducing t-HeFFSEiHR 118 P HETRRECHY ST Bht of the
encl osure t hrougboeseyl bnepaideganidones end qbdte supporss barge oferr] 1 6

Wil fal to thELPPB8R ar B! 04k where | nadequate ol eani ng coul d result
.in it being washed into tFiguay 1 ismterlatgemeE®le fipamsitary :
5 schematic top plan view of the wingwall of the
floating drydock, showing service line segments and
flexible connections via the wingwall to and from
the staging device modules and the service barge:
and
10 Figure 20 is a smaller scale fragmentary
schematic top plan view of the hydraulic service
line connections depicted in Figure 19.
Figures 21~28 depict improvements to
staging device tower structure and deployment.
15 Figure 21 shows in side elevation in full
lines a base module for a staging device tower, and,
" in phantom lines, surmounting intermediate and upper
modules; _
Figure 22 is a larger'scale fragmentary
20 perspective view showing a typical connection being
reversibly made or broken between a base module
corner column upper end and a respective
intermediate module corner column lower end (a
connection between the upper end of the intermediate
25 module and lower end of the upper module being the
same in structure and appearance; '
Figure 23 is a smaller scale fragmentary
perspective view showing use of a lifting frame for
assembling, disassembly or moving a staging device
30 tower;
Figure 24 is a larger scale fragmentary
perspective view of a twist lock pin of the lifting
frame of Figure 23;
Figure 25 is a larger scale fragmentary
35 perspective view of one corner of the lifting frame



C. Use of portable hoses and ducting, especially on the floor of the
dock, can be significantly reduced consequently reducing the chance of

+ contam nation from di sconnection or 10 failure. Preferred practices of
t he apparatus and nethod of the present invention also provide additional
significant opportunities for inprovenent in coating quality: 15

a. Abr asi ve bl asting using wheel s |n§éead of air blast nozzles can

i nprove visibility during blasting for perator and i nspector and renove
much of the hunan vul nerabi lity factor. Potentlal for mechani zi ng

abrasi ve 20 °f 5%33??n§3an8°ﬁ§PﬁtPﬁﬁrcéﬁ PBREVeeRdcAToR COEMRFaN
vul nerabi | i tyof@ih0bE" & staBihguaenicy towbkel hedubegder systens on coating

support Taci LIty o Vdgele B30 90 19 HRUREER oRRePLgubdssproved cont ol
appar at us anﬂlhmstmdtmhgthvlptéagntznnuseuloﬁ autwiist ek @drsi gnificant
20 Ll OBBOLAAPLLEEnke cHHRe 59 59BKpRA 3dapylock span times by 30

Flgure 27 is a schematic flow chart
showing successive stages in blasting and painting a
ship hull using the tower modules and assembly,
disassembly and moving techniques that are shown and

10 described in relation to Figures 21-26; and

Figure 28 is a schematic perspective view
of a ship on which the method of the invention is
being practiced in a progressive stagew1se manner as
lald out in Figure 27.

15 Figures 29-32 show preferred adjustable
cantilever ‘arm arrangements for connecting the work
platform to the trolley of a staging device tower.

Figure 29 is a perspective view from the
front and right side of a preferred embodiment of

20 the tower showing one preferred cantilever arm
arrangement;

Figure 30 is a larger scale fragmentary
side elevational view thereof, showing arm movement
geometry as the work platform is extended and

25 retracted;

Figure 31 is a fragmentary side
elevational view showing an alternative form of
drive for extending and retracting the arm structure
of Figures 29 and 30; and

30 Figure 32 is a fragmentary side
elevational view, comparable to Figure 30, but
showing an alternative arm structure.

Figures 33-41 show preferred work
platforms, work-applying heads, particularly _

35 abrasive and paint applyiﬁg and recovering devices.



t enporary. hose and ducting to be hooked up, and the tinme associ ated
therewith. b. Significantly reducing the incidents of damage to hoses and
ducts by raising themoff the 35 deck, and the lost tine associated

t herew t h. [err] 17 c. Significantly sinmplifying the process of
remai ni ng hose and duct hookup, and the tine associated therewith. d.
Facilitating abrasive and paint 5 equi pnent setup and repl eni shnent, and
the associated |lost tine. e. Furt her r@ducing the anount of abrasive

cl eanup, and associated |lost time, by using abrasive bl-asting wheels with

collection capability. 1@jgqure 33 shows a wodke pllatzorasiore Wwiksi i ng wheel s

I nstead of air blast nozzles consi dera e ces abrasive ting span
times. g. UsRR gCRBERLAF 2 ETANEESHTe A Q‘t%q&ﬁ) ré’t?rtélﬁev?% éaqﬁd"énd pai nt

sprayi ng equi pggrét odter ehdsueds th@ladjustable cantilever arms,
for traversing multipie blast heads along a
5 respective horizontal band of a respective vertical
segment of the external surface of a ship hull, for
applying abrasive grit supplied from a hopper on
board the work platform:;

Figure 34 shows a similar arrangement

10 having a different type of abrasive applicator,
notably including an open-cycle rotary blast wheel;

Figure 35 is a larger scale perspective
view of the open-cycle rotary blast wheél-type
abrasive applicator of Figure 34;

15 Figure 36 shows a dust collector useful
with the abrasive applicators of Figures 34-38;

- Figures 37 and 38, respectively, show on a
smaller scale, and fragmentarily on a larger scale,
how to serve the apparatus of Figures 34-38 with the

20 abrasive and to recover the spent abrasive, with its
burden of chips and scale; '

Figure 39 shows a similar arrangement to
that shown in Figure 4, but having a different type
of abrasive applicator, notably includihg a closed-

25 cycle rotary blast wheel;

Figure 40 shows a humanly or roboticly
operated airless paint spraying apparatus mounted to
a simple, traversing work platform; and

' _ Figure 41 shows in fragmentary side
30 elevation the paint spraying apparatus of Figure 40,
equipped with a fume-recovery system.

Figures 42-49 show preferred arrangéments
for sealing between the forward edges of an
enclosure shroud and the-external surface of a hull,

35 between the shroud portions of two adjoining towers,



h. Facilitating use of nmultiple abrasive blasting and paint spray units
by a single operator saves span times. i. Usi ng upper staging devices
wth 20 ventilation ducting and redundant |ower staging units allow
staging unit setup to be taking place in one enclosure |ocation while
abrasive bl asting and spray painting are taking place in a second encl osure

and VOC collection is taking place in a 25 third enclosure | ocation,

t hereby reducing overall span tine. j. Greater extensions of nodified
sci ssor nmechani sm and nodified parallel 2%echani smcantilevered arns permit
| arger areas of hull in 30 bows and sterns to benefit fromuse of the

stagi ng devi casetwdér ctiye SEowagst and. the suppertfpiatgopg drvwhAgchodul e
imlar Lo thaibe SaNers S50 SHRPARFeaa anay (FPY SHecbRBaPiadcEhiBy ana
from cont ai neremtogiment) shetween the barge and the bottom margin,
near the watérline, of the hull surface segment
5 being worked on. _ .

'Figure 42 shows in fragmentary transverse
cross-section a preferred form of inflatable seal
for sealing between part of the tower and the hull,
or between adjoining parts of the tower;

10 Figure 43 shows an example of the
inflatable seal of Figure 42 sealing against the
hull;

Figure 44 shows two examples of the
inflatable seal of Figure 42 sealing against one

15 another:;

_ Figure 45 shows use of a hook-and-loop
fastener-type of seal used as an alternative to the
sealing arrangement shown in Figure 44;

Figure 46 shows in fragmentary perspective

20 sealing between a tower base module and tower
supporting platform surface;

Figure 47 is a fragmentary sectional view
taken on line 47-47 of Figure 46; and
_ Figures 48 and 49 are ffagmentary

25 schematic side elevational views of a floating ship
being worked on using inflatable seals for
preventing contamination of the body of water with
spent abrasive, removed chips and scale, and paint
overspray. |

30 In several of the drawing figures, some
elements such as the curtains of the shroud have
been simply omitted, or only partially shown,
particularly if they are more fully shown and e
described in other figures, for simplification of

35 illustration and description.



consi derabl e span tines. 1. Use of a coating support equi pnent skid can
pernmt the time savings of the coating 5 support barge when barge
accessibility to a ship on drydock is not convenient or practical. Lastly,
preferred practices of the apparatus and nethod of the present invention

further provide additional cost-reduction 10 opportunities, including:
a. Providing a centralized hydraulic sggten1can elimnate the cost of
pur chasi ng and mai ntai ning individual hydraulic power units for each

stagi ng device. 15 b. Facilitated use of abrasive wheels in
pl ace of air blast nozzles can result in | ess conpressed air dispersal of
cont am nat ed abrasive anA typicabdshépsissshownat att dbedmiFigures Use of

conpressed ai e - rupapEPda’dn cnd pohtoBhBkcRo%2 BF RN, 00 2
operate. d. Andeckvi4 wibithcbhasaupstandingr wingwadds 6t ithatin a di scharge
reser vol is whi s eaip #8ankOene hboopbésieosiaRal hacliol n can reduce
abr asi ve cl eanup cost- : .

exterior of the hull of the ship. The dry dock 14

tYpically includes a conventional crane 20, which is

typically used for moving parts and supplies to and

from the ship, and for shifting the locations of

10 apparatus which are used for performing various
fitting and repair functions in relation to the
ship. The crane 20 therefore is capable of placing
and shifting apparatus at any selected location
(e.g., in the alleys 22 between the wingwall and

15 hull) on each side of the ship, between the ship bow
24 and ship stern 26.

. A conventional ship hull has its maximum
width dimension from the fore and aft centerline of
the ship, at its weather deck that is usually -

20 located approximately midway along the length of the
ship (midships). At any given location along the
length of a ship, the distance of the hull from the
fore and aft centerline tends to progressively
reduce in the downward direction, between the

25 weather deck heightlzs_and the keel heighf 30.
Forward and aft of midships, the distance of the
hull from the longitudinal centerline at any
selected vertical height tends to further reduce
progressively, until the minimum dimension is

30 reached at keel height at the bow and ste-sa”
(normally zero). Along given twenty—footvlength
(longitudinal) increments, most hulls have compound
curvature in which the width dimension of the hull

from the. .fore and aft centerline at greater



e. Local i zed col |l ection of abrasive dust, paint overspray and VOCs can
reduce the required size of air handling and contam nate 30 processi ng
. equirpment and the cost of buying and operating that equi pment. 35 [err]
19 Enbodi nents of the invention will now be described by way of exanple
with reference to the acconpanying drawings in which:- 5

Figure 1 is a pictorial view, fronlabovg of a ship in drydock, show ng
four ship staging devices provided in attordance with principles of the

i nvention, being_used {o opduct | enclyosed _cl.eani_ng _and painting
operations o 1 g?@?ﬁ?c%ﬁéggiﬁge F@%&hsﬁcég F?FQSﬁst & des, of the
exterior of radiehilpyhakt! lochtionsofurtherhErdeymidshipshe foreground bei ng

shown partly broken aW@%esgr%§g§2fiEQ@hEE%nP@ﬁ%@%EQQ B%ePBQgg§¥% The

dry-dock crane which can b Jfor moving evices to address 15
successi ve | ARELAEREs SERIIRG AEVILCeSo3RIWhd chocan be used for

5 enclosing coating work on the exterior of the ship
hull while the ship is in dry dock or afloat.
Typically, the ship is a used ship that has come in
for maintenance, repairs, and/or refitting. Thus,
there may be other work needing to be done,

10 relatively simultaneously, to interior, deck and
superstructure parts of the ship, as the apparatus
and method of the present invention are being used
in connection with work being done on the outside of
the ship hull. Typically, the coating work toc be

15 done on the ocutside of the ship hull principally
includes abrading—away of debris, corrosion, marine
encrustations, scale, old coatings, and applying new
coatings, typically by spraying. (In this document,
such coatings are generically sometimes referred to

20 as being "painted", without regard to whether a
coatings specialist might use that term more
restrictively.) The ship may also be a new ship
which is on the building ways waiting to be launched
or is being drydocked just before delivery after

25 pierside work has been completed. Whether one or a
plurality of the devices 32 are used will depend on -
the size of the ship, how quickly the work must be
done, and the size of the workforce. Whether one
size or two or more differently size devices 32 are

30 used, may depend on how radically the sides of the
hull slope inwardly at various sites along the hull. .
(That is, in some instances, it may be more
advantageous to reach certain areas using a smaller,

) supplemental device, or a different technique, such
35 as vacuum blasting, then to construct the device 32



Figure 2 is a side elevation view of one of the ship staging devices of
Figure 1, on a larger scale; Figure 3 is a top plan view of the tower 20
.and shroud structure thereof; Figure 4 is a downward-1|ooking transverse
sectional view thereof, taken at a | evel below the hoist but above the
trolley, showing the cantilevered truss arnms supporting the work platform
25 at a variably transversally ext ende? position relative to the tower;
Figure 5 is a side elevational view of the structure shown in Figure 4,
with the trol seyasntioobg abdiendo smtﬁidm,véiﬂ its platform Yo qane 6 is a

si de elevatio%e¥% Fﬁ& %%% h#24 %ﬁ‘ﬁ£¢)arns omtted, show ng the

relation of t gure’7 is a fragnentary el evati onal
view, wWith sone parts cﬁn away'amm iterme, Saeh epakases the preferred

safety ratchegeagihg Gevd®e 32 includes a vertical tower 34 which

5 is shiftably supported in an alley 22 on the deck of
the drydock, a vertical elevating trolley 36 which
can be raised and lowered in the tower and stationed
at a_selectéd height, a set of cantilevered arms 38
mounted to the vertical elevating trolley so that

10 their forward ends, on which a work platform 40 is
mounted, can extend towards and retract away from
the ship hull, a closure assembly 42 which
substantially completely encloses a volume of space
44 that is confronted by a vertical segment or

15 increment of the ship hull from weather deck to
keel, if the ship is in drydock, or to barge-deck-
height above the waterline, if thecshl is floating
(and which typically is twenty feetlthorizontally
long, longitudinally of the ship), an air movement

20 control system 46 for controlled ventilation of the
encleosed space; and power system 48, for operating
the trolley, extending and retracting the work
platform, and adjusting the forward margin of the
shroud to keep it close to the hull along the

25 leading and trailing vertical edges of the
particular hull segment being worked on.

Of course, despite the fact that the
device 32 has been developed to facilitate the
conducting of surface preparation abrading the spray

30  painting operations, additional, or other operations
could be conducted within the space 44, using the
device 32 as a protective enclosure.

By preference, each tower 34, is a
portable framework of struts, ties, braces,

35 connectors and other elements which can be removablf



“for use in con

assenblies for each of the two lift points for the trolley; Figure 8 is a
schemati c di agram of the hydraulic power systemfor the device, 5

Fi'gure 9 is a pictorial view of a barge and support barge, with conposite
encl osure assenblies |aid-over to horizontal positions on the barge deck,
as the barge and support barge are being towed to position for conducting a
coating operation 10 on a floating ship (not shown in this figure);
Figure 10 is a pictorial view showing the barge of Figure 9, with the

encl osure assenblies erect for conducti P a coating operation on a floating

ship (not shown, but a left . if shown in this
figure), the sﬁ%ﬁ%??dmngﬁtgngﬁang g°h3€9¥ddﬁegnu8ﬁFtsz om t hi s
figure; Figureré@éiredahkdgher tecpeemitanscesse tor the- wholieond! theew of the

regi on shown 1 [ a pictori al
V|eM/shomnng gbef%gg ?Q Eesgggpog argglgﬁ'nggpetﬁbgﬂ g and°%4 Elgure 12
is a pictorial theeweatheredefkeodpwni to thel keele oxsvaterildnerou®d on a

drydock fg oor é&a%@sr E.HaEhQn:LBQEaBL:QannQ bargewifich dukdtipates 9 and 10)

coat oper.a
only worklng on one sxze of hull for the whole of

the working life of a device 32, each tower could be
permanently secured together, e.g., by flame cutting
of plates, extrusion of long members, welding of
10 joints, etc. 1In general, each tower 34 may be made
of steel or aluminum, and in substantially the same
way and of the same elements and materials, as are
conventionally used in the manufacture of elevators
used at building construction and retrofitting sites
15 for conveying workers and/or materials to various
floors of the building.
A respective cage, car or vertical
elevating trolley 36 is mounted to each tower 34
(e.g., by opposed sets of flanged wheels 50 which
20 roll on vertical tracks 52 provided by respective
elements of tower 34).
The veréical elevating trolley is -
suspended in the tower 34 for elevation, by cables
54 which connect to the vertical elevating trolley
25 at 56 and to the drum of a hydraulic winch 60. The
connection mechanism 56 each are provided in the
form of a spring—loaded ratchet lever 62 which seats -
in a respectivé notch 64 in a vertical rail 66 of
the tower 34, unless and only for so long as there
30 is 1ifting tension drawn on the lifting cables 54.
Where safety regulations provide otherwise, the
vertical elevating trolley may be suspended in the °°
tower using counterweighted cables, other braking or
locking systems, rediindant cabling, and/or similar
35 conventional means for preventing the trolley from



from weat her deck | evel down to keel level on a ship's hull, or for

conpl eting on the normally subnerged portion of a ship's hull, a coating
operation that had been begun and conpleted on the 30 . normally exposed
portion of the ship's hull using the process and apparatus that is
described with reference to Figures 9, 10 and 14; Figure 13 is a schematic
top plan view show ng a practice of theqgo0ating operation which is 35
described with reference to Figure 12, also using [err] 21 the support
barge which is described with reference to Figure 11; and Figure 14 is a
schemati ¢ t opsyddenly cor sunekpegctediwcdroppihgt Huecbat maghapércaii on whi ch

iIs 5 descrééxﬁéﬁg%ggégigégpce to Figures 9 and 10, also using the

support barge wth reference to Figure 11. Figures 1-8 and
the rel ated descri pti onIThaskowkdnnewr becotdcadr §hati t wheversi cations to

Figures 10 y2ricudnfifs’4RA" bP&c@ROYSetdRAb Y §8eFProvdado/23. 2

5 around the rear and sides of each tower, each tower
front, which, in use, faces the ship side, is '
substantially open and unobstructed at 68, from the
level of the ship’s weather deck, down to the keel
or waterline (i.e., over the full height of the

10 increment of the ship that will need to be worked on
using the device 32).

Both of the rear internal corners of each
vertical elevating trolley 36 are provided with
respective vertical axles 70 on which are journalled

18 for rotating the rear ends of respective
cantilevered horizontal platform support arms 38.
By preference, each arm 38 comprised a rear section
72, hinged at its forward end to a forward section
74, hinged at its forward end to a forward section

20 74 by a vertical axle 76, and each forward section
74, at its forward end is provided with a vertfbal
axle 78. A work platform 40 is mounted to the
forward ends of the horizontal platform support arms
38, by the axles 78. Accordingly, the arms 38 are

25 articulated by the joints 70, 76 and 78 between the
vertical elevating trolley and the work platform so.
that they can extend and retract the work platform
horizontally (transversely, laterally) relative to
the vertical axis of the respective tower, for

30 moving the work platform towards and away from the
longitudinal centerline of the hull. In use, each
work platform, as a result, can be retracted as the

* respective elevator is raised or lowered, in order

to avoid bumping into the hull, and may be extended

35 further as the respective vertical elevating trolley



equi valent to US patent application No. 07/782,315). The coating operation
whi ch i5-shown and described is sonetines herein referred to by a term
"CAPE". 15 Figures 15-49 illustrate changes and el aborati ons
provi ded by the principles of the present invention, relative to the
basel i ne apparatus and net hods. Figures 15-20 depict inprovenents to 20
service line layout and connections. Fi e 15 is a schematic front

el evational view of a ship supported ina floating drydock served by a
support barge for the shrouded staging system supply and recovery lines to

and fromthe 255 lowemedstsaklrt hEhegwarkers corpreRehicséaeigesmnent |y

i es AT e, sl an ahntel ntingetaucy

TR AL i N S T T U R R

structure shovwadt thatrehd Swidtguse e i Bulbl s@dtredsésawétichematic top

plan viey of 40¢ HE UG M SO Nat " ELIE §%0d24 20F £ height of |
the ship.

Of course, the horizontal platform support
arms could be operated manually or, more elaborate
means could be provided for coordinating extension

- 10 and retraction of the cylinders.

On each tower, the work platforﬁ is
retracted by coordinately retracting the
piston—cylinder arrangements 80 and 84, and extended
by coordinately extending the piston and cylinder

15 arrangements 80 and 84. _

The work platform may be configured as
necessary (e.g., as to whether it has seats,
handholds, rails). At its most basic, it includes a
grating support 40 capable of supporting up to two

20 side—by—side human workers or prgferably one worker
seated in a horizontally moving trolley. A typical
work platform is on the order of eighteen feet (5.5
m) wide (lengthwise of the ship), and two feet (.6
m) deep (widthwise of the ship). Similar suppdrt

25 for a robotics device instead of or in addition to
one or more human workers is within the
contemplation of the invention.

The shroud assembly 42 may be comprised of
several components, all of which cooperate to éefine

30 (together with a respective increment 88 of the
exterior of a side 18 of the hull, typically from
weather deck to keel and about gwenty feet (6.1 m)
long, longitudinally of the hull), an enclosed space
44 within which work on the increment of the

35 exterior of the hull can be conducted.



[err] 22 Figure 18 is a perspective view from above,
of the support barge of Figures 15 and 17; Figure 19 is a |arger scale

one side and one end

fragnentary 5 schematic top plan view of the wi ngwall of the f!oating_
drydock, showi ng service |line segnents and fl exi bl e connections via the

wi ngwall to and fromthe staging device nodul es. and the service barge;

10

view of the hydraulic service |ine connections depicted in Figure 19.

Figures 21-28 depict i fmhg\ie%?,é%f%%@?%@gﬁm%@ﬁe%g eW}}eSt ructure and

depl oynent.

and

Figure 20 is a smal |l erpscale fragnentary schematic top plan

15 eva

a base nodul 8hFeRda2568PAY d@vilse anewdior senfininghileomedames, ,
surmount i ng sR&Er BBdkAke sPAkEIPPh I Uh@Sndiitd Ha§ Sriveridfider scal e

fragnentary 20

feversi bly nBRePEPVEASRoRYhECRUEANG PRReldo@fi Clear corrugated

5

10

15

20

25

30

fiberglass-reinforced plastic siding 90 to the
outsides of the rear, fore side, aft side and top of
the tower. 1In use, the fiberglass-reinforced
plastic panels 90 may have shorter lives than the

- tower, and be subject to localized replacement as

they wear through or otherwise become toc worn.

, The other major components of the shroud
assembly 42 are side curtain assemblies 92. Each
side curtain assembly 92 includes a respective
curtain 94, which may be made of canvas, and
spreaders 96 provided as vertical axis forward,
extensions of the tower at the top and base of the
tower; these usually respectively project obligquely
towards fore and aft (as best seen -in Figure 3), so
that the space 44 broadens from the tower towards
the hull. An alternative such as Herculite®
flexible sheeting material may be used in place of
standard marine quality canvas. Each curtain 94 may
be made of one piece, or of several pieces laced,
shock corded grommeted, Velcro® fastened or
otherwise secured to one another. Similar
securement means (lacing, shock cords, Velcro® tabs,
etc.) are used at 98 to removably secure the rear
edge 108 of each curtain to the respective spreaders
96, and to the front legs 100 of the tower 34, from
tower base to tower top, and across in front of the
tower top to provide a continuation at 102 of the
top wall 104 of the tower 34. In fact, in Fiqure 3,
the two side curtains are shown somevhat overlapped
at the middle of the top 102, with the ends 110

fon in full

erspective view show rig a typi Cal connecti o bei ng

i nes



corner columm upper end and a respective internedi ate nodul e corner col um

‘| ower. end (a.

connection between the upper end of the internedi ate 25

modul e and | ower end of the upper nodule being the sane in structure and
Figure 23 is a smaller scale fragnentary perspective view
showi ng use of a lifting frame for assenbling, disassenbly or noving a
st agi ng device 30 tower; Figure 24 is a larger scale fragnentary

appear ance;

perspective view of a tw st

|l ock pin of33he lifting frane of Figure 23;

Figure 25 is a larger scale fragnentary 35 perspective view of one
corner of theshagk icerdedmat 106 cte]the pespegtive 2pedi sed over an upper

end of a corQ§5

schematic top dian view illustrating twisting, in use, of a tw st

5
chart

of the lifting fr

5

10

- 15

20

25

30

are preferably provided with a series of
electromagnets or permanent magnets 114 sewn or
otherwise secured to them (much as is conventionally
done to the lower hem of a conventional bath tub
shower curtain liner) for permitting the front edges
of the curtains 94 to be adjustably held close
against the vessel hull at the longitudinal extremes
of the hull segment being enclosed by the device 32.
The strength and placement of the magnets will need
to depend on the weight of the curtain, and the
winds locally expected to be encountered which the
ship is being worked on. The virtue of
electromagnets is that they can be turned off to
disconnect them when the device 32 is to be moved.

The curtains 94 may be provided so as to
be adjusted entirely manually, or, by preference,
manual adjustment may be supplemented by one or more
hydraulically actuated batwing skeleton-like
structures 116 secured to the respective curtains
94, and mounted at rear edges to the front legs 100
of the tower. The hydraulic piston-cylinder
assemblies 118 of these structures 116 are extended
to extend the curtains forwardly, and retracted so -
as to buckle the structures 116 and, thus, retract
or facilitate retraction of the curtains. By
preference, the structures 116 are somewhat '
flexible, and mechanically latch in an extended
condition (much as does the metal framework of an
umbrella), so that hydraulic pressure is not
necessarily relied-upon to maintain the structures
116 in their extended condition. ..

& ¢ a staging device tower nodule; Figure 26 is a

| ock pin

amhe ofrentyur_sIIns o112 rof the Jurkaingchtnatic f1ow



show ng successive stages in blasting and painting a ship hull using the
tower nodul es and assenbly, disassenbly and novi ng techni ques that are
showri and 10 described in relation to Figures 21-26; and Figure 28 is a
schemati c perspective view of a ship on which the nethod of the invention
I's being practiced in a progressive stagewi se manner as laid out in Figure
27. 15 Fi gures 29-32 SWMNéKeferred adj ustabl e cantilever arm
arrangenents for connecting the work platformto the trolley of a staging

device Loner. FLUTE 2% o BET SBEGLLYGUA SN LT ek gk and 11 ant STl
cantil ever acpexatdrgentnd hdisty cedtension| angeretrattibnagenhery side
ol at form s SotdhBaEhorms il Athe  ShEPL BREEL- ORQIRY" BBRebAT 101 ) i de
el evational wtawathue nl@nis iklwskrated cath 330dinvBigureedt endi ng and
Fgure 32015 a Traguentn, SRR o mo i Heclibel in pending | 4
but - unpublished EPA No. 93308877.5, equivalent to the copending
US patent application of Goldbach et al 07/975,520 provides
improvéments for controlling the movement of the work
platform using contreol valves and flow dividers, relative
10 to the apparatus and method disclosed in Ep-a-gﬁéglﬁéé?e-
equivalent to the co-pending US patent application of
Garland et al., Application No. 07/782,315S.
Manually operating control valve 150
allows fluid to flow through flow divider 152 where
15 eight units of flow are divided, allowing two units
to travel to cylinder 84 and six units to flow to
flow divider 153. The six units are divided into
two equal flows of three units each which travel to
cylinders 80 and 81. Since cylinder 84 has a travel
20 of two feet (61 cm), cylinders 80 and 81 have
travels of three feet (91 cm) and each cylinder has
the same bore, the cylinders will each make their
full travel at the same time. This will cause the
platform 40 to remain parallel to the carriage 36 at
25 all times. The counterbalance valve 154 blocks
control valve 151 so that flow cannot travel back
into valve 151. The same arrangement works to
return the platform 40 to the parked position.
After the platform 40 is extended the
30 angle of the platform 40 can be changed by releasing
control valve 150 and actuating control valve 151
allowing fluid to travel through the counterbalance
valve 154 to cylinder 80 and moving one end of the
... blatform 40. The opposite end will :always remain
35 fixed and in the same plane. '



showi ng an alternative armstructure. Figures 33-41 show preferred work
_platfornms, work-applying heads, particularly 35 ~ abrasive and paint
‘appl yi ng and recovering devi ces. [err] 24 Figure 33 shows a work

pl atform on which an operator traverses a track structure provided on the
outer ends of the adjustable cantilever_arnms, for traversing nmultiple blast
heads along a 5 respective hori zont3P band of a respective verti cal
segnent of the external surface of a ship hull, for applying abrasive grit

supplied froma hopper S : | 34 shows a
simlar arrangenent 10 l§)&?mw nég;I %ﬁgﬁqﬁﬁﬁ%&%ﬁéqﬁgéat%g?v%ngppl | cat or,

not ably i ncl RtRphraRpnay cie #%t%#n}lﬂlﬁ%sé!n%kﬁs@fe,r FrQuepeBates a | arger
scal e per spegids/ e ovedlitde w-@ﬂﬁﬁdgta&d %@glﬁfsl—%wﬂﬁlabfas' ve
I .

applicator of Figure 347, 15,  _, . ure ows a dust col |l ector
useful with tﬁ%é’agtkﬁ ESRRLT g} fheih Jrhe o‘fa'q@g%gﬂr econfings of the
The device 32 further includes an air

5 shroud.

movement control system 46. At its simplest, this
system is shown including a set of dome-lidded air
inlet vents 120 provided in the top 104 of the tower

10 (through the shroud assembly 42, into the enclosed
space 44), and through a lower lip area 122 (where
the two shroud curtains 94 overlap and are
overlépped and secured together, e.g., by shock
cords, to close the space 44 between the bottom 124

15 of the ship hull at the base of the side 18) out of
the enclosed space 44 by a flexible hose 126 leading
into the suction side of a forced air dust collector
128 (which may be visualized as being an industrial-
strength vacuum cleaner, of conventional

20 construction. Actually, it may include a bag house,
cyclone separator, grit/paint separation facility
(for grit reclamation, if feasible), a scrubber
and/or a burner for incinerating VOCs.

The bottom four corners of the tower 34

25 are preferably provided with height adjustable
leveling jacks 134, with foot pads 136 which rest on
the pontoon deck 12 of the drydock 14, and, as
disclosed in the second above-menticned copending
U.s. patent application, the top of the tower 34 is

30 provided with a sling 138, e.g., made of wire rope,
which can be hooked by the crane 20 for lifting the
device 32 and moving it longitudinally fore or aft
to a succeeding increment of hull.

.



Figures 37 and 38, respectively, show on a snmaller scale, and fragnentarily
on a larger scale, howto serve the apparatus of Figures 34-38 wth the 20
abrasive and to recover the spent abrasive, with its burden of chips and
scale; Figure 39 shows a simlar arrangenent to that shown in Figure 4, but
having a different type of abrasive applicator, notably including a closed-
25 cycle rotary bl ast wheel; Figure %O,Shoms a humanly or roboticly
operated airl ess paint spraying apparagus nounted to a sinple, traversing
work platform and Figure 41 shows in fragnentary side 30 el evation the

pai nt sprayi ng appar at RheoftyRifale Bl ephenfePhithe patheofecovery
system F'guéﬁgfﬂ%i$%iﬁﬂﬁ¥éﬁfidﬂré¥jEHé*%BEK“ﬂEﬁtfa_ zﬁf#éﬁﬂvgetmeen the

forward edges an encl osure shroud and the extern ace of a hull, 35
bet ween the $Rr&he ALl i Hel 8% MY tovers, [err] 25 between

the towers and the supmgid tdwald F4Npresdrdly is fabricated in
S modules of framework, such that for each job, the
tower can be shortened or heightened, as necessary,
typically in ten foot (3.0 m) segments.
In a typical use of the device 32, it is
set up relative to a ship hull increment as shown in
10 Figures 1-3. Then, two abrasive~blasting workers
enter the enclosed space 44 with their abrasive
blasting hoses and nozzles 140, which are connected
to externally sited abrasive-blasting supply
machines 142. (In the practicing baseline apparatus
15 and methods, these abrasive blasting machines 140,
142 were preferably of the conventional type using
coﬁpressed air to propel abrasive grit. As further
described below, rotary wheel-propelled abrasive
blasting rather than compressed air propelled
20 ' abrasive blasting is now preferred, according to the
present invention.)
The abrasive blasters raise the trolley
36, and thus, the platform 40 to its uppermost
position using the work platform controls 144 and
25 begin the abrasive blasting process. They work
downward, blasting a twenty foot (6.1 m) wide
vertical swath for the full ship height, lowering
and extending the work platform using the work
platform controls 144, as necessary, to facilitate
30 access to the hull of the ship. This process takes
approximately one shift. h _
_ One paint~-spray worker then enters the
work platform and (using conventional paint-spraying
o apparatus having a hose and nozzle. 146 within the
35 space 44 but a supply machine 148 located outside



the towers are supported, and (for the floating ship enbodi nent) between
the barge and the bottom margin, near the waterline, of the hull surface.
. segnment 5 bei ng worked on. Figure 42 shows in fragnentary transverse
cross-section a preferred formof inflatable seal for sealing between part
of the tower and the hull, or between adjoining parts of the tower; 10

Fi gure 43 shows an exanple of the inflatable seal of Figure 42 sealing
agai nst the hull; Figure 44 shows two exanples of the inflatable seal of

Figure 42 Seghlngogadl 03) BAGnkd theldeklChuskl Biberdn BhOWRgISE Of 2
hook- and- | oop as?ener-typ_ of seal.used as an alternative to the sealing
arrangenent ahoagaive-klgstdng, workerise oP@radng thef Wwegdent ary perspective

20 seal ing) bekyesn ia homucebmulmi%n?rbe\é% T ting platform
surface; Figure 47,is a_fra ngpg&ggrsectlona view taken on line 47-47 of
5%& A

Fi gure 46; aRBPFP¥imately €-fragmentary 25 schematic side
el evatignal views of arhbederdy tHen sheviely sweeledporhesispentf | at abl e

seal s for abrasive on the dry-dock floor within the enclosure
to the extent it is not otherwise collected. This
spent abrasive is placed into suitable containers
for disposal and/or recycling as desired.

10 Referring to Figure 12, the preferred way
of using the improved apparatus and method on a ship
in drydock, a plurality, e.g., eight to twenty
enclosed staging devices 32 laterally adjoining each
other longitudinally of and spacedly confronting the

15 = portion of the hull which is fully accessible by the
extended platform 40, preferably in combination
with one to four compatible enclosures 156 without
staging devices laterally adjoining each other and
spacedly confronting bow and stern areas where there

20 is extreme shape change are placed on the drydock
floor 12 around, e.g., one-quarter of the perimeter
of a ship 10 and individually attached at the top of
the enclosure to the ship 10 using a temporarf
attachment 201. The top joints between the

25 enclosures 42, 156 and the ship’s hull 18 are sealed
by an inflatable or other seal 198 as shown in
Figure 2. 1Inflatable seals 158 at one end of each
individual enclosure unit along the top and outside
are inflated to seal the joint between the shroud of

30 each enclosure unit 42 or 156 and its adjacent

. enclosure unit 42 or 156. .An adjustable non-porous
curtain 94 with magnets 114 to attach to the ship’s
hull 18 is installed on the aft end of the aftermost
enclosure unit 42 and the forward end of the _

35 forwardmost enclosure unit i%s. When these shrouds



preventing contam nation of the body of water with spent abrasive, renoved
chirps and scal e, and paint overspray. 30 In several of the
‘drawi ng figures, sone elenents such as the curtains of the shroud have been
sinply omtted, or only partially shown, particularly if they are nore
fully shown and described in other figures, for sinplification of 35
illustration and description. [err% 2 6 Atypical shipis shown at 10 in
Figures 1 and 2, supported on the pon ®on deck 12 of a dry dock 14 which
has upstanding wingwalls 16 that 5 spacedly flank the two opposite sides
18 of the exaxeiolosedtApdhal hovfFpokoushépverhsgdig2dpdaced pypical |y

ncludes a cofyepiaanal kbAlCpiBeidNiel, | SnbxBhaRkEY WEednbor moving parts

and supplies to and fromt ., and for shrifting the locations of 10
appar at us wkip 55 chudddarea Ber ber fratedatpolbererbyi seadsd dimpa r

functions i mJ{gi@téofipbeitheenbiBsurbecehppesdd bFcacpluagtyarabl e of
pIaC|n% of the individual enclosure units 42, 156. Each
shroud assembly 42 houses a tower 34 as has been
described in relation to Figures 1-8. Some or all
of the curtains 94 can be omitted at the sides
between adjoining enclosed staging devices 32 for
10 selectively isolating or merging respective portions
of the space enclosed by the array of enclosure
units 42, 156. _
Portable storm water dams of gutter bars
200 with magnets 202 or other means of temporary
15 attachment to the deck 12 of the drydock 14 are then
placed around the perimeter of the enclosure and
sealed by grouting, gasketing or other means 203.
In practicing some embodiments of the
baseline apparatus and methods, ventilation units
20 162, heating units 164, dehumidification units 166,
abrasive blasting dust recovery units 168, paint
overspray filter units and solvent evaporation VOC
incineration units 172 are temporarily placed on the
drydock floor, hooked up and connected to the large
25 enclosure sealing off the ship’s hull area to be
coated by portable ventilation ducting 170. Any of
the units 162, 164, 166, 168, 172 can be provided
singly or in plurality, as needed. Each enclosed
staging device 32 can be separately provided with
30 such units, or two or more enclosed staging devices
32 can be served by any of such units in common.
Likewise, ducting and service lines for such units
can be provided separately for each enclosed staging
device or unit, or in common for two or -more
35 enclosed staging devices or units. Ventilation



and shifting apparatus at any selected location (e.g., in the alleys 22
between t he w ngwal | and 15 hull) on each side of the ship, between the
ship bow 24 and ship stern 26. A conventional ship hull has its maxi num

wi dt h dimension fromthe fore and aft centerline of the ship, at its

weat her deck that is usually 20 | ocat ed approxi mately m dway al ong the
| ength of the ship (mdships). At any given |l ocation-along the |ength of a
ship, the distance of the hull fromthe 3%re and aft centerline tends to
progressively reduce in the dowward direction, hetween the 25 weat her
deck hei ght 2&rds ! leeaeitg hmts &fd dehumidi fichtion oinbtsishape, the

di stance of the hull fr th | | nal_.ce rli ..any sel ected
vertical hei gfﬁpptrearﬁesé t‘g&%{ﬁ;h ﬁ]?%‘(g}%gjéﬁ%r%%§%é% Ve yr,'iﬂ% ??I the m ni num
di mensi on i s 3lastingolust are¢eeernainits o168 harecopenated eduringrnal |y
zero). Along g Y s | e ﬁé?gt [ | ments, nost hulls
have conpound%c?ﬁalf%gﬁ%/ané%%h m&w&ﬁt di%ng?%%c%&%ﬁe hull fromthe
fore andSaft chmasives may gregsed based upon current balance of

economic factors including abrasive cost, abrasive

equipment capital cost and abrasive recycling cost.

Paint overspray filter units 174 and solvent

evaporation VOC incineration units 172 are operated
10 during paint application and curing periods.

Preferably, if perﬁitted by water access
to an end of the drydock 14, Figure 13, ventilation
units 162, heating units 164, dehumidification units
166, abrasive dust collection units 168, paint

15 overspray filter units 174 and solvent evaporation
VOC incineration units 172 are permanently installed
on a support barge 176 Figures 11 and 13, together
with electrical gene:ating equipment units 178 and
fuel o0il storage 180. This support barge 176 can be

20 moored to the end of the drydock which corresponds
to the end of the ship being coated. Air
compressor, abrasive hoppers, abrasive pots, paint
mixing machines and paint pots utilized in the
coating process can also be located on the support

25 barge, if that practice is judged to -be appropriate
and economical.

Referring to Figures 9, 10 and 14 (which
show an alternative to the drydock deck-supported
system of Figures 1, 2, 12 and 13), in the preferred

30 way of using the improved method of coating hull
areas above the waterline on ships afloat in the
water, a plurality, e.g., eight to fifteen enclosed
staging devices 32 are installed on a barge 182.

The barge 182 has“a vertical truss 184 comprised of

35 segments which permit its height to be adjusted



[err] 27 distances bel ow the weat her deck reduces nore radically at

| ocations further from m dships. The present invention provides one or nore
encl osed stagi ng devices 32 which can be used for 5 encl osi ng coating
work on the exterior of the ship hull while the ship is in dry dock or

afl oat. Typically, the ship is a used ship that has cone in for

mai nt enance, repairs, and/or refittinggglhus, there may_b t her work

needi ng to be done, 10 relatively sinul taneodél"y‘,‘at o'z'i‘z't"gf‘? r, deck and

superstructure parts .of the ship,.as.th ay qbs nd thod of the
present invemSiEeh SHRARG aé*%‘%rﬁ%egfﬁbﬁ% t tﬁ\ﬁ k@ﬂ?ﬁggﬁone on the
out si de of thecated fat |thelyiompdtydindle centendlime kof cthhe 15 done on

the outside fa.rt e S*]EHP M.!t%i‘g@iﬁfé | Vel dféwe&@é aijéglgigway_ of debris,
corrosion, rime ‘encrustations, scale, old coatings, and applying new
coatings, tygicsatied & eennactipn (186 tto sthecatrtaghnent devicengs are

generi C%| ly s@et idihs d&i{&s r%fht@f, ich a5s DR OLen i 4 efhe W thout regard
to whet her a codtings specialist might use that termnore restrictively.)
The ship may Sé'!,i!ib'sog“hlﬁew At theikighesh Prartiral PetnteyRYwai ting to be
I aunched temporary welding, magnet, vacuum device or other
means, but preferably by a mechanical connection to
the ship’s structure. At each end of the barge 182,
10 at deck edge, are located winch-tautened attachment
lines 190. Two attachment devices 192 are used to
attach the ends of the lines 190 to the ship’s hull
18, by temporary welding, magnet vacuum device or
other means. Attachment devices 186 and 192 have
15 six degrees of freedom, including change in relative
draft of barge and ship upward and downward, plus
rotation in both the horizontal and vertical
directions. This type of attachment enables the
large composite enclosure comprised of individual
20 enclosure units 42 to remain sealed to the side of
the ship without overstressing the attachment
points, while absorbing loads caused by wind, waves,
tide and variations in ship and barge drafts caused
by changed loading. ' '
25 The towers 34 of the staging devices
(which towers are not shown but actually present in
use of the Figure 10 alternativé) are pinned at 204
to the deck of the barge. The towers 34 are
otherwise constructed and operated as has been
30 disclosed in relation to Figures 1-8.

During transits of the barge 182 to and
from the ship 10, the enclosed staging devices are
laid horizontal, as shown in Figure 9, with staging
platforms 34 disposed.in their lowered positionms.

35 After the barge 182 is attached to the ship 10 at



or is being drydocked just before delivery after 25 pi ersi de work has
‘been.conpl eted. Whether one or a plurality of the devices 32 are used w ||

. depend on the size of the ship, how quickly the work nust be done, and the

size of the workforce. Wether one size or two or nore differently size
devices 32 are 30 used, may depend on how radically the sides of the
hul | sl ope inwardly at various sites %!ong the hull. (That is, in sone
i nstances, it may be nore advantageous]to reach certain areas using a
smal | er, suppl enental device, or a different techni que, such 35 as

vacuum bl ast Fhg, thrae BFtashaentcPoipEs|dstcandr 192, 28 so as to be

abl e to cant gheyeseld Stilgnhodavieedn 38X hireela segt amded adi sposition.) In
very general terns, .each .encl osed staglig eV|c§ 32 .includes a_ verti cal
tower 34 whi ¥RT§ical; pasyition,using, o fEeatiind,ferriiak oF ¥inghe deck of

the drydock, witheblico amidetaickle atghched3Gomtheh shdp.be raised and
lc g\r/]vf :’ Fgé Ie p etj ng.ﬁnia)% 1@ dsesa e q.o%tat%ds %le (v:}eee% 'q%dqrw]rtiauaals et of
adjacent enclosed staging devices 34 are inflated.
An inflatable seal at barge deck edge 194 between
the barge 182 and the ship 10 is inflated. an
inflatable seal 196 is installed in the gap between

10 the top of the erect enclosed staging devices 34 and
the ship and inflated. Impermeable shrouds 94
installed at the after end of the aftermost enclosed
staging device 34 and forward end of the forwardmost
enclosed staging device 34 are attached to the

15 ship’s hull using magnets 114. Portable storm water

 dams or gutter bars 200 with magnets 202 or other
means of attachment either permanent or temporary to
the deck of the coating barge 182 are placed around
the perimeter of the enclosure and sealed at 203 by

20 grouting, gasketing or other means. The ship’s hull
area to be coated is consequently fully enclosed and

- sealed off.
A support barge 176 is then moored to the
enclosure barge 182, Figure 14. Vent ducting,

25 electrical power cabling, hoses as appropriate for
the coating equipment (Figure 11) are then connected
from appropriate points on the support barge 176 to
appropriate points in the enclosure and/or to
coating equipment as has been described in relation

30 to Figures 1-8 and 12. The coating process is then
conducted using existing procedures, e.g., as '
further described in the above-mentioned U.S. patent
application of Garland et al., with abrasive blast
support equipment on the support barge energized

35 during abrasive blasting, with paint application and



mounted to the vertical elevating trolley so that 10 their forward ends,
on which a work platform40 is nounted, can extend towards and retract away
fromthe ship hull, a closure assenbly 42 which substantially conpletely
encl oses a volune of space 44 that is confronted by a vertical segnment or
15 i ncrement of the ship hull fron1m§ ther deck to keel, if the shipis
I n drydock, or to barge-deck- height aboVe the waterline, if the shipis
floating (and which typically is twenty feet horizontally |ong,

| ongi t udi nal | yewfinhdpesappprt eguipmentvaboard’he suppbretl baygeéem 46 for

controlled ventilation.of, the e e .. apd tem 48, for
operating t he 19192 ?deQPﬁﬁﬁgngg%ﬁg g@ﬁ?g%%Fﬁggtﬁggag?fiééattorn1 and
adj usting the forward maAgylnoffthaefehegaingoparbpolt theodetanlede hul
seqnent bei ng QPFRELBRoR flab Beth"dakEibaT R0 APE7 200yl BhPRELRTY O 011
been devé opedlescriptirnaprovidedobnuthenyforevantionedr pdrati on abradi ng

oo oo Y BRELRBE SOEA4A81 S0 LORR, apfLiglbtencnggal ors coul o
encl osure. By hringrgarmaneatp Praferzad psagtices of the
apparatus and method of the present invention. The
following part of the detailed description builds
10 upon those details to provide further information
about presently preferred embodiments of the present
invention.
In Figures 15~20, the ship which is to be
worked on is again indicated at 10, supported on
18 keel blocks 160 on the pontoon deck 12 of a fleating
drydock 14. The wingwalls 16 of the drydock are
spaced from the sides 18 of the ship, providing
alleys 22. 1In this view, the bow 20 of the ship
faces the viewer. A set of enclosed staging devices
20 32 is shown supported on the pontoon deck 12 in one
of the alleys 22. A shroud or closure assembly 42
is provided about the set of staging devices 32 for
forming a single composite enclosure 44. Seals have
been formed between the forward edges of the
25 curtains of the shroud 42 and the external surface
' of the hull, between top and sides of neighboring - .
staging devices 32 of the set, and between the set
of staging devices and the support platform surface
12 on which the set of staging devices is supported.
30 A support barge 176 is moored along side
one wingwall of the drydock 14, e.g., at midship by
conventional mooring lines (not shown).
By preference, according to the present
invention, hydraulic power for the apparatus, e.g.,
35  for powering the poﬁer systems 48, 130 for the



portable framework of struts, ties, braces, 35 connectors and ot her

-el enments which can be reanany [err] 29 secured together so as to
provide a unit of the required height to permt access to the whole of the
.hei ght of a given ship's side, fromthe height of the weather deck, down to
the keel or waterline. O 5 course, in the instance of a yard whi ch
anticipates only working on one . size of hull for the whole of the working
life of a device 32, each tower could B3 pernmanently secured together,

e.g., by flanme cutting of plates, extrusion of |ong nenbers, welding of 10

joints, etc. trbln el sHAY ENEIEdt arteheloRdmdiréteatt Don al umi num
2 are convel “sﬁa P A 2 T T Y 1ok (RAPR 0 926 Bt buit | o ng
constructi onhqud-ajuawmfpdwemglmt awoulited drora cslaide\2 1Ry witdidtercamnd/ or
L ol b R 0l O LA ARORR U 620 o
S onto the support barge 176 for providing an
enclosure-support facility. By preference, the
enclosure suppdrt facility also includes fans, pumps
and compressors for the air movement control system
46 (for serving ventilation, heat and
10 dehumidification supply and dust, paint overspray
and VOC exhaust service lines 214, 216 to and from
the composite enclosure 44, hydraulic oil service
lines 218 and compressed air service lines 220, as
well as associated equipment and materials  for
15 servicing and supplying the enclosure.
By preference, the service lines 214, 216,
218 and 220 include certain portions more fixedly
connected to one another and to,reépective supports
as ducting, piping runs and headers, notably to the
20 skid at 212, to the wingwall at 214 and to upper
modules of at least certain ones of the staging
devices 32, and certain intervening portions between
portions, between the skid and the wingwall dt_216,
and between the wingwall and at least certain ones
25 of the staging devices, within the enclosure, at
218, as easily made-up and separated flexible
connections, which may be of conventional
description.
By preference, the support barge on which
30 the skid 212 is supported is stationed on the
outboard side of the floating drydock, at midship,
so as to facilitate providing service through the
various lines 214-220, while minimizing losses due
to line lengths.



(e.g., by opposed sets of flanged wheels 50 which 20

tracks. 52 provided by respective elenents of tower 34).

roll on vertica
The vertica

elevating trolley is suspended in the tower 34 for elevation, by cables 54

whi ch connect to the vertical elevating trolley 25
of a hydraulic winch 60. The connection nechani sm 56

at 56 and to the drum
each are provided in

the formof a spring-loaded ratchet | evwdr 62 which seats in a respective
notch 64 in a vertical rail 66 of the tower 34, unless and only for so |ong

as there 30 S Iiftlegeﬁggﬁe gggggﬁgﬂcgheahafEinoggQEga 5 Wher e

safety regul ations provi e veftical

evating troll ey may be .

suspended i n xeégardvee thenQOUQUnﬁﬁrustgne§d3éanegheogngiosﬁdk|ng or

| ocki ng systeg%%,tﬁaé1 eegahkb.nae apdbes Séﬂb{vaﬁléﬁ

for preventing t

refefly@al i onal neans

rom err 30 suddenly or unexpectedly

dr oppi ng due'QQ)EﬁéBN§ﬁ$c& =87 -power failure. It should now be noticed that,
wher eas g By preference, the individual tower

structures 34 which together form the respective
sets of tower structures, are made-up from four
different kinds of stackably, demountably mountable
modules including base modules 222, intermediate

10 modules 224, full machinery upper modules 226 and

ventilation-only upper modules 228. (In
practices of the invention, intermediate

particular
modules

could be used singly or in plurality in each tower

structure, intermediate modules could be

combined

15 with upper modules or base modules, and/or
ventilation-only upper modules could be eliminated

in favor of more full machinery or partially

machinery-equipped upper modules.

But for the existence of the intermodular

20 connectors (to be described below), the towers 34
made-up of modules are constructed and function
substantially as has been described above in

relation to Figures 1-14.

The full machinery upper modules 226 mount
25 machinery including hydraulic winches 48, vertical

elevating trolleys 36, cantilevered arms

38,

respective portions of ventilation supply and
exhaust ducting 214, 216, hydraulic oil service
lines 218 and compressed air service lines 220, as
30 well as serving as mounting bases for abrasive grit
supply equipment and paint supply equipment.
The ventilation-only upper modules 228
lack all of the above-enumerated elements of the

full machinery upper modules, except for

respective



various ties and braces preferably are provided 5 around the rear and

.si des of each tower, each tower front, which, in use, faces the ship side,
is substantially open and unobstructed at 68, fromthe |level of the ship's
weat her deck, down to the keel or waterline (i.e., over the full height of
the 10 -increment of the ship that will need to be worked on using the
device 32). Both of the rear internal Cgéners of each vertical elevating
trolley 36 are provided with respective vertical axles 70 on which are
journal l ed 15 for rotating the rear-ends of respective cantil evered

hori zont al plpatrftdronss upH driie aremt Bat Byn psupplyramd edrdust m 38 conprised a
rear section i at,dds forward end to a forward section 74, hinged
at its forwaF téﬁ#€?§?$cﬁ%éﬁd section 20 74 by a vertical axle 76, and
each forward secti on 74f{heitbdse meduyles 2231 ircludsthe levelingertical

axle 78. A \Maralag% AP A f&%eﬁﬁp the forward ends of the

hori zontal pl7attform support, arns 38, the axles 78. Accordingly, the arns

38 are 85 arti cul at éheintrrpediate modykes R4 sineluden the verti cal
el evating trgldspecdiit,d hintdidediMtid QorELondads gy Eaerxtfpd and retract

the work plattorm horl 200 & i sed '&5dS ‘Sf Sadh pase, Yntdrnsafite® 1°
and upper module are provided at the four corners
thereof with respective vertically apertured lifting
10 and mounting plates 230, each of which has a central
' circular opening 232 having two diametrically
opposed perimetrical notches 234.
The lower ends of each intermediate and
upper module are provided at the four corners
15 thereof with vertically downwardly projecting,
bluntly pointed locating and mounting pins 236. The
pins 236 project down through respective support
plates 238. _ '
In order to facilitate erecting, changing,
20 tearing down and shifting modular towers 34 using a
crane (such as the crane 20 that was described in
relation to Figures 1-8), the present invention
preferably provides a staging device module lifting
rig 240, which includes a horizontally arranged
25 rectangular frame 242 having located at its four
corners four downwardly projecting, bluntly pointed
locating and lifting pins 244.
The pins 244 are each provided at a
comparable intermediate level with a pair of
30 diametrically opposed bosses or horizontally
projecting pin ends 246 which are sized to fit
through the notches 234 when the pins 244 are
properly angularly aligned about respective vertical
-~ .. axes relative to the openings 232. The pins 244 are
35 journalled on the corners of the rig 240 for



the vertica

el evat or

axis of the respective tower, for 30 nmovi ng the work
platform’'towards and away from the | ongitudi nal
use, each work platform as a result, can be retracted as the respective
is raised or lowered, in order to avoid bunping into the hull

centerline of the hull

In

and

may be extended 35 further as the respective vertical elevating trolley
[err] 31 is |lowered, so that the workers or robotic devices riding on the
work platformcan maintain their close proximty with the exterior of the
hul |, despite the fact that the w dth of 46he hull decreases with 5

hei ght throughout at

hori zontal platfgsitedpresbraiiate@ubtigizagpesthedofingyality or, nore

el aborat e neans coul d pe provided_for coordinatlagFgétenS|om 10 and

retraction of tFRSREFFHYEr ¥eXBLCRL AXPEner COPREL

| east a part of the height of the ship. O course,

t he

pFIFRELAR; &St et ract ed

by coordi nat el ypr®¢idédi by taspactive- eyhhkdarmar 2aBg¢FEguze802anrd 84, and

ext ended

10

1s

20

25

30

26) coordinated by operating rods 250 connected to a
power-operated reversible actuator 252. Control
signals for the actuator (which may be electrically,
hydraulically or pneumatically powered) can be
supplied via a control cable (not shown) or remotely
e.g., by infrared or radio signals.

The frame 242 is shown provided at its
corners with downwardly flaring corner guides 254
for facilitating alignment of the rig 240 with a
module which is to be picked-up. The frame 242 is
adapted for being lifted, lowered and moved by a
crane, by being equipped with a conventional
wirerope sling 256 or the like.

A tower, tower portion or tower module is
lifted by lowering the rig 240 into place so that
its pins 244 project down through the openings 232
until the bosses 246 pass down through the notches
234. Then, the actuator 252 is operated to rotate
the pins 244 so that the bosses 246 are no longer
aligned with the notches 234, but instead underlie
portions of the respeétive plates 230. Lifting the
rig 240 thereby lifts the module or modules which
are effectively connected to the respéctive plates
230. As a module or set of modules is lowered into
place on an underlying module, its lowermost
downwardly projecting pins 236 project down through
the respective openings 232 of a respective plate
230, and the respective plates 230 come to rest upon
the respective plates 238. Then, the actuator 252
is operated to rotate the pins 244 so-that the
bosses 246 are again aligned with the notches 234



by coordinately extending the piston and cylinder 15 arrangenments 80 and
-84.- The work platformmay be configured as necessary (e.g., as to whether
it has seats, handholds, rails). At its nost basic, it includes a grating
support 40 capable of supporting up to two 20 si de- by-si de human wor kers
or preferably one worker seated in a horizontally noving trolley. A typical
work platformis on the order of eighteen feet (5.5 m w de (lengthw se of
the ship), and two feet (.6 n) deep (Whdthwi se of the ship). Simlar

support 25 for a robotics device instead of or in addition to one or
mor e human wﬂ@r&é srﬂgtéam BdeL LAREE "B | OF a{etf@s¢aaeﬂ&éon The shroud
assenbly 42 may be conprjs of several conponents of which cooperate

to define 30 tOWeRoJRR evﬁ?kﬁ%ﬁ?’és%d!‘? 8Screment 88 of the exterior of
a side 18 of the hull, afngtﬁbﬁqiz VERrdes shecdtdckgeefr and about twenty

teec (o1, m Logg Jorgiuelyally o dhe ST oot e gagg shace 44 winin
conducted. is provided w1th one or more fastener reception
openings 258, through which nut and bolt assemblies
or other fasteners 260 can be removably installed.
' Referring to Figures 27 and 28, a ship can
be efficiently cleaned and painted in a preferred
10 practice of the present invention, by using three
'sets of base modules 222, three sets of intermediate
modules 224, one set of full machinery upper modules-
226 and one set of ventilation-only upper modules
228. For each tower, a base module and an
15 intermediate module may remain secured together to
serve as a respective lower module throughout usage
for work on a particular ship or particular size of
ship. The number of modules in each set preferably
is sufficient to surround cne-quarter of the '
20 perimeter of the ship.

The basic reason for using two different
types of upper modules is to economize on providing
the relatively expensive furnishings of the full
machinery upper modules, so that such furnishings

25 are present only when needed, and when no longer
needed, the respective upper modules are shifted
along to the next set of towers.

As is 111ustrated in Flgures 27 and 28, in
a typical preferred practlce of the present

30 “invention, in a first phase, a set of enclosed
staging devices 32 is erected about a first quadrant
of the perimeter of the ship. In this set, each
tower is topped by a full machinery upper module.

- - Nothing is yet happening around the second through

35 fourth quadrants.



[err] 32 Thus, one necessary conponent of the shroud assenbly 42 is one for
confining the rear side of the space. This conponent may conveniently be
provi ded by securing panels of clear corrugated 5 fi bergl ass-reinforced
plastic siding 90 to the outsides of the rear, fore side, aft side and top
of the tower. |In use, the fiberglass-reinforced plastic panels 90 may have
shorter lives than the tower, and be subject to | ocalized replacenent as 10
t hey wear through or otherw se becone too4®prn. The other nmjor conponents
of the shroud assenbly 42 are side curtain assenblies 92. Each side curtain

assenbly 92 includes a reeGihrasit Hidstihg WHS hadlit igy Bslepdinganvas,
and 15 spreaders ,96 pr.ovi ded.as vertical axis for rg, ext ensi onS of the

tower at the tofERdeFaStorPrn e T qadrant s, WaF $ Wy project
obliquely towargetting aipd mid lcwerhamidules of aigdond)setsof hat the

sleh as [err]] Frusrs axhvad e RREIASHET 8F o8 SaParid REHFE ot andar o
mari ne quabity Nathing Harlyehappertihgrardundreahe dthinrd andcourth of
several pieces hﬁgﬁgants. :

As abrasive blasting and painting is
completed in the first quadrant, the full machinery
upper modules are shifted from the first set to the

10 second set, and work begins on setting up the lower
modules of a third set around the third quadrant.
Nothing is yet happening around the fourth quadrant.

As illustrated in the fourth row of the
flow chart shown in Figure 27, in the next phase,

15 the towers in the first set are provided with
ventilation-only upper modules, abrasive blasting
and painting begins on the second quadrant and set-
up of lower modules of the third éet is completed
around the third quadrant. '

20 After paint on the first quadrant has
cured and blasting and painting have been completed
on the second quadrant, full machinery upper modules
are shifted from the second set to the third set,
ventilation only upper modules are shifted from the

25 first set to the second set, and lower modules are
shifted from around the first quadrant, to -around
the fourth quadrant. '

In a corresponding manner, in ensuing
stages, work is performed on the respectively

30 successive quadrants until each has been completed.

Presently preferred embodiments of the
cantilever arms 38 are now described with reference
to Figures 29-32. '

o A first variation is shown: in Figure 29

35 '-and, somewhat modified, in Figure 30. In Figure 29,



shock corded grommeted, [err] fastened or 25 ot herwi se secured to one
another. Simlar securenment nmeans (lacing, shock cords, [err] tabs, etc.)
"are used at 98 to renovably secure the rear edge 108 of each curtain to the
respective spreaders 96, and to the front |legs 100 of the tower 34, from 30
tower base to tower top, and across in front of the tower top to provide a
continuation at 102 of the top wall 104 of the tower 34. 1In fact, in
Figure 3, the two side curtains are shygwn sonewhat overl apped at the niddle
of the top 102, with the ends 110 33 shock corded at 106 to the

rebersbly pEgs: aReR iR deplrehd ot §3LaHR, BhACSROELEL STRIILE: Maoner s
114 sewn or Dhhehisseasdatied, tMhehaumsnathtaglrsfouwaeﬂtenﬂslIy done to
borm t1ing tRESRFoR: CBAGRs PAR: RIAEA 247, SR #RLsh BY TocalBY |21 o) ose
10 agai nsthohizontadlyhulbteralliy eaﬁgndungn&raQXSraﬁﬁsfor
5 mounting other equipment. Each arm includes upper
and lower rear parallel links 266, 268 pivoted at
respective rear ends to the trolley at 270 and at
respective front ends to a vertical tie link 272 at
274, and upper and lower front parallel links 276,
10 278 pivoted at respective rear ends to the vertical
tie 1link 272 at 274 and to the track base plate 262
at 280. Each arm further includes a power-operated
lead screw 282 having a drive nut 284, operably
connected in driving relation to the respective arm
15 by a rear drive link 286 having its rear end
pivotally connected to the drive nut at 288 and a
front end pivotally connected to the rear end of a
front drive link 290 at 292. The front end of the
front drive link is pivotally connected to an
20 intermediate location on the upper fronf parallel
link 276 at 294, and an intermediate location on the
rear drive link 286 is pivotally connected to an
intermediate location on the upper rear parallel
link 266 at 296. Thus, the parallel links, trolley,
25 track base plate and vertical tie link provide two-
tandem, four-bhar parallelogram linkages, which are '
related scissors~linkage fashion to the drive links,
so that as the lead screws turn, the drive nuts move
vertically, causing the parallelogram linkages to
30 horizontally extend and retract the track base
plate. If the poﬁer-operated lead screws 282 are
wired to be operated only coordinately, all of the
pivot joints can provide only pivoting about
- transverse horizontal axes, but if the lead screws
35 are made to be operated independently to a limited



of the hull segnment being encl osed by the device 32. The strength and

pl acement of the magnets will need to depend on the weight of the curtain,
and the winds locally expected to be encountered which the 15 ship is
bei ng worked on. The virtue of electromagnets is that they can be turned
of f to disconnect them when the device 32 is to be noved. The curtains 94
may be provided so as to be adjusted entirely manual ly, or, by preference,
20 manual adj ustnent may be suppl enegped by one or nore hydraulically
actuat ed batwi ng skeleton-like structures 116 secured to the respective

curtains 94, a%emunta@ ﬂag@agon?éiq% i tﬁfvér: Ojalﬂ@gsmdéle Fisbhe tover.

The hydraulic plston | i nder assenblies 118 of these structures 116
are extended P¥oiden qrrlé”é{ﬂ"%m%sa’?%t\‘/\dr%% %@%th%%%@p%%l as to

buckl e the st pydlkyr &% bkb wiidretduss, dﬁiﬁsﬂCts&rtHa?E'ﬁhé grackiassi on of
t he curtains. Eé refer nce, the structures re so ai 30

flexible, andPretRafathBe qegkad %P & ]e‘ﬂ’e 0e tibh YHe¥®as does the
nmetal frenmewodil ¢fllad) Woy glaing ordaind yeherddt mmeth&x not

necessari |y 1 bl edeiRn 40l Aol S EiF S Smutekfat fnd ik oX enled
on a correspondingly curved bow-approaching or
stern-approaching segment of the ship hull.
Figure 31 shows an alternate to the power-

10 operated lead screw 282, in the form of a
hydraulically powered double-acting piston and
cylinder drive unit 298, having a slide bar 300 and
slide collar 302 in place of the lead screw and
drive nut of Figures 29 and 30. _

15 Figure 32 shows a further variation in
which the track base plate 262 is driven from the
twin-powered lead screws 282 via respective arms 303
provided in the form of multiple~-link scissors
linkages having rear ends mounted by respective

20 drive nuts 284 to respective oppositely threaded
portions of the respective lead screws, and forward
ends pivotally mounted at respective ends to the
track base plate by pivotal connections which
accommecdate movement of these pivots vertically

25 towards and away from one another as the arms are
extended and retracted by coordinated rotation of
the lead screws in respective directions. (The
conventional mounting and operating linkages of
footrests of reclining chairs proéide models for

30 details of these and possibly other extending and
retracting arm and drive designs for the track base
plate relative to the trolley.)

Variations of work platforms and abrasive
blasting.-and painting equipment to be mounted on the



[err] 34 A typical electrohydraulic systemfor operating the hoist
.extension and retraction of the work platform and the curtain-spreading
skel et al

structure 116 is illustrated at 130 in Figure 8. The apparatus and
met hod di scl osed i n pendi ng unpubl i shed EPA No. 93308877. 5,
t he copending US patent application of Gol dbach et al

equi valent to
07/ 975, 520 provi des

I mprovenents for controlling the novenent of the work platformusing
val ves and flow dividers, relatfde 10 to the apparatus and net hod
di scl osed in EP-A-92309723.2 equivalent to the co-pending US patent

contr ol

operat 1 o ContE oAy A0 Pk T a s T ot Fioa o

eF4Huresi 3391« ow are divided, allowing two units to trave

where 15

to cylinder 84 and siXx uf tFigure 132y &hel kP Yol pinke BB Sig
di vided into two equal fLowsggglthrée units each which travel to cylinders

80 and 81. SiAREWRyMAWRLINg, foX traverss aleng ifs hradks26%R cn),
cylinders 80 gagkSpladform 30d whilch hotntiseedneg ®k a@drend each cyl i nder

has

10

15

20

25

30

35

compressed air-operated abrasive blasting nozzles
140 below an operator’s perch 306, from which a
human or robotic operator can control traversing
movement of the work platform 304 along the tracks
264, elevation of the trolley 36 on the tower 34,
and valves for operating the abrasive blasting
nozzles 140.

In a variation shown in Figures 34 and 35,
the work platform 40 (rather than the track base
plate) is pivotally mounted directly to the forward

"ends of the cantilevered arms 38. The track base

plate is provided at 310 on the floor of the work
platform 40 with rails along which an equipment
carriage 312 can be laterally moved using controls
(not illustrated, operabhle by the operator as has
been described in relation to element 144 of the
embodiment of Figures 1-8).

In the embodiment of Figure 34, and by
current preference, the abrasive blasting mechanism
is not a compressed air powered nozzle for blowing
abrasive grit against the hull surface, since a '

- disadvantage of such a system is that while in

operation, it continually inflates the enclosed
volume of space within the set of enclosed staging
devices 32 with compressed air. 1In order to prevent
the air from causing the shroud to ballocon-out and
to leak dust, spent abrasive, chips and scale
through joints and crevices of enclosure, the _
ventilation system 162 of the apparatus must Be =
robust and work in coordination with the number of

y
der 152

units are



the sanme bore, .the cylinders will each make their full travel at the sane
time. This will cause the platform40 to remain parallel to the carriage 36
at 25 all tinmes. The counterbal ance val ve 154 bl ocks control valve 151
so that flow cannot travel back into valve 151. The sane arrangenment works
to return the platform40 to the parked position. After the platform40 is
ext ended the 30 angl e of the platform 40 can be changed by rel easing
control valve 150 and actuating control valve 151 allowing fluid to trave

t hrough t he counterbal ance val ve 154 t@gZzylinder 80 and novi ng one end of

the platform 40. The opposite end will always remain 35 fixed and in the
sane pl ane. S+pepefi.fsapf I £34 a tus and nethod are
that it is si?ﬁ%éﬁééﬁ% Eg?grg#% %ge?é?e?lyggégggﬂ?egggégs | ess training and

the pl at f or meenpressegsaisntPnthet englesvreateral confines of the 5
shroud. The device 32 fyebbeaihgelidg@Srétatihg wheel-propelled

abrasive blasting mechanism has come to be

5 preferred, and that is what is illustrated in
Figures 34-38. It is based on wheel-propelled
abrasive blasters which have been commercially
available in the United States from the company now
knoﬁn as Wheelabrator Technologies, Inc., Newnan,

10 Georgia 30263, U.S.A. In such equipment, a wheel
(not shown in detail) is mounted at 316 within a
housing 318 for rotation at high speed. 1Indeed,
compressed air motors can be used for powering
rotation, but with no or little venting of powering

15 compressed air to the enclosed space 44. The
housing 318 is served by a hopper 320 for storing
and supplying abrasive grit to the wheel, and has an
outlet opening 322 out through which grit impelled
by the wheel is flung against the hull surface 18.

20 The housing ocutlet opening 322 is preferably
gasketed against the hull surface 18 by a peripheral
bristle brush 324, and spent air, dust, some spent
grit, paint chips and scale are drawn-off by the
ventilation system 162 through the exhaust vent line

25 326. '

The bulk of the spent abrasive, with its
burden of contaminants (principally paint chips and
scale) is collected under the blaster (much as a
ceiling plasterer catches falling plaster) in a

30 recovery hopper 328 mounted to the equipment
carriage 312 under the housing 318. The recovery
hopper 328 drains into a recovery line 330, the
outlet of which may be valved as .indicated at.332.

| Figures 37 and 38 show an open system for

35 serving the abrasive blaster 314 of a respective



novenent control system46. At its sinplest, this systemis shown

I ncluding a set of done-lidded air inlet vents 120 provided in the top 104
of the tower 10 (through the shroud assenbly 42, into the encl osed space
44), and through a lower lip area 122 (where the two shroud curtains 94
overlap and are overl apped and secured together, e.g., by shock cords, to
cl ose the space 44 between the bottom 124 15 of the ship hull at the
base of the side 18) out of the encl osed space 44 by a flexible hose 126

| eading into the suction side of a forcel air dust collector 128 (whi ch may
be visualized as being an industrial- strength vacuum cl eaner, of
conventional tower 3d4nwitbcanopbrasivel gyiti.t A&yisnsimddax 5@9 house,

cycl one separ grhgégaggg ggﬂﬁgg&hgntgaghglbyoﬁﬁgr grit reclamation, if
feasible), a s rub%er and/ urner i nci narating VOCs. The bottom

four corners SPNSREUEEAOR §$b235 rSPeVﬁFBPEPa§ﬂ9°5POF¢déd with hei ght

adj ust abl e |eH@ilaﬂngaBE§n§36uimttBrfQ@hoﬁéd%dl36Abhsﬁbwheskhﬁﬂ the pontoon
deck 12 of the e second above-nenti oned

|
oo ndr i U chubl BReh ipery HbbeR mORBLE S8 Ofn SR EONe 34y 50
provi ded withmeuatsng #38n Ropperndde whivhr set®vps, awsegtegaosbe hooked by

the crane 20 éggaLéiigngniggconnected, funnel-like chute sections
336, each of which has an inlet 338 and an outlet.
When arranged in a straight line or gently curved,

10 each chute section receives from a preceding section
and pours into a preceding section and pours into a
successive section, but the series can be pivotally
more sharply bent, as illustrated, for causing the
outlet of one section, at 342 to dump abrasive into

15 the supply hopper 320 for the abrasive-propelling
wheel, rather than to have the abrasive continue
down the chute, and as illustrated at 344 for
receiving spent, contaminated grit from the valved
outlet 332 of the recovery hopper 328. The outlet

20 end of the chute is shown dumping into a container
346, from which spent contaminated grit can be
collected for reprocessing (separation, recycling
and disposal). As described in relation to Figures
1-8, grit which does not land in the collection

25 container 346 can be vacuumed and/or swept-up
manually from the staging device support surface 12
for reprocessing.

Figure 39 illustrates a variation, in

which the wheel-propelled abrasive blaster is a

30 closed-cycle unit mounted to a traversing work
platform of the type shown in Figure 33. In this
unit, spent abrasive is collected and returned to
the input side of the wheel for a specified perlod
and periodically replenlshed or replaced with fresh

35 abrasive grit.



device 32 and noving it longitudinally fore or aft to a succeeding

I ncrenment of hull. [err] 3 6 The typical full extent of the path of
extension-retraction of the work platformrelative to the trolley is ten
feet (3 m. The tower 34 preferably is fabricated in nodul es of framework,
such that for each job, the tower can be shortened or hei ghtened, as
necessary, typically in ten foot (3.0 m segnents. In a typical use of the
device 32, it is set up relative to a S&ip hull increment as shown in 10
Figures 1-3. Then, two abrasive-blasting workers enter the enclosed space

44 with their abra5| ve ﬁ@ﬁtégg;d’ngﬁﬁ @ncng&m t;lz%kvﬁggé\ are connect ed
to externall \é sited abraS| ve- tglastl n%]su%% machi nes (I.n the
practici ng bRLateneS%p w¥ith 8,p oo 30 &1 %br%’r% bl asti ng
machi nes 1401sléBdWHWiﬂ&Iﬁ&ﬁn§ﬂa/tﬁavénsxngﬂanﬂieﬁﬁﬁatymg usi ng conpr essed

air to propel_ _abr.asiv ther cribe A tary
wheel - pr opel FakT &&g&i}? éor le anéjq'foéé éiséﬁﬁyv 14¢ gf
.5 an airless spray unit 354 provided with a hose-

handling mast 356. The paint spraying nozzle is
served by a hood 358 through which overspray and
fumes are collected and suctioned away through a

_ collection line 360 for particle precipitation and

10 VOC incineration. The collection line 360 is
supported from the full machinery upper module of
the respective tower.

Some details of the preferred seals for
the closure assembly or shroud 42 for each set of

15 enclosed staging devices 32 are illustrated in
Figures 42-49.

In connections with Figures 1-14, the
shroud or enclosure 42 and various elements for
providing seals for its perimeter and portions are

20 described with relation to elements 90-98, 108-118,
122, 130 and 194~203. Preferred embodiments of
those seals are shown and now further described with
reference to Figures 42-49. | _

For sealing between framing elements

25 located on edges of the tower modules 222-228 whzch
in use, will laterally engagingly confront other
such framing elements or the ship hull surface 18,
each such element (generally designated 362) is
provided from end-to-end ﬁheregf along the '

30 respective face thereof with a low-pressure
inflatable seal 364 which, when conventionally
inflated (through inflation valves, not shown such
as those provided on football bladders or bicycle
tire tubes), cause some expansion and

35 turgidification which improves sealing between the



bl asting rather than conpressed air propelled 20 abrasive blasting is
now preferred, according to the present invention.) The abrasive blasters
raise the trolley 36, and thus, the platform40 to its uppernost position
using the work platformcontrols 144 and 25 begi n the abrasive bl asting
process. They work downward, blasting a twenty foot (6.1 m) w de vertical
swath for the full ship helght | owering and extending the work platform
using the work platformcontrols 144, aS5necessary, to facilitate 30
access to the hull of the ship. This process takes approximtely one shift.

One pai nt - Sprai‘e%\gééﬂv&hﬂeﬁ@h@ré &Wﬁ&”ﬁ&&hﬁh@% mfeH%' 88

conventi onal pai Sprayi ng appara nozzl €146 wi thin

t he 35 spacshipg burfaCSprly machi ne 148 | ocat ed out5|de [err] 37 the
space 44) paints the are%nlP§%u?baiﬁedaﬂyzﬁfiaégaa§é¥§ ngsggng wor ker s
operatlng the work platformi e manner rocess takes
shown mounted on an element 362 by a typical set of
5 mounting clamps 366. In Figure 43, an inflated seal

364 is shown sealing with the surface 18 of the
ship. In Figure 44, two such seals are shown
providing seals between adjoining modules on the
same tower, or between adjoining modules on

10 adjoining towers. The flexibility of the seals 364
also helps to accommodate sealing despite the
arcuate arrangement of modules needed near the bow
and stern of the ship (which arcuateness is best
shown in Figure 28).

15 An alternative form of seal appropriate
for the context of Figure 44 but not for the context
of Figure 43, is shown in Figure 45 in which each
frame corner element 362 which is to confront
another is provided all along a respect;ve neon-

20 confronting (i.e., outer, or inner, top or bottom)
face thereof with a strip 368 of one member of a
hoock and fleece fastener set, such as that which is
sold under the brand name Velcro®. A double-width
strip 370 of the complementary member can be pressed

25 into place bridging the crevice, or stripped-off to
make, and break a seal between the respective
elements. _

Figures 46 and 47 illustrate in more
detail the preferred seals at 200, 203, which are

30 also shown and described in relation to Figure 10A.
The seal may be an inflatable or static seal.

Figures 48 and 49 illustrate in more
detail the preferred seals at 194-198 for use with
 the CAPE barge 182-using version of the apparatus’’

35 and method. Note also the showing of the seal 194



approxi mately four hours. 5 Laborers then shovel /sweep up the
spent abrasive on the dry-dock floor within the enclosure to the extent it
is not otherwi se collected. This spent abrasive is placed into suitable
containers for disposal and/or recycling as desired. 10

Referring to Figure 12, the preferred Y@y, of using the inproved apparatus
and nethod on a ship in drydock, a plurality, e.g., eight to twenty

~encl osed staging devices 32 laterally adjoining each ot her | ongi tudi nal I'y
of and spacedly confronting the 15 portion of the hull which is fully
accessi bl e by aseingluddng phatpsonriypeposi sheety neaprens primexyYi t h one

to four compaliaf evekoaH’ chriafaphiohauh pLegeitedunage-tope 2l |y

adj oi ni ng each ot ace confront bow and reas where
there 20 sbé§¥TBEes§ﬁ&pe §E§ﬁ€€°§ﬁepﬁﬁ§8§dheﬁpth¥ HF}&GGR“#PSbr 12

a{?unﬂ de- tg- ; hanxtelﬁuﬂ?hteﬁfOEpthngeb@tmhteﬁ ehﬁacabEphanandstendhu dual I'y

attached a e top, 0 e, encl e .to . the shi a tenporary -

attachmer® 201} ?hghPBpaF0|ﬁF €F§e§ﬁ“Fﬁ§e§5at%a@ﬁ?ﬁﬁgu&é§ %2 156 and the

ship's hull 18maintaéal eﬂebmm bafrk;ét abbepualwdmaepl:-ok&&my shown in

Fi gure 2. Inflatgg g seal § %h end of each individual enclosure unit
hER o BPE; e

al ong the top ¥
Although operatlon of the apparatus has

been described above in several segments in order to

- 10 help the reader to understand the structure and
intended operation of the various elements, a
reiteration of the operation is provided below, in
relation to the floating drydock-using version of
the apparatus and method.

15 As soon as a ship that is to be worked on
is high and dry on the drydock, staging device lower
modules are positioned around one quadrant o% the
ship’s perimeter and leveled. Seals between modules
are inflated. | '

.20 Portable dams are installed at the base of
each module. Curtains of end modules are secured to
the hull with magnets.

Meanwhile, the enclosure support barge is
moored to the wingwall -of the drydock preferably at

25 the drydock longitudinal centerline. This vessel is
equipped with an electric air compressor, a fresh
air supply unit with dehumidification and heat, a
hydraulic power supply unit, a dust collector, a VOC
collector/incinerator unit, and permanently

30 installed associated ducting and piping all mounted
on one or more skids. Alternately, if the drydock
longitudinal centerline is not a convenient
location, the barge can be located in another
location which permitted convenient and efficient .

35 hookup of ducting and piping to the enclosure. If



are inflated to seal the joint between the shroud of 30 each encl osure
uni't .42 or 156 and its adjacent enclosure unit 42 or 156. An adjustable
non-porous curtain 94 with magnets 114 to attach to the ship's hull 18 is
installed on the aft end of the afternost enclosure unit 42 and the forward
end of the 35 forwar dnost enclosure.unit 156. \Wen these shrouds

[err] 38 are closed and a non-porous c%ie?ing 122 placed on the side of

keel bl ocks 160, one-quarter of the ship's hull area to be coated is
thereby sealed in a |large conposite enclosure conprised of a plurality 5

of the indi viglualorRieh PENE SudieE S1ddatilf folae SBEPyd gssenbly 42 houses

a tower 34 as has been described in relation to Figures 1-8. Some or all of
the curtai ns 22id@abPIR, FKidpmoRRted SUPRRLE RIWHRERE| 2R PG encl osed

stagi ng devi qaFtad fOf £ 1bhe BELGELANE! pldcead ain NENGEhERT DbBAL IS/ PECt i Ve
portions of the_space engl ose ¥ t he arrgy of encl psure UHILS 42, 156.

Port abl e st oSRGRaAS REeHs QFk ipagwdll or ship weathe
S deck.

Staging device upper machinery modules are
positioned atop lower modules as lower modules are
leveled and secured to the ship’s hull. Seals
between individual upper modules and between upper

10 modules and the ship’s hull are inflated.

Portable quick—disconnect hoses and ducts
between individual upper module units, between the
enclosure and the drydock and between the drydock
and the enclosure support barge are installed

15 providing continuous systems for compressed air,
hydraulics, ventilation and exhaust from the support
barge throughout the enclosure. _

An abrasive hopper and paint spray machine
is mounted in position on each stagihg device'upper

20 module. The upper module seal is inflated providing
a fully weathertight enclosure. Quick-release
connections are made betweeh the support system for
individual headers on all upper modules, the
drydock, and the enclosure support barge for

25 ventilation supply, exhaust, compressed air, and
hydraulics. B

Meanwhile, a second set of staging device
lower modules is being set in place around the next
uncoated adjacent quadrant of the ship’s hull and

30 leveled, ready to receive the staging device upper
machinery modules when coating is complete in the
first quadrant. As staging device upper machinery
modules are moved from the first to the second
quad¥ant, they dré replaced with staging device .

35 ventilation-only upper modules for the duration of



200 with magnets 202 or other neans of tenporary 15 attachnment to the
deck 12.,0f the drydock 14 are then placed around the perineter of the

encl osure and seal ed by grouting, gasketing or other means 203. In
practicing some enbodi nents of the baseline apparatus and net hods,
ventilation units 20 162, heating undi$g 164, dehumdification units 166,
abrasi ve bl asting dust recovery units 168, paint overspray filter units and
sol vent evaporation VOC incineration units 172 are tenporarily placed on

t he drydock floor, hooked up and connected to the |arge 25 encl osure
seal ing of f thetbhlﬁlsahuNDCapadlﬁstbonc@&I@@dby Fbdisa precesa idsat i on

ducting 170. An¥e§%aigﬁ WALy éﬁg q%%?ﬁaﬁﬁg atld cohfd et 32 &daty ded

singly or in plur as nee encl osed stagi ng vice 32 can be
separately provWith ¥PEs Fdnally eeldecited-or two or rnore encl osed staging

devices 32 can be served Mogale ¥nitscrudichying Qevives ldrdeWovRed ducting
and service lines for sucg units can he provided separately for each

encl osed s? agi n§¥aByiecatiomte 1&F%ﬂ+°eoﬁafoﬂ?%9 dadted My & $Fane
encl osed stagi ngedeyzeng @ 1ifting rignisindlia®" to those used by

containership port cranes. All module units of

staging devices are equipped to accommodate this

lifting rig which minimizes time and labor required
10 to attach on to and let go of module units.

When the staging devices of a set are
ready to function, for initiating cleaning of the
hull, vertical elevating trolleys with cantilevered
arms are lowered to their bottom positions.

1s Preferably, a horizontal track mechanism
with mechanized shrouded abrasive blasting wheel(s)
without recovery and with operator position is
mounted at .each end on the mounting pads located at
the end of each cantilevered arm. Alternately

20 horizontal truck mechanisms with air blast
nozzles(s) or abrasive blasting wheels with recovery
are mounted.

Using the preferred method, a measured
charge of steel grit abrasive is released from.an

25 abrasive hopper on top of the staging device to an
articulated chute which then discharges the measured
change of abrasive to the storage reservoir on top
of the abrasive blasting wheel.

The operator then starts the shrouded

30 abrasive wheel and moves it from one end of the
track to the other adjusting the length of the
articulated cantilevered arms to keep the wheel
shroud in contact with the ship’s hull so that the

. maximum amount of contaminated abrasive is collected ..



[err] 39 units, heating units and dehum dification units, are operated
during al'l coating phases. Abrasive blasting dust recovery units 168 are
operat ed during abrasive blasting. Consunmabl e or recycl abl e abrasi ves may
be used based upon current bal ance of econom c factors including abrasive
cost, abrasive 5 equi pnrent capital ggst and abrasive recycling cost.
Pai nt overspray filter units 174 and”sdPvént evaporati on VOC incineration
units 172 are operated 10 during pa int application and curing peri ods.
Preferably, if permtted by water access to an end of the drydock 14,
Figure 13, vedn lthd @ontaninadifed disrdsive ureseridilr odavedibelewi on units
166, abrasiveﬁ$yst col, ection units 168, paint 15 overspray filter units
174 and sol verm:% Tlon VOC incineration units 172 are pernanently
installed on a support Bumiend thei ghrasivd biastdng ttrmasie, wit h

b “on, SR SR TE U a8 P L pibied PGS0, | T
cor r espofds t@h&ld\mﬂm atkached teithe cdheel. shyroydingptesthe, abr asi ve
hoppers, abr aghye il hedfiladross el dpdBChbAEEedChPSEg) £RES utilized
'n the drydock and to the dust collector on the enclosure
support barge where dust is removed from the air and
from there to the VOC incinerator/collector from
10 which the clean air is evacuated to atmosphere or
recycled through the ventilation system as
appropriate. Meanwhile, fresh clean heated and
dehumidified air is'continuously provided from
ventilation equipment aboard the enclosure support
15 barge through the drydock and across the upper
modules using the ventilation header. Compressed
air to operate the abrasive wheel and hydraulic
pressure to operate the staging device winch,
vertical elevating trolley and articulated
20 cantilevered arms is provided through corresponding
piping headers extending from the enclosure support
barge through the drydock to the individual staging
devices making up the enclosure.
When an abrasive blasting wheel has been
25 operated through a single one—way transit on its
track, the respective vertical elevating trolley is
raised an amount approximately equal to the height
of the swath abraded off by the abrasive wheel and
_ the abrasive wheel mechanism is operated through a
30  full return transit. When the return transit is
' complete, the valve at the bottom of the
contaminated abrasive reservoir is opened which
discharges the contaminated abrasive into a lower
- =7, .section of the same chute used for loading abrasive-
35 which then discharges the contaminated abraéive into



coating process can also be located on the support 25 barge, if that
practice is judged to be appropriate and economcal. Referring to Figures
9, 10 and 14 (which show an alternative to the drydock deck-supported
systemof Figures 1, 2, 12 and 13), in the preferred 30 way of using the
| nproved net hod of coating hul | areas above the waterline on ships afl oat
in the water, a plurality, e.g., eight to fifteen encl osed stagi ng devices
32 are installed on a barge 182. The bargep182 has a vertical truss 184
conprised of 35 segnents which permt its height to be adjusted 40

bet ween twenty 2 &éeyo;,es%nh%seateahbﬁ {:ﬁﬂs?.lbér' e‘faftﬁd_ at the

| ongi t udi nal center I ne o vertical truss
184 is Iocated‘Hﬂﬂyﬁﬂéctlﬁh1§891Powﬂﬁé &PP&éﬁﬁénF°d€@iéengsn9the ot her end

of which is at t@é&&ﬁxi tasraamesr,mﬁghﬁ& 2h thaﬁhneaa&&ow .ac imes prI B|t
by Cemporary vl G hgnel_Yeeuum Joriocs SLler memnS, byl prer bl
barge 1825 are moved, this bin is lifted by crane to a

recycling location where contaminates are removed

and the abrasive is prepared for reuse.

Another charge of clean abrasive is then
received into the clean abrasive reservoir on the

10 ‘abrasive wheel mechanism and the process is
completed until all sections of ship’s side hull
within the enclosure is abraded. Bottom shell and
touch—up blasting are accomplished using air blast
nozzles with steel grit abrasive or other method as

15 appropriate with the enclosure still in place and
before painting commences. Loose steel abrasive on
the floor of the drydock within the enclosure from
air blast nozzle blasting or escaped from the
abrasive blast wheel shroud are cleaned up using

20 shovels, brooms, vacuums, magnets or the like,
before painting commences.

When painting is ready to commence, using
the preferred method, the vertical elevating trolley
with cantilevered arms is lowered to the bottom

25 position. The horizontal track mechanism with
mechanized shrouded abrasive wheel(s) without
recovery and with operator position is removed from
its mountings on the cantilevered arms and
preferably replaced with a horizontal track

30 mechanism on which is mounted- an operator position
and a mechanized la;erally moving paint spray device
containing one or more oscillating airless paint
spray nozzles and a hood with filter connected by

" duct to the~enclosure exhaust system. The
35 - oscillating paint spray nozzles are connected to a



10 at deck edge, are located w nch-tautened attachnent |ines 190. Two
attachnment devices 192 are used to attach the ends of the lines 190 to the
“ship's hull 18, by tenporary wel di ng, magnet vacuum devi ce or ot her neans.
Attachment devices 186 and 192 have 15 six degrees of freedom i ncluding
change in relative draft of barge and ship upward and downward, plus
rotation in both the horizontal and vertical directions. This type of
attachnent enables the | arge conposit@lencl osure conprised of individual 20
enclosure units 42 to renmain sealed to the side of the ship wthout

over st ressi ngaiht stbzageeandpsupply agstemaﬁscahédgohoa@@ ofused by w nd,

naves, Uide aad ¥aaktPUysRe Rt BOReUEALLANC 2380 iy changed

Ioadlng 25 I ces (which towers
are not showhobtiemasdidel Of Shes&ep of ﬁbé §PPFFemP e 10 alternative) are -

pinned at 204 to the deghngf awml%@&aste Eaauhqwabsa%p%rﬁaheﬁrw se

constructed and operated as_has heen disclosed™in relati"on to Figures

1-8. DUPi ng RPRERSRFB/of Fﬁgkﬁgi@@a$§2rFol§nH°FPGﬁﬁtHB &ep 10, the encl osed
stagi ng devi ggftalevesied |&Q"his2(iﬁht Placasoghene bBcilidrdndy syrtalir stagi ng

Platforms 34 0 sP858%ack and mechanisn.Pos!tions.
During painting, the enclosure continues
to be supplied with heated dehumidified clean air
10 and exhausted, the same as during abrasive blasting.
The operator then starts the oscillating
spray nozzle mechanism and operates it back and
forth keeping the nozzles an appropriate distance
from the hull and raising it between transits until
is5 the prime coat of paint is fully applied. Touch~up
is performed by the operator using an airless spray
gun. After the prime coat of paint is fully cured,
subsequent coats of paint are likewise applied.
The enclosure is maintained in place, as
20 earlier described, until the full paint system is
sufficiently cured to reduce VOC emissions to an
acceptable level.
_All components of the enclosure device are
preferably designed to be non-sparking. All modes
25 of operation of the horizontal abrasive blasting and
B painting mechanisms are preferably capable of
manual, semi-automatic or fully autcmatic control,
either separately or in combination. |
Because it can be modified to some extent without
30 departing from the principles thereof as they have been
outlined and explained in this specification, the present
invention should be understood as encompassing all such
modifications as are within the scope of the following
- claims which are to be read as being included within the
35 disclosure of the description of this application.



35 After the barge 182 is attached to the ship 10 at [err] 41 the
three.attachnment points 188 and 192, the encl osed staging devices 34 are
raised into a vertical position using a floating derrick or winch with

bl ock and tackle attached to the ship. 5 Infl atabl e seals 158 | ocat ed
bet ween i ndi vi dual adj acent enclosed:ﬁenﬁ%g devices 34 are inflat€d. An
inflatabl e seal at barge deck edge 194 between the barge 182 and. the ship
10 is inflated. An inflatable seal 196 is installed in the gap bet ween 10
the top of the erect enclosed stagi ng deGLAEMS34 and the ship -and infl ated.
| nper neabl e shrouds 94 installed at the after end of the afternost encl osed
stagi ng device 34 and forward end of the formardnnst encl osed st agi f

devi ce 34 arelattadpPa@redush£ors perigrming guqtace ﬁ{j’%(jﬁétas generally

Portabl e st orgeyelensldal fiice]Viddiprdiyingd00 with nagnets 202 or ot her
Coat i ng bar ge. 182 8rBLHFROFTa h APHEHS B@%"n@ravar iensed 1o HR (sRperte on
seal ed at 203abgenerally horizontal support surface (12) in confronting
relation to the generally vertical surface (18)
shroud means (42) mounted to said towers (34) for
cooperating with said generally ve:tical surface (18) for
10 enclosing a confined space (44);
a ventilation system (46, 120, 126, 128, 162, 164,
166, 168, 170, 174, 214, 216) including ducting for
supplying fresh air through said shroud means to said
confined space, and ducting for recovering contaminated air
15 through said shroud means from said confined space;
characterised in that the towers (34) are arranged
side by side in a set to be supported on the generally
horizontal support surface (12) in confronting relation to
a longitudinally andfvertically extending portion of the
20 generally vertical ‘surface (18), each tower comprising a
plurality of modules (222, 224, 226) destackably stacked
one upon anothe;fand including at least a base module (222)
arranged to be_directly supported on said support surface
(12), and an’upper module (226) arranged to provide an
25 upper end for the respective tower, the shroud means (42)
being mounted to said towers (34) for cooperating with said
surface (18) to enclose a confined space (44) forwardliy of
said set/of towers (34), and said ventilation system
including ventilating machinery mounted on said upper
30  modulés (226).

2. Apparatus for performing surface work such as cleaning
and painting on an external generally vertical surface of
a ship hull, comprising:

35 - / a plurality of towers (34) arranged side by side in a
set to be supported on a generally horizontal support



20 grouting, gasketing or other neans. The ship's hull area to be
coated is consequently fully enclosed and seal ed off. A support barge 176
is then noored to the enclosure barge 182, Figure 14. Vent ducting, 25

el ectrical power cabling, hoses as appggpriate for the coating equi pment
(Figure 11) are then connected from appropriate points on the support barge
176 to appropriate points in the enclosure and/or to coating equi pnent as
has been described in relation 30 to Figures 1-8 and 12. The coating
process .is then conducted using existﬁﬁéggg%cedures, e.g., as further
described in the above-nentioned U. S. patent application of Garland et al.,

w th abrasiyve bl ast suppori equi nt, on the.support, barge enerqgized 35
during abr 4t ve ARBRESTRE 49 (PSR4 S Haach Wk o (R 9T aRRLEY | ng
support eqwepreialabnarfaddie compoisidger ge energi zed during paint

applicgtion,and curing. Al of the foregoing part of the detailed

description has been carried forward fromthe detai
a plurality of towers (34) arranged to be disposed

side by side in a set to be supported on a generally
horizontal support surface (12) in confronting relation to
a longitudinally and vertically extending portion of the

10 generally vertical surface (18), each tower comprising a
plurality of modules (222, 224, 226) destackably stacked
one upon another and including at least a base module (222)
arranged to be directly supported on said support surface
(12), and an upper module (226) arranged tb provide an

i5 upper end for the respective towerj

shroud means (42) mounted to said towers (34) for
cooperating with said generally vertical surface (18) to
enclose a confined space (44) within and forwardly of said
20 set of towers (34); and

a ventilation system (46, 120, 126, 128, 162, 164,
166, 168, 170, 174, 214, 216) including ducting for
supplying fresh air through said shroud means to said
25 confined space, and ducting for recovering contaminated air
through said shroud means from said confined space, said
ventilation system including ventilating machinery mounted
on said upper modules (226).

30 2. Apparatus according to claim 1, wherein the generally
vertical surface is an external generally vertical surface
of a ship hull.



5 description provided in the aforenmentioned U.S. patent and copendi ng

U. S. patent application, as being germane to preferred practices of :the
apparatus and nethod of the present invention. The follow ng part of the
detail ed description builds 10 upon tho details to provide further

i nformation about presently preferred eﬁﬂ%g'nents of the present invention.
In Figures 15-20, the ship which is to be worked on is again indicated at
10, supported on 15 keel bIocks 160 on the pontoon deck 12 of a floatlng
drydock 14. Teerfoegn freniinbaielatianrdeed .

the ship. Proyhdh ga.a c%?ﬁ.gxtitxm o ¥n t&leabg@n%%ﬁyt %r%mﬁlf acga

the viewer. ASset eV|ces hown _suppor t od” on
t he pont oon dextermal, syirfage t( queyas ship hudlyh @GR FHOWEFo SEPPTASEND| v

42 is p{ Vi delé %@.%‘itaﬁhﬁ%%ﬁl mzihdﬂtésglnge\azqgs 2&? )f @resftqdnfamYas deulaa f
COFYDOSI e enc osure eal S ave peen rorne et ween e T0rwg S O
Cher D5°sCLpPel MPE! AnRERS G APCIHE P % leash A NAes. 3od lpni%?ﬁ%a

bet vveen tOp aRgreindRs Qi‘o s Ailyedd tIgy sémms&wma&:&sﬁp i s&trfaiw
o e et 192 AR b ol i L B ST SR 12 O
upper end for the respective tower;
shroud means (42) mounted to sdid towers (34) for
10 cooperating with said ship hull glGrface (18) for enclosing
a confined space (44) within ahd forwardly of said set of
towers (34):
a ventilation sysiém (46, 120, 126, 128, 162, 164,
166, 168, 170, 174, 214, 216) including ducting for
15 supplying fresh zir through said shroud means to said
confined spageg, and ducting for recovering air laden with
dust, paipt overspray and/or volatile organic chemicals
througl” said shroud means from said confined space, said
veptilation system lnclud*ng ventllat-ng machinery mounted

20 o ‘-: S et OCas s s‘)‘

3. Apparatus according to clainlgpeé 2, wherein said
shroud means (42) comprises end curtains (92) for sealing
between end towers of said set and said ship hull surface,
25 face panels (90) for closing off respective faces of said
tower modules, corner seals (122, 194, 196, 198) for
sealing between adjoining edges of adjoining ones of said
tower modules both on same ones of said towers and on
adjoining ones of said towers, between an upper horizontal
30 edge of each said upper module and said ship hull surface,
and with said hull surface at a lower, forward extent of
said shroud means, at least some of said seals being
inflatable seals (194, 196, 198), which, when inflated,
tend to form a gasket against respectively opposéd seals or
35 said ship hull surface.



30 A support barge 176 is noored al ong side one w ngwal | of
the drydock 14, e.g., at mdship by conventional nooring li-nes (not shown).
By preference, according to the present invention, hydraulic pawer for..the
apparatus, e.g., 35 for powering the_pgwer systems 48, 130 for the

[err] 43 trolley and shroud and for extension and retraction of the
cantilevered arns, is provided centrally by a hydraulic power unit nount ed
on a skid 212 which can be I|fted by crane to aﬁggltabl | ocation, e.g., 5

onto the suppbrt bARRAEIFEUS ACTHH ‘Eﬁn"g’é-ﬂ- & &% Ghpdurthes | ity. By
preference, ticRiEi@§re support faC|I|ty al so includes fans, punps and

compressors o1 the Bl aMRNSTENa SO L) LTS Uola SShdd, gurtacs
overspray and(mx; exdbd sflsetimg ediydeck dakriny G twilriywhIY o(rma)he conposite
I nes 228 as vel 15 ESSREGEHIE APATRT Mo O P et e Bz *°r! o€
supplying and a respective header portion of said ducting
for recovering being mounted to said upper modules of said
towers and having a first set of connectors;
reépective intermediate portions of said ducting for
10 supplying and said ducting for recovering being mounted to
said wingwall and having at opposite ends thereof second
and third sets of connectors:;
a skid (212) having mounted thereon ventilation fan
means, dust recovery means and volatile organic chemical
15 treatment means, and respective portions of said ducting
for supplying and said ducting for recovery effectively
connected therewith and mounted to said barge and being
provided with a fourth set of connectors; .
said ducting for supplying and said ducting for
20 recovering further including first flexible portions
disconnectably connected between said first and second. sets
of connectors, and second flexible portions disconnectably
connected between said third and fourth sets of connectors.

25 5. Apparatus according to claim 4, further comprising a
barge (176) floating in a same body of water as said
floating drydock, adjacent said drydock:; said skid 212
being supported on said barge (176), said barge (176) being
located outboard of said wingwall 16 and at midship in

30 relation to said ship hull 18.

6. Apparatus according to any preceding claim wherein on
each said tower (34), each module includes at four corners
of an upper'end thereof respective vertically apertured

35 plates (230) for receiving through openings (232) thereof
respective locating pins (236) from above, and each module



15 servicing and supplying the enclosure. By preference, the service

| i nes, 214, 216, 218 and 220 include certain portions nore fixedly connected
to one another and to respective supports as ducting, piping runs and
headers, notably to the 20 skid at 212, to the wingwall at 214 and to
upper nDduIes of at |east certain one85of the staging devices 32, and
certain intervening portions between portions, between the skid and t he

wi ngwal | .at 216, and between the wingwall and at |east certain ones 25

of the st agithEdie\dLES bakd hodhle ﬁs@imég eatafo@zl%oﬁﬁeﬁésd:fYamide up and

separated fl exible connections, which na nventi escription
By pref er 8T @Rd E%B??fbﬁ?ﬁge‘éﬁi‘ﬁn‘df’ f'{y W%‘K?ﬁgg £§e§'&ﬁgorted

i s stati onestadind s be236) Spﬂ@j@étiﬂga throdgh grespeotive asuppdeki p, SO
e o | ACiAE LN RS, FELNREERI AL A0E Vot BoLbR Fedbdctils W1 ¢
5 sald openings (232) in respective vertically apertured
plates of respective corners of respective underlying ones
of said modules (224, 222), respective ones of said support
plates (238) being supportingly engaged on respective ones
of said apertured plates (230), the apparatus further _
10 including securement means disconnectably securing together
at (258) respective engaged ones of said support plates
(238) and apertured plates (230).

7. Apparatus according to any preceding claim further

15 including: tower assembly, disassembly and shifting means
comprising a crane-attachable sling (256) hofizontally
suspending a rectangular lifting frame (242) having at four
corners thereof downwardly directed locating and lifting

. pin means (244); said lccating and lifting pin means being

20 movably mounted to said lifting frame by (248, 250, 252)

' for shifting between a locking position in which each is
arranged to lock with a respective said apertured plate,
and a releasing position in which each is arranged to
approach, enter and leave a respective said apertured

25 plate.

8. Apparatus according to claim 7 wherein each said’
opening of each said apertured plate (230) is provided with
perimetrical notch means (234), each said locating and

30 lifting pin means is provided with horizontally projecting
boss means (246); and each said, locating and lifting pin
(244) is arranged to be shifted between said locking and
releasing positions thereof by being rotated about a
respective vertical axis relative to said lifting frame

35 (242).



Changes in preference, and el aborations in regard to the tower structures
34 of the enclosed staging devices are described belowwth reference to
Figures 21-27. 5 By preference, the individual tower
structures 34 which together formthe respective sets of tower structyes,
are made-up fromfour different kinds of “stackably, denmountably mounyable
nodul es i ncNdi ng base nodul es 222, internediate 10 nodul es 224, ful
machi nery uppew nodul es 226 and ventil ati on- onl'y upper nodules 228/ (In
particul ar fact L,-anatuaeacnasdingnto|nnnrpﬁacaﬂganq&aéy whereipe adsed

singly or ”.lfgéélé R "yof”sﬁi‘ﬁhtgﬁﬁﬁ §hf: Héea bﬁi%i&ﬁi!' ?i&vﬂb‘as coul d

be conbi ned es_or
ventil ati on-erPILepk 5hDﬁBFegeESépélbgoﬁﬁﬁﬁﬂﬁaﬁée ghatioping/akore ful

machi nery Ordébaﬂ'édﬂ hé gﬁﬁQI QﬁthiﬁqHhmaeéoﬁfﬂﬁéd”ﬁéabez ahd! ﬁgscgtl )
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mounted at rear ends of said trolley (36)/and at forward
ends to said track base plate (262) and Arranged to extend
10 and retract said trick base plate forw-rdly away from and
rearwardly towards said trolley; said/ track base plate
mounting horizontally,\longitudinally extending track means

(264) for mounting work\equipment /for longitudinally

traversingly applying work to said ship hull surface.

15 :
10. Apparatus according to ¢ aim 9, further including
power-operated lead screw mgaRs (282, 284) effectively
coupled between said trolley and said cantilever arms for
extending and retracting/ said cagtilever arms and thereby

20 said track base plate,/or including double-acting
pressurized fluid-operated piston apd cylinder means (298)
effectively coupled/between said trolley and said
cantilever arms £f¢or extending and retXacting said
cantilever arms and thereby said track base plate.

25
1l. Apparatug according to claim 9 wheredp said working
equipment medAns includes means for blasting\abrasive grit
against safd ship hull surface.

30 12, Apparatus according to-élaim-ll, in which the working

equippént comprises means (140) for compressed-aix
propdlled abrasive grit spraying, mounted on said Xrack
megns for longitudinally traversingly applying abrasive
plasting work to said ship hull surface.

35



el evating trolleys 36, cantilevered arns 38, respective portions of
ventilation supply and exhaust ducting 214, 216, hydraulic oil service

| ines 218 and conpressed air service lines 220, as 30 wel |l as serving as
nounting bases for abrasive grit supplysggurpnent and paint supply

equi prent. The ventilation-only upper nbdul es 228 |ack all of the
above-enunerated el enents of the full machinery upper nodul es, except for
respective [err] 45 portions of the ventilation supply and exhaust

ducting 21439-216 APRAF et IARAREND X0 a3 RFEASYNGe FiaiMy WheEREM BE v t h
f oot pads 13Gealhe drid &#TEsH A ecdsks asupbdrtidd wdevieanedlievatinger medi at e

portions of the towers 34. The %P er. ends of each base,, internediate and

upper nodul &ERl-9% JA&k LW Yo NGe&fect i ve

vertically it thdidtts grilthiad sdid WonTinddiispace30 andachete Ws ch has

2 centrgl cigcular openlng #32 VPG L8O 4 AT %3 Mhvending

horizontally longitudinally of said set of towers (34); and

a pair of longitudinally spaced cantilever arms (38)

mounted at rear ends of said trolley (36) and at forward

ends to said track base plate (262) and arranged to extend
10 and retract said track base plate forwardly away from and

rearwardly towards said trolley; said track base plate

mounting horizontally, longitudinally extending track means

(264) for mounting work equipment for longitudinally

enerally verticdl
i surface.

traversingly applying work to saidls
15
10. Apparatus according to claim 9, further including
power-operated lead screw means (282, 284) effectively
coupled between said trolley and said cantilever arms for
extending and retracting said cantilever arms and thereby
20 said track base plate, or including double-acting
pressurized fluid-operated piston and cylinder means (298)
effectively coupled between said trolley and said |
cantilever arms for extending and retracting said
cantilever arms and thereby said track base plate.
25 |
11. Apparatus according to claim 9 wherein said working
equipment means includeﬁmf?ans for blasting abrasive grit

nerslly vert
against saidag;ip_hukﬂ surface.

30 12. Apparatus according to claim 11, in which the working
equipment comprises means (140) for compressed-air
. propelled abrasive grit'spraying, mounted on said track
means for longitudinally traversingly applying abrasive

_ blasting work to said &hip—hu&g surface.
35



opposed perinetrical notches 234. The |ower ends of each internediate and
upper, mbdul e are provided at the four corners 15 thereof wiith vertically
downwardly projecting, bluntly pointed |ocating and mounting pins 236.: The
pi ns 236 project down through respective support plates 238. In order 'to
facilitate erecting, changing, 20 téé?an down and shifting nodul ar
towers 34 using a crane (such as the crane 20 that was described in
relation to Figures 1-8), the present invention preferably provides a

st agi ng devige rwdpbfai:uétaﬂgordgnéwo ebaim 1bcimdeisich hthie aomiled hg

Four down st s RBEcobREL SBR ReR0E Laks Lebeclh i byt il ELERIRE a0

The pins 24Mheek—paopeblnngdehra81aec@nbhwambentade¢mmsh$de¢t&mgl with a

pair of 30 r ing pin
ends 246 whiC H%f£§é|%§§§%gu§?€8? goggﬁé éggggﬁ§hen t g&%lns 244
are prdberl@laﬁgbnng9r&Itgnédldbébéﬁrbgigcﬁuvﬁav%ft|cal axes relative to

t he openi ngs 232. The pins 244 are 35 journall ed on the corners of the

rig 240 for
J 14. Apparatus according to claim 11, 12 or 13, said

working equipment means is an open cycle system including a
supply hopper (320) feeding a housing-enclosed rotating

10 wheel (316), said housing having an outlet directed
forwards toward said Ehip-hull surface; and a recovery
hopper (328) supported under said housing for collecting
spent abrasive grit, with chips and scale abrasive-blasted

from said hip—huld surface.

15
15. Apparatus according to claim 14, further including:
a series of pivotally interconnected funnel-shaped
chutes (336) suspended from said upper module (226) of each
said one of said towers (34);
20 a main hopper supported on said upper module and

arranged to spill abrasive grit into an upper end of said
series of pivotally interconnected'funnel-shaped chutes
(336):;
a collection trough (346) arranged to be supported on
25 said support surface under a lower end of said series of
pivotally interconnected funnel-shaped chutes for
collecting spent abrasive grit;.
said series of chutes being pivotally flexed at an
upper intermediate level adjacent said supply hopper (320)
30 for diverting abrasive grit spilling in said series of '
chutes, into said supply hopper:; and
said series of chutes being pivotally flexed at a
lower intermediate level adjacent said recoveryvy hopper
. (328) for collecting into said chute for spilling
35 therethrough spent abrasive from said recovery hopper.



[err] 46 limted, coordinated angul ar rotati on about respective vertical
axes. Cbordlnated rotation is provided by respective crank arns 248
(Fi'gures 24- 26) coordinated by operating rods 250 connected to a 5 :
power - oper at ed reversi ble actuator 252. @Control signals for the actuator
(which may be electrically, hydraulicaHﬁ@'or pneumati cal ly powered) can be
supplied via a control cable (not shown) or renotely e.g., by infrared or
radi o signals. 10 The frame 242 is shown provided at its
corners mﬁthldomna@pdkgthbaabugrddngetogahﬂeszEAaﬁms fLacitbi 03} | wherein

i t of h d h The frane
g4£gpgegdagte ?o elng ghpgggegﬁo%égg %%d h%§ggcg§n§'%§§4egfane by
bei ng equi ppedchixdling aoﬂuenﬂyohappwrréﬁeéenglangogsﬁngrennéoseﬂe A tower,
ool P01 OBoRac AUClnaRGY! 8ok hblisalgbial auE! bRAOGLRTSA] 81 240¢bBI 0 pl ace

so that its own throu eni ngs until the
bosses A6 EWAEAS ttﬁrﬂéﬁgh sghé ﬁbﬂ-?hé§1é3§urfﬁé’ﬁ- tahase&@v&amhonagn s

operated to §@bgb8ted under said housing for collecting spent abrasive
grit, with chips and scale abrasiwve-~blasted from said ship
hull surface; and means for recycling said spent grit to
said supply hopper.

10 17. Apparatus according to any of claims 11 to 16 wherein

said means for blasting abrasive grit against said
generally vertical surface includes a housing (318) having
a tubular outlet (322) aimed towards said surface, and
through which abrasive grit is blasted against said
15 surface; a tubular brush (324) peripherally provided on
said outlet and arranged to engage said surface for
continuing said abrasive grit being blasted against said
surface; and
vacuum line means (326) effectively penetrating said
20 shroud and communicated to said outlet for drawing-off
abrasive blasfing dust confined by said housing.

18. Apparatus according to any of claims 9 to 17 wherein
said working equipment means is a paint sprayer (350).

19. A method of performing work on é generally vertical
25 surface, comprising: | |
arranging a plurality of modular towers (34) supported
on a generally horizonal support surface (12) in
confronting relation to a generally vertical work surface
(18), the towers being arranged in a set side by side along
30 a first increment of the work surface, each tower having a
base module (222) and an upper machinery module (226)
including a work platform (40);
providing shroud means (42) mounted to said towers
(34) for cooperating with said generally vertical surface
35 (18) to enclose a confined spaced (44);



the pins 244 so that the bosses 246 are no |onger aligned with the notches
234, but instead underlie portions of the respective plates 230. Lifting

t he 25 rig 240 thereby lifts the nodul e or nodul es which are effectively
connected to the respective plates 2386%9As a nodul e or set of nodules is

| onered into place on an underlying nodule, its |owernobst downwardly
projecting pins 236 project down through 30 the respective openings 232

of a respective 1V, SRR £058 st upon
t he respective ﬁga es %’ng %ﬁ:&lﬁﬁe acfatfjia fr%gﬁ?és oper at ed %% Er%f ate the
pi ns 244 so thamh&@ﬁﬁ%&@@@aﬁ@emﬁ B¥yned with the notches 234
Lerr] 47 and thetlhgay be didieriéy &S GodliPas oEnRe VE3d 910k, 325&&' e or

st ack of nDduIes stabl |1 zing towers or stack e of the

pl ates 230S45@ bW %eﬁm 3s ’p?%?/l%%?’hto‘?% 'Btpe n%‘l”ékfﬁé’c' fce.
recept 5on QRN REweddthav %@%&%Qﬁb&ﬁ!ﬁe NERDY| dndsseippes Ar ot her
a

fasteners 260 _can be renppyv nst al
machinery (226) mognie including the said work p}atform,
enclosing by said shroud means a confined spaced

extending from the set of towers towards the said vertical

surface; )

10 performing work on the vertical wor%/éurface including
or consisting of spray painting the ve;;ical work surface
from the platforms: ,/

collecting contaminated air frqﬁ the painting
operation inside the confined spacé;
15 setting up a second set of bése modules along a second
increment of the work surface; .
moving the upper machinqry modules from the first to
the second set of base modulés and replacing the upper
machinery modules by uppe:'ventilation modules;
20 collecting contamingied air from the confinéd space by
‘ the upper ventilation médules as the paint dries; and
after the paint has dried, dismantling the towers
confronting the fing% increment of the work surface into
modules for reuse in successive phases of work on the
25 surface. /1
/
20. Apparatué/according to claim 19 in which the step of
performing work on the vertical work surface includes
connecting abrasive blasting heads on the work
30 platforms-and using them to blast paint and/or scale from
the vertical work surface;
_,éollecting contaminated air from the blasting and
painting operations inside the confined space and
pfocessing the contaminated air outside the confined space.

.35 .)/



Referring to Figures 27 and 28, a ship can be efficiently cleaned and
pai'nted in a preferred 10 practice of the present inventiohn, by: usvng
three sets of base nodul es 222, three sets of internediate nDduIes 224, one
set of full machinery upper nDduIes-- Zgg_and one set ‘of venti’lation-only
upper modul es 228. For each tower, a base mpdul e and an 15 I nternmedi ate
nodul e may remai n secured together to serve as a respective | ower nodul e

t hr oughout usage for work on a particul ar sh|c or cartlcu ar size of ship.

The nunber OT TTORAECFRTRECH R ET Preref ab Sel Bt 0 SULLet0

one-quarter of tf&héihctefisg@tsy fﬁetgmep§n¢f The basi c_te&sOn for using
two different types of u

rel atively expens?%a?%?'ﬁgsﬂl R %r?)f "fﬁe R |%W%]%B{J%\f/)i %%tg&:

t hat such f Widesbnogsidé alang alfizest md':;/emémn o cthexl, workl suefaoe, | onger
"needed, 4 he respective lppet—T q|ﬁf next set of

t owers. é 2T _ 5 te |n |gu+§% fé] é%féj* a typi cé#&preferred
practice of A Fh dRasy essadmiTases kpitfainrent| osed

staging devices 324p siﬁgtﬁg SO afrdid GogHEE Win £indd Sspsdlet er of

the ship. In this et
extending from the set of towers towards the said vertical

surface; generally (18) from Ehe work plabfovin (1:9);
10 performing work on thelvertical work surfacellncludina
or consisting of spray painting the vertical work surface
from the platforms;
collecting contaminated air from the painting
operation inside the confined space;
15 setting up a second set of base modules along a second
increment of the work surface;
moving the upper machinery modules from the first to
the second set of base modules and replacing the upper
machinery modules by upper ventilation modules;
20 coilecting contaminated air from the confined space by
the upper wventilation modules as the paint dries; and
after the paint has dried, dismantling the towers
confronting the first increment of the work surface into
modules for reuse in successive phases of work on the
25 surface.
A method
20. %pperatus[according to claim 19 in which the step of
performing work on the vertical work surface includes
connecting abrasive blasting heads on the work
30 platforms and using them to blast paint and/or scale from
the vertical work surface;
collecting centaminated air from the blasting and
painting operations inside the confired space and
processing the contaminated air outside the confined space.
35



tower is topped by a full machinery upper nodule. Nothing is yet happening
around the second through fourth quadrants. [err] 48 As abrasive

bl asting and painting is being carried out .on the first quadrant, work
begins on setting up the | ower nndule;oof a second set of towers around the
perimeter of the second quadrant. Not hing is yet happeni ng around the
third and fourth quadrants. As abraS|ve bl asting and painting is conpleted
in the first quadrant, the full machinery upper nodules are shifted from
the first23et AomelthotD fors pexfibrming aadlverk shgenerally atelrtigeal t he

I d ing Is yet

hg\gﬁ;nrﬁg%ﬁéunglaﬁh@% ets%t"c%z’??ﬂ% %%@qgsﬁiﬁﬁ%’%q Ogl’![ h %low of
the flow pezimeshawef & Biugdr oL7A SMH wmm%m a genenaddyt owers in
blost ! rSthéﬁkzah%aﬁr 4 second uac?yant ané{as? ¥ d@bra5| ve

blastlng an palntlng egins ont et -
disposed in a body of water for ¢ eaning and painting said

surface of said ship hull in a succession of phases,
comprising:
erecting on said deck surface adjacent and extending

longitudinally along a first portion of said surface of

10 said ship hull a first set of enclosed staging devices
(32); said first set of staging devices including a
plurality of modular towers disposed side-by-side, and a
shroud (42) which is open towards said first portion of
said surface of said ship hull and effectively encloses a

15 confined space collectively around sides, back and top of
said first set of staging devices, and against said deck
surface and said surface of said ship hull perimetrically
of said first portion of said surface of said ship hull;
each said modular tower including a lower module (222)

20 directly supported on said deck surface and a fuil

machinery upper module (226) directly supported on a
respective said lower module; each full-machinery upper
module supporting for vertical movement and stationing at
selected levels, a respective vertical elevating trolley

25 (36): a working equipmenf support platform (40) for each

' said trolley:; for each said trolley, horizontally forwardly
extensible and rearwardly retractable cantilevering arm
means (38) having near ends thereof mounted to the
respective said trolley and forward ends thereof mounting

30 the respective said working equipment support platform;
air-handling ventilation lines and equipment service lines
(214, 216) penetrating said shroud, being supported by each
respective said full-machinery upper module and effectively
extending to and from each said working equipment support

35 platform;



up of lower nodules of the third set is conpleted around the third
guadrant.. 20 After paint on the first quadrant has cured and
bl asti ng and pai nti ng have been conpl eted on the second quadrant, ful

machi nery upper nodul es are shifted from,t.he second set to the third set,
ventilation only upper nodul es are shiftéd fromthe 25 first set to the
second set, and lower nodules are shifted fromaround the first quadrant,
to around the fourth quadrant. In a correspondi ng manner, in ensuing
stages, work is pephoeach of shpluzedidsyi of| §a3d wozskings UL DEEREr ant s

until each hagueggeg fgﬂ'ﬁgabgﬂs, F’esasat:lexngr sﬁeagsdeefmagtmat aeaast i) R

cantil ever arns escrib th reference to Figures_29-32.

first vari ati®alidseqgnbpment FPSHFGezéiBSS aﬁﬁdtosﬁﬁéﬂhéérﬁBEPPFé&g in

Figure 30. |veftfVaeidf. linekebhl, tbﬁinevvefavarémngcbaddahb%sa.né t he
trolley a hi s _vari ati e.,arns |r formarng Uy a

t
track bas plg}%sﬁ%ﬁgoheﬁﬂﬁcﬁengiV C§Peﬁaig suiface' 8k
varying levels of the respective said trolleys, applying

"abrasive grit from said heads against said surface of said
hull and thereby blasting chips of paint and/or scale and
dust from said surface of said hull, and carrying at least
10 some of said chips and dust, out of said confined space
through said air-handling ventilation lines;
thereafter, on each of a plurality of said working
equipment support platforms, connecting paint-applying
spray heads (350) to said equipment service lines and to
15 said air-handling ventilation lines and, while traversing
said paint-applying spray heads relative to said surface of
said hull and varying levels of the respective said
trolleys, applying paint from said paint-applying spray
heads onto said surface of said hullland thereby painting
20 -said surface of said surface of said hull and cafrying at
least some paint overspray and volatile organic chemicals
from said paint, out of said confined space through said
air-handling ventilation lines;
erecting on said deck surface adjacent and extending
25 longitudinally along a second portion of said surface of
said ship hull lower modules (222, 224) for a second set of
enclosed staging devices (32):
lifting said full-machinery upper modules (226) from
respective ones of said lower modules of said first set of
30 enclosed staging devices and transferring and lowering
those full-machinery upper modules onto respective ones of
said lower modules of said second set, and thereby
providing a second set of enclosed staging devices likewise
including a second ﬁlurality of modular towers and having a
- 35 'secorid-confined space collectively around sides, back and
top of said second set of staging devices; said trolleys



hori zontally, laterally extending tracks 264 for 5 mounti ng ot her

equi pnent. Each armincludes upper and | ower rear parallel |inks 266, 268
pi voted at respective rear ends to the trolley at 270 and at respective
front ends to a vertical tie link 27248 274, and upper and |ower front

paral l el links 276, 10 278 pivoted at respective rear ends to the
vertical tie link 272 at 274 and to the track base plate 262 at 280. Each
arm further ncludes omer- erated | ead,screw 282 having a drive nut

354, oper P LHE HHEERBY SHORPE SR, P8 HBFbACED BAYSRESBoEPive arm 15 by a

rear drivestatkorBighati sglettedcaevels phvsasll gecondeebadihedt he drive
nut at 288 and a front end pivotally connected to the rear end of a front
drive 1ink®86%4t 292. The front end of the front drive link is pivotally
connected to anl2ftingnventédaszionondyi upper mbduldpge(22B0nendaral l el |ink

216 atq 294 0q0gs g kALR BRLbALELAERLLANONAS B ER3R dblke b1 2ES de

pIVOt |y connec nt er | ocati on on rear paralle
link 266 agaﬂdafirsnugettnécpasaﬂﬂeventﬁigtipnopnéy upser FPQ&Rebase pl ate

and verti cgh 1h&ahgg§e&ga&bc§%et bﬁrt&éﬁﬁe For' ausnbaﬁdp%%l b@kagr a@é%nkages

whi ch are re ate I SSOr s-| r% fashion to the drive |inks, at as
the | ead skpeasdsupaid: #drgti perkies RSy said Ship hull surface and

for confining respective portions of and reconstituting
10 said confined space around sides, back and top of said
first set of staging devices, as modified by replacement of
said full-machinery upper modules by said ventilation~only
upper modules; air?handling ventilation lines penetrating
said shroud portions and being supported by respective ones
15 of said ventilation-only upper modules;
during a period of time while volatile organic
chemicals are continuing to evaporate from paint applied to
said surface of said hull, carrying at least some of said
organic chemicals out of said reconstituted confined space;
20 and '
thereafter, dismantling said ventilation-only upper
modules (228) from said lower modules (222, 224) of said
first set, for reuse in successive phases of work on said
surface of said hull.
25



vertically, causin the I raII | ogram | i nkages to 30 hori.zontal |y extend

and etmggtelmgeret ¢l 374 e“?ﬁjate | f the power-operated | ead screws 282 are
wired to hgograicatent & i nately, all of the pivot joints can provide
only u transverse hori zontal axes, but if the |ead screws are
made to be operated independently to a I|£x;ed Thi s Sheet Has Been
Repl aced [err] 50 extent, at |east some ipIVOt joints nust also
provi de for pivoting about ' ' i zong@P axis, or be universa
joints, so that the track se_pl coc ML i f
vi ewed 5 in plan, for plagi end th he ot rom
the trolley, for accomodgpy rk on a ppndi Rgl y v
bow appr oachi ng or st e ching se nt 8 p hull: il
shows an alternate to the r-110 4 w 282, p Dr m
of a hydraulically power ubl ¢- LN i nder d% \ '
298, havin i bar a
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slide CC I psu @ﬁcemgm@qecmz- f,xgg | pad screw and drive nut of Figures 29 and
30." 15, llenkd s shows a further variation in which the track
1 ' Wi n-powered | ead screws 282 via
respective arns 303 provided in the formof nultiple-link scissors |inkages
having rear ends nounted by respective 20 drive nuts 284 to respective
oppositely threaded portions of the réséeétlve | ead screws, and forward
ends pivotally nmounted at respective ends to the track base pl ate by
pi votal connections whi ch accommbdat e novenent of these pivots vertically
25 towards and away from one another as the arns are extended and
retracted by coag? t rotation of the |lead screws in respective
directions. tional nﬁaykbng and operating |inkgges of fg@?rests
of reclining chalrs prOV|de model's” fer gg llg details of ?hese and p&Sgibly
ot her extending and retractin m re—desTgns—Tor The track base
plate relative to the t6Q Yaereergns of work platforns and abrasive
bl asti ng and pai nting equip b nted on the

34
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[err] Bl.ir [ 2 are described wth reference to Figures
3‘31‘41..E'I‘N€’5§§'59§l@§“p) ﬁégﬁlfg%g base plate 262 is shown nounting for
traverge ﬂVF#ﬂnﬁp ERues : wor k pl atf orm 304 whi ch nounts one or
nore conpressed air-operated abrasive blasting nozzles 140 bel ow an
operator's perch 306, fromwhich a human or robotic operator can control
traversing movement of the work platform/3841al ong the tracks 10 264,

el evation of the trolley 36 on the tower 34, and valves for operating the
abrasive bl asting nozzles 140. In a vagiation shown in Figures 34 and 35,
‘the work platform 40 (rather than the ¢rackObase 15 plate) is pivotally
nounted directly to the forward endgQof théxcantil evered arnms 38. The

track base plate is provided at 310 the®l| oor of the work platform 40
with rails along which an equi pnent f; 312 can be laterally noved
using controls 20 (not illustratey, bl e t he operator as has been
described in relation to el enent of e ogr-nent of Figures 1-8). In
t he enbodi nent of Figure 34, and by N
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current, pEef ﬁbrél S‘(gigrag,éze bl sting nmechani sm 25 IS not a
Corrpresse owi ng abrasive grit against the hull
surface, &inceN M?'L‘%[H@% SRRSO subh a systemis that while in operation,
it continually inflates the encl osed volunme of space within the set of

encl osed stagi ng 30 devi ces 32 Wthgﬁxssed air. In order to prevent
the air from causing the shroud to’ baIf" ut and to | eak dust, spent
abrasive, chips and scale through joigts and crevices of enclosure, the
ventilation systeggl62 of 5é1e adar g¥us. nust be 35 robust and work in

coordi nation 0 52 operators that are at any tine
addi ng spentfc encl osure. AfMy, a rotating
wheel - propelJ ¢ Si L}E’*gf@wem sm has be preferred, and
that is wha . ed | ryures 34-38. It is based on
wheel - propeN pdfgprasive—tasters which have been commercially available in
the United At b m t h(F_COTTpaT"y now
78"'-—, 3
70 ; Sl e
\<~72 [
38

4




known as i\Wheel alsrators Teehnolsnsgi ¢s, I nc., Newnan, Georgia 30263, U S A In
such efui pmbituveliemiest idépnsé sho&n in detail) is nounted at 316 within a
housi ng-3I8 Tor rotation.at high speed. |ndeed, conpressed air notors can
be used for powering rotation, but with no or little venting of powering 15
conpressed air to the encl osed space 44. $hé-@dh5|ng 318 is served by a
hopper 320 for storing and supplying abrasive grit to the wheel, and has an
outl et opening 322 out through which grit_inpelled by the wheel is flung
agai nst the hull surface 18. 20 { M_‘__,,hi!g Fjgggls
preferably gasketed agai nst the hul Be=g ety phi ristle
brush 324, and spent air, dust, [sorf] i $N\and |scal e are
drawn-off by the ventilation systen nt lli ne 25
326. The bul k of the spent abrasivé its byrden of ngnt s
(principally paint chips and scal e) st gr (much as
a ceiling plasterer catches fallf ng y |hopper 328
nounted to the equi pnent carrik@ge 3 Thg recovery
hopper 328 drains into a recov r& I}i h may be

val ved as indicated at 332.
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Fi gur ystem for 35 serving the abr asi ve
bJaStE h§¥ﬁ3®g6ﬁ§Cﬁp§N§aH§ his Sheet Has Been Repl aced 53 tower 34
with an ahNQ@V@HmnVD g simlar to systens used for funneling to the

ground, construction debris fron1various floors of a building being built
or renodeled. As shown, the 5 full machi nery upper nodul e 226 of the
tower 34 nounts a main hopper 334 which sebvgsdd series of pivotally

i nterconnected, funnel-like chute sections 336, each of which has an inlet
338 and an outlet. Wien arranged in a straight line or gently curved, 10
each chute section receives froma preceding section and pours into a
precedi ng section and pours into a successive section, but. the series can

be pivotally nore quiggzhpgg , as illustrated, for causing the outlet of
one section, at 342 brasive intp 15 the supply hopper 320 for
t he abrasive-propelling wheel, rather th 9% have the abrasive continue
down the chute, and as illustrated at 3 for receiving spent, conL@ﬂLgated
rit fromthe valve
g %o - 62 50N
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shown d fromwhich spent contam nated grit can
be col |l ect ed $@ﬂV$¥ﬂp ia ration, recycling and dlsposal) As
described in relation to Flgures 1-8, grit which does not land in the

col l ection 25 contai ner 346 can be vag Qgﬁ_and/or swept -up manual |y
fromthe staging device support surface 12}‘I reprocessi ng. Figure 39
illustrates a variation, in which the wheel -propelled abrasive blaster is a
30 cl osed-cycle unit nmounted to a traversing work platformof the type
shown in Figure 33. In this unit, spent abrasive is collected and returned
to the input side of the wheel for a specified period, and periodically

out | et Ot thea 28. The outlet 20 end of the chute is
T s - o the

repl eni shed or replaced with fresh abrasive grit. [err] 54 Figures 40
and 41 show the track base plate 26 _Pvi d with a paint sprayer 350,
which is shown including a traversi evating

A et r T

66




354 proyi déen @ingerachb mast 356. The paint spraying nozzle is
served by a hNmvelleiatidspgaénhi c overspray and funes are col | ected and
suctioned away through a collection line 360 for particle precipitation and
10 VOC incineration. The collection |jne 360 is supported fromthe full
machi nery upper nodul e of the respeCtlve/ {oftef. Some det ai k3 of the
preferred seals for jyhe closure assenbly or shroud 42 forG: ch set of 15
encl osed st agi ng ces 32 are illustrated in Figures 4

connections withefjgares 1-14, the shroud or enclosureud d var| ous

el ements for pro @S seal s for its perineter and por®i ons=are 20
described with r :Don to el ements 90-98, 108-118, 1d Q3 and 194-203.

carri age—352—for a nozz& vﬂn hcfsa assenbly 146 of an airless spray unit
BV

Preferred enbodi @ of those seals are shown and now™f §Eher described
wi th reference tmE res 42-49. For sealing between ftha | ements 25
| ocat ed on edges he t ower nodul es 222-228 which, i 'II D&erally
engagi ngly confr ot her such frami ng el ements or theu.lshum: %gace
18, each Juch @l enment (gewerally designated 362) is wﬂ: 04:0:
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with all ouspreirsgareehi dNaviE! al 364 which, when conventionally inflated
(through i nhi@ivetienvativiEgestot own such as those provided on football

- bl adders—e+—brcycte 11re tubes), cause sonme expansi on and 35 )
turgidification which inproves sealing between the [err] 55 respective
el enent and the nei ghboring el enent ors ghidplsurface. In Figure 42, an
inflated seal 364 is shown nmounted on an el enent 362 by a typical set of 5
nmounting clanps 366. In Figure 43, an inflated seal 364 is shown sealing
with the surface 18 of the ship. |In Figure 44, two such seals are shown
provi di ng seal s between adjoi ni ng nodul es on the sanme tower, or between
adj oi ni ng nodul es on 10 adjoining towers. The flexibility of the seals
364 al so hel ps to accommpdat e sealing despite the arcuate arrangenent of
nodul es needed near the bow and stern of the ship (which arcuateness is
best

provi ded_from erd—to-end thereijalong t he 30 respective face thereof
S
S
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shown yi n,, Ei qur e, By file, An alternative formof seal appropriate
f.or tje @8&%?%?ﬁ§&hﬁﬂ3£§gwéwa%gj not for the context of Figure 43, is shown
in Fidure YV S 9% L and corner el enent 362 which is to confront
another is provided all along a respective non- 20 confronting (i.e., )
outer, or inner, top or botton) face thereof with a strip 368 of one nenber
of a hook and fleece fastener set, dubh’as that which is sold under the
brand nanme Vel cro@ A double-width strip 370 of the conpl enentary nenber
can be pressed 25 into place bridging the crevice, or stripped-off to
make, and break a seal between the respective elenents. Figures 46 and 47
illustrate in nore detailrahe preferred seals at 200, 203, which are 30

al so shown and descri be% i@ r@lation to Figure 10A. The seal may be an
inflatable o atic se@ NFidures 48 and 49 illustrate in nore detail the
preferred seggg at 194- e wth the CAPE barge 182-using version of
the apparatu and te also the showi ng of the seal 194
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[err] - 56 | d¥°4 REIMMIFIvy* aHicapY ovet yge of sheet neoprene prinmary seal over
an infl at'able | oMpvedsorantidon@se- t ypd back-up seal. Stand-off plates help
by mai ntaining a mnimum of spacing between the CAPE barge 182 and the ship
as the winch-tautened attachment |ines maintain the CAPE barge 182 pulled
into proximty with the side of the shipji A ¥hough operation of the

appar atus has been descri bed above in several segnents in order to 10 help
the reader to understand the structure and intended operation of the
various elenents, a reiteration of the operation is pradvi b€ ow, in

relation to the floating drydock-using version of ghe a rlt U@ and et hod.
15 As soon as a ship that is to be worked on”i i nd drlgon t he
drydock, staging device |ower nodul es are positi d ng one ,quadrant of
the ship's perinmeter and | evel ed. Seals betweefi npdul re inf I%t ed. 20
Portable dans are installed at the base ofgeac e. rtains of end
nodul es are secured to the hull wth mgng I | e}l \t\Re encl osure
support barge is -
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qugiNQHﬁﬂ%ﬁeﬁﬂﬁﬂ‘ﬁffﬁ ,'“Thip vessel is equipped with an electric air

conpr esS¥ouvellormeRtOeReS& unnl L unit with dehunidification and heat, a
hydraulTc power supply unit, a dust collector, a VOC collector/incinerator
unit, and permanently 30 install ed gsgogiatgd_ducting and pi pi ng al
nounted on one or nore skids. Alternatel¥, it the drydock | ongitudi nal
centerline is not a convenient |location, the barge can be located in

ahot her | ocation which pernitted qGHb i e E%nd efficient hookup of ducting
and piping to the enclosure. |If s t Has Been Replaced [err] - 57
- no convenient water |ocation for the barge is avail able, skid-nounted
support equi pnent can be lifted off the barge and placed in another

nogred to.the mingwﬁllépgbéhekdrydock preferably at 25 t he drydock

| ocation such as a pier, drydock i p #@ather 5 deck. Staging
devi ce upper machi nery nodul es ar @l pgss to er
nodul es are
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| evel ed a ecu A S huy | Seal s between individual upper
nmodul es .aa B‘@P\/@ &e't ﬁt g'bygr%%ulhs and the ship's hull are inflated.
Portabl e qui ck- HPéWﬂ ?9t and-duct s between individual upper nodul e

units, between the enclosure and the drydock and between the drydock and

t he encl osure support barge are inst ? provi di ng conti nuous systens
for conpressed air, hydraulics, vent| on and exhaust fromthe support
bar ge throughout the encl osure. An abra5|ve hopper and pai nt spray machine
is nmounted in position on each stagi ng device upper 20 nodul e. The upper
nmodul e seal is inflated providing a fully weathertight enclosure.

Qui ck-rel ease connections are nmade between the support systemfor

i ndi vi dual headers on all upper nodul es, the drydock, and the encl osure
support barge for 25 ventilation supply, exhaust, conpressed air, and
hydraulics. Meanwhil e, a second set of staging device |lower nodules is
being set in place around the next uncoated adjacent quadrant of the ship's
hull and 30 | eveled, ready to receive the stagi ng device upper machi nery
nodul es when coating is conpl etef-_nI@e fifs guadrant. As staging device

upper machi nery e—————
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nodul es ane nreved-dromthe first to;the second quadrant, they are replaced
W t h st agijng dNowvellemantidepsa- o upper nodul es for the duration of
[err] - 58 = 1he final VOC collection period. This process is repeated
until all quadrants are conpletely coated with VOCs finally collected.
Modul e units of staging devices are noved 5 fron1|ocat|on to | ocation by
being lifted by a crane utilizing a lifting-ri'g.simlar to those used by
cont ai nership port cranes. Al nodule units of staging devices are

equi pped to acconmmodate this lifting rig which mnimzes tinme and | abor
required 10 to attach on to and let go of nodule units. Wen the staging
devices of a set are ready to function, for initiating cleaning of the
hul |, vertical elevating trolleys with cantilevered arns are |owered to
their bottom positions. 15 Preferably, a horizontal track
mechani sm wi t h mechani zed shrouded abrasi ve bl asting wheel (s) w thout

recovery and with operator position
Fl6. 14
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mount ed at eaeh-end on the nDuntlpghp ds | ocated at the end of each
cantil evered diew em&%?ﬁﬁiédﬁ file 0T| zontal truck nmechanisnms with air
bl ast nozzl¢s(s)hmnwaﬂeamn& épPagti ngjwheel s with recovery are nounted.

Using the prererred nethod, a neasured charge of steel grit abrasive is

rel eased froman 25 abra5|ve hopper on Lop of ,the staging device to an
articulated chute which then dlscharges*tHb nBasur ed change of abrasive to
the storage reservoir on top of the abrasive blasting wheel. The operator
then starts the shrouded 30 abrasive wheel and noves itwfiromone end of

b ¢antilevered

the track to the other adjusting the Iength of the artis
arns ' to keep the wheel shroud in contact with fj I p} 4 “@ t hat the
maxi mum anount of contam nated abrasive is col ffecte - in the
cont am nat ed abrasive reservoir |ocated bel ow flhe wheel | glthe
abrasive blasting transit, '
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abrasi ve | SingeitMUOsWWy fikigngy sucked through the ducting attached to
t he, wheel LOGndfe paégé ust pheader across the upper nodul es through
t he drydo } SE= or on the encl osure support barge where
dust is renoved fromthe air and fromthere to the VOC -
incinerator/collector fromwhich the clean air is evacuated to atnosphere
or recycled through the ventilation sysﬁegyas-appropriate. Meanwhi | e,
fresh clean heated and dehunidified air i$ continuously provided from
ventil ation equi pnent aboard the encl osure support 15 barge through the
drydock and across the upper nodul esgosyng the ventil ati on header.
Conpressed air to operate the abrasi and hydraulic pressure to
operate the staging device w nch, ve ‘ d ating trolley and
articulated : 200 cantilevered arns i;rovided—rﬁrvugﬁ‘torresponding

pi pi ng headers extending fromthe engh pdort barge through the
drydock to the individual staging dgv ng up the enclosure. Wen an
abr asi ve bl asting %l tihr ough a singl e one-way
transit on its tragck, the regdpectivg i ga evating trolley is raised
an anmount appréifngtely equal
abr asi ve wheel apgi—=> —— ——F

4

216+

he swat h abraded off by the



t he abrasive wheel —mechani-smis—eperated through a 30 full return

transit| N¥esidgeseicht iNewlyéited t |is conplete, the valve at the bottom of
the con anlnﬁh efBRRir\gpbseer voir i s opened which discharges the
cont am hat-ed—abfastve TTto o T OVE section of the sane chute used for

| oadi ng abrasive 35 which then dis es jthe contani nated- abrasive into
Thi s Sheet Has Been Replaced 60 a co Iectlon bin | ocated on the floor of
the drydock. This bin will continue to fill during remaining. abrasive

g is conplete and all nodul es of the
ted by crane to a recycling

are removed ynd the abrasive is prepared for
ean abragAVe i then received into the clean -

10 abras QE wheel_nechani smand the process is

blasting in this |ocation.

encl osure 5 are noved, thi
| ocati on where contam nate
reuse. Anot her charge of
abrasive reservoir. on_th

‘binis |li:

conpleted until all {sections/of ship' ide thull within the enclosure is
abraded. Bottom shell| and t/ouch-up bl |ng afe acconplished using air
bl ast
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tnﬁzzl es with stieeNegrdidgsdichii/\\ —Vgg@éi\er method as 15  appropriate with

e enclosure qtill pid, ng%yﬁﬁrr f ainting commences. Loose steel
abrasi ve on t he—ft+oor—ei—the a3k within the enclosure fromair bl ast
nozzl e bl asting or escaped fromthe abrasive blast wheel shroud are cleaned
up using 20 shovel s, broons, vacuuns, gggpqts or the like, before
pai nting comences. \Wen painting is ré% y/t & dommence, using the preferred
nmet hod, the vertical elevating trolley with cantilevered arns is |lowered to
t he bottom 25 position. The horizontal track nmechanismw th nechani zed
shrouded abrasive wheel (s) without recovery and with operator position is
renoved fromits nountings on the cantilevered arns and preferably repl aced
with a horizontal track 30 mechani sm on which is nounted an operator
position and a nmechani zed | aterally noving paint spray device containing
one or nore oscillating airlkgss paint spray nozzles and a hood with filter
connected by duct to the enggo ure exhaust system The 35 oscillating
pai nt spray nozzles are connget gd\to a




int.stor y y ,System | ocated on top of the staging
deV|ce th gﬁrgigéﬁg?/§ 'i &ﬁ%nlthe bottom side of the top of the upper
nodul e. {Usin EMEH %ﬁowﬁnual spray painting 5 approach, a worker

platformis mounted on the cantilevered arns in place of the oscillating
spray nozzle track and nechani sm During palqtlng, t he encl osure conti nues
to be supplied with heated dehunmidified cléamr air 10 and exhausted, the
sanme as during abrasive blasting. The operator then starts the OSC|IIat|ng
spray nozzl e nmechani sm and oper at es p-t=~Bagk and forth keeping the nozzles
an appropriate distance fromthe hull]l andjraising it between transits until
15 the prime coat of paint is fullly appllied. Touch-up is perfornmed by
the operator using dn airless spray{gun. After the prinme coat of paint is
fully cured, subsequent coats of Eﬁlﬁt arg | i kewi se applied. The encl osure
is maintained in plgce, as 20 é lli er dgscriged, until the full paint
systemis sufficiently cured to redyce VOJ emissions to an acceptabl e

| evel . Al conponent|s of the eanOSLre deVi celare
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preferably designed, to Q%d&gg-gparking. Al nodes 25 of operation of the
horizontai abr UM@“ﬁF§E¥i‘§*mnd pat'nti ng nmechani sns are preferably capabl e
of manual, sem -automatic or fully automatic control, either separately or

i n conbination. Because it can be nodified to sonme extent w thout departing
fromthe principles thereof as they have been outlined and explained in
this specification, the present invention should be understood as
enconpassi ng all such nodifications as are within the scope of the
follow ng clainms which are to be read as being included within the

di scl osure of the description of this application. Thi s Sheet Has Been
Repl aced [err] -62- CLAIMS 1. Apparatus for perform ng surface work on a
‘generally vertical surface, conprising: a plurality of towers (34) arranged
to be supported on a generally horizontal support surface (12) in

confronting relatggg to the generally vertical surjaee—(48— shrote—neans
(42) nmounted to g towers (34) for
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cooper atj gy $.Nysahd i Ga0eRA) hikgve

4

(tical

166, 16 ’ LIV, L1745, Z T

t hrough said shroud neans
recovering contamnated air
confined spaces charact erd
side in a set{fo be suppol
(12) in confr Y- TEC=
portion of th I
a plurality o

%I\:

to provide an
bei ng nount ed
encl ose a cong

upper 30 noduyl
cl eani ng and
hul I,

i nting
conprisu*g:

%
o

39

Pd
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éat|on
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K a¥al
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surface (18) for enclosing a
system (46, 120, 126, 128, 162, 164,
udi ng ducting for supplying fresh air

.to said confined space, and ducting for
15 through S?L@ hroud nmeans from said
ed in that t%e towers (34) are arranged side by

ed on the generally horizontal support surface.
nto a longitudinally and vertically extending

y vertical surface (18), each tower conprising

, 224, 226) destackably stacked one upon anot her
Q&dule (222) arranged to be directly

ur 1ee@ (12), and an upper nodul e (226) arranged
for the respective tower, the shroud neans (42)
s (34) for cooperating with said surface (18) to

4) forwardly of said set of towers (34), and

luding ventilating nachinery nmounted on said

Apparatus for perform ng surface work such as

m external generally vertical surface of a ship

~224

222

FIG.22
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35 - a plurali tf Nod 8WREPaitHd) Wi AgRd pide by side in a set to be

N {e ugggrt [Frr] [err] -63- surface
(12) in confronting tGcit } ly and vertically extensive
portion of a generally vertical external surface (18) of a ship hull, each
tower conprising a plurality of nodules (222, 224, 226) destackably  stacked
one upon anot her and including at |east a BageanQUle (222) arranged to be
directly supported on said support surface (12), and an upper nodul e (226)
arranged to provide an upper end for the respective tower; shroud neans
(42) nounted to said towers (34) for 10 cooperating with said ship hul
surface (18) for enclosing a confined space (44) within and forwardly of
said set of towers (34); a ventilation system (46, 120, 126, 128, 162, 164,
166, 168, 170, 174, 214, 216) including ducting for 15 supplying fresh air
t hrough said shroud neans to gaid confined space, and ducting for
recovering air laden with duffyyPai mt—ovespray—andayvol atile organic
chem cal s

FlG. 23
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t hrough sai drﬁ gy@e@@nﬁ, ficemy said gonfined space, said ventilation system
I ncl udi ng &e tvggeﬂggﬁhggbyénnunﬁed 20 on said upper nodul es (226). 3.
Appar at us qccordi'ag—te—etatrmt—or 2, wherein sai d shroud nmeans (42)

conprises end curtains (92) for sealing between end towers of said set and
said ship hull surface;, 25 face paggLs (90) for closing off respective
faces of said tower nodul es, corner é%/s4( 22, 194, 196, 198) for sealing
bet ween adj oi ni ng edges of adj oi ni ng ones of said tower nodul es both on
same ones of said towers and on adjoi Qi ng ones of said towers, between an
upper horizontal 30 edge of each r—oslul e and said ship hul
surface, ‘and with said hujl surfz , yfopward extent of said
shroud neans, at |east sope o ;/3!=table seal s (194, 196,

198), which, when inflata;_ iZagai nst respectively

. - raHI» /
opposed seals or 35 saf$h . . | 4 [err] -64- 4.
Appar at us accor di ngA @ ’ﬂ“\\g e | E&QJdi ng: -
I 'l -,I T v, e
N = 242
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a floating drydqgd, eiberay} ﬂg{;\gy%@dj upport surface (12), said floating
drydock having a Wh, W@hén¢4@ 4 a respective header portion of

sai d ducting i ve header portion of said ducting
for recovering being nounted to said upper nodules of said towers and
having a first set of connectors; respegtlve internedi ate portions of said
ducting for 10 supplying and sald duct+ng .-for recovering being nounted to
said wingwal |l and having at opposite ends thereof second and third sets of
connectors; a skid (212) having nounted thereon ventilation fan neans, dust
recovery neans and vol atile organic chemcal 15 treatnent nmeans, and
respective portions of said ducting for supplying and said ducting for
‘recovery effectively connected thgrewi'th and nounted fto sai d barge and
being provided with a fourth set @f connectors; said |ducting for supp|yipg

and sai d ducting.for $“~+ ring further includling fipspt—Hexible
portions di sconnect abl nna ed betvveen{sai.d g [ st |anchgecond] set 0%
[

connectors, andksecond;flexily pgrtions 'sconn‘:tatly connec, b ngg1
said third and fZurth $ets of onfectors. {25 5. Appar at ug accorﬁin D
claim4, furtherdconprising g parge (176):f|oatiH; in a sane |bpdy—o

11%

as said floatin rydo¢k, adjlacenty said diydock; |faidq skid 232| bein
supported on sai bar'gI (176),,| saijd barge|(176) being
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at mdship in 30 relation to
said ship hull g to any preceding clai mwherein
on each said towe R crave it ades at four corners of an upper
end thereof respective vertically apertured 35 pl ates (230) for receiving
through openings (232) thereof respectiveglgcating pins (236) from above,
and each nodule [err] [err] -65- but for said base nodul e includes at
four corners of a lower end thereof respective virtually downwardly
directed | ocating pins (236) projecting through respective support plates

| ocat ed out boar ¢

(238) and tel escopidally received through, respective 5 said,openings (232)
in respective vertidally aperfured plates| of respective_corngrs of
respective underlying ones of| ga ﬁ%ul (224, “ﬂﬂeppe tive ones of
said support plates |(238) being supdorftingly eng rEsp ctive ones of
said apertured platgs (230), g apgagaus furt ht | nicl.udli ng secur enent
nmeans di sconnect ably] securin 1ogetheriﬂ (258) f{espectj ve pAged ones of
said support plates |[(238) and gpertured pl ates (RRQ) 1
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7. Apparatus according to any precedlng claimfurther 15 including: tower
assenbl y, grsasSENDIY .af ans conprising a crane-attachable
sling (256 ﬁ%ﬁ4§6ﬁ¥%¥FBt gs n:} rectangular lifting frame (242)
having at {our beuvelgniens S%nm rdly directed locating and lifting pin
means (244); said locating and lifting pin neans being 20 novably nounted
to said lifting frane by (248, 250, 252) for .shifting between a | ocking
position in which each is arranged to Iock Wi th a respective said apertured
plate, and a releasing Rosition in whichEgach is arranged to approach,

enter and | eave a resp vesgsai d apertuked 25 plate. 8. Appar at us
according to claim?7 ekel h said ofening of each said apertured plate
(230) is provided w eny not ckg neans (234), each said |ocating
and 30 lifting pin ns, | T Wi hori zontal Iy projecting boss
means (246); and egch (4ai ndJdifting pin (244) is arranged to
be shifted betweenfsaild | ocki e§§ing positions thereof by being
rotat ed about a regpecilive vgri\ x/relative to said lifting frame 35

(242). [err]

s
<
<
e
S
3 Q@
< N
q- -
| )
N L
N
—
-
<
o
o
<
=
e
o
c
N
(o]
I
o
0\ od
8 &

Ist QUADRANT -




[err]

noverent {and Na@ricda

there is

| ongi tudinally of said set of towers (34);

- 66-—8— Appar at &g@gggkﬂjn to any preceding clai mwherein at
one of sii NéwWENGSS ﬁ%&gﬁiigéyert4cal elevating trolley (36) for vertica

hei ghts within said confined space;

| east

and

er provided a track base plate (262) extending horizontally

and a pair of

| ongi tudi nal |y

spaced cantilever arns (38) nounted at 2eag/qu§ of said trolley (36) and
2

at forward ends to said track base plate (26

and arranged to extend 10

and retract said track base plate forwardly away from and rearwardly
towards said trolley; said track base plate nounting horizontally,

| ongitudinally extending track neans (264) for
| ongi tudinally traversingly applying work to said ship hul
Appar atus according to claim9,

further

means (282, 284) effectively coupled between said trolley and said

cantilever arns for extending and retracting said cantil ever

t her eby 20

flui d-operated piston and cyli nder

said track base plate,

or including double:

means (298) eff

said trolley and said cantilever arns for ext:

226~ |

qr

%

In

pZal ///f/\\ [/

\

270

nmounti ng wor k equi pnent for
surf ace.
i ncl udi ng power-operated | ead ééagw

15 10.

264
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cantilever arns_and_thereby said track base plate. 25 11. Appar atus
accordi, tQaGLAd; rwhesehngsal d wor ki ng equi pment neans i ncl udes means
for Ia%#&%ngﬁﬁa@tgéwg}'i f}{"gaai hst said ship hull surface. 30 12.
Apparlatus NOVYSITREOTASRPSE i 11] in which the working equi pment conprises
means (140) for conpressed- ai _r‘p%o§e‘l(l_§\cfi%abrasi ve grit spraying, nounted on
said track neans for |ongitudina r

r sng pl yi ng abrasive bl asting
work to said ship hull surface. 35 [err] wTh% g&ee Has Been Repl aced
[err] -67- 13. Apparatus according to cl ai% 11yi n\ywhi ch t he wor ki ng
equi pnent conprises nmefans (316) for centrifugal rotating wheeltpropelling
abrasive grit, nounted%o SUe TCRTTIE ) O mmg aver Si
appl yi ng abr asT ' R ‘ ﬂ_l m A T RN T
Appar at us acderei-Rg 43, _UUQY Jbﬂﬂﬁu@dﬂhﬁqégu:ﬁlhdubUlluu
an open cycle syst SN ’ :
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[err] h6Nstpsagatacadédned Wgdt ol any of claims 11 to 13, wheréin said

wor ki ng equnpgesiiemeandépssé .recycling systemincluding a supply hopper

f eedi ng—a—hoostig-encl osed rotatl ng wheel, said housing having an outl et
directed 5 forwards toward said ship hull surface; a recovery hopper
supported under said housing for collecting $pent abrasive grit, with chips
and scal e abrasive-blasted fromsaid ship hull surface; and neans for
recycling said spent grit to said supply hopper. 10 17. Apparatus
according to any of clains 11 to 16 wherein said neans for blasting
abrasive grit against said ship hull surface includes a housing (318)

having a tubul ar outlet (322) ainmed towards said ship hull surface, and 15 -
t hrough which abrasive grit is blasted against said ship hull surface; a
tubul ar brush (324) peripherally provided on saig-.outlet and arranged to
engage said ship hull surface for continuing s rasive grit being

bl ast ed agai nst said ship hull surface;,._and

35 therethrough-spent abrasive Lron1said recovery hopper. [err] - 68-
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20 ~vacuum | i ne neans 326 _effectively penetrating said shroud and
connunheﬁ%ed‘to‘ﬁatﬁ;ﬁupggwf@@ﬂ raw ng- of f abrasive bl asting dust confined
by 5ai hNagﬁﬁggeﬁ%k“”AQEEg f'Us according to any of claims 9 to 17 wherein
25  sdid woNeuveflesgEnh SSwsans) i s a paint sprayer (350). 19. A met hod
of performng work on a generally vertical .surface, conprising: arranging a
plurality of towers (34) supported on b 30> ~géngral ly horizonal support
surface (12) in confronting relation to a generally vertical work surface
(18); providing shroud neans (42) nounted to said towers (34) for
cooperating with said generally vertical surface (18) to enclose a confined
spaced (44); 35 performng work on the generally vertical surface (18)
froma work platform (40) nounted on a tower; and [err] [err] -69-
collecting contam nated air fromthe confined space; characterised by the
steps of: arranging a plurality of nodular towers (34) in a set side by
side along a first increnent of the work surface,
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5 each tower having.a base.module (222) and an upper machinery (226) nodul e

P

inciudYnagTTﬁﬁgggﬂidW??Nsﬂﬂﬁﬁﬂeﬂrn encl osi ng by said shroud nmeans a confined

spaced}e ehii Yrqght 3@t - of {towers towards the said vertical surface;
10 { pelN ‘ﬁﬂﬁﬂjﬁsrx’bn“{he Vertical work surface including or
consisting of spray painting.the vertical work surface fromthe platforns;
collecting contam nated air fromthe.pdiiti.ng dperation inside the confined
space; 15 setting up a second set of base nodul es al ong a second

i ncrement of the work surface; noving the upper nmachi nery nodul es fromthe
first to the second set of base nodul es and repl aci ng the upper machinery
nodul es by upper ventilation nodul es; 20 collecting contam nated air
fromthe confined space by the upper ventilation nodul es as the paint
dries; and after the paint has dried, dismantling jhe towers confronting
the first increnment of the work surface into npgufes for reuse in '

successi ve phases of work on the 25 surface ccordi ng to
claim19 in which the step of perform ng ﬂt;”?‘f?h‘ 6 ork surface
"/ l‘ie _ !’.?. L

i ncl udes connecting abrasive blasting<;2;a" on t; Qr s and
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the vertli -sur-f-ace; collegting contam nated air fromthe blasting
and pa nmuﬂgemgenﬁthbhﬁekﬂ%ﬂ@@i}e confined space and processing the
contanlnateﬁo@bén@mﬁﬁmdépqﬁé confli ned space. 35 [err -70- 21. A nethod
for peterm-ng—work—oOn a generally vertical external surface extending
perimetrically about the perinmeter of a hull of a ship supported on a

general ly horizontal surface f \ng a deck Afddl floating drydock 5

di sposed in a body of water, ani ng and painting said surface of said
ship hull in a succession o onprising: erecting on said deck
surface adj acent and3@@k N dinally along a first portion of said
surface d4f 10 said shi set of encl osed staging devices (32);
said firdgt set of stags A cluding a plurality of nodular towers
di sposed |si dezpy- si dg N d (42) which is open towards said first
portion ¢ =k supface ; ship hull and effectively encloses a 15
confi ned ce extive und si des, back and top of

ull
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said first_set of staging.devices..and against said deck surface and said
surface -of 9gdiflefitiape .I@uty\ganyfm;dl ally of said first. portion of said
surface o ' nodul ar tower including a | ower nodul e
(222) 20 oo deck surface and a full machinery
upper nodul e (226), directly supported on a respectlve said | ower nodul e;
each fuII-nachlnery upper modul e supporti Ag-fdor.°vertical novenment and
stationing at selected |levels, a respective vertical elevating trolley 25
(36); a working equi prrent support platform (40) for each said trolley; for
each said trolley, horizontally forwardly extenSble and regrwardly
retractable cantil evering arm neans (38) having ndar ends fhereof nounted
to the respective said trolley and formard ends the“-of rountlng 30 t he
respective sai d working equi pnent '
ventilation |lines and egui nt sé

shroud, being suppqyted\by Lach ru.v-
and effectively extiendin o and
35 platform Tld .-
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on each, of a plural.i f saik.d woyking equi pment support platforns,
cqnnectln@“%b$5§$wgc%¥é@ffabPﬁ%ﬁdi to sai d equi pment service lines and to
sai d ai [ - hantiouNg!eeNt C8PPeR | i nés and, while traversing said abrasive 5
bl asting heads relative to said surface of said hull and varying | evels of
the respective said trolleys, applying abrasive grit from said heads

agai nst said surface of said hull and Bhgr£hy bl asting chips of paint

and/ or scale and dust fromsaid surface of said hull, and carrying at |east
10 some of said chips and dust, out of said confined space through said
air-handling ventilation lines; thereafter, on each of a plurality of said
wor ki ng equi pnment support platforns, connecting paint-applying spray heads
(350) to said equiprment service lines and to 15 said air-handling
ventilation lines and, while traversing said paint-applying spray heads
relative to said surface of said hull and varying levels of the respective
said trolleys, applying paint fromsaid paint-applying spray heads onto
said surface of said hull and thereby paintipng 20 said surface of said
surface of said hull and carrying at |easf pai nt overspray and

vol atil e organic chem cals fromsaid pai of said confined space
through said air-handling ventilation || & ecting on said deck surface
adj acent and extending 25 | ongitudinall a second portion of said
surface of




sai d shi -Lower -ppdul-es—(222, 224) for a second set of encl osed

st agi ng: fRN sipaefaeht/ Nehty filgdsald ful | - machi nery upper nodul es (226) from
respective Qagéemgnggtdéb@ygr noglul es of said first set of 30 enclosed

st agi ng—gevtees—and—tTamsterring and | oweri ng those full-machi nery upper
nodul es onto respective ones of said | ower. npdules of said second set, and
t hereby providing a second set of enchosbé’étégﬁng devices |ikew se
including a second plurality of nodular towers and having a 35 second
confined space collectively around sides, back and top of said second set

of staging devices; said trolleys [err] [err] being thereby supported
for vertical novenent and stationing at selected levels in said second
.confined space; lifting ventilation-only upper nodul es (228) and | oweri ng

them onto respective ones of said | ower nodules of said first set each said
ventil ation-only upper nodul e including respective portions for a shroud
for being open towards said first portion of said ship hull surface and for
confining respective portions of and reconstjtuting
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10 sai,d nf i 2SR around sijdes, back and top of said first set of

st agi né dﬁgﬁ] elier&,egégﬁ%' ,'{'&dﬁ%q/ rlepl acement of said full-machinery upper
modul ed_hy N9YYEIEMENTAE595€on] v Jupper nodul es:; air-handling ventilation

| i nes penetrating said shroud portions and bei ng supported by respective
ones 15 of said ventilation-only uppes ihgdell ds; during a period of tine
whil e volatile organic chem cals are continuing to evaporate from paint
applied to said surface of said hull, carrying at |east sone of _said

organi ¢ chem cals out of said reconstituted confined space; 20 nd
thereafter, dismantling said ventilation-only upper nodul eg (X28) fromsaid
| ower nodul es (222, 224) of said first set, for reuse in si ve phases
of work on said surface of said hull. 25
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