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s . APPARATUS AND METHOD FOR PERFORMING EXTERNAL
SURFACE WORK_ON SHIP HULLS

The present invention relatés to an- apparatus for
5 and a method of performing external surface work on
ship hulls.

In general, the invention relates to providing an
atmospherically controlled sealed enclosure which

10 permits economical staging access to and coating of
exposed areas of ships' hulls of varying

%’ configurations both afloat and in drydock during the
abrasive Dblasting, spray painting and solvent
evaporation phases of the coating process so as to be,

15 so far as practically possible, in full compliance

with requirements of the U.S. Clean Air Act and Clean
Water Act. S

The present invention relates to apparatus and a
20 method for supplying abrasive blast media to workers

working inside an enclosure, retrieving and recycling

used abrasive, which improve upon the apparatus and
methods which are disclosed in U.S. patent US-A-
5,211,125 (Garland et al), issued May 18, 1993

25 corresponding to EP-A-0539212, and other copending
patent applications EP-A-0597643 and EP 94301590.9.
These are collectively referred +to herein as the
baseline apparatus and methods. |

30 Ships' hulls are very large and are complexly
contoured in both the wvertical and longitudinal
directions. The world's population of ships has a

very significant number of different sizes and shapes.
35 Coating of the exterior of ships requires using
abrasive blasters for surface preparation and painters

for application of paint. Both blasters and
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anfl a nethod of perform ng external surface work on ship hulls. In
gegeral, the invention relates to providing an atnospherically controlled
sedl ed encl osure which permts econonm cal staging access to and coating of
exposed areas of shi ps’ hul | s of varyi ng configurations both

af fjoat and i n drydock during the abrasive blasting, spray painting and
soljvent evaporati on phases of the coating process so as to be, so far as
prgctically possible, in full conpliance with requirenents of the U. S.

Cldan Air Act and C ean Water Act. 2
painters must be brought into close proximity to the
portion of the hull they are working. Neither
blasters nor painters can perform their work on much
more than 75 square feet of hull surface without
5 moving or being moved to another location.
In earlier times, worker movement from place
to place around a ship’s hull was accommodated by
building staging around the ship.

Also, in earlier times, the coating of the

10 exterior hull above the waterline was most often done
with the ship afloat. However, enactment in 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

15 overspray in the water than did coating in a drydock.
-\ 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

20 hydraulically lifted, extended and rotated; this arm
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.

25 Even more recently for abrasive blasting,
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

30 acceptance because of the cost to purchase and operate

'W'thé}appgratus, plus operating difficulties with the
devicesuﬁctually available.
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Thegpresent invention relates to apparatus and a nethod for supplying
abrgsi ve blast nedia to workers working inside an enclosure, retrieving and

recfcling used abrasive, which inprove upon the apparatus and methods which
arejdisclosed in U S. patent US-A- 5,211,125 (Garland et al), issued May
18,§1993 corresponding to EP-A-0539212, and other copending patent

appji cati ons EP-A-0597643 and EP- A-0614802. These are coll ectively
refgrred to herein as the baseline appg{atus and et hods.

Since ships are very large vessels which
operate on large bodies of water, their construction
and repair including drydocking'almost always takes
place immediately adjacent to large bodies of water.

5 Pollution of these large bodies of water,
including Great Lakes, rivers, seas, bays and oceans,
has become of much greater concern to societies around
the world because of the negative effect of this
pollution on the vegetable and animal 1life which

10 depend upon these bodies of water. This concern has

rb 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.

15 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
20 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
25 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
30 abrasive which lands on the drydock floor is not
promptly cleaned up, trace amounts of the toxins leach
out during rainstorms or from other sources of water

used in ship repair and are deposited into the body of
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s' hulls are very |large and are conplexly contoured in both the

ical and longitudinal directions. The world's population of ships has
ry significant nunber of different sizes and shapes. Coat i ng of
exterior of ships requires using abrasive blasters for surface

aration and painters for application of paint. Both blasters and

4

water from the drydock’s drainage system. Toxic
petroleum products, including fuels, lubricants and
greases associated with manlift, -forklift and

compressor operations, can similarly be carried
5 through the drydock drainage system into the adjacent
body of water.
Recent regulations implementing the U.S.
Clean Water Act impose more stringent restrictions on
contaminants in storm water runoff. These regulations
ﬂ, 10 mandate that either contaminants be eliminated or
drydock storm water runoff be collected and treated,
a process not currently feasible because of the
quantity of water involved.
Recent interpretations of regulations
15 require spent abrasive to be disposed of in permitted
landfills or recycled, significantly increasing
disposal costs. Recent OSHA regulations impose more
stringent regulations on exposure to spent mineral
abrasive dust increasing the cost of blasting using
20 mineral abrasive. _
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
25 blasting, which is itself very abrasive. This
mechanical equipment, which  includes interior
ventilation systems, must be temporarily covered with
protective covering during abrasive blasting. This
temporary covering inhibits operétion of the interior
30 ventilation systems when abrasive blasting is underway
causing discomfort to ships’ crew members living
aboard as well as to workers inside the ship.
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Virtually all the equipment currently used
in abrasive blasting has mechanical components. 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 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
shoveling and sweeping.

Workers, who are free to procéed with
exterior ship construction and/or repair tasks which
do not involve mechanical ship’s components, are
disrupted, made 1less efficient and exposed to
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.

Most ships operate in a corrosive
saltwater/spray environment. Therefcore, 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,
overspray is often blown into the adjacent body of
water. This same overspray can coat itself on nearby
boats, buildings, waterside cafés and cars, causing
expensive damage and infuriating the public. Even the
portion of the overspray which lands on the drydock
floor can find its way back into the adjacent body of
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ng staging around the ship. Also, in earlier tines, the

g of the exterior hull above the waterline was nost often done with
ip afl oat. However, enactnent in the U S. of the Cean Water Acts al
imnated this practice since coating of this area of a ship afl oat
ted significantly nore spent abrasive and paint overspray in the
wat erf than did coating in a drydock. More recently, required
wor keqr nmovenent has been acconplished through the use of manlifts. A
ntional manlift includes a staging‘%asket nounted on an arm which

t he capablllty bei ng h aulJj |ifted, end nd_r ot at ed,;
arm bei ng"Motht 29 bT‘l %tE%‘%??% %%*/é%éﬂ WEt P G cheﬁar SELS

on the floor of the drydock which are washed by water
through the drydock’s drainage system."

Non-waterbased paint solvents, common in

5 marine coatings, release veolatile organic compounds
{(VOCs) into the atmosphere during the time that they

are evaporating, during the paint curing process.
Regulatory authorities are becoming increasingly
concerned that these VOCs are damaging the

J 10 environment. While VOC emissions from marine paints

P 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
of these invisible VOCs is to contain the air into

15 which they are released, and then process that air

"« through a VOC incinerator. '

Best management practices being currently
utilized to minimize the amount of abrasive dust and
paint overspray being blown beyond the drydock

20 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 higher than a
predetermined limit. However, these practices

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

30 - Recently, some shipyards have  begun
shrouding ships, from the weather deck down to the
drydock structure, with very large strips of material.
This material must be somewhat porous to keep it from

This Shest Has Reen Replac

T




conmbusgi on engi ne. The carriage has the capability of being noved from

pl ace Jo place on a horizontal surface. Even nore recently for
abrasipe blasting, efforts have been made to replace the worker in the
manl i f§f basket, with an encl osed shot bl ast head which has the capability of
catchijhg, processing and reusing the abrasive. However, this approach has

had |igtle acceptance because of the cost to purchase and operate the
appardtus, plus operating difficulties with the devices actually avail abl e.
7

shredding in the wind. However, the lives of these
large strips of material are short because of damage
from wind, handling, errant abrasive- blasting and
other hazards inherent to the heavy industrial
5 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 1s very expensive. While this approach
J 10 contains even more airborne abrasive dust and paint
'f overspray within the drydock perimeter than current

generally accepted best management practices, some
still escapes through the necessarily porous material
and through the joints where the strips of material
15 overlap. In addition, this approach does little to
« solve the many other negative effects of the ship-

coating process and does nothing to reduce VOC
emissions.

One other technology exists that reduces

20 dust from sandblasting, that is the technology of
vacuum blasting. However, this process is very slow
and very costly from an equipment and manpower
standpoint and does not address painting problems
including overspray and VOC emissions.

25 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 is because of

30 the daily amortization and operation costs of the
drydock required to lift the ship out of the water for
recoating ($5,000 to $20,000 U.S. per day) and the

ship itself, which is out of service during recoating
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3 Since ships are very |arge vessels which operate on |arge
bodi es of water, their construction and repair including drydocking al nost
al ways takes place i mediately adjacent to | arge bodi es of water.

8

($10,000 to $100,000 U.S. per day). 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

5 be of the essance.
The aforementioned US-A~5211125 and EP-A-0539212, each
discloses a

system for performing external surface work on a ship
hull, in which a vertical tower 1is erected on a
support surface beside a ship, e.g., on deck of a
10 drydock in which the ship is berthed. A set of
flexible confinement 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

18 work platform. In use, workers and/or roboticly

. controlled devices operating from the platform use
abrasive blasting (e.g., via compressed air-powered
abrasive grit-spraying nozzles) and paint or other
coating composition spray nozzles to work on the

20 vertical segment of hull surface that is confined
within the 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

25 expended material <for processing, reprocessing or
disposal, 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

r 30 disposal. As work on each vertical segment of the
hull is completed, the tower is shifted to a
successive location along the hull. Magnets mounted

to edge portions of the curtains are used for
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Pol lution of these | arge bodies of water, including Geat Lakes, rivers,
seas, bays and oceans, has becone of nuch greater concern to societies
around the world because of the negative effect of this pollution on the
veget abl e and aninmal |ife which depend upon these bodies of water. This
concern has grown as nore of the public elects to use these bodies of water
for recreation through swinmmng and boating as well as living adjacent to
themin hotels, houses, apartnents and condomni ni uns. Abr asi ve
bliasti ng of a ship's hul | necessari¥y creates a significant

antit of particulate material, usuall ust, co ised, |In rt, of
g IIerypartigqﬁPQﬁaQ¥¥a5%?5%?9@3n§8FuﬁF§§g'ngerg¥ &ie" shiobd ko

the ship hull around the whole of the perimeter of the
respective vertical segment. During the course of the

work on a segment, the work-applying nozzle is

5 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 is
raised or lowered on the tower, so that another band

can be worked on. The cantilever arms, which mount

10 the work platform to the trolley, are extended and
retracted, as needed, for maintaining the desired
proximity of the work-applying nozzle to the hull
surface from one band to the next. Although the
baseline apparatus and method as disclosed in this

15 aforementioned U.S. patent US-A-5,211,125 and EP-A-
0539212 contemplate that more than one tower may be in

use at the same time for performing respective tasks
on respective vertical segments of the same ship hull,
these publications do not disclose jointly shrouding
plural ones of the towers.

However, this latter improvement is a main topic
of a copending European application EP-A-0597643,
filed on 5th November 1993 and published on 18th May
1994, after the priority date claimed by the present
application. The baseline apparatus and method as
disclosed in that application discloses simultaneously
working on adjoining segments of the same hull using
a plurality of towers having respective adjustably
cantilevered, elevatable work platforms, with the
30 shroud curtains possibly providing interconnected
confined spaces for all or some of the towers, with
some side curtains subdividing the space in order to
isolate the environments of various types of work from
one another as needed. The earlier application

EP-A-597643 also discloses providing a support barge
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tanks, abrasive material hoppers, so that all of these
items of equipment need only tS be 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 movable barge, so that the
above-waterline part of a flecating 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 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, despite possible relative
movement of the ship and tower support barge, and for
reducing runoff of spent abrasive, paint particles and
removed scale from the tower support deck to the body
of water around the floating ship, or ship in drydock,
which is being worked on.

In another copending European application
EP 94301590.9 filed on 7th March 1994 and as yet
unpublished at the date of filing of the present
application, further improvements are aescribed, which

facilitate automated abrasive blasting, abrasive

blasting recovery and spray painting; reduce extent
and costs associated with temporary hookup of
equipment, hoses and ducting for ventilation and
compressed air; provide a means of extending the reach

of the worker platform; provide an improved means of
rapidly and efficiently moving

n Replaced

trace amounts of the toxins |each out during



used in ship repair and are deposited into the body of
4 water fromthe drydock's drainage system Toxi ¢

11

enclosure modules; provide an expanded number of
modules without mechanisms to more rapidly accomplish
coating. €
In practicing the baseline apparatus and
5 methods, as well as those of the present iﬁvention, it
is a goal to provide sufficient freedom of motion to
permit full worker and/or robotic access to all of the
external surface of the ship hull that is to be worked
on, and also to contain abrasive blast dust, spent
10 abrasive, paint overspray and volatile organic
compounds (VOCs), thereby significantly reducing the
quantities of these materials which are released to
contaminate the air, nearby bodies of water, ship’s
mechanical equipment, drydock cranes, abrasive
15 blasting and painting support mechanical equipment,
local housing, automobiles, nearby yachts and other
floating vessels, and, in addition, significantly
reduce the efforts necessary to collect, dispose of,
recycle and incinerate waste abrasive and paint
20 residue and significantly reduce the disruption of the
concurrent shipboard repair work, all without
increasing the drydock utilization times or ship
out-of-service times.

Preferred practices of the baseline
25 apparatus and methods made possible significant
improvements in environmental compliance during ship-
hull coating because of the followingi

a. Use of internal combustion equipment is
eliminated with its potential to pollute the water
30 through. fuel oil, lubricating oil and grease spills
which run or wash off the drydock floor.

b. Abrasive dust is collected and
processed without leaving the enclosure.
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petroi um products, including fuels, lubricants and greases associ ated

wth nlift, forklift and conpressor operations, can simlarly be
carri t hrough the drydock drai nage systeminto the adjacent body of
wat er . Recent regul ations inplenenting the U S. O ean Water Act

| nposg nore stringent restrictions on contamnants in stormwater runoff.
These Jregul ati ons mandate that either contam nants be elimnated or drydock
stormjwat er runoff be collected and treated, a process not currently
feasi §l e because of the quantity of waté# invol ved. Recent

i ntergr i on f r | ions r ir Y i f
nterifretations  of - regulablon SALESPeTS APIRELYEs! QPG ShgPOsed ©

leaving the enclosure.

d. VoCs are contained and incinerated
without leéving the enclosure.

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

£f. Use of recyclable steel grit abrasive,
instead of mineral abrasive, eliminates disposal of

10 spent abrasive with its contained toxins.

Preferred practices of the baseline
apparatus and methods also provide a significant
opportunity for improvement in coating quality by
preventing negative effects of weather by preventing

15 rain or snow from impacting on hull areas during
" coating and by providing hotter dehumidified air
during coating.

Preferred ©practices of the baseline
apparatus and metheds further provide a significant

20 opportunity to shorten coating and drydock span times
by:

a. Shortening or eliminating equipment
mobilization, setup, tear down and demcbilization time
through use of the coating support barge.

25 b. Eliminating weather interruptions.
c. Accelerating paint curing by heating
air in the enclosure. , '
4. Allowing most ship repair work to
proceed during hull coating.
30 - e. Reducing drydock clean~-up time by
confining contaminated or spent abrasive to within the
enclosure.
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ills or recycled, significantly increasing disposal costs. Recent

OSHAgr egul ati ons i npose nore stringent regul ati ons on exposure to spent
m nefjal abrasive dust increasing the cost of blasting using m neral

abr agi ve. Typically, a ship has a large quantity of exterior
mechdni cal equi pnment. This equi pnent -1shi ch is expensive to repair and
purcllase, is subject to severe damage if infiltrated by the dust from
abragive blasting, which is itself very abr asi ve. Thi s mechani cal

Yarily cover ol ar bR BROVERY FHESE Sarr g RaRL A BRRRT ORI X | ng.
t enpor ar petbedsi n@aq:nhlbat@ c;thmtll@tmsof ithethent edsgr of the
coating process not only for ,the reasons listed
immediately above, but also becaﬁse:
5 a. Rework from weather can be eliminated.
b. Transportation and crane handling of support
equipment can be eliminated.
c. Abrasive contamination maintenance of
manlifts, cranes, forklifts and compressors can be

10 eliminated.

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

e. Temporary covering of ship's mechanical
equipment can be eliminated.

15 £. Purchase and disposal of mineral abrasive
can be eliminated.

\ The present invention builds on the advantages
provided Dby preferred practices of the baseline
apparatus and methods, and, in preferred practices

20 thereof, provides additional advantages.

According to the present invention in a first
aspect there is provided a method of abrasive
blast-cleaning a generally vertical external surface

25 of a ship hull supported on a deck of a drydock,
comprising:

(a) supplying dry abrasive grit from at least
one supply hopper disposed at at least one elevated
location through a respective hose to a respective

30 work head controlled by a respective operator on a
respective tower-supported elevatable work platform,
each operator directing the respective work head
towards the external surface of the ship hull as
abrasive grit is propelled therefrom, thereby

35 impacting and rebounding from said external surface

together with removed debris and falling as spent
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venti | en, abra5|ve bl asting is underway causing disconfort
to s pl ymgg%i A e I|V|ng aboard as well as to workers inside the
oo [ IR ;

-14-

abrasive mixed material;

(b) collecting the'spent abrasive mixed material
and subjecting the collected spent abrasive mixed
material to classification iﬁto undersize dust,

5 oversize trash and reuseable dry abrasive grit; and

(c) refilling each said supply hopper with said

reuseable dry abrasive grit.

In accordance with a further, independent aspect
10 of the invention, there may be provided a method of
abrasive blast-cleaning an external surface of a ship
hull, comprising: '

(a) supplying dry abrasive material from a

supply hopper situated at a supply location to a work
15 head directed towards the external surface of the ship
hull, and propelling the abrasive material to impact
"« and rebound from the said external surface together
with removed debris, and to fall as spent abrasive
mixed material;
20 (b) collecting the spent abrasive mixed material
and subjecting the collected spent abrasive mixed
material to classification into unwanted material and
reusable dry abrasive material; and

(c) refilling the supply hopper with reusable
25 dry abrasive material from the classification step.

Preferably the supply hopper is refilled at a
second location lower than +the first location and

adjacent the region where the classifying step is
30 carried out, and the refilled supply hopper is lifted
to its supply location for further operation.

Also preferably the method includes providing a
plurality of supply hoppers and cycling the hoppers -
35 between the supply location and a refilling location

as the hoppers are emptied by working operation and




Virt aIIy aII t he equi pment currently used in abrasive blasting has

mechfni cal® Bnéh&ﬂ«mﬂahs includes air conpressors, manlifts, forklifts,
dust coIIe ock cranes. Since this equipnment nust operate
durihg abr , 1t cannot be protected. It, therefore,
expefiences very | mai nt enance cogb, extensive out-of-service periods,
and ghortened operating lives. Coati ngs on drydock horizonta

surfpces experience short lives as they are abraded off by the conbination

of Spent abrasiye-gnshyeh! il mmw%b@yﬁmaﬁémﬁdl ng that

whi c¢h acconpani es shovel ng and” sweepl n

It is to be appreciated that where features of

the invention are set out herein Qith regard to method

5 according to the invention, such features may alsc be

provided with regard to an apparatus according to the
invention, and vice versa.

In particular, there is provided in accordance
10 with the invention apparatus for abrasive

blast-cleaning a generally vertical external surface
:w of a ship hull supported on a deck of a drydock,
comprising:

(a) means for supplying dry abrasive grit from at

15 least one supply hopper disposed at at least one
elevated location through a respective hose to a
< respective work head controlled by a respective

operator on a respective tower-supported elevatable
work platform, each operator directing the respective

20 work head towards the external surface of the ship
hull as abrasive grit is propelled therefrom, thereby
impacting and rebounding from said external surface
together with removed debris and falling as spent
abrasive mixed material;

25 (b) means for collecting the spent abrasive
mixed material and subjecting the collected spent
abrasive mixed material to classification into
undersize dust, oversize trash and reuseable dry

abrasive grit; and

30 (c) means for refilling each said supply hopper
with said reuseable dry abrasive grit.

In accordance with a yet further, independent

aspect o0f the invention, there may be provided

35 apparatus for abrasive blast-cleaning an external
surface of a ship hull, comprising:




Wor kers, Tmpgwt?{e efree to proceed wth exterior ship construction

and/ o rep chifPiaseddo not i nvol ve nmechani cal ship's conponents, are
di sru ted,I H ’ cient and exposed to respiratory and eye
aggrayjatio

bl asting is proceeding concurrently. VWor ker s
and hi p's personnel transiting througfethe abrasive dust cloud to and
fromghe interior of the ship are simlarly affected. Most
shi ps{ operate in a corrosive saltwater/spray environnent.

Therefore, the rmﬁta>pOPMJ?9£srr%&.ﬂf‘slg;aalg}ﬁrgaf&d;%%i@@sﬁqt\é&@é'ls and
epoxi ¢s. Sone marine ‘pai nts contain ZI"nc "or copper. ring the tinme that
t hesefpaints gm@mb@im@gﬂgm hepper situated at a supply location to
a work head directed towards the external surface of
the ship hull, and for propelling -the abrasive
5 material to impact and rebound from the said external
surface together with removed debris, and to fall as
spent abrasive mixed material;
(b) means for collecting the spent abrasive
mixed material and subjecting the collected spent
10 abrasive mixed material +to <classification into

unwanted material and reusable dry abrasive material;
and
(c) means for refilling the supply hopper with

reusable dry abrasive material from the classification
15 step.

N There will now be described a number of
preferred, optional and exemplary features of the
iﬁvention, described in the context of exemplary

20 arrangements. In some cases these features may
provide independent inventive concepts which may be
utilised independently of other features.

Dry, particulate abrasive for use in abrasive
25 blast cleaning of a ship hull is supplied to blasting
pots from abrasive supply hopper assemblies lifted
into place from a recycling station. Spent abrasive,
with debris, is collected and placed on a

30




overhbray is often blown into the adjacent body of water. This sane

overgpray e'ﬁsmﬂﬂhsb&§%£f on nearby boats, buildings, waterside cafes and
carsj causi 7 ffhge and infuriating the public. Even the portion
of tphe over | '% ds on the drydock floor can find its way back

I ntof the adj acen
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conveyor belt extending parallel to the keel blocks,
for conveying the collected material to the recycling
station. There, the collected ﬁaterial is processed
to remove undersized and foreign material from the
5 reuseable abrasive grit. The latter is loaded into
supply hopper assemblies, which are crane-lifted back
into supplying relation with respective blasting pots.
By preference, the abrasive blasting work takes place
from elevatable, curtain-enclosed platforms supported
10 on a drydock floor, the blasting pots are located on
the drydock wing wall, the abrasive grit |is
ferromagnetic and recovered from the drydock £floor
partly with the aid of a magnetic abrasive pick-up
unit, and the recycling station is located on a barge

15 moored at an end of the drydock.

Embodiments of the invention will now be
described by way of example with reference to the
20 accompanying drawings in which:-

Figure 1 is a schematic top plan view of a
25 facility for practicing a preferred embodiment of the
present invention using a floating drydock:

Figure 2 is a fragmentary pérspective view
showing a set of abrasive supply hoppers transferred
onto, or immediately prior to being transferred from

30 support - on a set of blasting pots located at an

abrasive blasting grit supply station on a wing wall
of the drydock;




6 water as it attaches itself to dust or dirt particles on the floor of
t he dr docﬁm%ﬁggnaare washed by water through the drydock's drai nage

S’m ﬁmi@ﬁbased pai nt solvents, conmon in marine coatings,

syste L
rel eas¢ vol Hw,”i,ﬂ i conmpounds (VOCs) into the atnosphere during the
time that t ating, during the paint curing process. Regulatory

authorjties are becomng increasingly concerned that these VOCs are
damagi hg the environment. Wile VOC efgssions frommarine paints

Figure 3 is a fragmentary schematic side
elevation wview, 1looking longitudinally aleng the
] drydock, to see an operator onia platform applying
| abrasive to the exterior surface of the ship hull;

5 Figure 4 is a similar fragmentary schematic
elevation view which emphasizes other features;

Figure 5 is a fragmentary front elevation
view of some of the features shown in Figure 4;

Figure 6 is a fragmentary perspective view
10 showing a spent abrasive collection station at the
drydock floor;

Figure 7 is a fragmentary sectional view on
line 7-7 of Figure 1, showing transfer of the
collected spent abrasive material to the abrasive grit

15 recycling station aboard a support barge moved at an
« end of the drydock; and

Figure 8 is a fragmentary top plan view of
the features depicted in Figure 7, further details of
the preferred abrasive grit recycling station being

20 visible in this view.
Detailed Description

Figure 1 shows schematically in top plan
view a typical facility for carrying out a presently
preferred embodiment of the present invention.

25 A floating drydock is shown at 10. It has
a deck or floor 12, and opposite wing walls 14.

In phantom ocutline form in this Figqure, a
ship 16 is shown supported in the drydock 10, with its
keel resting on a row of keel blocks 18 positioned in

30 a series along the longitudinal centerline of the deck
of the drydock.

Each wing wall of the drydock, near, but
outboard of the usual catwalk extending along its
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ot be appEisshtet Has BebieRdplaai ¢, they are a matter of grow ng regul atory

ight, and [ have to be reduced. The only current way to
se of thes is to contain the air into which they are
sed, and then proc at air through a VOC incinerator.

managenent practices being currently utilized to m nimze the anount
rasi ve dust and paint overspray being bl owmn beyond the drydock

et er include placing a curtain over each end of the drydock,

pr mi ng abr asi ve bl asting downwar d o%ﬁy, using airless paint spray
pnent, and ceasing operations when wi nd vel ocities becone higher than a
t erm ned ugpew tend 2Bowhkeesr bedrheseovidettwith a plurality of

blast pot support platforms 22.

The ship is shown having a set of curtain-
enclosed, elevatable work platform supporting towers
5 24 stationed side by side in a series extending along
a whole cquadrant (in this instance, the port/forward
quadrant) of the ship 16.
These towers, and the curtain structure,
which encloses them against the external surface 26 of
10 the ship hull for creating one shared enclosed work
space for all of the towers, or two or more enclosed
work spaces, each containing one or more of the
towers, may be constructed, provided and used in the
manner that is disclosed in much more detail in the
15 aforementioned U.S. patent and/or copending
< patent applications. (A reiterative brief description
will be provided below in relation to this and others
of the drawings hereof.)
Some other features of the preferred
20 embodiment, which are depicted in Figure 1, include
two abrasive material recovery conveyors 28 which

extend along the length of the deck 12 and over one
end, so as to have the ends of their carrying runs
disposed over the deck 30 of an abrasive reclaiming
25 barge 32, which provides the preferred location for an
abrasive recycling station 34. '
Details of the blast pot suéport platforms,
blast pots (and abrasive supply hoppers and the
lifting frame for the latter) are discussed below with
30 reference to Figures 1 and 2.
Use of the towers and blasting equipment for
cleaning the ship hull external surface is discussed
below with reference to Figures 1 through S.



neverf’eless permt a significant percentage of the airborne abrasive dust
and pagnt overspray to blow outside of the perineter of the drydock. In

addi ti pn, tm%%%haiﬁgﬁk&ﬁé: g nothing to reduce the many other negative
affectp of th process Recently, sone shi pyar ds
have pegun s , fromthe weat her deck down to the drydock

structyre, mﬁ strips of material. This material nust be
some t porous to keep it from

20

Recovery at the drydock deck level, of the
spent abrasive, and associated debris, is discussed
below with reference to Figures'l and 4 through 6.

Processing of the spent abrasive and
5 associated debris to obtain dry abrasive grit stock
for recycling via abrasive supply hoppers to the
blasting pots up on the wing walls is discussed below
with reference to Figures 1 through 8.
Although the blast pots 36 and abrasive
10 supply hoppers 38 could be provided as individually
movable, separate units, it is preferred that they be
assembled as respective connected sets. In the
instance depicted, blast pots 36 are assembled in sets
of three, secured in respective three-dimensionally
15 rectangular welded steel _stacking frames 40 each
N arranged to be lifted, moved, lowered into position
and left in place, by a standard lifting frame 42.
The lifting frame is designed to disconnectably
connect with connectors (not shown in detail) at the
20 four upper corners of each stacking frame 40, and, in
turn, to be supported on a wire rope sling 44 from a
crane (not shown). The sling 44 includes operating
cables (not shown in detail) for connecting and
releasing the connectors on the lifting frame 42 from
25 the corresponding connectors on a respective stacking
frame 40. In general, the operating relation of the
lifting and stacking frames, sling ahd crane may be
similar and comparable to the relation of the
structures that are conventionally |used for
30 manipulating ISO containers between ships, docks and
truck trailers.

The same is true for the supply hoppers 38,
which also are shown assembled in sets of three,



7 sh dding in the wind. However, the lives of these |large strips of

mat erifjal are short because of danage fromw nd, handling, errant
abr asi e mlsabdet Badfihd{e plhde@r hazards inherent to the heavy industrial
enV|rcnnent shlpyards Because of the basic cost of the
shrOUC|ng Its short

21

secured in respective three~dimensionally rectangular
welded steel stacking frames 46, arranged to be
lifted, moved, lowered into posiﬁion and left in place
by the 1lifting frame 42. The stacking frames 46
5 correspond to the stacking frames 40, so that
respective ones of the former can be stacked onto
respective ones of the latter, as shown on the blast

pot support platforms in Figures 1 through 3.
In the instance depicted, there are six
10 platforms 22 equally spaced from one another on each
q wing wall 14, each stacking frame 36 carries three
blast pots all arranged vertically and in one line
that extends longitudinally of the drydock, and each
stacking frame 46 carries three abrasive supply
15 hoppers 38 all arranged vertically and in one line
~ that extends longitudinally of the drydock. In actual
practice, these numbers and spatial orientations could

be varied.

The purpose of each abrasive supply hopper
20 38 is to act as a dispensing receptacle for dry
abrasive particles, for supplying the respective
underlying blast pot 36, by gravity feed, with

abrasive grit. For that reason, each hopper 38
includes a top opening 48, through which it can be
25 filled with abrasive grit, a cover 50 (which

preferably slides into and out of place and, when in
place, provides a weather-tight seal particularly
against intrusion of rainwater), a peripherally
complete set of sidewalls 52, and bottom walls 54
30 which slope towards a central outlet 56. Except when
the hopper is in place in feeding relation over a
respective blast pot 36, each hopper outlet 56 is
closable by a shutter plate (not shown) for




life in§he shipyard environment itself, the cost of instal ling, renoving,

handl i ng andﬂmﬁhmﬂ1 Ban@hhﬂ approach is very expensive. Wiile this
appr oach cont alrborne abrasive dust and pai nt overspray

Wi thint e dr r than current generally accepted best

manage rac |ces stlll escapes through the necessarily porous
mat eri al and through the joints where the strips of material overlap. In

1, this approach does little to solve the nmany ot her negative
ef fect sfof the ship- coating process a?@ does nothing to reduce VOC

em ssi ofs. One ot her technol ogy exists that reduces dust from
gting, rhbath sicstibey tacfinal 09y ®hd transfer of the abrasive

supply hopper.
The purpose of each .blast -pot 36 1is to
receive a gravity-fed supply of dry abrasive grit
5 particles from a respective abrasive supply hopper 38
having its open outlet disposed in feeding relation
thereto, to entrain that supply of grit particles, on
demand, into a stream of pressurized air flowing
through an outlet hose 58, to a nozzle 60 for
é 10 application of the abrasive grit to the hull surface
' 26. The blast pot 36 may be of known, conventional
construction. Alternative abrasive delivery systems
could be used, e.g., where grit is delivered for
centrifugal propulsion off a spinning grit-propelling
15 device, e.g., such as is available from The
\ Wheelabrator Corporation, Newnan, Georgia 30263.

3 The stacking frames 40 and 46 include corner

3 guides and vertically interengageable features 62 to
1 facilitate stacking in vertical registry, as best
20 illustrated in Figure 2.

In actually practicing the process,
platforms 22 around the quadrant of the ship hull
being cleaned are provided with a full complement of
blasting pot sets, and respective sets of abrasive
25 supply hoppers 38 full of dry abrasive grit are

shuttled into place by crane from the recycling barge

32. As hoppers 38 become empty, the respective empty

sets are shuttled by crane to the recycling barge 32.

OQutlets 56 are opened and closed as needed. When
30 cleaning work on one quadrant is completed, the blast
pots and fill abrasive hoppers can be shifted to the
set of platforms 22 which flank the next quadrant of
the ship that is to be cleaned.

i
i
i
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vacuum bl gsti ng. However, this process is very slow and very costly from an
equi pnent jand manpower standpoi nt and does not address painting probl ens

i ncl udi ngjoverspray and VOC em ssi ons. Wth regard to approaches
to resolving the nmany probl ens associated with the coating of ships, as
expensi vej as the coating process is or may becone, the major cost
consideration is the speed with which a ship may be coated or recoated.
This is Qecause of the daily anortization and operation costs of the
drydock required to lift the ship out aof3the water for recoating ($5,000 to
$20,000 Y. S. per day) and the ship itself, which is out of service during
recoatin Referring particularly to Figures 1 and 3,

i the ship hull-cleaning process is preferably run in
! tandem with a hull paint process; quadrant by quadrant
’ around the hull.

15 The preferred tower apparatus 24 includes a
plurality of modular towers, including vertically
stackable 64, 66, 68 base, middle and top modules made
of steel framework such as is commonly used in
: scaffolding and staging. Each tower mounts a work
i 10 platform 70 on cantilever arms 72 from an elevatable

trolley (not shown), which runs on vertical tracks
provided on the tower, and is wvertically moved and
positioned by a hoist (not shown) mounted on the top
module 66. As the work platform is stationed at any
15 particular level, the operator (human or robotic)
f“\ progressively shifts the nozzle 60 from side to side
n while abrasive grit is being sprayed in compressed air

released therefrom or otherwise propelled, so as to

impact and thereby abrade scale, paint and other
20 debris from the respective horizontal band of the
respective vertical increment of the respective
quadrant of the hull surface 26.

As the work platform is shifted in height by

raising or lowering the trolley, the operator also can

25 extend or retract the cantilever arms 72 in order to

maintain a uniform working distance between the nozzle

60 and the work surface 26, despite the fact that the

surface 26, while being generally vertical, slopes
inward near the keel on most ships.

30 - Although not shown in the drawings, in

actual practice, a system of curtains, flexible and/or

rigid, with seals, attachments, spreaders and other

adjusting and accommodating devices are provided

This Sheet Has Be
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8 (!10,000 to $100,000 U.S. per day). These costs denand that with

mhatéyer solutions are devel oped to solve the existing problens with
abragi ve bl asting and

24

either for each tower, or (more preferably) around
most or all of the towers in common. These extend
around the sides, back and tbp of -whatever they
enclose, and have front edges plus a lower front lip
5 which enclose against the surface 26 so as to provide
for each tower, or for the respective towers in common
an effective curtain-enclosed work space containing

the towers, work platforms, operators and nozzles.
The tower modules 64-68 can be 1lifted,
10 shifted and put in new locations using a sling and
crane as has been described above in relation to the
frames 40, 46. Those wishing to know more details of
preferred practicés are referred to the U.S. patent

and copending applications identified in the
15 Background section hereinabove.

< As dry abrasive grit forcibly issues from
the nozzle or other propelling device 60, it impacts

the work surface 26, whereupon some of it fractures,

some becomes more rounded, and scale, paint chips and

20 other debris are removed with it thereby making a
spent abrasive material which typically includes a

high percentage of perfectly reuseable dry particulate

abrasive grit. The mixed material is ejected or
rebounds from the surface 26 and begins to fall, under
25 the influence of gravity.

By preference, a catch pan 74 is secured
under each work platform 70. It .is shaped and
positioned to catch much of the ejected, rebounding
and falling spent abrasive mixed material 76. The pan

30 74 preferably is funnel-shaped, so that captured
material 76 gravitates towards an outlet 78 which
feeds the inlet end of a chute 80. The chute 80 can

be provided as a conventional multiple-section

This Sheet Has Been Replaced
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of ships, elapsed tine of the coating process be of the essence.
The afprenenti oned US-A-5211125 and EP- A- 0539212, each

es a systemfor perform ng external surface work on a ship hull, in

which ga vertical tower is erected on a support surface beside a ship, e.g.,
on degk of a drydock in which the ship is berthed. A set of flexible
confirfenent curtains externally surround the tower, but are open towards a
vertidal segnent of the ship hull. The tower nmounts a vertically novabl e
troll gy, to which a cantilever arm nmechasi sm nounts a work platform I n

use, workers and/or roboticly
articulated construction chute of the type often used
for directing debris from various heights, to a
collection peint. To that end; the sections 82 are
hinged at 84 serially together from a corresponding
5 location on the rim of each so as to form a

substantially continuous conduit when aligned in a
right-side-up orientation, but to form an outlet
f wherever rotated out oflalignment. Accordingly, as
‘ seen in Figure 5, the chute 80 has an inlet 86
10 effectively communicated with the outlet 78 of the
catch pan 74, and an outlet near the drydock deck 12

at 88. The chute is hung from the catch pan 74 at the

inlet end of the chute. The opposite end 90 of the

chute 80 is hung by cabling 92, which extends out of

15 sight to the upper right in Figure 5 as indicated by
\ the arrow 94 to attach to convenient elevated
structure. A set of guy wires 96 are shown steadying

the lower end of the first section of the chute
relative to corners of the work platform. As the work

20 platform 70 is raised and lowered on the respective
tower 24, the part of the chute, which is effectively

in use, automatically adjusts as the band 98 (and,

thus, the chute ocutlet) propagates along the series of

chute sections. (Because Figure 4 1is a view

25 corresponding to looking toward the left from the
right of Figure 5, the chute sections, which show in
Figure 4, are the inverted ones that are not in use.)
Referring to Figures 4 and 5, the chutes 80

are shown having their outlets 88 arranged to direct

30 spent abrasive mixed material which descends through
the chutes, into the inlets of movable screw conveyors

100 supported (e.g., on wheels on the deck). The
outlets of the screw conveyors 100 dump the collected

This Sheet Has Been R
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( g ed devices operating fromthe platformuse abrasive blasting (e.g.,
via co

ressed air-powered abrasive grit-spraying nozzles) and paint or

ot her @oating conposition spray nozzles to work on the vertical segnent of
hul | rface that is confined within the shroud provided by the curtains. A
syst engof supply lines and recovery |ines, which extend into and out of the

confingd space, supply air abrasive, paint and other needs, and coll ect
fumes gnd ot her expended material for processing, reprocessing or disposal,
al | th the intent of mnimzing2eontam nation of the environnent.
Simlafly, spent abrasive grit, with its burden of paint chips and scale
fragmghts, is spept aprésivecpixedi vaterbabteinbd inlets through the

cover 102 of a respective one of the abrasive material

recovery conveyor, one of which is shown at 104 in

Figure 6. Each of the conveyors 28 1is shown

5 comprising an endless belt-type conveyor having an

upper, horizontal carrying run 106 and a lower return

run. Each conveyor 28 further includes a frame 108,

belt guides 110, supports 112 for supporting the belt

at an elevated location relative to the deck 12,

10 drive, idler and tensioning rolls (not shown, but

conventional) about which the conveyor Dbelt |is

entrained for being driven and supported.

In operation, each conveyor 28 runs in the

direction indicated by the arrows shown at the left in

15 Figure 6. Accordingly, spent abrasive mixed material

“ which, having been introduced through the inlets 104

lands on the carrying runs 106 to the abrasive

recycling station 34_provided on the deck 30 of the
abrasive recovery barge 32 (Figures 1, 7 and 8).

20 Not all of the spent abrasive mixed
material, which rebounds from the work surface 26, is
caught by the catch pan 74, descends through the chute

80 and is collected by a screw conveyor 100 and

introduced through an inlet 104. Some misses the
25 catch pan, or for other reasons, spills onto the deck
12.

In practicing preferred embodiments of the
invention, that spilled spent abrasive mixed material
is collected by other means and also introduced

30 through' an inlet 104 and sent on its way via the
conveyor belt run 106, to the abrasive recovery
station. That "other means" can be as simple as a

push broom and dust pan (or its industrial

This Sheet Has Been Replaced
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. As work on each vertical segnment of the hull is conpleted, the
s shifted to a successive |ocation along the hull. Mgnets nounted
portions of the curtains are used for

27

equivalent), or more elaborate sweeping, vacuuming up
and discharging devices, such as are conventiocnally
used for cleaning factory floors: For use, especially
in instances where (as is preferred) the abrasive grit
5 used 1s ferromagnetic material, e.g., hard steel grit,
the spilled material pick-up means preferably includes
a magnetic abrasive pick-up unit 112. Although an
average person may never have seen or heard of such a

device, in fact, they are commercially available. The

——— ..
—— e

10 exemplary magnetic abrasive pick-up unit 112 includes
a frame 114 mounting rollers 116 about which an
endless belt 118 is entrained. The frame 114 is

supported on the deck 12 on wheels 120. The upper

carrying run of the conveyor belt 118 slopes upwards

15 and a collecting hopper 122 is mounted on the frame

~ 114 so that its upper inlet end is arranged to receive

particulate material collected by the belt 118, as

that material is separated from the belt 118 at the

upper end of the carrying run of the belt. The belt

20 118 is made of magnetic material (or electromagnetized

ferromagnetic material). As the device 112 is run

j around the deck, with the conveyor belt 118 advancing

'.l. (due to powering of one of the rollers 116, or due to

’ rotational motion transmitted by suitable transmission

25 means from the wheels 120), particulate ferromagnetic

constituents of the spilled spent abrasive mixed

material adhere to the belt 118 at its lower end.

These are carried up and removed, e.g., by a scraper

and/or by periodic turning off of the

30 electromagnetizing circuitry for the belt, so that the
collected material dumps into the hopper 12.2.

Periodically, as the hopper becomes loaded

with collected material, the unit 112 is run over to

This Sheet Has Been Repl
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renogably fastening the front edge of the shroud to the ship hull around

t he ole of the perineter of the respective vertical segnent. During the
cour §e of the work on a segnent, the work-applying nozzle is traversed

hori gontally while ained at the hull, and after the particular act of work
on efch horizontal band of the segnent has been conpleted, the trolley is
rai sgd or lowered on the tower, so that another band can be worked on. The
cantj | ever arnms, which nount the work platformto the trolley, are extended

and yetracted, as needed, for maintaiaing the desired proximty of the
wor i appl yi ng nozzle to the hul

the location shown in Figure 6, at which the shutter-
closed lower, outlet end of the hopper 112 is disposed
over the upper, inlet end of an inlet 122 for a mobile
abrasive-handling elevator 124. This transfer
5 conveyor 124 1is arranged to collect material dumped
into its inlet 123 as the shutter on the outlet end of
the hopper 122 is opened, elevate this material (e.g.,
using an endless conveyor belt having buckets 126).
The buckets dump into an outlet 128 which, in turn,

10 dumps through the inlet 104, onto the carrying run 106
1 of the conveyor 28.

On the abrasive recovery barge 32 (Figures
1, 7 and 8), the spent abrasive mixed material 76 is
fed off the downstream ends of the carrying runs of
15 the conveyors 28 into an accumulator bin 130.

\ Screw and bucket conveyors 132 forward the
accumulated material 76 to a classifier 134. This
device, which may include a cyclone separator,.
separates the stream of material 76 into oversize

20 (trash), which is forwarded to trash baskets 136
undersize (dust), which is forwarded to a dust
collector 138, and reusable abrasive grit, which is
forwarded to a master hopper 140. Make-up (new)
abrasive grit also can be added to the hopper 140 from

-

25 time to time for replacing grit, which has broken-down
in use and, therefore, has been separated out as
undersize.

The deck 30 of the abrasive recycling barge

32 is provided with a rail track on which sets of

30 abrasive supply hoppers 38 are arranged to roll on
bogies 142.

An empty set of abrasive supply hoppers 38

is moved from its location on a respective set of

This Sheet Has Been RT
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2 fromone band to the next. Although the baseline apparatus and
nmet hog as disclosed in this aforenentioned U S. patent US- A-5,211,125 and

EP- A- 539212 contenplate that nore than one tower may be in use at the
samne me for perform ng respective tasks on respective vertical segnents
of thg same ship hull, these publications do not disclose jointly shrouding
pl ura ones of the towers. However, this latter inprovenent is a nmain
t opi cgof a copendi ng European applicati on EP-A-0597643, filed on 5th
Novenfper 1993 and published on 18th My 1994, after the priority date

d by the present application. The baseline apparatus and nethod as
psed irplast PRHS c3bi 0PN dissclirespectiiivg t hhastisIgot suppnrt

platform 22, as explained towards the beginning of
this detailed description, and set on an empty bergie
142 upstream of the master hopper 140. The empty sat

5 is rolled forwards on the bogie, under the mas7gp
hopper 140, the shutter of which is temporarily opesag
successive times to fill each of the abrasive sugpzly

hoppers 38. Downstream of master hopper, a full set
of supply hoppers 38 is crane~lifted off =he
10 respective bogie and back to a position on top c# 3

set of blast pots 36 up on a platform 22. The empty

bogie can be recirculated from its downstream positisn

on the rails 144 to the upstream position, Z#,5r

receiving an empty set of abrasive supply hoppezs.
15 (Or, if only one bogie is in use on the rails 144, =pe

empty bogie can simply be pushed along the rails fzyp
; the downstream position to the upstream position.)

e EESESNPY - e,

Preferred practices of the apparatus ing

method of the present invention make possible furtiasr

20 significant improvements in environmental complieasee
during ship-hull cleaning, as follows:

- a. By facilitating the positioning »f
‘ blast pots and abrasive supply hoppers by dryd.-kx
f crane on multiple platforms on the drydock wing wezl],

25 clean abrasive material handling in support sf

abrasive blasting is performed more efficiently.

b. By providing the means of us.ag
recyclable steel or mineral abrasive and of magne’ic
pick up of used abrasive off the floor of the dryi:-x

30 and convenient conveyor abrasive disposal locatiing
along the 1length of the drydock, much regquizsg
abrasive clean-up labor is eliminated.

This Sheet Has B
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on adj oi ning segnents of the sanme hull using a plurality of towers

espective adjustably cantil evered, elevatable work platforns, with

bud curtains possibly providing interconnected confined spaces for

some of the towers, with sonme side curtains subdividing the space in
I sol ate the environnents of various types of work from one

anot hef as needed. The earlier application EP-A-597643 al so di scl oses
provi dgng a support barge

30

c. By conveying the used abrasive directly

: from the drydock disposal location to the abrasive
recycling location, significant used abrasive material
handling is eliminated.

5 d. By automated transfer of abrasive
supply hoppers from their £ill position under the
abrasive classifier and storage hopper to a 1lift
position under the drydock crane, significant clean
abrasive material handling is eliminated.

10 e. By providing a complete dry loop for
abrasive material handling through the phases of
abrasive supply, abrasive blasting, used abrasive
clean up, used abrasive transport to recycling, used
abrasive recycling and recycled abrasive transport

i5 back to the abrasive supply point, use of recyclable

B steel or mineral abrasive is made possible for ship

abrasive Dblasting. This significantly reduces

abrasive acquisition and disposal costs and reduces

the quantity of used abrasive waste generated, by an
20 order of magnitude.

30
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carrying the vari ous air'conpressors, pai nt supply tanks, abrasive

*$h| hoppers, so that all of these itens of equi pnment need only to be E§
® cd to the various Q%fles, etc., within the shrouded, confined
spacey ratheﬁmsha RIS ly transferred to, fromand fromplace to
placef.round \ \\\ her el aborations are disclosed, I ncl udi ng
possi @y -31-
CLAIMS
] 1. A method of abrasive blast-cleaning a generally vertical

external surface (26) of a ship hull (16) supported on a deck
5 (12) of a drydock (10), comprising:

(a) supplying dry abrasive grit from at least one
supply hopper (38) disposed at at least one elevated location
(22) through a respective hose (58) to a respective work head
(60) controlled by a respective operator on a respective

{10 tower-supported elevatable work platform (70), each operator

directing the respective work head (60) towards the external

‘ surface (26) of the ship hull (16) as abrasive grit is

propelled therefrom, thereby impacting and rebounding from

said external surface (26) together with removed debris and
15 falling as spent abrasive mixed material;

(b) collecting the spent abrasive mixed material and
" subjecting the collected spent abrasive mixed material to

| classification into undersize dust, oversize trash and

reuseable dry abrasive grit; and

{120 (c) refilling each said supply hopper with said

: reuseable dry abrasive grit.

2. A method according to claim 1, wherein said dry abrasive
grit is made of ferromagnetic material and said collecting
25 step comprises sweeping up spent abrasive mixed material from

the deck of the drydock using a magnetic collector (112).

3. A method according to claim 1 or 2, wherein step (a)
further includes forming a rainproof curtain-enclosed space
around each said tower-supported elevatable work platform
(70), against said ship-hull surface, so that the spent

abrasive mixed material which falls and is collected remains
dry.

30

35 4, A method according to any preceding claim wherein:

said at least one supply hopper (38) comprises at least

[




In tha owers which can be laid down for transit on their
support sily erected to vertical positions for use, are

di scl osed, as are ways and neans for connecting the tower-support barge to
the f§oating ship, and for using inflatable seals and al so dams to seal the
frontdedges of the shroud curtains to the hull, and bottom edges of the

¥ to the support deck, despite possible relative noverent of the ship

and thwer SURROLLth3f G 1334+ ehEEdUG] r&%& far e RIAR KE, o PEL !
£l es and renoved scale fromthe t%€g¥ S or% ec o the bogy
on a respective stacking frame (40), and there are at least
three said tower-supported elevatable work platforms (70),
arranged side by side along said external surface (26) of said

5 ship hull (16) and all disposed within said curtain-enclosed
space; and

A onj .ng t ower mg@ a novabl e barge, so that the above-waterline part
of af;;fﬂm g f“e’i e worked upon wusing the apparatus and nethod.
o

said subjecting of the collected spent abrasive mixed
material to classification is conducted at an abrasive
recycling station 34; and

stacking frame (40), upoh their becoming effectively empty
as a result of conducting step (a), to said abrasive
recycling station (34) for said refilling with said reuseable
dry abrasive grit, and cycling the thus-refilled set on said

15 frame (40) back to a respective said elevated location (22).

Jﬁ 10 cycling said set of supply hoppers (38), on said
!

“« 5. A method according to any preceding claim wherein:
said drydock has wing walls (14), and each said elevated

location (22) is provided on an upper end (20) of a respective
20 wing wall.

6. A method according to any preceding claim further

comprising:
d providing a catch pan (74) under each said tower-
25 supported elevatable work platform (70) and extending
forwardly therefrom into proximity with said external surface
(26) of the ship hull (16); and
funneling spent abrasive mixed matérial collected by

each said catch pan (74), to said abrasive recycling station
30 (34).

7. A method according to any preceding claim wherein:
in conducting step (a), the dry abrasive grit is
supplied by each said supply hopper (38) by gravity to a
35 respective underlying blast pot (36), and by the respective
blast pot (36) by compressed air through the respective said

AR




2l around the floating ship, or ship in drydock, which is being
wor ke on. This Shee

<) t Has I n anot her copendi ng European application EP
- A- 0G802 I ReptdgeqVar ch 1994 and publ i shed on 14 Septenber 1994,
after ghe p h ai red by the present application, further

F£nent s d, which facilitate automated abrasive bl asting,
abrasigze bl asting recovery and spray p3nting; reduce extent and costs
associhted with tenporary hookup of equi pnent, hoses and ducting for
ventilgtion and conpressed air; provide a neans of extending the reach of
t he wor ker hgdss f(@&); pravi de an i nproved nmeans of rapidly and efficiently

, each said work head (60) is a nozzle out through which
' the dry abrasive grit is propelled by spraying entrained in
a stream of thereby released compréssed air.

8. A method according to a claim 4, wherein:

said abrasive recovery station (34) is located on a barge
(32) moored adjacent an end of said drydock (10); and

step (b) includes conveying the collected spent abrasive

10 mixed material along said drydock (10) on a succession of

conveyors (100, 28, 124, 132) to a '
classifier (134) located at said abrasive recovery
station (34).

.15 S. A method of abrasive blast-cleaning an external surface
: of a ship hull, comprising:
N (a) supplying dry abrasive material from a supply hopper
(38) situated at a supply location to a work head (60)
directed towards the external surface (26) of the ship hull

20 (16), and propelling the abrasive material to impact and
rebound from the said external surface (26) together with
removed debris, and to fall as spent abrasive mixed material;

F (b) collecting the spent abrasive mixed material and

4’ subjecting the collected spent abrasive mixed material to

25 classification into unwanted material and reusable dry
abrasive material; and

(c) refilling the supply hopper (38) with reusable dry
abrasive material from the classification step.

30 10. A method according to claim 9 in which the supply hopper
(38) is refilled at a second location lower than the first
location and adjacent the region where the classifying step
is carried out, and the refilled supply hopper (38) is lifted

to its supply location for further operation.
35
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encﬂjsure nodul es; provi de an expanded nunber of nodul es wi t hout nechani sns
to

' T

11. A method according to claim 9 or 10 including providing
a plurality of supply hoppers and cycling the hoppers between
the supply location and a refilling location as the hoppers

are emptied by working operation and are refiled with reusable
) dry abrasive material.

-34-

12. Apparatus for abrasive blast-cleaning a generally
vertical external surface (26) of a ship hull (16) supported
on a deck (12) of a drydock {(10), comprising:

10 (a) means for supplying dry abrasive grit from at least
| one supply hopper (38) disposed at at least one elevated
‘ location (22) through a respective hose (58) to a respective

work head (60) controlled by a respective operator on a
respective tower-supported elevatable work platform (70),

15 each operator directing the respective work head (60) towards

the external surface (26) of the ship hull (16) as abrasive

N grit is propelled therefrom, thereby impacting and rebounding

from said external surface (26) together with removed debris
and falling as spent abrasive mixed material;

20 (b) means (112, 100, 28, 124, 132, 34) for collecting
the spent abrasive mixed material and subjecting the collected
spent abrasive mixed material to classification into
undersize dust, oversize trash and reuseable dry abrasive

. grit:; and
25 (c) means (134) for refilling each said supply hopper

(38) with said reuseable dry abrasive grit.

13. Apparatus according to claim 12, further including means
(24) for forming a rainproof curtain enclosed space around
30 each said tower-supported elevatable work platform (70),
' against said ship-hull surface (26), so that the spent

abrasive mixed material which falls and is collected remains
dry.

14. Apparatus according to claim 13, wherein:

said at least one supply hopper (38) comprises at least

(T




el L2
In practicing the baseline apparatus and net hods, as

'thos esent invention, it is a goal to provide sufficient
of nﬁm‘g ama' B “ !ull wor ker and/or robotic access to all of the
surfac hull that is to be worked on, and also to

abrasive bl ast dust, spent abra$% paint overspray and
e organic conpounds (VQOCs), the by significantly reducing the
ies of these nmaterials which are released to contamnate the air,
f bodi es of water, ship's nechanical equipnment, drydock cranes,
e bl &8 FEaRE A nteagt sthpeet sweehunheraberaul BAdnerrhogall Beysi ng,

| es byneaey oxaahk8sBBE LoV tacking frame (40), and there are at

3 least three said tower-supported elevatable work platforms

(70), arranged side by side along sald external surface (26)

5 of said ship hull (16) along said external surface (26) of
said ship hull (16) and all disposed within
curtain-enclosed space;

said

an abrasive recycling station (34) at which to conduct

said classification;
10 means (42, 44) for cycling said set of supply hoppers
(38) on said supporting frame (40), upon their becoming empty
‘ as a result of said supplying dry abrasive grit, to said
abrasive recycling station (34) for said refilling with said
reuseable dry abrasive grit, and cycling the thus-refilled set

15 (38) on said frame (40) back to a respective said elevated
location (22).

15. Apparatus according to claim 12, 13 or 14, further
comprising:

20 & catch pan (74) provided under each said tower-
supported elevatable work platform (70) and extending
forwardly therefrom into proximity with said external surface

a (26) of the ship hull (16); and

means (78, 80-98, 28, 100, 124, 132) for funnelling

25 spent abrasive mixed material collected by each said catch

pan, to said abrasive recycling station (34).

16. Apparatus according to any of claihs 12 to 15 arranged
to be used in an instance in which the dry abrasive grit is
30 made of ferromagnetic material, said means for collecting the
spent abrasive mixed material includes means for sweeping up

spent abrasive mixed material from the deck of the drydock
using a magnetic collector 112.

35 17. Apparatus according to any of claims 12 to 16, wherein:

said means for supplying further includes an

is Sheet Has Been Replace
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floati ) vessels, and, in addition, significantly reduce the efforts

necessd@y to coll ect se of, recycle and incinerate waste abrasive and
pai nt Si nﬁ u“ “‘L‘Tﬂﬁnt |y reduce the di sruption of the concurrent
shi pbo ?“ ‘ all  without increasing the drydock utilization
times shlp Sut *of -service times. Preferred practices of

t he gasel i ne apparatus and net hods naé% possi bl e significant inprovenments
i n envgronmental conpliance during ship- hull coating because of the

wth s pobBAEFAYLP” B3AFTL B0 Ak &% RASTLIF H00I SR LY | R TRt { 360 o1 |
and grgase wpekkby dry abrasive grit is supplied by each said supply

j hopper by gravity to a respective underlying blast pot (36),

and by the respective blast pot (365 by compressed air through
j 5 the respective said hose (58); and

each said work head (60) is a nozzle out through which
the dry abrasive grit is propelled by spraying entrained in
a stream of thereby released compressed air.

"~ —— e

——— e,

10 18. Apparatus according to claim 14 wherein:
said abrasive recovery station (32) is located on a
barge (32) moored adjacent an end of said drydock (10); and
said means for collecting includes means for conveying
the collected spent abrasive mixed material along said
15 drydock on a succession of conveyors (lOb, 28, 124, 132) to

a classifier (134) located at said abrasive recovery station
“ (34).

19. Apparatus for abrasive blast-cleaning an external surface
20 of a ship hull, comprising:

(a) means for supplying dry abrasive material from a
supply hopper (38) situated at a supply location to a work
head (60) directed towards the external surface (26) of the
ship hull (16), and for propelling the abrasive material to

J 25 impact and rebound from the said external surface (26)
I together with removed debris, and to fall as spent abrasive
mixed material; '
(b) means for collecting the spent abrasive mixed
material and subjecting the collected spent abrasive mixed
30 material to classification into unwanted material and reusable
dry abrasive material; and

e L

(c) means for refilling the supply hopper (38) with
reusable dry abrasive material from the classification means.

35
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n or wash off the drydock fl oor. b. Abrasive dust

IS
d and processed w thout |eaving the enclosure.

-37-

ABSTRACT

APPARATUS AND METHOD FOR PERFORMING EXTERNAL
SURFACE WORK ON SHIP HULLS

] Dry, particulate abrasive for use in abrasive blast
cleaning of a ship hull (16,26) is supplied to blasting pots
(36) from abrasive supply hopper assemblies (38,40) lifted
into place from a recycling station (34). Spent abrasive,
10 with debris, is collected and placed on a conveyor belt (28)
extending parallel to the keel blocks (18), for conveying the
collected material to the recycling station (34). Thére, the
collected material is processed to remove undersized and
foreign material from the reuseable abrasive grit. The latter
15 is loaded into supply hopper assemblies (38,40), which are
crane-lifted back into supplying relation with respective
« blasting pots (36). By preference, the abrasive blasting work
takes place from elevatable, curtain-enclosed platforms (70)
supported on a drydock floor.(lz), the blasting pots (36) are
20 located on the drydock wing wall (14), the abrasive grit is
ferromagnetic and recovered from the drydock floor (12) partly
with the aid of a magnetic abrasive pick-up unit (112), and

' the recycling station (34) is located on a barge (32) moored
d at an end of the drydock (10).
25
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o c. Paint overspray is filtered without |[|eaving the
enchoe . d. VOCs are contained and incinerated wthout

| eavii@ t he encl osure. e. Stormwater is prevented from running
t hr oudd spent abrasive and debris contam nated with paint. f.
Use ofgl ecycl able steel grit abrasive, instead of mneral abrasive,

el i mr@k es di sposal of spent abrasive t ,lts cont ai ned t oxi ns.

Pref erflled practices of t he basel} fe ‘appar atus and net hods al so

provi &8 a significant
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. This Sheet . . . . .
opportunity f ] ed N coating quality by preventing negative
ef fects of m%gv nting rain or snow frominpacting on hull areas
during coati ding hotter dehum dified air during coating.

Preferred practices 0 t he basel i ne apparatus and net hods further
provi de a significant opportunity to shorten coating and drydock span tines
by: a. Shortening or elimnating equipnent nobilization,
setup, tear down and denobilization tinme throflgh wse of the coating support
bar ge. b. Elimnating weather interruptions. C.

Accel erating paint curing by heating




n the encl osure. d. Allowing nost ship repair wrk to
s Bedn| ReS1QAY e. Reducing drydock clean-up

O eérh éihqe
' 7 , mr’m"]t am nat ed or spent abrasive to within the encl osure.
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, Preferred practices of the baseline apparatus and net hods
at e e uctions in the cost of the coating process not only for
asong prcfidtasbeen Reprdiqat el y above, but al so because: a. Rework

fr - at he [’ at ed. b. Transportation and crane handling
of Jpor t | F)e el i m nat ed. c. Abrasive contam nation
mai ance of manli , cranes, forklifts and conpressors can be
el i night ed. d. War and tear on p(irt/ar_tgl e hoses and ducting
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ol Virtually elimnated. e. Tenporary covering of ship's
mectigli cal _equi prent can be el i m nated. f. Purchase and di sposal of
m nefgl abff ep Repdeedyi nat ed. The present invention builds on
t he ZWvant a u nﬁ preferred practices of the baseline apparatus
and ¥t hods, rred practices thereof, provides additional
advaigg ages. 5/
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Ref erence w Il now be nade to another, much earlier, apparatus for bl ast
cl eaning surfaces, dis Ipaﬁd I n GB-A-998, 106 and GB- A-1098839, (which was a

patent of H ¢ Has Been TR0y evi ous patent). In both these patent
speci ficati 1 \ Pisclosed apparatus for cleaning surfaces
i ncluding a | cle, a projection housing with an open end, a

support nounted on said steerable vehicle and carrying said housing, said
support being capabl e of bringing and nmai ntaining said housing with its
open end adjacent the surface to be tr@af &, a centrifugal projecting nmeans
projecting into said housing towards said open end and capabl e of
projecting hard particles outwardly through said housing towards

FIG. 7
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sai d open end and against said surface to be treated, a feeding chamber for
sto %ng§aﬁg3&akdﬂ ghticles, and a filtering neans for carrying out the
separ said hard particles after inpact on said surface to be
tregg ﬁ ma‘ﬁryi ng the powdery mass of the treatnent waste products.
In I't is said that the centrifugal projecting neans and the

f eedi ng chanber may be so arranged #hatythe particles after inpact are
directed to the feeding chanber and the feedi ng chanber nay have passages
provi ded for returning the hard particlgﬁzto the centrifugal projecting
means. In GB-A-1098839, tawre is discl¢sed a devel opfrent of the invention
of the previo Jat-ent—in—whi-ch f hé¢ bl asti ng apparat us
may be appli pace between the
surface to bge : 0 5 drydock, is too
narrow for hpus pvi ng therein the blasting ppparatus as a whol e.
Bet ween the yeh)cle of the apparatus and the projectijon housing, a
structure isjingerted having a horizontal armres$tipg on the vehicle and a
verti cal

e when the
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armacting as a guide and a rolling track for the projection housirg.
In GB-A-}¥98839, there is disclosed a nethod of abrasive blast-clegning a
general | yvertical external surface of a ship hull gupported on a geck of ax
drydock, conpri sing: 4 (A% bl ast- cleanlng said ship hull ;by .
suppl yi ng,dry abrasive ngierial from 51§Upply hopper situated at a supply
| ocation through a hose to a work head directed towards the external
surface of the ship hull, and propelling the abrasive st
PPARATUS AND METHOD FOR PERFORMING EXTERNAL

SURFACE WORK ON SHIP HULLS

2%

This Sheet Has Been Replaced
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and a method of performing external surface work on
ship hulls.

S\

The present invention relates to an apparatus for

In genetal, the invention relates to providing an
atmospherically controlled sealed enclosure which

permits economical staging access to and coating of

exposed areas of ships' hulls of varying
configurations both afloat and in drydock during the
abrasive Dblasting, spray painting and solvent

evaporation phases 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. o

The present invention relates to apparatus and a
method for’supplying abrasive blast media to workers-
working inside an enclosure, retrieving and recycling
used abrasive, which improve upon the apparatus and
methods which are disclosed in U.S. patent US-A-
5,211,125 (Garland et al), issued May 18, 1993
corresponding to EP-A-0539212, and other copending
patent applications EP-A-0597643 and EP 94301560.9.
These are collectively referred to herein as the

baseline apparatus and methods.

Ships' hulls are very large and are complexly
contoured in both +the vertical and longitudinal
directions. The world's population of ships has a

very significant number of different sizes and shapes.

Coating of the exterior of ships requires using
abrasive blasters for surface preparation and painters

for application of paint. Both blasters and

Thmistherepmcementsheet
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- 15 - material to inpact and rebound fromthe said external surface
together wwth renoved debris, and to fall as spent abrasive m xed

mat eri al ; and (B) classifying the spent abrasive m xed materia
by collecting the spent abrasive m xed material and subjecting the
col l ected spent abrasive m xed material to classification into unwanted
mat eri al and reusable dry abrasive naterial; the abrasive material to

i npact and rebound fromthe said externaE

painters must be brought into close proximity to the
portion of the hull they are working. Neither
blasters nor painters can perform their work on much
more than 75 square feet of hull surface without
moving or being moved to another location.

In earlier times, worker movement from 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 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.

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
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.

Even more recently for abrasive blasting,
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
acceptance because of the cost to purchase and operate

the apparatus, plus operating difficulties with the
devices dctually available.
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surface together with renoved debris, and to fall as spent abrasive m xed

mat eri al ; According to the present invention such a nmethod is
characterised in that the nmethod includes: - in said classifying
step (B): - (a) cycling a plurality of supply hoppers upon their

becom ng effectively enpty as a result of conducting step (A), fromsaid
supply location to an abrasive recycling station spaced fromthe supply
| ocati on;

3

Since ships are very large vessels which
operate on large bodies of water, their construction
and repair including drydocking‘almost always takes
place immediately adjacent to large bodies of water.

Pollution of these large bodies of water,
including Great Lakes, rivers, seas, bays and oceans,
has become of much greater concern to societies around
the world because of the negative effect of this
pollution on the vegetable and animal 1life 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 amounts of the toxins leach
out during rainstorms or from other sources of water
used in ship repair and are deposited into the body of
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(b) classifying the spent abrasive m xed material at the abrasive

recycling station spaced fromthe supply | ocation; (c) refilling
the supply hoppers with said reusable dry abrasive material fromthe
classification step at the recycling station; and (d) cycling

the thus-refilled supply hoppers back to the supply location for further
operation; and

4

water from the drydock’s drainage system. Toxic
petroleum products, including fuels, lubricants and
greases associated with maniift, -forklift and
compressor operations, can similarly be carried
through the drydock drainage system into the adjacent
body of water.

Recent regulations implementing the U.S.
Clean Water Act impose more stringent restrictions on
contaminants in storm water runoff. These regulations
mandate that either contaminants be eliminated or
drydock storm water runoff be collected and treated,
a process not currently feasible because of the
quantity of water involved.

Recent interpretations of regulations
require spent abrasive to be disposed of in permitted
landfills or recycled, significantly increasing
disposal costs. Recent OSHA regulations impose more
stringent regulations on exposure to spent mineral
abrasive dust increasing the cost of blasting using
mineral abrasive.

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 abrasive. This
mechanical equipment, which  includes interior
ventilation systems, must be temporarily covered with
protective covering during abrasive blasting. This
temporary covering inhibits operétion of the interior
ventilation systems when abrasive blasting is underway
causing discomfort to ships’ crew members 1living
aboard as well as to workers inside the ship.

is Sheet Has Been Replaced
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in said blast-cleaning step (A):- (e) upon conpl etion of the
bl ast-cleaning of a first portion of said external surface, transferring

said supply location and work head to a second portion of said external
surface;

5

Virtually all the equipment currently used
in abrasive blasting has mechanical components. 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 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
shoveling and sweeping.

Workers, who are free to procéed -with
exterior ship construction and/or repair tasks which
do not involve mechanical ship’s components, are
disrupted, made 1less efficient and exposed to
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.

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,
overspray is often blown into the adjacent body of
water. This same overspray can coat itself on nearby
boats, buildings, waterside cafés and cars, causing
expensive damage and infuriating the public. Even the
portion of the overspray which lands on the drydock
floor can find its way back into the adjacent body of
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(f) bl ast - cl eani ng said second portion of the external surface;
(9) repeating said steps (a) to (d) with the recycling of the supply
hoppers taking place between said second portion of said external surface

and the sane said abrasive recycling station; and (h) repeating
the cleaning steps (e), (f) and (g) at further successive portions of the
external surface of the ship. Preferably said dry abrasive

material is made of ferromagnetic materigl and said collecting step
conpri ses sweeping up spent abrasive m xed nateri al

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 s&stem.u

Non-waterbased paint solvents, 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
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
of these invisible VOCs is to contain the air into
which they are released, and then process that air
through a VOC incinerator.

Best management practices being currently
utilized to minimize the amount of abrasive dust and
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 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 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 material.
This material must be somewhat porous to keep it from
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fromthe deck of the drydock using a magnetic collector. Al so preferably
step (A) further includes form ng a rainproof curtain-enclosed space around
each said tower-supported el evatabl e work platform agai nst said ship-hul
surface, so that the spent abrasive m xed material which falls and is
collected remains dry. In sone preferred arrangenents said supply
hopper conprises one of at |east one set of at |east three supply hoppers
arranged side by side on a respective stqcking frame, and there are at

| east three said tower-supported el evatable work platforns, arranged side

by side along spidmiter Al SHLTAgRaol LD B! 120d:20de dinpnsed

Wi thin said cur?gln-en | osed Space; and e met’ho |nc?8ges cyg}lng said
set of supply Ropger stwiPsad matekiay 2ranshoufoRerhese i sianage
effectively empthpaSy@n8eSWdndf i coNducirang ShBRakAVe- L9185t dngbrasl ve
recycling stat Ic%%efror hsaazladrdrsef IJI.rlﬂlxen er\{\fzt htgal ghreeuigglv% dri%) 1.1bsrtarsil.avle
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 1is very expensive. 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 Jjoints where the strips of material

overlap. In addition, this approach does little to

. solve the many other negative effects of the ship-
coating process and does nothing to reduce VOC
emissions.

One other technology exists that reduces
dust from sandblasting, that is the technology of
vacuum blasting. However, this process is very slow
and very costly from an equipment and manpower
standpoint and does not address painting problems
including overspray and VOC emissions.

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 is because of
the daily amortization and operation costs of the
drydock required to 1lift the ship out of the water for
recoating ($5,000 to $20,000 U.S. per day) and the
ship itself, which is out of service during recoating

This Sheet Has

i

Date: Z5 Nov 1965



material, and cycling the thus-refilled set on said frane back to a
respective said el evated | ocation. The said drydock nmay have w ng
wal I s, and each said elevated |ocation is provided on an upper end of a
respective wing wall. The nethod may include providing a catch pan under
each said tower-supported el evatabl e work pl atform and extending forwardly
therefrominto proximty wth said external surface of the ship hull;. and

funnel l i ng spent abrasive m xed nater|MS(xﬂIected by each said cat ch pan,
to said abrasive recycling station.

($10,000 to $100,000 U.S. per day). 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 aforementioned US-A-5211125 and EP-A-0539212, each
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 curtains externally surround the
tower, but are open towards a vertical segment of the
ship hull. The tower mounts a vertically movable
treolley, to which a cantilever arm mechanism mounts a
work platform. In use, workers and/or rocboticly
controlled devices operating from the platform use
abrasive blasting (e.g., via compressed air-powered
abrasive grit-spraying nozzles) and paint or other
coating composition spray nozzles to work on the
vertical segment of hull surface that is confined
within the 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
expended material for processing, reprocessing or
disposal, 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 completed, the tower 1is shifted to a
successive location along the hull. Magnets mounted
to edge portions of the curtains are used for
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-17- It is preferred that in conducting step (A), the dry abrasive
material is supplied by each said supply hopper by gravity to a respective
underlying blast pot, and by the respective blast pot by conpressed air

t hrough the respective said hose; and each said work head is a nozzle out
through which the dry abrasive nmaterial is propelled by spraying entrained
In a stream of thereby released conpresifd air

removably fastening the fronf edge of the shroud to
the ship hull around the whole of the perimeter of the
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 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 hull
surface from one band to the next. Although the
baseline apparatus and method as disclosed in this
aforementioned U.S. patent US-A-5,211,125 and EP-A-
0539212 contemplate that more than one tower may be in
use at the same time for performing respective tasks
on respective vertical segments of the same ship hull,
these publications do not disclose jointly shrouding
plural ones of the towers.

However, this latter improvement is a main topic
of a copending European application EP-A-0597643,
filed on 5th November 1993 and published on 18th May
1994, after the priority date claimed by the present
application. The baseline apparatus and method as
disclosed in that application discloses simultaneously
working on adjoining segments of the same hull using
a plurality of towers having respective adjustably
cantilevered, elevatable work 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
isolate the environments of various types of work from
one another as needed. The earlier application

EP-A-597643 also discloses providing a support barge
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Conveni ently, said abrasive recovery station is |ocated on a barge noored
adj acent an end of said drydock; and step (B) includes conveying the

coll ected spent abrasive m xed material along said drydock on a succession
of conveyors to a classifier |ocated at said abrasive recovery station.

In many preferred arrangenents each supply hopper is refilled at a second

| ocation | ower than the first |ocation and adjacent the regi on where the
classifying step is carried out, and thel9efilled supply hopper is lifted
toits supply location for furt her operation. istob

appr eci at ed t hdCTWRBFEYASSt GResVRFLipPHe ?%‘F/é’rﬂqﬂi’r?soﬁoé:ss/etpa&ﬁ‘tt supply

tanks, abrasive material hoppers, so that all of these
items of equipment need conly t5 be 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 movable barge, so ;hat 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 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, despite possible relative
movement of the ship and tower support barge, and for
reducing runoff of spent abrasive, paint particles and
removed scale from the tower support deck to the body
of water around the floating ship, or ship in drydock,
which is being worked on.

In another copending European application
EP 94301590.9 filed on 7th March 1994 and as yet

unpublished at the date of filing of the present
application, further improvements are described, which
facilitate automated abrasive blasting, abrasive
blasting recovery and spray painting; reduce extent
and costs associated with temporary hookup of
equipment, hoses and ducting for wventilation and
compressed air; provide a means of extending the reach
of the worker platform; provide an improved means of
rapidly and efficiently moving
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herein with regard to nethod according to the invention, such features my
al so be provided with regard to an apparatus according to the invention,
and vi ce versa. In particular, there is provided in accordance
with the invention apparatus for abrasive blast-cleaning a generally
vertical external surface of a ship hull supported on a deck of a drydock,
conpri si ng: (A means for blast-cleaning said ship hull by
supplying dry abrasive nmaterial froma pply hopper situated at a supply
| ocation through a hose to a work head éﬁTected towards the external

surface of theeshi gkl naRi 100 HARAIAd NGt NG RRGRRY eniibRL abel O

I npact and reboun ron1t e saird e
modules without mechanisms to more rapidly accomplish

coating.

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 of the
external surface of the ship hull that is to be worked
on, and also to contain abrasive blast dust, spent
abrasive, paint overspray and volatile organic
compounds (VOCs), thereby significantly reducing the
quantities of these materials which are released to
contaminate the air, nearby bodies of water, ship’s
mechanical egquipment, drydock cranes, abrasive
blasting and painting support mechanical equipment,
local housing, automobiles, nearby yachts and other
floating vessels, and, in addition, 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 times or ship
out-of-service times.

Preferred practices of the baseline
apparatus and methods made possible significant
improvements in environmental compliance during ship-
hull coating because of the followingi

a. Use of internal combustion equipment is
eliminated with its potential to pollute the water
through. fuel oil, lubricating oil and grease spills
which run or wash off the drydock floor.

b. Abrasive dust is collected and
processed without leaving the enclosure.
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surface together with renoved debris, and to fall as spent abrasive m xed
material; and

12
c. Paint overspray is filtered without
leaving the enclosure. _
d. VOCs are contained and incinerated

without leéving the enclosure.

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

f. Use of recyclable steel grit abrasive,

instead of mineral abrasive, eliminates disposal of
spent abrasive with its contained toxins.

Preferred practices of the Dbaseline
apparatus and methods also provide 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
during coating.

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

a. Shortening or eliminating equipment
mobilization, setup, tear down and demobilization time
through use of the coating support barge.

b. Eliminating weather interruptions.

c. Accelerating paint curing by heating
air in the enclosure. '

d. Allowing most ship repair work to
proceed during hull coating.

e. Reducing drydock clean-up time by
confining contaminated or spent abrasive to within the
enclosure.
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(B) means for classifying the spent abrasive material by collecting the
spent abrasive m xed material and subjecting the coll ected spent abrasive
m xed material to classification into unwanted nmaterial and reusable dry
abrasive material: characterised in that t he cl assifying

means for classifying the spent abrasivesm xed material is situated at an
abrasive recycling station spaced fromsaid supply |ocation, and includes
means for cycling a plurality of said supply hoppers between said supply

| ocation and said aﬁéﬁ&&gﬁ&&f@eétﬁ LAY béeggiﬁgcégggrggagsa i ng
arranged to cycle e supp oppers upon their becom effectively enpty
to sai d abrasivethedsydfagigl state oredustions | ivactheaicPssuppify Bepper with

reusabl e dry abpagiNg ngd&cddl ASOMING Clegssi theat LeRs8h8P Bistde
recycling station, and to cycle the thus-refilted supply hoppers back to

the supply | ochtreRipbRlyupPRER  opEitafi8R; PeCause: gaid bl ast - cl eani ng
means bei ng transpoat abl refrbom @rbimr ¥baphetri 68nobet BeisAnAteldul | to be

cleaned to a second porthon of the $ahP. I d i BeEhePd A0dpE08p to
equipment can be eliminated.

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

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

e. Temporary covering of ship's mechanical
equipment can be eliminated.

f. Purchase and disposal of mineral abrasive
can be eliminated.

The present invention builds on the advantages
provided by preferred practices of the baseline
apparatus and methods, and, in preferred practices
thereof, provides additional advantages.

According to the present invention in a first
aspect there 1is provided a method of abrasive
blast-cleaning a generally vertical external surface
of a ship hull supported on a deck of a drydock,
comprising:

(a) supplying dry abrasive grit from at least
one supply hopper disposed at at least one elevated
location through a respective hose to a respective
work head controlled by a respective operator on a
respective tower-supported elevatable work platform,
each operator directing the respective work head
towards the external surface of the ship hull as
abrasive grit is propelled therefrom, thereby
impacting and rebounding from said external surface

together with removed debris and falling as spent
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subsequent portions, and the bl ast-cleaning neans and cl assi fyi ng neans
being operable to blast-clean the second and subsequent portions, and
during such cleaning to cycle the supply hoppers between said second
portion of the external surface and the sanme said abrasive recycling
station, and then between subsequent pogtions of the ship hull and the
sane said abrasive recycling station; wherei n the apparatus further

i ncludes neans for form ng a rainproof curtain encl osed space around a said

t ower - supported el evat abl e %?rk IaI%prn1 agai nst said ship-hull surface,
so that the spag?ﬁa%’b‘feas‘?%e i@t etial which falls and is collected

remains dry; and (b) cellesuip thwppentcahpasies mikedmaderdigdst one
set of at leasidh af St dhd'OPRE" $odnkRiged suder Dupehdevan dleppect ive

stacking frame, and e are_at Teast three s ower - supporte
el evat abl e wortefgmidbr nk9 aftangéfispiiéony dnge ale¥ersdiz® e hal

surface of Sai&%gpz@%fa@komdseéas@&fén&ysaﬁfagﬁv@fgﬁﬁfﬂ_m&p hul I and
all disposed wthin said curtain-enclosed space;_ and the cycling neans
(c) refilling each said supply hopper with said

reuseable dry abrasive grit.

In accordance with a further, independent aspect
of the invention, there may be provided a method of
abrasive blast-cleaning an external surface of a ship
hull, comprising:

(a) supplying dry abrasive material from a
supply hopper situated at a supply location to a work
head directed towards the external surface of the ship
hull, and propelling the abrasive material to impact
and rebound from the said external surface together
with removed debris, and to fall as spent abrasive
mixed material;

(b) collecting the spent abrasive mixed material
and subjecting the collected spent abrasive mixed
material to classification into unwanted material and
reusable dry abrasive material; and

(c) refilling the supply hopper with reusable
dry abrasive material from the classification step.

Preferably the supply hopper is refilled at a
second location lower than the first location and
adjacent the region where the classifying step is
carried out, and the refilled supply hopper is lifted

to its supply location for further operation.

Also preferably the method includes providing a
plurality of supply hoppers and cycling the hoppers N
between the supply location and a refilling location

as the hoppers are emptied by working operation and
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conprises neans for cycling said set of supply hoppers on said supporting
frame, upon their becomng enpty as a result of said supplying dry abrasive
material, to said abrasive recycling station for said refilling with said
reusabl e dry abrasive material, and cycling the thus-refilled set on said
frame back to a respective said el evat edslocati on.

are refilled with reusable dry'abrasive material.

It is to be appreciated thgt where features of
the invention are set out herein with regard to method
according to the invention, such features may also be
provided with regard to an apparatus according to the
invention, and vice versa.

In particular, there is provided in accordance
with the invention apparatus for abrasive
blast~cleaning a generally vertical external surface
of a ship hull supported on a deck of a drydock,
comprising:

(a) means for supplying dry abrasive grit from at
least one supply hopper disposed at at least one
elevated location through a respective hose to a
respective work head controlled by a respective
operator on a respective tower-supported elevatable
work platform, each operator directing the respective
work head towards the external surface of the ship
hull as abrasive grit is propelled therefrom, thereby
impacting and rebounding from said external surface
together with removed debris and falling as spent
abrasive mixed material;

(b) means for collecting the spent abrasive
mixed material and subjecting the collected spent
abrasive mixed material to élassification into
undersize dust, oversize trash and reuseable dry

abrasive grit; and

(c) means for refilling each said supply hopper
with said reuseable dry abrasive grit.

In accordance with a yet further, independent
aspect of the invention, there may be provided
apparatus for abrasive blast-cleaning an external

surface of a ship hull, comprising:
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- 19- There w Il now be described a nunber of preferred,
optional and exenplary features of the invention, described in the
context of exenplary arrangenents. Dry, particul ate abrasive for use in
abrasive blast cleaning of a ship hull is supplied to blasting pots from
abr asive supply hopper assenblies |lifted into place froma recycling
station. Spent abrasive, wth debris, Lggcollected and placed on a

(a) means for supplying dry abrasive material
from a supply hopper situated at a supply location to
a work head directed towards thg external surface of
the ship hull, and for propelling "the abrasive
material to impact and rebound from the said external
surface together with removed debris, and to fall as
spent abrasive mixed material;

(b) means for collecting the spent abrasive
mixed material and subjecting the collected spent
abrasive mixed material to classification into
unwanted material and reusable dry abrasive material;
and

(c) means for refilling the supply hopper with
reusable dry abrasive material from the classification
step.

There will now be described a number of
preferred, optional and exemplary features of the
invention, described in the context of exemplary
arrangements. In some cases these features may
provide independent inventive concepts which may be
utilised independently of other features.

Dry, particulate abrasive for use in abrasive
blast cleaning of a ship hull is supplied to blasting
pots from abrasive supply hopper assemblies lifted
into place from a recycling station. Spent abrasive,
with debris, is collected and placed on a
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conveyor belt extending parallel to the keel blocks, for conveying the
collected material to the recycling station. There, the collected nateri al
i s processed

17

conveyor belt extending parallel to the keel blocks,
for conveying the collected material te the recycling
station. There, the collected ﬁaterial is processed
to remove undersized and foreign material from the
reuseable abrasive grit. The latter is loaded into
supply hopper assemblies, which are crane-lifted back
into supplying relation with respective blasting pots.
By preference, the abrasive blasting work takes place
from elevatable, curtain-enclosed platforms supported
on a drydock floor, the blasting pots are located on
the drydock wing wall, the abrasive grit is
ferromagnetic and recovered from the drydock floor
partly with the aid of a magnetic abrasive pick-up
unit, and the recycling station is located on a barge
moored at an end of the drydock.

Embodiments of the invention will now be

described by way of example with reference to the
accompanying drawings in which:-

Figure 1 is a schematic top plan view of a
facility for practicing a preferred embodiment of the
present invention using a floating drydock;

Figure 2 is a fragmentary pérspective view
showing a set of abrasive supply hoppers transferred
onto, or immediately prior to being transferred from
support- on a set of blasting pots located at an
abrasive blasting grit supply station on a wing wall
of the drydock:
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to renove undersized and foreign material fromthe reuseabl e abrasive grit.
The latter is |oaded into supply hopper assenblies, which are crane-lifted
back into supplying relation with respective blasting pots. By preference,
t he abrasive blasting work takes place from el evatabl e, curtain-encl osed

pl atfornms supported on a drydock floor, the blasting pots are | ocated on
the drydock wing wall, the abrasive grit is ferromagnetic and recovered
fromthe drydock floor partly with the agg of a nmagnetic abrasive pick-up

unit, and the recycling station is |ocat oh a barge noored at an end of
t he drydock. , . . .
Figure 3 is a fragmentary schematic side

elevation wview, looking longitudinally along the
drydock, to see an operator on a platform applying
abrasive to the exterior surface of the ship hull;

Figure 4 is a similar fragmentary schematic
elevation view which emphasizes other features;

Figure 5 is a fragmentary front elevation
view of some of the features shown in Figure 4;

Figure 6 is a fragmentary perspective view
showing a spent abrasive collection station at the
drydock floor:

Figure 7 is a fragmentary sectional view on
line 7-7 of Figure 1, showing transfer of the
collected spent abrasive material to the abrasive grit
recycling station aboard a support barge moved at an
end of the drydock; and

Figure 8 is a fragmentary top plan view of
the features depicted in Figure 7, further details of
the preferred abrasive grit recycling station being
visible in this view.

Detailed Description

Figure 1 shows schematically in top plan
view a typical facility for carrying out a presently
preferred embodiment of the present invention.

A floating drydock is shown at 10. It has
a deck or floor 12, and opposite wing walls 14.

In phantom outline form in’this Figure, a
ship 16 is shown supported in the drydock 10, with its
keel resting on a row of keel blocks 18 positioned in
a series along the longitudinal centerline of the deck
of the drydock.

Each wing wall of the drydock, near, but
outboard of the usual catwalk extending along its
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Enbodi nents of the invention will now be described by way of example with
reference to the acconpanying drawi ngs in which: - Figure 1
is a schematic top plan view of a facility for practicing a preferred
enbodi nent of the present invention using a floating drydock;

Figure 2 is a fragnentary perspective view showing a set of abrasive supply
hoppers transferred

19

upper end 20, has been provided with a plurality of
blast pot support platforms 22.

The ship 1s shown having a set of curtain-
enclosed, elevatable work platform supporting towers
24 stationed side by side in a series extending along
a whole quadrant (in this instance, the port/forward
quadrant) of the ship 16.

These towers, and the curtain structure,
which encloses them against the external surface 26 of
the ship hull for creating one shared enclosed work
space for all of the towers, or two or more enclosed
work spaces, each containing one or more of the
towers, may be constructed, provided and used in the
manner that is disclosed in much more detail in the
aforementioned U.S. patent and/or copending
patent applications. (A reiterative brief description
will be provided below in relation to this and others
of the drawings hereof.)

Scme other features of the preferred
embodiment, which are depicted in Figure 1, include
two abrasive material recovery conveyors 28 which
extend along the length of the deck 12 and over one
end, so as to have the ends of their carrying runs
disposed over the deck 30 of an abrasive reclaiming
barge 32, which provides the preferred location for an
abrasive recycling station 34. '

Details of the blast pot suﬁport platforms,
blast pots (and abrasive supply hoppers and the
lifting frame for the latter) are discussed below with
reference to Figqures 1 and 2.

Use of the towers and blasting equipment for
cleaning the ship hull external surface is discussed
below with reference to Figures 1 through 5.
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onto, or imediately prior to being transferred from support on a set of

bl asting pots located at an abrasive blasting grit supply station on a w ng
wal | of the drydock;

20

Recovery at the drydock deck level, of the
spent abrasive, and associated debris, is discussed
below with reference to Figures'l and 4 through 6.

Processing of the spent abrasive and
associated debris to obtain dry abrasive grit stock
for recycling via abrasive supply hoppers to the
blasting pots up on the wing walls is discussed below
with reference to Figures 1 through 8.

Although the blast pots 36 and abrasive
supply hoppers 38 could be provided as individually
movable, separate units, it is preferred that they be
assembled as respective connected sets. In the
instance depicted, blast pots 36 are assembled in sets
of three, secured in respective three-dimensionally
rectangular welded steel stacking frames 40 each
arranged to be lifted, moved, lowered into position
and left in place, by a standard lifting frame 42.
The 1lifting frame is designed to disconnectably
connect with connectors (not shown in detail) at the
four upper corners of each stacking frame 40, and, in
turn, to be supported on a wire rope sling 44 from a
crane (not shown). The sling 44 includes operating
cables (not shown in detail) for connecting and
releasing the connectors on the lifting frame 42 from
the corresponding connectors on a respective stacking
frame 40. In general, the operatinglrelation of the
lifting and stacking frames, sling and crane may be
similar and comparable to the relation of the
structures that are conventionally used for
manipulating ISO containers between ships, docks and
truck trailers.

The same is true for the supply hoppers 38,
which also are shown assembled in sets of three,
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- 21 - Figure 3 is a fragnentary schematic side el evation view,
| ooking longitudinally along the drydock, to see an operator on a platform
appl ying abrasive to the exterior surface of the ship hull

Figure 4 is a simlar fragnentary schematic el evati on view whi ch enphasi zes
ot her features; Figure 5 is a fragnentary front el evation view of
sone of the features shown in Figure 4; Figure 6 is a fragnentary

perspective view showi ng a spent abrasiyg coIIectlon station at the drydock
floor;

secured in respective three-dimensionally rectangular
welded steel stacking frames 46, arranged to be
lifted, moved, lowered into posiﬁion and left in place
by the 1lifting frame 42. The stacking frames 46
correspond to the stacking frames 40, so that
respective ones of the former can be stacked onto
respective ones of the latter, as shown on the blast
pot support platforms in Figures 1 through 3.

In the instance depicted, there are six
platforms 22 equally spaced from one another on each
wing wall 14, each stacking frame 36 carries three
blast pots all arranged vertically and in one line
that extends longitudinally of the drydock, and each
stacking frame 46 carries three abrasive supply
hoppers 38 all arranged vertically and in one line
that extends longitudinally of the drydock. In actual
practice, these numbers and spatial orientations could
be wvaried.

The purpose of each abrasive supply hopper
38 is to act as a dispensing receptacle for dry
abrasive particles, for supplying the respective
underlying blast pot 36, by gravity feed, with
abrasive grit. For that reason, each hopper 38
includes a top opening 48, through which it can be
filled with abrasive grit, a cover 50 (which
preferably slides into and out of place and, when in
place, provides a weather-tight seal particularly
against intrusion of rainwater), a peripherally
complete set of sidewalls 52, and bottom walls 54
which slope towards a central outlet 56. Except when
the hopper is in place in feeding relation over a
respective blast pot 36, each hopper outlet 56 1is
closable by a shutter plate (not shown) for

This Sheet Has Been Replaced

AN Tt i e

Date:



Figure 7 is a fragmentary sectional viewon line 7-7 of Figure 1, show ng
transfer of the collected spent abrasive naterial to the abrasive grit
recycling station aboard a support barge noved at an end of the drydock;

and Figure 8 is a fragnmentary top plan view of the features
depicted in Figure 7, further details of the preferred abrasive grit
recycling station being visible in this view Figure 1 shows

schematically in top plan view a typical22acility for carrying out a
presently preferred enbodi ment of the present invention.

facilitating refilling and transfer of the abrasive
supply hopper.

The purpose of each .blast pot 36 is to
receive a gravity-fed supply of dry abrasive grit
particles from a respective abrasive supply hopper 38
having its open outlet disposed in feeding relation
thereto, to entrain that supply of grit particles, on
demand, into a stream of pressurized air flowing
through an outlet hose 58, to a nozzle 60 for
application of the abrasive grit to the hull surface
26. The blast pot 36 may be of known, conventional
construction. Alternative abrasive delivery systems
could be used, e.g., where grit is delivered for
centrifugal propulsion off a spinning grit-propelling
device, e.g., such as 1is available from The
Wheelabrator Corporation, Newnan, Georgia 30263.

The stacking frames 40 and 46 include corner
guides and vertically interengageable features 62 to
facilitate stacking in vertical registry, as best
illustrated in Figure 2.

In actually practicing the process,
platforms 22 around the quadrant of the ship hull
being cleaned are provided with a full complement of
blasting pot sets, and respective sets of abrasive
supply hoppers 38 full of dry abrasive grit are
shuttled into place by crane from the recycling barge
32. As hoppers 38 become empty, the respective empty
sets are shuttled by crane to the recycling barge 32.
OQutlets 56 are opened and closed as needed. When
cleaning work on cne quadrant is completed, the blast
pots and fill abrasive hoppers can be shifted to the

set of platforms 22 which flank the next quadrant of
the ship that is to be cleaned.
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A floating drydock is shown at 10. It has a deck or floor 12, and opposite
In phantomoutline formin this Figure, a ship 16

wing wal Il s 14.
is shown supported in the drydock 10, with its keel
keel bl ocks 18 positioned in a series along the |ongitudinal
t he deck of the drydock. Each wing wall of the drydock, near,

out board of the usual catwal k extending along its

23

Referring particularly to Figures 1 and 3,
the ship hull-~cleaning process is preferably run in
tandem with a hull paint process; quadrant by quadrant
around the hull.

The preferred tower apparatus 24 includes a
plurality of modular towers, including vertically
stackable 64, 66, 68 base, middle and top modules made
of steel framework such as is commonly used in
scaffolding and staging. Each tower mounts a work
platform 70 on cantilever arms 72 from an elevatable
trolley (not shown), which runs on vertical tracks
provided on the tower, and is vertically moved and
positioned by a heist (not shown) mounted on the top
module 66. As the work platform is stationed at any
particular 1level, the operator (human or robotic)
progressively shifts the nozzle 60 from side to side
while abrasive grit is being sprayed in compressed air
released therefrom or otherwise propelled, so as to
impact and thereby abrade scale, paint and other
debris from the respective horizontal band of the
respective vertical increment of the respective
quadrant of the hull surface 26.

As the work platform is shifted in height by
raising or lowering the trolley, the operator also can
extend or retract the cantilever arms 72 in order to
maintain a uniform working distance between the nozzle
60 and the work surface 26, despite the fact that the
surface 26, while being generally vertical, slopes
inward near the keel on most ships.

Although not shown in the drawings, in
actual practice, a system of curtains, flexible and/or
rigid, with seals, attachments, spreaders and other
adjusting and accommodating devices are provided
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- 22 - upper end 20, has been provided with a plurality of blast pot
support platfornms 22. The ship is shown having a set of curtain-
encl osed, el evatable work platform supporting towers 24 stationed side by
side in a series extending along a whole quadrant (in this instance, the
port/forward

24

either for each tower, or (more preferably) around
most or all of the towers in common. These extend
around the sides, back and tbp of -whatever they
enclose, and have front edges plus a lower front lip
which enclose against the surface 26 so as to provide
for each tower, or for the respective towers in common
an effective curtain-enclosed work space containing
the towers, work platforms, operators and nozzles.

The tower modules 64-68 can be 1lifted,
shifted and put in new locations using a sling and
crane as has been described above in relation to the
frames 40, 46. Those wishing to know more details of
preferred practicés are referred to the U.S. patent
and copending applications identified in the
Background section hereinabove.

As dry abrasive grit forcibly issues from
the nozzle or other propelling device 60, it impacts
the work surface 26, whereupon some of it fractures,
some becomes more rounded, and scale, paint chips and
other debris are removed with it thereby making a
spent abrasive material which typically includes a
high percentage of perfectly reuseable dry particulate
abrasive grit. The mixed material is ejected or
rebounds from the surface 26 and begins to fall, under
the influence of gravity.

By preference, a catch pan 74 is secured
under each work platform 70. It .is shaped and
positioned to catch much of the ejected, rebounding
and falling spent abrasive mixed material 76. The pan
74 preferably is funnel-shaped, so that captured
material 76 gravitates towards an outlet 78 which
feeds the inlet end of a chute éo. The chute 80 can

be provided as a conventional multiple-section
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guadrant) of the ship 16. These towers, and the curtain
structure, which encloses them against the external surface 26 of the ship
hul | for creating one shared encl osed work space for all of the towers, or
two or nore encl osed work spaces, each containing one or nore of the
towers, may be constructed, provided and used in the manner that is

di sclosed in much nore detail in the aforenentioned U S. patent and/or
copendi ng patent applications. (A reiteRative brief description will be
provi ded below in relation to this and others of the draw ngs hereof.)
Sone ot her featniissildted ecquetruceiorndinderenf , thditolpearef tapiwteatl i n

Figure 1, inclyde 4irecting debris from various heights, to a
collection point. To that end; the sections 82 are
hinged at 84 serially together from a corresponding
location on the rim of each so as to form a
substantially continuous conduit when aligned in a
right-side-up orientation, but to form an outlet
wherever rotated out oq alignment. Accordingly, as
seen in Figure 5, the chute 80 has an inlet 86
effectively communicated with the outlet 78 of the
catch pan 74, and an outlet near the drydock deck 12
at 88. The chute is hung from the catch pan 74 at the
inlet end of the chute. The opposite end 90 of the
chute 80 is hung by cabling 92, which extends out of
sight to the upper right in Figure 5 as indicated by
the arrow 94 to attach to convenient elevated
structure. A set of guy wires 96 are shown steadying
the lower end of the first section of the chute
relative to corners of the work platform. As the work
platform 70 is raised and lowered on the respective
tower 24, the part of the chute, which is effectively
in use, automatically adjusts as the band 98 (and,
thus, the chute outlet) propagates along the series of
chute sections. (Because Figure 4 is a view
corresponding to 1looking toward the left from the
right of Figure 5, the chute sections, which show in
Figure 4, are the inverted ones that are not in use.)

Referring to Figures 4 and 5, the chutes 80
are shown having their outlets 88 arrangéd to direct
spent abrasive mixed material which descends through
the chutes, into the inlets of movable screw conveyors
100 supported (e.g., on wheels on the deck). The
outlets of the screw conveyors 100 dump the collected
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two abrasive material recovery conveyors 28 which extend along the | ength
of the deck 12 and over one end, so as to have the ends of their carrying
runs di sposed over the deck 30 of an abrasive reclaimng barge 32, which
provides the preferred location for an abrasive recycling station 34.
Details of the blast pot support platforns, blast pots (and abrasive supply
hoppers and the lifting frane for the latter) are di scussed below wth
reference to Figures 1 and 2. Use of the towers and bl asting

equi pment for cleaning the ship hull extéfnal surface is discussed bel ow

with reference 106 UNELSS I LN PYOE Raterial into inlets through the
cover 102 of a respective one of the abrasive material
recovery conveyor, one of which is shown at 104 in
Figure 6. Each of the conveyors 28 1is shown
comprising an endless belt-type conveyor having an
upper, horizontal carrying run 106 and a lower return
run. Each conveyor 28 further includes a frame 108,
belt guides 110, supports 112 for supporting the belt
at an elevated location relative to the deck 12,
drive, idler and tensioning rolls (not shown, but
conventional) about which the conveyor belt is
entrained for being driven and supported.

In operation, each conveyor 28 runs in the
direction indicated by the arrows shown at the left in
Figure 6. Accordingly, spent abrasive mixed material
which, having been introduced through the inlets 104
lands on the carrying runs 106 to the abrasive
recycling station 34 provided on the deck 30 of the
abrasive recovery barge 32 (Figures 1, 7 and 8).

Not all of the spent abrasive mixed
material, which rebounds from the work surface 26, is
caught by the catch pan 74, descends through the chute
80 and is collected by a screw conveyor 100 and

introduced through an inlet 104. Some misses the
catch pan, or for other reasons, spills onto the deck
12. '

In practicing preferred embodiments of the
invention, that spilled spent abrasive mixed material
is collected by other means and also introduced
through- an inlet 104 and sent on its way via the
conveyor belt run 106, to the abrasive recovery
station. That "other means" can be as simple as a
push broom and dust pan (or its industrial
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Recovery at the drydock deck |level, of the spent abrasive, and associ ated
debris, is discussed

27

equivalent), or more elaborate sweeping, vacuuming up
and discharging devices, such as are conventionally
used for cleaning factory floors: For use, especially
in instances where (as is preferred) the abrasive grit
used is ferromagnetic material, e.g., hard steel grit,
the spilled material pick-up means preferably includes
a magnetic abrasive pick-up unit 112. Although an
average person may never have seen or heard of such a
device, in fact, they are commercially available. The
exemplary magnetic abrasive pick-up unit 112 includes
a frame 114 mounting rollers 116 about which an
endless belt 118 is entrained. The frame 114 is
supported on the deck 12 on wheels 120. The upper
carrying run of the conveyor belt 118 slopes upwards
and a collecting hopper 122 is mounted on the frame
114 so that its upper inlet end is arranged to receive
particulate material collected by the belt 118, as
that material is separated from the belt 118 at the
upper end of the carrying run of the belt. The belt
118 is made of magnetic material (or electromagnetized
ferromagnetic material). As the device 112 is run
around the deck, with the conveyor belt 118 advancing
(due to powering of one of the rollers 116, or due to
rotational motion transmitted by suitable transmission
means from the wheels 120), particulate ferromagnetic
constituents of the spilled spent abrasive mixed
material adhere to the belt 118 at its lower end.
These are carried up and removed, e.g., by a scraper
and/or by periodic turning off of the
electromagnetizing circuitry for the belt, so that the
collected material dumps into the hopper 122.
Periodically, as the hopper becomes loaded
with collected material, the unit 112 is run over to
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below with reference to Figures 1 and 4 through 6. Processing of
the spent abrasive and associated debris to obtain dry abrasive grit
stock for recycling via abrasive supply hoppers to the blasting pots up on
the wing walls is discussed below with reference to Figures 1 through 8.

Al t hough the bl ast pots 36 and abrasive supply hoppers 38 coul d be provided
as individually novabl e, separate units, it is preferred that they be
assenbl ed as respective connected sebs. In the instance depicted,

bl ast pots 36 are assenbled in sets of three; secured in resgective

t hr ee- di nensi oRBRl $OFREEQRgENWNWENdEdIYEEeF s sBECKPAGD ERRe8NUETEECH

arranged to bechbkkadioweygdout Dueréfdidt *HWYdPger 112 is disposed
over the upper, inlet end of an inlet 122 for a mobile
abrasive-handling elevator 124. This transfer
conveyor 124 is arranged to collect material dumped
into its inlet 123 as the shutter on the outlet end of
the hopper 122 is opened, elevate this material (e.g.,
using an endless conveyor belt having buckets 126).
The buckets dump into an outlet 128 which, in turn,
dumps through the inlet 104, onto the carrying run 106
of the conveyor 28.

On the abrasive recovery barge 32 (Figures
1, 7 and 8), the spent abrasive mixed material 76 is
fed off the downstream ends of the carrying runs of
the conveyors 28 into an accumulator bin 130.

Screw and bucket conveyors 132 forward the
accumulated material 76 to a classifier 134. This
device, which may include a cyclone separator,-
separates ﬁhe stream of material 76 into oversize
(trash), which is forwarded to trash baskets 136
undersize (dust), which is forwarded to a dust
collector 138, and reusable abrasive grit, which is
forwarded to a master hopper 140. Make-up (new)
abrasive grit also can be added to the hopper 140 from
time to time for replacing grit, which has broken-down
in use and, therefore, has been separated out as
undersize. |

The deck 30 of the abrasive recycling barge
32 is provided with a rail track on which sets of
abrasive supply hoppers 38 are arranged to roll on
bogies 142.

An empty set of abrasive supply hoppers 38
is moved from its location on a respective set of
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and left in place, by a standard lifting frame 42. The lifting franme is
desi gned to di sconnectably connect with connectors (not shown in detail) at
t he four upper corners of each stacking frane 40, and, in turn, to be
supported on a wire rope sling 44 froma crane (not shown). The sling 44

I ncl udes operating cables (not shown in detail) for connecting and

rel easing the connectors on the lifting frame 42 fromthe correspondi ng
connectors on a respective stacking fram® 40. In general, the operating
relation of the lifting and stacking franes“'slin? and crane may be simlar
and conpar abl ¥3F% h@ aBPforPBdf & h&espegtilresblafbit Polr SUPE~Lt

conventional | plawsfskm bor i @ubBiingd | SQwaalsal #1d SpBgLHREAGSYPS, docks
and this detailed description, and set on an empty bcqgie
142 upstream of the master hopper 140. The empty sat
is rolled forwards on the bogie, under the mas’ar
hopper 140, the shutter of which is temporarily opeseg
successive times to fill each of the abrasive Supsly
hoppers 38. Downstream of master hopper, a full set
of supply hoppers 38 is crane-lifted off =pe
respective bogie and back to a position on top cf 4
set of blast pots 36 up on a platform 22. The emsty
bogie can be recirculated from its downstream positign
on the rails 144 to the upstream position, #or
receiving an empty set of abrasive supply hoppers.
(Or, if only one bogie is in use on the rails 144, e
empty bogie can simply be pushed along the rails fr,p
the downstream position to the upstream position.)

Preferred practices of the apparatus ing
method of the present invention make possible furtiar
significant improvements in environmental complizsee
during ship-hull cleaning, as follows:

a. By facilitating the positioning »f
blast pots and abrasive supply hoppers by dryds-x
crane on multiple platforms on the drydock wing well,
clean abrasive material handling in support sf
abrasive blasting is performed more efficiently.

b. By providing the means of UE.ag
recyclable steel or mineral abrasive and of magnesic
pick up of used abrasive off the floor of the dryzi-x
and convenient conveyor abrasive disposal locatisng
along the 1length of the drydock, much requi-zag
abrasive clean-up labor is eliminated.
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truck trailers. The sane is true for the supply hoppers 38, which
al so are shown assenbled in sets of three,
- 24 -

30

c. By conveying the used abrasive directly
from the drydock disposal location to the abrasive
recycling location, significant used abrasive material
handling is eliminated.

d. By automated transfer of abrasive
supply hoppers from their f£fill position under the
abrasive classifier and storage hopper to a 1lift
position under the drydock crane, significant clean
abrasive material handling is eliminated.

e. By providing a complete dry loop for
abrasive material handling through the phases of
abrasive supply, abrasive blasting, used abrasive
clean up, used abrasive transport to recycling, used
abrasive recycling and recycled abrasive transport
back to the abrasive supply point, use of recyclable
steel or mineral abrasive is made possible for ship
abrasive blasting. This significantly reduces
abrasive acquisition and disposal costs and reduces
the quantity of used abrasive waste generated, by an
order of magnitude.
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secured in respective three-dinensionally rectangul ar wel ded steel stacking
frames 46, arranged to be lifted, noved, |lowered into position and left in

pl ace ane 42. The stacking frames 46 correspond to the
stackq uﬂj that respective ones of the forner can be stacked
onto r nones o the latter, as-3hrown on the bl ast pot support
platforns in Flgures 1 through 3. In the instance depicted, there
are six platforms 22 equally spaced from one another on each wing wall 14,

each stacking frame 46 carries three kragmspots all arranged vertically
and in one line that extends longitudinally of the drydock, and each
1. A method of abrasive blast—cleaning a generally vertical
external surface (26) of a ship hull (16) supported on a deck
(12) of a drydock (10), comprising:

(a) supplying dry abrasive grit from at least one
supply hopper (38) disposed at at least one elevated location
(22) through a respective hose (58) to a respective work head
(60) controlled by a respective operator on a respective
tower-supported elevatable work platform (70), each operator
directing the respective work head (60) towards the external
surface (26) of the ship hull (16) as abrasive grit is
propelled therefrom, thereby impacting and rebounding from
said external surface (26) together with removed debris and
falling as spent abrasive mixed material;

(b) collecting the spent abrasive mixed material and
subjecting the collected spent abrasive mixed material to
classification into undersize dust, oversize trash and
reuseable dry abrasive grit; and

(c) refilling each said supply hopper with said
reuseable dry abrasive grit.

2. A method according to claim 1, wherein said dry abrasive
grit is made of ferromagnetic material and said collecting
step comprises sweeping up spent abrasive mixed material from

the deck of the drydock using a magnetic collector (112).

3. A method according to claim 1 or 2, wherein step (a)
further includes forming a rainproof curtain-enclosed space
around each said tower-supported elevatable work platform
(70), against said ship-hull surface, so that the spent
abrasive mixed material which falls and is collected remains

dry.
4. A method according to any preceding claim wherein:
said at least one supply hopper (38) comprises at least
This Sheet Has Been Repi This is the replacement 8¢
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st acki ng ff:adEet fifs Bk Répsedt hr ee abr asi ve supply hoppers 38 all arranged

vertically l\ffhe that extends longitudinally of the drydock. In
act ual prag a nbers and spatial orientations could be varied.
The purpos abrasive supply hopper 38 is to act as a dispensing

receptacle for dry abrasive particles, fg supplying the respective
underlying blast pot 36, by gravity feed, with abrasive grit. For that
reason, each hopper 38 includes a top opening 48, through which it can be

1 prdoet L RGBS Lt 2l LS BLSLEL S raldSa de g apdeon
on a respective stacking frame (40), and there are at least
three said tower-supported elevatable work platforms (70},
arranged side by side along said external surface (26) of said
ship hull (16) and all disposed within said curtain-enclosed
space; and

said subjecting of the collected spent abrasive mixed
material to classification is conducted at an abrasive
recycling station 34; and

cycling said set of supply hoppers (38), on said
stacking frame (40), upoh their becoming effectively empty
as a result of conducting step (a), to said abrasive
recycling station (34) for said refilling with said reuseable
dry abrasive grit, and cycling the thus-refilled set on said
frame (40) back to a respective said elevated location (22).

5. A method according to any preceding claim wherein:
said drydock has wing walls (14), and each said elevated

location (22) is provided on an upper end {20) of a respective
wing wall.

6. A method according to any preceding claim further
comprising:

providing a catch pan (74) under each said tower-
supported elevatable work platform (70) and extending
forwardly therefrom into proximity with said external surface
(26) of the ship hull (16); and

funneling spent abrasive mixed matérial collected by

each said catch pan (74), to said abrasive recycling station
(34).

7. A method according to any preceding claim wherein:

in conducting step (a), the dry abrasive grit is
supplied by each said supply hopper (38) by gravity to a
respective underlying blast pot (36), and by the respective
blast pot (36) by compressed air through the respective said
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agai nst intrusion of rainwater), a peripherally conplete set of sidewalls
52, and be;t opipl BSenRépid ch sl ope towards a central outlet 56. Except

when the h ' ce in feeding relation over a respective blast pot
sc."each neff [ A
for

is closable by a shutter plate (not shown)
hose (58); and

-33-

each said work head (60) is a nozzle out through which
the dry abrasive grit is propelled by spraying entrained in
a stream of thereby released compréssed air.

8. A method according to a claim 4, wherein:

said abrasive recovery station (34) is located on a barge
(32) moored adjacent an end of said drydock (10); and

step (b) includes conveying the collected spent abrasive
mixed material along said drydock (10) on a succession of
conveyors (100, 28, 124, 132) to a
classifier (134) located at said abrasive recovery
station (34).

9. A method of abrasive blast-cleaning an external surface
of a ship hull, comprising:

(a) supplying dry abrasive material from a supply hopper
(38) situated at a supply location to a work head (60)
directed towards the external surface (26) of the ship hull
(16), and propelling the abrasive material to impact and
rebound from the said external surface (26) together with
removed debris, and to fall as spent abrasive mixed material;

(b) collecting the spent abrasive mixed material and
subjecting the collected spent abrasive mixed material to
classification into unwanted material and reusable dry
abrasive material; and

(c) refilling the supply hopper (38) with reusable dry
abrasive material from the classificatioﬁ step.

10. A method according to claim 9 in which the supply hopper
(38) is refilled at a second location lower than the first
location and adjacent the region where the classifying step
is carried out, and the refilled supply hopper (38) is lifted
to its supply location for further operation.
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facilitating refilling and transfer of the abrasive supply hopper.

i

f each blast pot 36 is to receive a gravity-fed supply of dry
@é froma respective abrasive supply hopper 38 having
sed in feeding relation thereto, to entrain that
Ies, on demand, ing@-a stream of pressurized air

fl ow ng through an outlet hose 58, to a nozzle 60 for

11. A method according to claim 9 or 10 including providing
a plurality of supply hoppers and cycling the hoppers between
the supply location and a refilling location as the hoppers
are emptied by working operation and are refiled with reusable
dry abrasive material.

12. Apparatus for abrasive blast-cleaning a generally
vertical external surface (26) of a ship hull (16) supported
on a deck (12) of a drydock (10), comprising:

(a) means for supplying dry abrasive grit from at least

one supply hopper (38) disposed at at least one elevated
location (22) through a respective hose (58) to a respective
work head (60) controlled by a respective operator on a
respective tower-supported elevatable work platform (70),
each operator directing the respective work head (60) towards
the external surface (26) of the ship hull (16) as abrasive
grit is propelled therefrom, thereby impacting and rebounding
from said external surface (26) together with removed debris
and falling as spent abrasive mixed material;

(b) means (112, 100, 28, 124, 132, 34) for collecting

the spent abrasive mixed material and subjecting the collected
spent abrasive mixed- material to classification into
undersize dust, oversize trash and reuseable dry abrasive
grit; and

(c) means (134) for refilling each said supply hopper

(38) with said reuseable dry abrasive grit.

13. Apparatus according to claim 12, further including means
(24) for forming a rainproof curtain enclosed space around
each said tower-supported elevatable work platform (70),
against said ship-hull surface (26), so that the spent

abrasive mixed material which falls and is collected remains
dry.

14. Apparatus according to claim 13, wherein:

said at least one supply hopper (38) comprises at least
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appllcaﬂﬁ flve grit to the hull surface 26. The blast pot 36
may be of tional construction. Alternative abrasive delivery
syst ens c e.g., where grit is delivered for centrifuga

propul si on of f a splnnlng grit-propelling device, e.g., such as is
avai l able from The Weel abr at or Cbrpori%lon, Newnan, Georgi a 30263.

The stacking franmes 40 and 46 include corner guides and vertically

i nt erengageabl e features 62 to facilitate stacking in vertical registry, as
best illustrated in Figure 2. In actually practicing the
process, platdns meRDAratnteast ghadeafurbiyt REPBRTE KE3P) BEragoelesiad

are provided gy thaa bw b ¢eEpLe®YE Qtacking frame (40), and there are at

least three said tower-supported glevatable work platforms
(70), arranged side by side along éaid external surface (26)
of said ship hull (16) along said external surface (26) of
said ship hull (16) and all disposed within saigd
curtain-enclosed space;

an abrasive recycling station (34) at which to conduct
said classification;

means (42, 44) for cycling said set of supply hoppers
(38) on said supporting frame (40), upon their becoming empty
as a result of said supplying dry abrasive grit, to said
abrasive recycling station (34) for said refilling with said
reuseable dry abrasive grit, and cycling the thus-refilled set
(38) on said frame (40) back to a respective said elevated
location (22).

15. Apparatus according to claim 12, 13 or 14, further
comprising:

a catch pan (74) provided under each said tower-
supported elevatable work platform (70) and extending
forwardly therefrom into proximity with said external surface
(26) of the ship hull (16)}; and

means (78, 80-98, 28, 100, 124, 132) for funnelling
spent abrasive mixed material collected by each said catch
pan, to said abrasive recycling station (34).

16. Apparatus according to any of claiﬁs 12 to 15 arranged
to be used in an instance in which the dry abrasive grit is
made of ferromagnetic material, said means for collecting the
spent abrasive mixed material includes means for sweeping up
spent abrasive mixed material from the deck of the drydock
using a magnetic collector 112.

17. Apparatus according to any of claims 12 to 16, wherein:
said means for supplying further includes an
This is the replacement sheet
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bl asti ng pot sets, and respective sets of abrasive supply hoppers 38 full

of dry abraS|ve uttled into place by crane fromthe recycling
bar ge 32. j\ﬂm ﬂ ﬁlﬂ“ hiﬁ me enpty, the respective enpty sets are

shuttled b ycling barge 32. Qutlets 56 are opened and
cl osed as needed V\hen cl eani ng wor k g%oone guadrant is conpleted, the
bl ast pots and fill abrasive hoppers ca e shifted to the set of platforns

22 which flank the next quadrant of the ship that is to be cl eaned.

underlying blast pot (36) for each said supply hopper (38),
whereby dry abrasive grit is supplied by each said supply
hopper by gravity to a respective underlying blast pot (36),
and by the respective blast pot (365 by compressed air through
the respective said hose (58): and

each said work head (60) is a nozzle out through which
the dry abrasive grit is propelled by spraying entrained in
a stream of thereby released compressed air.

18. Apparatus according to claim 14 wherein:
said abrasive recovery station (32) is located on a
barge (32) moored adjacent an end of said drydock (10); and
said means for collecting includes means for conveying
the collected spent abrasive mixed material along said
drydock on a succession of conveyors (106, 28, 124, 132) to

a classifier (134) located at said abrasive recovery station
(34).

19. Apparatus for abrasive blast-cleaning an external surface
of a ship hull, comprising:

(a) means for supplying dry abrasive material from a
supply hopper (38) situated at a supply location to a work
head (60) directed towards the external surface (26) of the
ship hull (16), and for propelling the abrasive material to
impact and rebound from the said external surface (26)
together with removed debris, and to fall as spent abrasive
mixed material; '

(b) means for collecting the séent abrasive mixed
material and subjecting the collected spent abrasive mixed
material to classification into unwanted material and reusable
dry abrasive material; and

(c) means for refilling the supply hopper (38) with
reusable dry abrasive material from the classification means.
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- 26 - Referring particularly to Figures 1 and 3, the ship
hul | -cl eaning process is preferably run in tandemw th a hull paint
process, quadrant by quadrant around the hull. The preferred

tower apparatus 24 includes a plurality of nodul ar towers, including
vertically 37-

ABSTRACT

APPARATUS AND METHOD FOR PERFORMING EXTERNAL
SURFACE WORK ON SHIP HULLS

Dry, particulate abrasive for use in abrasive Dblast
cleaning of a ship hull (16,26) is supplied to blasting pots
(36) from abrasive supply hopper assemblies (38,40) lifted
into place from a recycling station (34). Spent abrasive,
with debris, is collected and placed on a conveyor belt (28)
extending parallel to the keel blocks (18), for conveying the
collected material to the recycling station (34). Thére, the
collected material is processed to remove undersized and
foreign material from the reuseable abrasive grit. The latter
is loaded into supply hopper assemblies (38,40), which are
crane-lifted back into supplying relation with respective
blasting pots (36). By preference, the abrasive blasting work
takes place from elevatable, curtain-enclosed platforms (70)
supported on a drydock floor.(12), the blasting pots (36) are
located on the drydock wing wall (14), the abrasive grit is
ferromagnetic and recovered from the drydock floor (12) partly
with the aid of a magnetic abrasive pick-up unit (112), and

the recycling station (34) is located on a barge (32) moored
at an end of the drydock (10).

FIGURE 3.
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stackabl e 64, 66, 68 base, m ddle and top nodul es made of steel franework
such as is commonly used in scaffolding and staging. Each tower nounts a
work platform 70 on cantilever arns 72 froman el evatable trolley (not
shown), which runs on vertical tracks provided on the tower, and is
vertically noved and positioned by a hoi st (not shown) nounted on the top
nodul e 66. As the work platformis statiored at any particular |evel, the
operat or (human or robotic) progressively shifts the nozzle 60 fromside to
side while abrasive grit is being $rayed in conpresgod air rel eased
therefrom or otherw se propelled, EQ/EE?TU [ ct and-'t hereby abrade scal e,

pai nt and other debris fromthe spift vig horigent@dl band of the
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respective verticq{I p\j,ced:rem::nt of the respective quadrant of the hull
surface__%@eemasaeen “m?s the work platformis shifted in height by raising

or | o, “&é , the operator also can extend or retract the
cantile m% i'fT" order to maintain a uniformworking di stance between
t he nozal and the work surface 26, despite the fact that the surface
26, while being generally vertical, slopes inward near the keel on npst

shi ps. Al t hough not shown in the drawi ngs, in actual practice, a
system of curtains, flexible and/or rigid, wth seals, attachnents,
spreaders and ot her adjusting and accommodati ng devi ces are provided

T

£IG6. 2
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|ther for each tower, or (more preferably) around nmost or all of

the to aced These extend around the sides, back and top of
what ev ' l,

3

=]

60

A\

70
26
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enclose and have front edges plus a lower front Iip which encl ose agai nst
e 26 so as to provide for each tower, or for the respective
Fﬁectlve curtai n-encl osed work space containing the

tomers operators and nozzl es. The tower nodul es
64-68 c shlfted and put in new |ocations using a sling and
crane as has been descri bed above in relagion to the frames 40, 46. Those
wi shing to know nore details of preferred practices are referred to the
U. S. patent and copending applications i dentified in the

I nt roducti on herei nabove. As dry abrasive grit forcibly issues
fromthe nozzle or other propelling device 60, it inpacts
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the work surface 26, whereupon sone of it fractures, sone becones nore
rounded, and scale, paint chips and other debris are renoved with it

t her eby .maki nNg. a ,SRGRbLRPT asi ve material which typically includes a high
per cent a‘g‘ ] reuseabl e dry particul ate abrasive grit. The

m xed mat EI um& m% l]ed or rebounds fromthe surface 26 and begins to
fall, und ce of gravity, By preference, a catch pan
74 is secured under each work platform 70. It is shaped and positioned
to catch much of the ejected, rebounding and-fal}4ng spent abrasive m xed
material 76. The pan 74 preferably is funnel -shageg t hat captured

material 76 gravitates towards an outlet £ which

FIG. 6
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feeds th inlet end of a chute 80. The chute 80 can be provided as a
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are hing |y together froma corresponding |ocation on the rim
of each substantially continuous conduit when aligned in a
ri ght-side-up orientation, but to forman outlet wherever rotated out of
alignnent. Accordingly, as seen in Figure 5 the chute 80 has an inlet 86
effectively comunicated with the oldlet 78 of the catch pan 74, and an

outl et near the drydock deck 12 at 88. The chute is hpng fromthe catch pan
74 at the inlet end of the chute. The opp@site end 90| of the chute 80 is
hung by cabling 92, mhich36ktends out o

4 | )
y

articul ated constr gi;¥} chute of the type often used for directing debris
from vaT‘}‘mEe‘muizp 0 a collection point. To that end, the sections 82
[

138

130
140 78 -
N\ ,
—. ‘lL L Iﬁ )’
134 1T
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» 5 ore s
sight to the upper right in~figure 5 as indicated by,the arrow 94" &t t ach

to convenient elevated strucfure. A set of guy wres,96 are shown steadying
the lower end of the first séction of the chute relatj ve to corners of the
work platform As the work pfatform 704 raised and_| owered on the
respective tower 24, the part of the chute, which is effectlvely I n use,
automatical ly adjusts as t he band 98 and, tawus. the chute.outlet)
propagat es al ong ARPARATLS ANDMETHOL EOR PERFORMING-BXIERNAL, gyre 4 s
a V|em1correspond|ng to Ioé&Eﬁ@!ﬂ&ﬂ#ﬁ&ﬁﬂﬂﬁi&ﬂELlﬂhb§1the right of Figure
5, the chute sections, which showin Figure 4, are the inverted ones that
are not in use.) Referring to Figures 4 and 5; the chutes 80

The present invention relates to an-apparatus for
and a method of performing external surface work on
ship hulls.

In general, the invention relates to providing an
atmospherically controlled sealed enclosure which
permits economical staging access to and coating of
exposed areas of ships' hulls of varying
configurationis both afloat and in drydock during the
abrasive Dblasting, spray painting and solvent
evaporation phases 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. T

' The present invention relatés to apparatus and a
method for’supplying abrasive blast media to workers.
working inside an enclosure, retrieving and recycling
used abrasive, which improve upon the apparatus and
methods which are disclosed in U.S. patent US-A-
5,211,125 (Garland et al), issued May 18, 1993
corresponding to EP-A-0539212, and other copending
patent applications EP-A-0597643 and EP-A-0614802 .,
These are collectively referred to _herein as the

baseline apparatus and methods.

Ships' hulls are very large and are complexly
contoured in both the vertical and longitudinal
directions. The world's population of ships has a

very significant number of different sizes and shapes.

Coating of the exterior of ships requires using
abrasive blasters for surface preparation and painters
for application of paint. Both blasters and
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are shown having their outlets 88 arranged to direct spent abrasive m xed
mat eri al which descends through the chutes, into the inlets of novable
screw conveyors 100 supported (e.g., on wheels on the deck). The outlets
of the screw conveyors 100 dunp the collected

2

painters must be brought into close proximity to the
portion of the hull they are working. Neither
blasters nor painters can perform their work on much
more than 75 square feet of hull surface without
moving or being moved to another location.

In earlier times, worker movement from 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 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.

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
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.

Even more recently for abrasive blasting,
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
acceptance because of the cost to purchase and operate
the apparatus, plus operating difficulties with the
deviées-dctually available.
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- 29 - spent abrasive mxed material into inlets through the cover 102 of
a respective one of the abrasive material recovery conveyor, one of which
is shown at 104 in Figure 6. Each of the conveyors 28 1is shown
conprising an endl ess belt-type conveyor having an upper, horizontal
carrying run 106 and a | ower return run. Each conveyor 28 further includes
a franme 108, belt guides 110, supports 112 for supporting the belt at an
el evated | ocation relative to the decky 12, drive, idler and tensioning
roll's (not shown, but

Since ships are very large vessels which
operate on large bodies of water, their construction
and repair including drydocking'almost always takes
place immediately adjacent to large bodies of water.

Pollution of these large bodies of water,
including Great Lakes, rivers, seas, bays and oceans,
has become of much greater concern to societies around
the world because of the negative effect of this
pollution on the vegetable and animal 1life 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 béating
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 gquantities.

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 amounts of the toxins leach
out during rainstorms or from other sources of water
used in ship repair and are deposited into the body of
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conventional ) about which the conveyor belt is entrained for being driven
and support ed. I n operation, each conveyor 28 runs in the
direction indicated by the arrows shown at the left in Figure 6.
Accordingly, spent abrasive m xed material which, having been introduced
through the inlets 104 I ands on the carrying runs 106 to the abrasive
recycling station 34 provided on the deck 30 of the abrasive recovery barge
32 (Figures 1, 7 and 8). Not 4al | of the spent abrasive m xed

mat erial, which rebounds fromthe work surface 26, is caught by the catch
pan 74, descerdexn hfrogh the cdmtdody sindrasingdd esysdemy a sEP¥VYE conveyor

100 and introdyqes &I oyEBagl 5N §hcidding SAMELLN S38Brik&nts and
greases associated with maniift, -forklift and
compressor operations, can similarly be carried
through the drydock drainage system into the adjacent
body of water.

Recent regulations implementing the U.S.
Clean Water Act impose more stringent restrictions on
contaminants in storm water runoff. These regulations
mandate that either contaminants be eliminated or
drydock storm water runoff be collected and treated,
a process not currently feasible becausé cf the
quantity of water involved.

Recent  interpretations of regulations
require spent abrasive to be disposed of in permitted
landfills or recycled, significantly increasing
disposal costs. Recent OSHA regulations impose more
stringent regulations on exposure to spent mineral
abrasive dust increasing the cost of blasting using
mineral abrasive. :

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 1is itself very abrasive. This
mechanical equipment, which includes interior
ventilation systems, must be temporarily covered with
protective covering during abrasive blasting. This
temporary covering inhibits operétion of the interior
ventilation systems when abrasive blasting is underway
causing discomfort to ships’ crew members living

aboard as well as to workers inside the ship.
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catch pan, or for other reasons, spills onto the deck 12. In
practicing preferred enbodi nents of the invention, that spilled spent
abrasive mxed material is collected by other nmeans and also introduced
through an inlet 104 and sent on its way via the conveyor belt run 106, to
the abrasive recovery station. That "other neans" can be as sinple as a
push broom and dust. pan (or its5 I ndustri al

Virtually all the equipment currently used
in abrasive blasting has mechanical components. 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 periecds,
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
shoveling and sweeping.

Workers, who are free to procéed .with
exterior ship construction and/or repair tasks which
do not involve mechanical ship’s components, are
disrupted, made 1less efficient and exposed to
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.

Most ships cperate 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,
overspray is often blown into the adjacent body of
water. This same oﬁerspray can coat itself on nearby
boats, buildings, waterside cafés and cars, causing
expensive damage and infuriating the public. Even the
portion of the overspray which lands on the drydock
floor can find its way back into the adjacent body of
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- 30 - equivalent), or nore el aborate sweeping, vacuum ng up and

di schargi ng devi ces, such as are conventionally used for cleaning factory
floors. For use, especially in instances where (as is preferred) the
abrasive grit used is ferronmagnetic material, e.g., hard steel grit, the
spilled material pick-up neans preferably includes a magnetic abrasive

pi ck-up unit 112. Al t hough an p

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 s}stem..

Non-waterbased paint solvents, 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
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
of these invisible VOCs is to contain the air into
which they are released, and then process that air
through a VOC incinerator. _

Best management practices being currently
utilized to minimize the amount of abrasive dust and
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 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 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 material.
This material must be somewhat porous to keep it from
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average person may never have seen or heard of such a device, in fact, they

are commercially avail abl e.

The exenpl ary nagneti c abrasive pick-up unit

112 includes a frane 114 nmounting rollers 116 about which an endl ess belt
118 is entrai ned. The frame 114 is supported on the deck 12 on wheels

120.

col l ecting hopper 122 is nounted on the frame 114 so that its upper

end is arranged to receive particulate materia
as that materi al

carrying run sirée®déihel in e beind 118Hbwermntde dherdgiees cofintdeisal

el ect romagnet { 26g.f gLLOUBONG! LG VIS T srfSird MEedRILEC o} Rakingel”

from wind, handling, errant abrasive- blasting and
other hazards inherent to the 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 1is very expensive. 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 where the strips of material
overlap. In addition, this approach does little to
solve the many other negative effects of the ship-
coating process and does nothing to reduce VOC
emissions.

One other technology exists that reduces
dust from sandblasting, that is the technology of
vacuum blasting. However, this process is very slow
and very costly from an equipment and manpower
standpoint and does not address painting problems
including overspray and VOC emissions.

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 is because of
the daily amortization and operation costs of the
drydock required to 1ift the ship out of the water for
recoating ($5,000 to $20,000 U.S. per day) and the
ship itself, which is out of service during recocating

The upper carrying run of the conveyor belt 118 sl opes upwards and a

i nl et

collected by the belt 118,
is separated fromthe belt 118 at the upper end of the

(or
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around the deck, wth the conveyor belt 118 advancing (due to powering of
one of the rollers 116, or due to rotational notion transmtted by suitable
transm ssion neans fromthe wheels 120), particul ate ferromagnetic
constituents of the spilled spent abrasive m xed material adhere to the
belt 118 at its |ower end. These are carried up and renoved, e.g., by a
scraper and/ or by peri odic t ur ni hg of f of t he

el ectromagnetizing circuitry for the belt, so that the collected nmateri al

?gQBZdI ui oh 2%952@5@& %r%tz &i081r 09Ph Y uér;:.e A Ip%?zcuaéwbnagx?ter{é%t%oeggrtsbecoms
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
R s S oned US-A-5211125 and EP-A-0539212, each

discloses a
system for performing external surface work on a ship
hull, in which a vertical tower is erected on a
subport surface beside a ship, e.g., on deck of a
drydock in which the ship is berthed. A set of
flexible confinement 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 operating from the platform use
abrasive blasting (e.g., via compressed air-powered
abrasive grit-spraying nozzles) and paint or other
coating composition spray nozzles to work on the
vertical segment of hull surface that is confined
within the 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
expended material for processing, reprocessing or
disposal, 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 completed, the tower is shifted to a
successive location along the hull. Magnets mounted
to edge portions of the curtains are used for
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-31- the location showmn in Figure 6, at which the shutter- closed | ower,
outl et end of the hopper 122 is disposed over the upper, inlet end of an
inlet 123 for a nobile abrasive-handling elevator 124. Thi s
transfer

S

removably fastening the front edge of the shroud to
the ship hull around the whole of the perimeter of the
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 is
raised or lowered on the tower, so that another band
can be worked on. The cantilever arms, which mount
the work platform te the trolley, are extended and
retracted, as needed, for maintaining the desired
proximity of the work-applying nozzle to the hull
surface from one band to the next. Although the
baseline apparatus and method as disclosed in this
aforementioned U.S. patent US-A-5,211,125 and EP-A-
0539212 contemplate that more than one tower may be in
use at the same time for performing respective tasks
on respective vertical segments of the same ship hull,
these publications do not disclose jointly shrouding
plural ones of the towers.

However, this latter improvement is a main topic
of a copending European application EP-A-0597643,
filed on 5th November 1993 and published on 18th May
1994, after the priority date claimed by the present
application. The baseline apparatus and method as
disclosed in that application diécloses simultaneously
working on adjoining segments of the same hull using
a plurality of towers having respective adjustably
cantilevered, elevatable work 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
isolate the environments of various types of work from
one another as needed. The earlier application
EP-A-597643 also discloses providing a support barge
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conveyor 124 is arranged to collect material dunped into its inlet 123 as
the shutter on the outlet end of the hopper 122 is opened, elevate this
material (e.g., using an endl ess conveyor belt having buckets 126). The
buckets dunmp into an outlet 128 which, in turn, dunps through the inlet

104, onto the carrying run 106 of the conveyor 28. On the abrasive
recovery barge 32 (Figures 1, 7 and 8),1¢he spent abrasive nixed materi al
76 is fed off the downstream ends of the carrying runs of the conveyors 28
into an accunfibatoarbying3the various ador ewmpr@sisodicot PEINFeFBPH1Y32

forward the gf&gﬁy' aj g E@bsrmeﬁai%@pﬁéﬁss@a @hak3411 5B EndsYi ce,

which may in e & cyc one separ at or
items of equipment need’ only to be 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 movable barge, so that the
above-waterline part of a flecating 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 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, despite possible relative
movement of the ship and tower support barge, and for
reducing runoff of spent abrasive, paint particles and
removed scale from the tower support deck to the body
of water around the floating ship, or ship in drydock,
which is being worked on.

In another copending European application
EP_-A-0614802 filed on 7th March 1994 and _published

004, after the priority date . the present

appllcatlon, further improvements are descrlbed, which
facilitate automated abrasive blasting, abrasive
blasting recovery and spray painting:; reduce extent
and costs associated with ‘temporary hookup of
gquipment, hoses and ducting for wventilation and
compressed air; provide a means of extending the reach
of the worker platform; provide an improved means of
rapidly and efficiently moving
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separates the streamof material 76 into oversize (trash), which is
forwarded to trash baskets 136 undersize (dust), which is forwarded to a
dust collector 138, and reusable abrasive grit, which is forwarded to a

mast er hopper - 140. Make-up (new) abrasive grit also can be added to the
hopper 140 fromtine to time for replacing grit, which has broken-down in
use and, therefore, has been separated out as undersi ze. The deck

30 of the abrasive recycling barge 32 4 provided with a rail track on
whi ch sets of abrasive sup Ii#hoppers 38 are arrang gd to roII on bogles
142. eNQROERPLY ulgs abrARids ugH yeKBpR pd sgumber of

nodules without mechanisms to more rapidly accompllsh
coating. { .

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
pernit full worker and/or robotic access to all of the
external surface of the ship hull that is to be worked
on, and also to contain abrasive blast dust, spent
abrasive, paint overspray and volatile organic
compounds (VOCs), thereby significantly reducing the
quantities of these materials which are released to
contaminate the air, nearby bodies of water, ship’s
mechanical equipment, drydock <cranes, abrasive
blasting and painting support mechanical equipment,
local housing, automcbiles, nearby yachts and other
floating vessels, and, in addition, 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 times or ship
out-of-service times. )

Preferred practices of the baseline
apparatus and methods made possible significant
improvements in environmental compliance during ship-
hull coating because of the followingi

a. Use of internal combustion equipment is
eliminated with its potential to pollute the water
through. fuel o©il, lubricating oil and grease spills
which run or wash off the drydock floor.

b. Abrasive dust is collected and
processed without leaving the enclosure.
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I's nmoved fromits |location on a respective set of

- 32 - Dblast pots 36 on a respective blast pot support
12
c. Paint overspray is filtered without

leaving the enclosure. .

d. VoCcs are contained and incinerated
without leaving the enclosure.

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

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

Preferred practices of the baseline
apparatus and methods also provide 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
during coating.

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

a. Shortening or eliminating equipment
mobilization, setup, tear down and demobilization time
through use of the coating support barge.

b. Eliminating weather interruptions.

c. Accelerating paint curing by heating
air in the enclosure. . '

d. Allowing most ship repair work to
proceéd during hull coating.

e. Reducing drydock clean-up time by
confining contaminated or spent abrasive to within the

enclosure.
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pl atform 22, as expl ained towards the beginning of this detailed
description, and set on an enpty bogie 142 upstream of the nmaster hopper
140. The enpty set is rolled forwards on the bogie, under the master hopper
140, the shutter of which is tenporari g;opened successive tinmes to fil
each of the abrasive supply hoppers 38~ Downstream of naster hopper, a
full set of supply hoppers 38 is crane-lifted off the respective
bogi e and back to a position on top of a set of blast pots 36 up on a
platform 22. The @retfermeyl preartilsesr efi thelbasel Inompnar o sndeam

DL neRErele = A g e LBRceRnpon e Tobstecst e an, oTELY
rails 144, tkeating process not only for {the reasons listed
immediately above, but also because:

a. Rework from weather can be eliminated.

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

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.

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 advantages
provided by preferred practices of the baseline
apparatus and methods, and, in preferred practices
thereof, provides additional advantages.
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enpty bogie can sinply be pushed along the rails fromthe downstream
position to the upstream position.) Preferred practices of the
apparatus and nethod of the present invention nmake possible further
significant inprovements in environnmental conpliance during ship-hul

cl eaning, as follows: a. By faclditating the positioning of
bl ast pots and abrasive supply hoppers by drydock crane on nultiple

platforms on]the dryg gfég né D91 M6V lbe ribEE b aR6HEE, uéW&@r'hfta'apbéﬁ@uéﬂﬂHI%t

support _of_a)raswe sting 1s perfornmed nore efficient
By providing ciéhﬂlngmespﬂlsclnsemg\ GBecA-a98h1 6 am@@B-AHO%BaQ,a(mmdh wak\ae

and of magnel Ipatlﬁt)ant of addtggn ltjoS ?fge grbe:/%ig\éeaté)r];tx }nht?othltr?gsre ggteaths?pe%g Oalgng\(s
there is disclosed apparatus for cleaning surfaces including a steerable vehicie, a
projection housing with an open end, a support mounted on said steerable
vehicle and carrying said housing, said support being capable of bringing and
maintaining said housing with its open end adjacent the surface to be treated, a
centrifugal projecting means projecting into said housing towards said open end
and capable of projecting hard particles outwardly through said housing towards
said open end and against said surface to be treated, a feeding chamber for
storing said hard particles, and a filtering means for carrying out the separation
between said hard particles after impact on said surface to be treated and air
carrying the powdery mass of the treatment waste products. In GB-A-8998106 it
is said that the centrifugal projecting means and the feeding chamber may be so
arranged that the particles after impact are directed to the feeding chamber and
the feeding chamber may have passages provided for returning the hard
particles to the centrifugal projecting means. In GB-A-1098839, there is
disclosed a development of the invention of the previous patent in which a
construction of the blasting apparatus may be applied in the particular case when
the free space between the surface to be treated and the wall of, for example, a
drydock, is too narrow for housing and moving therein the blasting apparatus as
a whole. Between the vehicle of the apparatus and the projection housing, a
structure is inserted having a horizontal arm resting on the vehicle and a vertical

arm acting as a guide and a rolling track for the projection housing.

In GB-A-1098839, there is disclosed a method of abrasive blast-cleaning a
generally vertical external surface of a ship hull supported on a deck of a

drydock, comprising:

(A)  blast-cleaning said ship hull by supplying dry abrasive material from
a supply hopper situated at a supply location through a hose to a work head

directed towards the external surface of the ship hull, and propeliing the abrasive
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and conveni ent conveyor abrasive disposal |ocations along the |ength of
the drydock, nmuch required abrasive clean-up |abor is elimnated.

- 15 -

[+ material to impact and rebound from the said external surface together with
removed debris, and to fall as spent abrasive mixed material; and

(B)  classifying the spent abrasive mixed material by collecting the
spent abrasive mixed material and subjecting the collected spent abrasive mixed
material to classification into unwanted material and reusable dry abrasive
material; the abrasive material to impact and rebound from the said external

surface together with removed debris, and to fall as spent abrasive mixed

material;

According to the present invention such a method is characterised in that

the method includes:-
in said classifying step (B):-

(@)  cycling a plurality of supply hoppers upon their becoming effectively
empty as a result of conducting step (A), from said supply location to an abrasive

recycling station spaced from the supply location;

(b)  classifying the spent abrasive mixed material at the abrasive

recycling station spaced from the supply location;

(© refilling the supply hoppers with said reusable dry abrasive material

from the classification step at the recycling station; and

(d)  cycling the thus-refilled supply hoppers back to the supply location

for further operation; and
in said blast-cleaning step (A):-

(e)  upon completion of the blast-cleaning of a first portion of said
external surface, transferring said supply location and work head to a second

portion of said external surface;
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C. By conveying the used abrasive directly fromthe drydock di sposal

| ocation to

the abrasive recycling | ocation, significant used abrasive

material handling is elim nated. d. By automated transfer of

abrasive su
classifier

significant
provi di ng 4
phases of 3§

pply hoppers fromtheir fill sition under the abrasive _
and storage hopper to a |ift=g8sition under the drydock crane,
cl ean abrasive material handling is elimnated. e.
conplete dry | oop for abrasive nmaterial handling through th
brasi {® supiasi-clegningsaid serard pagioncfebe amtesdl sarface:;

(g)  repeating said steps (a) to (d) with the recycling of the supply
hoppers taking place between said second portion of said external surface and

the same said abrasive recycling station; and

(h) repeating the cleaning steps (e}, (f) and (g) at further successive
portions of the external surface of the ship. '

Preferably said dry abrasive material is made of ferromagnetic material
and said collecting step comprises sweeping up spent abrasive mixed material
from the deck of the drydock using a magnetic collector. Also preferably step (A)
further includes forming a rainproof curtain-enciosed space around each said
tower-supported elevatable work platform, against said ship-hull surface, so that
the spent abrasive mixed material which falls and: is collected remains dry.

In some preferred arrangements said supply hopper comprises one of at
least one set of at least three supply hoppers arranged side by side on a
respective stacking frame, and there are at least three said tower-supported
elevatable work platforms, arranged side by side along said external surface of
said ship hull and all disposed within said curtain-enclosed space; and the
method includes cycling said set of supply hoppers, on said stacking frame, upon
their becoming effectively empty as a result of conducting step (A), to said
abrasive recycling station for said refilling with said reusable dry abrasive
material, and cycling the thus-refilled set on said frame back to a respective said

elevated location.

The said drydock may have wing walls, and each said elevated location is
provided on an upper end of a respective wing wall. The method may include
providing a catch pan under each said tower-suppbrted elevatable work platform
and extending forwardly therefrom into proximity with said external surface of the

ship hull; and funnelling spent abrasive mixed material collected by each said

catch pan, to said abrasive recycling station.
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cl ean up, used abrasive transport to recycling, used abrasive recycling and
recycl ed abrasive transport back to the abrasive supply point, use of

recycl abl e steel or mneral abrasive is made possible for ship abrasive

bl asti ng. This significantly reduces abrasive acquisition and di sposal
costs and reduces the quantity of used abras;ve wast e generated, by an

order of magnitude.

f It is preferred that in conducting step (A), the dry abrasive material is
supplied by each said supply hopper by gravity to a respective underlying blast
pot, and by the respective blast pot by compressed air through the respective
said hose; and each said work head is a nozzle out through which the dry
abrasive material is propelled by spraying entrained in a stream of thereby

released compressed air.

Conveniently, said abrasive recovery station is located on a barge moored
adjacent an end of said drydock; and step (B) includes conveying the collected
spent abrasive mixed material along said drydock on a succession of conveyors

to a classifier located at said abrasive recovery station.

In many preferred arrangements each supply hopper is refilled at a
second location lower than the first location and adjacent the region where the
classifying step is carried out, and the refilled supply hopper is lifted to its supply

location for further operation.

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

versa.

In pérticular, there is provided in accordance with the invention apparatus

for abrasive blast-cleaning a generally vertical external surface of a ship hull

supported on a deck of a drydock, comprising:

(A)  means for blast-cleaning said ship hull by supplying dry abrasive
material from a supply hopper situated at a supply location through a hose to a
work head directed {owards the external surface of the ship hull, and for
propelling the abrasive material to impact and rebound from the said external

surface together with removed debris, and to fall as spent abrasive mixed

material; and
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CLAIMS 1. A nmet hod of abrasive blast-cleaning a generally vertical
external surface (26) of a ship hull (16) supported on a deck (12) of a
drydock (10), conpri sing: (A bl ast - cl eaning said ship hull by
supplying dry abrasive material froma supply hopper (38) situated at a
supply location (22) through a hose (58) to a

-18'

(B)  means for classifying the spent abrasive material by collecting the
spent abrasive mixed material and subjecting the collected spent abrasive mixed
material to classification into unwanted material and reusable dry abrasive material:

characterised in that '

the classifying means for classifying the spent abrasive mixed material is
situated at an abrasive recycling station spaced from said supply location, and
Includes means for cycling a plurality of said supply hoppers between said supply
location and said abrasive recycling station, said cycling means being amanged to
cycie the supply hopperé upon their becoming effectively empty to said abrasive
recycling station, to refill each said supply hopper with reusable dry abrasive material
from the classification step at the recyciing station, and to cycle the thus-refiiled
supply hoppers back to the supply location for further operation;

said blast-cleaning means being transportable from a first portion of the ship
hull to be cleaned to a second portion of the ship hull to be cleaned and then to
subsequent portions, and the blast-cleaning means and classifying means being
operable to blast-ciean the second and subsequehi portions, and during such
cleaning 1o cycle the supply hoppers between said second portion of the external
surface and the same said abrasive recycling station, and then between subsequent
portions of the ship hull and the same said abrasive recycling station;

wherein the apparatus further includes means for forming a rainproof curtain
enclosed space around a said tower-supported elevatable work platform:, against
said ship-hull surface, so that the spent abrasive mixed material which falls and is
collected remains dry; and

said supply hopper comprises one of at least one set of at least three supply
hoppers arranged side by side on a respective stacking frame, and there are at least
three said tower-supported elevatabie work platforms, arranged side by side along
said external surface of said ship hull along said extemal surface of said ship hull
and all disposed within said curtain-enclosed space; and the cycling means
corprises means for cycling said set of supply hoppers on said supporting frame,
upon their becoming empty as a result of said supplying dry abrasive material, to
said abrasive recycling station for said refilling with said reusabie dry abrasive
material, and cycling the thus-refilled set an szid frame back to a respective said

ieievated location.
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wor k head (60) directed towards the external surface (26) of the ship hull
(16), and propelling the abrasive material to inpact and rebound fromthe
said external surface (26) together with renoved debris, and to fall as
spent abrasive mxed material; and (B) cl assifying the spent
abrasive m xed material by collecting the spent abrasive m xed material and

subj ecting the collected spent abrasive pmxed material to classification
into unwanted material and reusabl e dry’-—]rragéluasi ve materi al ;

characterised in that the nethod includes: -

There will nrnow be described 2 number o

Ty

preferred, optional =znd exemplary Zfeatures of the
invention, descrited in the context c¢f exemplary
arrangements. Dry, particulate abrasive for use in
abrasive blast cleaning of 2 ship hull is supplied to
blasting pots from abrasive supply hopper assemblies
1lifted into place from a recycling station.

Spent
abrasive, with debris,

is collected and placed cn a
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in said classifying step (B):- (a) cycling a plurality of supply
hoppers (38) upon their becomng effectively enpty as a result of
conducting step (A), fromsaid supply location (22) to an abrasive
recycling station (34) spaced fromthe supply l|ocation (22); (b)
classifying the spent abrasive m xed material at the abrasive recycling
station (34) spaced fromthe supply location (22);

conveyor belt extending parallel to the keel blocks,
for conveying the collected mate;ial to the recycling
station. There, the collected material is processed
to remove undersized and foreign material from the
reuseable abrasive grit. The latter is loaded into
supply hopper assemblies, which are crane-lifted back
into supplying relation with respective blasting pots.
By preference, the abrasive blasting work takes place
from elevatable, curtain-enclosed platforms supported
on a drydock floor, the blasting pots are located on
the drydock wing wall, the abrasive grit is
ferromagnetic and recovered from the drydock floor
partly with the aid of a magnetic abrasive pick-up
unit, and the recycling station is located on a barge
moored at an end of the drydock.

Embodiments of the invention will now be
described by way of example with reference to the
accompanying drawings in which:-

Figure 1 is a schematic top plan view of a
facility for practicing a preferred embodiment of the
present invention using a floating drydock;

Figure 2 is a fragmentary pérspective view
showing a set of abrasive supply hoppers transferred
onto, or immediately prior to being transferred from
support- on a set of blasting poﬁs located at an
abrasive blasting grit supply station on a wing wall
of the drydock;
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- 35 - (c) refilling the supply hoppers (38) with said reusable
dry abrasive material fromthe classification step at the recycling station
(34); and

-21 -

Figure 3 is a fragmentary schematic side
elevation view, 1looking longitudinally along the
drydock, to see an operator on a platform applying
abrasive to the exterior surface of the ship hull;

Figure 4 is a similar fragmentary schematic
elevation view which emphasizes other features;

Figure 5 is a fragmentary front elevation
view of some of the features shown in Figure 4;

Figure 6 is a fragmentary perspective view
showing a spent abrasive collection station at the
drydock floor; |

Figure 7 is a fragmentary sectional view on
line 7-7 of Figure 1, showing transfer of the
collected spent abrasive material to the abrasive grit
recycling station aboard a support barge moved at an
end of the drydock; and

Fiqure 8 is a fragmentary top plan view of
the features depicted in Figure 7, further details of
the preferred abrasive grit recycling station being
visible in this view. '

Figure 1 shows schematically in top plan
view a typical facility for carrying out a presently
preferred embodiment of the present invention.

A floating drydock is shown at 10. It has
a deck or floor 12, and opposite wing walls 14.

In phantom outline form in this Figure, a
ship 16 is shown supported in the drydock 10, with its
keel resting on a row of keel blocks 18 positioned in
a series along the longitudinal centerline of the deck
of the drydock.

Each wing wall of the drydock, near, but
outboard of the usual catwalk extending along its
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(d) cycling the thus-refilled supply hoppers (38) back to the supply

| ocation (22) for further operation; and I n said bl ast-cl eaning
step (A:- (e) upon conpletion of the blast-cleaning of a first
portion of said external surface, transferring said supply |ocation (22)
and work head (60) to a second portion of said external surface;

() bl ast - cl eani ng said second portion_of the external surface;

(9) repeating said steps (a) to (d) w4t he recycling of the supply

upper end 20, has been provided with a plurality of
blast pot support platforms 22.

The ship i1s shown having a set of curtain-
enclosed, elevatable work platform supporting towers
24 statiocned side by side in a series extending along
a whole quadrant (in this instance, the port/forward
quadrant) of the ship 16.

These towers, and the curtain structure,
which encloses them against the external surface 26 of
the ship hull for creating one shared enclosed work
space for all of the towers, or two or more enclosed
work spaces, each containing one or more of the
towers, may be constructed, provided and used in the
manner that is disclosed in much more detail in the
aforementicned U.S. patent and/oxr copending
patent applications. (A reiterative brief description
will be provided below in relation to this and others
of the drawings hereof.)

Some other features of the preferred
embodiment, which are depicted in Figure 1, include
two abrasive material recovery conveyors 28 which
extend along the length of the deck 12 and over one
end, so as to have the ends of their carrying runs
disposed over the deck 30 of an abrasive reclaiming
barge 32, which provides the preferred location for an
abrasive recycling station 34. o '

Details of the blast pot support platforms,
blast pots (and abrasive supply hoppers and the
lifting frame for the latter) are discussed below with
reference to Figures 1 and 2.

Use of the towers and blasting equipment for
cleaning the ship hull external surface is discussed
below with reference to Figures 1 through 5.
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hoppers (38) taking place between said second portion of said external
surface and the sane said abrasive recycling station (34); and (h)
repeating the cleaning steps (e), (f) and (g) at further successive
portions of the external surface of the ship.

=23 -

Recovery at the drydock deck level, of the
spent abrasive, and associated debris, is discussed
below with reference to Figure511 and 4 through 6.

Processing of the spent abrasive and
associated debris to obtain dry abrasive grit stock
for recycling via abrasive supply hoppers to the
blasting pots up on the wing walls is discussed below
with reference to Figures 1 through 8.

Although the blast pots 36 and abrasive
supply hoppers 38 could be provided as individually
movable, separate units, it is preferred that they be
assembled as respective connected sets. In the
instance depicted, blast pots 36 are assembled in sets
of three, secured in respective three-dimensionally
rectangular welded steel stacking frames 40 each
arranged to be lifted, moved, lowered into position
and left in place, by a standard lifting frame 42.
The 1lifting frame 1is designed to disconnectably
connect with connectors (not shown in detail) at the
four upper corners of each stacking frame 40, and, in
turn, to be supported on a wire rope sling 44 from a
crane (not shown). The sling 44 includes operating
cables (not shown in detail) for connecting and
releasing the connectors on the lifting frame 42 from
the corresponding connectors on a respective stacking
frame 40. In general, the opefating_relation of the
lifting and stacking frames, sling and crane may be
similar and comparable to the relation of ' the
structures that are conventionally used for
manipulating ISO containers between ships, docks and
truck trailers.

The same is true for the supply hoppers 38,
which also are shown assembled in sets of three,
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2. A nethod according to Claim1l, wherein said dry abrasive material is
made of ferromagnetic material and said collecting step conprises sweeping
up spent abrasive mxed material fromthe deck of the drydock using a
magnetic collector (112). 3. A nethod according to daim1l or 2, wherein
step (A) further includes formng a rainproof curtain-enclosed space around
each said tower-supported el evatable work platform

secured in respective three-dimensionally rectangular
welded steel stacking frames 46, arranged to be
lifted, moved, lowered into posit:_ion and left in place
by the 1lifting frame 42. The stacking frames 46
correspond to the stacking frames 40, so that
respective ones of the former can be stacked onto
respective ones of the latter, as shown on the blast
pot support platforms in Figures 1 through 3.

In the instance depicted, there are six
platforms 22 equally spaced from one another on each
wing wall 14, each stacking frame 46 carries three
blast pots all arranged vertically and in one line
that extends longitudinally of .the drydock, and each
stacking frame 46 carries three abrasive supply
hoppers 38 all arranged vertically and in one line
that extends longitudinally of the drydock. In actual
practice, these numbers and spatial orientations could
be varied.

The purpose of each abrasive supply hopper
38 is to act as a dispensing receptacle for dry
abrasive particles, for supplying the respective
underlying blast pot 36, by gravity feed, with
abrasive grit. For that reason, each hopper 38
includes a top opening 48, through which it can be
filled with abrasive grit, a cover 50 (which
preferably slides into and out of place and, when in
place, provides a weather-tight seal particularly
against intrusion of rainwater), a peripherally
complete set of sidewalls 52, and bottom walls 54
which slope towards a central outlet 56. Except when
the hopper is in place in feeding relation over a
respective blast pot 36, each hopper outlet 56 is
closable by a shutter plate (not shown) for
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(70), against said ship-hull surface, so that the spent abrasive m xed
material which falls and is collected remains dry. 4. A nethod according
to any precedi ng cl ai m wherein: sai d supply hopper (38) conprises
one of at |east one set of at |east three supply hoppers arranged side by
side on a respective stacking frame (40), and there are at |east three said
t ower - supported el evatable work platfornms (70), arranged side by side al ong
said external surface (26) of said shipdwmll (16) and all disposed within
sai d curtain-

facilitating refilling and transfer of the abrasive
supply hopper. o

The purpose of each blast pot 36 1is to
receive a gravity-fed supply of dry abrasive grit
particles from a respective abrasive supply hopper 38
having its open outlet disposed in feeding relation
thereto, to entrain that supply of grit particles, on
demand, into a stream of pressurized air flowing
through an outlet hose 58, to a nozzle 60 for
application of the abrasive grit to the hull surface
26. The blast pot 36 may be of known, conventional
construction. 2Alternative abrasive delivery systems
could be used, e.g., where grit is delivered for
centrifugal propulsion off a spinning grit-propelling
device, e.g., such as 1is available from The
Wheelabrator Corporation, Newnan, Georgia 30263.

The stacking frames 40 and 46 include corner
guides and vertically interengageable features 62 to
facilitate stacking in vertical registry, as best
illustrated in Figure 2.

In actually practicing the process,
platforms 22 around the quadrant of the ship hull
being cleaned are provided with a full complehent of
blasting pot sets, and respective sets of abrasive
supply hoppers 38 full of dry abrasive grit are
shuttled into place by crane from the recycling barge
32. As hoppers 38 become empty, the respective empty
sets are shuttled by crane to the recycling barge 32.
Outlets 56 are opened and closed as needed. When
cleaning work on one quadrant is completed, the blast
pots and £ill abrasive hoppers can be shifted to the
set of platforms 22 which flank the next quadrant of
the ship that is to be cleaned.
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encl osed space; and t he met hod includes cycling said set of supply
hoppers (38), on said stacking frame (40), upon their becom ng effectively
enpty as a result of conducting step (A), to said abrasive recycling
station (34) for said refilling with said reusable dry abrasive materi al,
and cycling the

- 26 -

—el

Referring particularly to Figures 1 and 3,
the ship hull-cleaning process is preferably run in
tandem with a hull paint process; quadfant by quadrant
around the hull.

The preferred tower apparatus 24 includes a
plurality of modular towers, including vertically
stackable 64, 66, 68 base, nmiddle and top modules made
of steel framework such as is commonly used in
scaffolding and staging. Each tower mounts a work

" platform 70 on cantilever arms 72 from an elevatable
trolley (not shown), which runs on vertical tracks
provided on the tower, and is vertically moved and
positioned by a hoist (not shown) mounted on the top
module 66. As the work platform is stationed at any
particular 1level, the operator (human or robotic)
progressively shifts the nozzle 60 from side to side
while abrasive grit is being sprayed in compressed air
released therefrom or otherwise propelled, so as to
impact and thereby abrade scale, paint and other
debris from the respective horizontal band of tﬁe
respective vertical increment of the respective
quadrant of the hull surface 26. .

As the work platform is shifted in height by
raising or lowering the trolley, the operator alsoc can
extend or retract the cantilever arms 72 in order to
maintain a uniform working distance between the nozzle
60 and the work surface 26, despite the fact that the
surface 26, while being generally vertical, slopes
inward near the keel on most ships.

Although not shown in the drawings, in
actual practice, a system of curtains, flexible and/or
rigid, with seals, attachments, spreaders and other
adjusting and accommodating devices are provided
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-37- thus-refilled set on said frane (40) back to a respective said

el evated | ocation (22). 5. A nethod according to any preceding claim
wher ei n: said drydock has wing walls (14), and each said
=2d =

either for each tower, or (more preferably) around
most or all of the towers in common. These extend
around the sides, back and tbp of -whatever they
enclose, and have front edges plus a lower front lip
which enclose against the surface 26 so as to provide
for each tower, or for the respective towers in common
an effective curtain-enclosed work space containing
the towers, work platforms, operators and nozzles.
The tower modules 64-68 can be lifted,
shifted and put in new locations using a sling and
crane as has been described above in relation to the
frames 40, 46. Those wishing to know more details of
preferred practicés are referred to the U.S. patent
and copending applications identified in  the

introduction hereinabove.
As dry abrasive grit forcibly issues from

the nozzle or other propelling device 60, it impacts
the work surface 26, whereupon some of it fractures,
some becomes more rounded, and scale, paint chips and.
other debris are removed with it thereby making a
spent abrasive material which typically includes a
high percentage of perfectly reuseable dry particulate
abrasive grit. The mixed material is ejected or
rebounds from the surface 26 and begins to fall, under
the influence of gravity.

By preference, a catch pan 74 is secured
under each work platform 70. ' It .is shaped and
positioned to catch much of the ejected, rebounding
and falling spent abrasive mixed material 76. The pan
74 preferably is funnél—shaped, so that captured
material 76 gravitates towards an outlet 78 which
feeds the inlet end of a chute 80. The chute 80 can

be provided as a conventional multiple-section
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el evated | ocation (22) is provided on an upper end (20) of a respective
w ng wal l. 6. A method according to any preceding claimfurther

conpri si ng: provi ding a catch pan (74) under each said tower-supported
el evat abl e work platform (70) and extending forwardly therefrominto
proximty wth said external surface (26) of the ship hull (16) ; and

-28 -

articulated construction chute of the type often used
for directing debris from various heights, to a
collection point. To that end: the sections 82 are
hinged at 84 serially together from a corresponding
location on the rim of each so as to form a
substantially continuous conduit when aligned in a
right-side-up orientation, but to form an outlet
wherever rotated out of‘alignment. Accordingly, as
seen in Figure 5, the chute 80 has an inlet 86
effectively communicated with the outlet 78 of the
catch pan 74, and an outlet near the drydock deck 12
at 88. The chute is hung from the catch pan 74 at the
inlet end of the chute. The opposite end. 90 of the
chute 80 is hung by cébling 92, which extends out of
sight to the upper right in Figure 5 as indicated by
the arrow 94 to attach to convenient elevated
structure. A set of guy wires 96 are shown steadying
the lower end of the first section of the chute
relative to corners of the work platform. As the work
platform 70 is raised and lowered on the respective
tower 24, the part of the chute, which is effectively
in use, automatically adjusts as the band 98 (and,
thus, the chute outlet) propagates along the series of
chute sections. (Because Figqure 4 is a view
corresponding to looking toward the left from the
right of Figqure 5, the chute sections, which show in
Figure 4, are the inverted ones that are not in use.)

Referring to Figures 4 and 5, the chutes 80
are shown having their outlets 88 arrangéd to direct
spent abrasive mixed material which descends through
the chutes, into the inlets of movable screw conveyors
100 supported (e.g., on wheels on the deck). The
outlets of the screw conveyors 100 dump the collected
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funnel ling spent abrasive m xed material collected by each said catch pan
(74), to said abrasive recycling station (34). 7. A net hod
according to any precedi ng cl ai mwherein: i n conducting step (A,
the dry abrasive material is supplied by each said supply hopper (38) by
gravity to a respective underlying blast pot (36), and by the respective

bl ast pot (36) by conpressed air throuqﬂathe respective said hose (58); and

spent abrasive mixed material into inlets through the
cover 102 of a respective one of the abrasive material
recovery conveyor, one of which is shown at 104 in
Figure 6. Each of the conveyors 28 1is shown
comprising an endless belt-type conveyor having an
upper, horizontal carrying run 106 and a lower return
run. Each conveyor 28 further includes a frame 108,
belt guides 110, supports 112 for supporting the belt
at an elevated location relative to the deck 12,
drive, idler and tensioning rolls (not shown, but
conventional) about which the conveyor belt is
entrained for being driven and supported.

In operation, each conveyor 28 runs in the
direction indicated by the arrows shown at the left in
Figure 6. Accordingly, spent abrasive mixed material
which, having been introduced through the inlets 104
lands on the carrying runs 106 to the abrasive
recycling station 34 provided on the deck 30 of the
abrasive recovery barge 32 (Figures 1, 7 and 8).

Not all of the spent abrasive mixed
material, which rebounds from the work surface 26, is
caught by the catch pan 74, descends through the chute
80 and is collected by a screw conveyor 100 and
introduced through an inlet 104. Some misses the
catch pan, or for other reasons, spills onto the deck
12. ‘ | '

In practicing preferred embodiments of the
invention, that spilled spent abrasive mixed material
is collected by other means and also introduced
through- an inlet 104 and sent on its way via the
conveyor belt run 106, to the abrasive recovery
station. That "other means" can be as simple as a

push broom and dust pan (or its industrial
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equivalent), or more elaborate sweeping, vacuuming up
and discharging devices, such as are conventionally
used for cleaning factory f100rsf For use, especially
in instances where (as is preferred) the abrasive grit
used is ferromagnetic material, e.g., hard steel grit,
the spilled material pick-up means preferably includes
a magnetic abrasive pick-up unit 112. Although an
average person may never have seen or heard of such a
device, in fact, they are commercially available. The
exemplary magnetic abrasive pick-up unit 112 includes
a frame 114 mounting rollers 116 about which an
endless belt 118 is entrained. The frame 114 is
supported on the deck 12 on wheels 120. The upper
carrying run of the conveyor belt 118 slopes upwards
and a collecting hopper 122 is mounted on the frame
114 so that its upper inlet end is arranged to receive
particulate material collected by the belt 118, as
that material is separated from the belt 118 at the
upper end of the carrying run of the belt. The belt
118 is made of magnetic material (or electromagnetized
ferromagnetic material). As the device 112 is run
around the deck, with the conveyor belt 118 advancing
(due to powering of one of the rollers 116, or due to
rotational motion transmitted by suitable transmission
means from the wheels 120), particulate ferromagnetic
constituents of the spilled spent abrasive mixed
material adhere to the belt 118 at'its lower end.
These are carried up and removed, e.g., by a scraper
and/or by periodic turning off of the
electromagnetizing circuitry for the belt, so that the
collected material dumps into the hopper 12.2.
Periodically, as the hopper becomes loaded
with collected material, the unit 112 is run over to
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each said work head (60) is a nozzle out through which the dry abrasive
material is propelled by spraying entrained in a streamof thereby rel eased
conpressed air. 8. A nethod according to Cdaim4, wherein: sai d
abrasive recovery station (34) is |located on a

.31 -

the location shown in Figure 6, at which the shutter-
closed lower, outlet end of the hopper 122 is disposed
over the upper, inlet end of an inlet_123 for a mobile
abrasive-handling elevator 124. This transfer
conveyor 124 is arranged to collect material dumped
into its inlet 123 as the shutter on the outlet end of
the hopper 122 is opened, elevate this material (e.g.,
using an endless conveyor belt having buckets 126).
The buckets dump into an outlet 128 which, in turn,
dumps through the inlet 104, onto the carrying run 106
of the conveyor 28. '

on the abrasive recovery barge 32 (Figures
1, 7 and 8), the spent abrasive mixed material 76 is
fed off the downstream ends of the carrying runs of
the conveyors 28 into an accumulator bin 130.

Screw and bucket conveyors 132 forward the
accunmulated material 76 to a classifier 134. This
device, which may include a cyclone separator,'
separates the stream of material 76 into oversize
(trash), which is forwarded to trash baskets 136
undersize (dust), which 1is forwarded to a dust
collector 138, and reusable abrasive grit, which is
forwarded to a master hopper 140. Make-up (new)
abrasive grit also can be added to the hopper 140 from
time to time for replacing grit, which has broken-down
in use and; therefore, has been sgparated out as
undersize.

The deck 30 of the abrasive recycling barge
32 is provided with a rail track on which sets of
abrasive supply hoppers 38 are arranged to roll on
bogies 142.

An empty set of abrasive supply hoppers 38
is moved from its location on a respective set of
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barge (32) noored adjacent an end of said drydock (10); and step (B)
I ncl udes conveying the collected spent abrasive m xed material along said
drydock (10) on a succession of conveyors (100, 28, 124, 132) to a
classifier (134) located at said abrasive recovery station (34) 9. A

met hod according to any preceding claimin which each supply hopper (38) is
refilled at a location | ower than the fjJyst |ocation and adjacent the
regi on where the classifying step is cated out, and the refilled supply

hopper (38) pfaltfifehd 0 g SoRUPP! Y d QR f Ylast pot suppnrt
platform 22, as explained towards the beginning of
this detailed description, and set on an empty beqgie
142 upstream of the master hopper 140. The empty set
is rolled forwards on the bogie, under the masyer
" hopper 140, the shutter of which is temporarily opeseqg
successive times to fill each of the abrasive supzly
hoppers 38. Downstream of master hopper, a full set
of supply hoppers 38 1is crane-lifted off =pe
respective bogie and back to a position on top cf 3
set of blast pots 36 up on a platform 22. The empty
bogie can be recirculated from its downstream positien
on the rails 144 to the upstream position, Zop
receiving an empty set of abrasive supply hoppers.
(OCr, if only one bogie is in use on the rails 144, =pe
enpty bogie can simply be pushed along the rails fzpp
the downstream position to the upstream position.)

Preferred practices of the apparatus zpng
method of the present invention make possible furtiar
significant improvements in environmental complizqese
during ship-hull cleaning, as follows:

a. By facilitating the positioning asf
blast pots and abrasive supply hoppers by drydi-k
crane on multiple platforms on the drydock wing welj,
clean abrasive material handling in support sf
abrasive blasting is performed more efficiently.

b. By providing the means of us.ag

- recyclable steel or mineral abrasive and of magne:ic
pick up of used abrasive off the floor of the dryis-x
and convenient conveyor abrasive disposal locatiing
along the length of the drydock, much requizag
abrasive clean-up labor is eliminated.
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further operation. 10. Apparatus for abrasive blast-cleaning a
generally vertical external surface (26) of a ship hull (16) supported on a
deck (12) of a drydock (10), conpri sing:

=33

c. By conveying the used abrasive directly
from the drydock disposal location to the abrasive
recycling location, significant used abrasive material
handling is eliminated.

d. By automated transfer of abrasive
supply hoppers from their fill position under the
abrasive classifier and storage hopper to a 1lift
position under the drydock crane, significant clean
abrasive material handling is eliminated.

e. By providing a complete dry loop for
abrasive material handling through the phases of
abrasive supply, abrasive blasting, used abrasive
clean up, used abrasive transport to recycling, used
abrasive recycling and recycled abrasive transport
back to the abrasive supply pointy use of recyclable
steel or mineral abrasive is made possible for ship
abrasive Dblasting. This significantly reduces
abrasive acgquisition and disposai costs and reduces
the quantity of used abrasive waste generated, by an
order of magnitude.
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(A means for blast-cleaning said ship hull by supplying dry abrasive
material froma supply hopper (38) situated at a supply location (22)

t hrough a hose (58) to a work head (60) directed towards the external
surface (26) of the ship hull (16), and for propelling the abrasive
material to inpact and rebound fromthe said external surface (26) together
with renoved debris, and to fall as spent abrasive m xed material; and

(B) means for classifying the spent =a¥%asive material by collecting the
spent abrasive m xed material and subjectj he col |l ected spent abrasive
m xed material to classification into u material and reusable dry

abrasive materi al ;

1. A method of abrasive blast-cleaning a generally vertical external surface
(26) of a ship huil (16) supported on a deck (12) of a drydock (10), comprising:

(A) blast-cleaning said ship hull by supplying dry abrasive material from
a supply hopper (38) situated at a supply location (22) through a hose (58) to a
work head (60) directed towards the external surface (26) of the ship hull (18),
and propelling the abrasive material to impact and rebound from the said external
surface (26) together with removed debris, and to fall as spent abrasive mixed

material; and

(B) classifying the spent abrasive mixed material by collecting the
spent abrasive mixed material and subjecting the:collected spent abrasive mixed
material to classification into unwanted material and reusable dry abrasive

material;

characterised in that the method includes:-

in said classifying step (B):-

(a) cycling a plurality of supply hoppers (38) upon their becoming
effectively empty as a result of conducting step (A), from said supply location (22)
to an abrasive recycling station (34) spaced from the supply location (22);

(b) classifying the spent abrasive mixed material at the abrasive

recycling station (34) spaced from the supply location (22);
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characterised in that the classifying nmeans for classifying the
spent abrasive mxed material is situated at an abrasive recycling station
(34) spaced fromsaid supply location (22), and includes nmeans (42, 44) for
cycling a plurality of said supply hoppers (38) between said supply

| ocation (22) and said abrasive recycling station (34), said cycling neans
(42, 44) being arranged to cycle the supply hoppers (38) upon their
becom ng effectively enpty to said abrasive recycling station (34), to
refill each said supply hopper (38) with reusable dry abrasive materi al
fromthe classification step at the regycling station (34), and to cycle
the thus-refjill ed supply hoppers (38)tack to the supply location (22) for
further operfationyc)  refiling#elsipphs hopperar{88witie said reusatje drynabrasivenbl e
froma first} portion of the ship hull to pe cle ned E ? ifcogd portion of
the ship hul malerigkiremdhe slassificatign stepat the recyc fing station {3

(d)  cycling the thus-refilled supply hoppers (38) back to the supply
location (22) for further operation; and

in said blast-cleaning step (A):-

(e)  upon completion of the blast-cleaning of a first portion of said
external surface, transferring said supply location (22) and work head (60) to a

second portion of said external surface;

() blast-cleaning said second portion of the external surface;

(g) - repeating said steps (a) to (d) with t'f-;e recycling of the supply
hoppers (38) taking place between said second portion of said external surface

and the same said abrasive recycling station (34); and

(h) repeating the cleaning steps (e), (f) and (g) at further successive

portions of the external surface of the ship.

) A
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subsequent portions, and the bl ast-cleaning neans and cl assi fyi ng neans
bei ng operable to blast-clean the second and subsequent portions, and
during such cleaning to cycle the supply hoppers (38) between said second
portion of the external surface and the sane said abrasive recycling
station (34), and then between subsequent portions of the ship hull (16)
and the sane said abrasive recycling station (34)

2. A method according to Claim 1, wherein said dry
abrasive material is made of ferromagnetic material and
sald collecting step comprises sweeping up spent abrasive
mixed material from the deck of the drydock using a

magnetic collector (112).

3. A method according to Claim 1 or 2, wherein step (A)
further includes forming a rainproof curtain-enclosed space
around each said tower-subported elevatable work platform
(70), against said ship-hull surface, so that the spent
abrasive mixed material which falls and is collected

remains dry.
4. A method according to any preceding claim wherein:

said supply hopper (38) comprises one of at least one
set of at least three supply hoppers arranged side by side
on a respective stacking frame (40), and there are at least
three said tower-supported elevatable work platforms (70),
arranged side by side along said external surface (26) of
said ship hull (16) and all disposed within said curtain-

enclosed space; and

the method includes cycling said set of supply hoppers
(38), on said stacking frame (40), upon their becoming
effectively empty as a result of conducting step (A), to
said abrasive recycling station (34) for said refilling

with said reusable dry abrasive material, and cycling the
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- 40 - wherein the apparatus further includes neans (24) for formng a

rai nproof curtain encl osed space around a said tower-supported el evatabl e
work platform (70), against said ship-hull surface (26), so that the spent
abrasive m xed material which falls and is collected remains dry; and said
supply hopper (38) conprises one of at |east one set of at |east three
hoppers (38) arranged side by 37

thus-refilled set on said frame (40) back to a respective

said elevated location (22).
5. A method according to any preceding claim wherein:

said drydock has wing walls (14), and éach said
elevated location (22) is provided on an upper end {20) of

a respective wing wall.

6. A method according to any preceding claim further

comprising:

providing a catch pan (74) under each said tower-supported
elevatable work platform (70) and extending forwardly

therefrom into proximity with said external surface (26} of

the ship hull (16); and

funnelling spent abrasive mixed material collected by
each said catch pan (74), to sz2id abrasive recycling

station (34).

7. A method according to any preceding claim

wherein:

in conducting step (A), the dry abrasive material is
supplied by each said supply hopper (38) by gravity to a
respective underlying blast pot (36), and by the respective

blast pot (36) by compressed air through the respective

said hose (58): and
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side on a respective stacking frame (40), and there are at |east three said
t ower - supported el evatable work platfornms (70), arranged side by side al ong
said external surface (26) of said ship hull (16) al ong said externa
surface (26) of said ship hull (16) and all disposed within said
curtain-encl osed space; and the cycling nmeans conprises neans (42, 44) for

cycling said set of supply hoppers (38) on said supporting franme (40), upon
their beconming enpty as =38 -

each said work head (60) is a nozzle out through which
the dry abrasive material is propelled by spraying

entrained in a stream of thereby released compressed air.
8. A method according to Claim 4, wherein:

said abrasive recovery station (34) is located on a

barge (32) moored adjacent an end of said drydock (10); and

step (B) includes conveying the collected spent
abrasive mixed material along saiq drydock (10) on a
succession of conveyors (100, 28, 124, 132) to a classifier

(134) located at said.abrasive recovery station (34).

9. A method according to any preceding claim in which
each supply hopper (38) is refilled at a location

lower than the first location and adjacent the region where
the classifying step is carried out, and the refilled
supply hopper (38) is lifted to its supply location for

furtnher operation.
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a result of sald supplylng dry abrasive material, to said abrasive

recycllng for said refilling with sald reusabl e dry abrasive
mat eri al , hus- refilled set (38) on said frame (40) back

to a respectl\fe sal ed | ocation (22). 11 Appar atus according to
Caim210 further corrprl Si ng: a catch pan (74) provided under each,
said tower- supported el evatable work p tform (70) and extendi ng

forwardly therefrom into proxinmty w sai d external
10,  Apparatus for abrasive blasi-cleaning a generally vertical externa! surface

(26) of a ship hull (16) supported on a deck (12) of a drydock (10), comprising:

(A) means for blast-cleaning said ship hull by supplying dry abrasive
material from a supply hopper (38) situated at a supply location (22) through a hose
(58) ta a work head (60) directed towards the external surface (26) of the ship hull
(16), and for prapelling the abrasive material to impact and rebound from the said
external surface (26) together with removed debris, and to fall as spent abrasive
mixed material; and

(B) means for classifying the spent abrasive material by collecting the
spent abrasive mixed material and subjecting the collected spent abrasive mixed
material to classification into unwanted material and reusable dry abrasive materal;

[

chéracteﬁsed in_that

the classifying means for classifying the spent abrasive mixed material is
situated at an abrasive recycling station (34) spaced from said supply location (22),
and includes means (42, 44) for cycling a plurality of said supply hoppers (38)
between said supply location (22) and said abrasive recycling station (34), said
cycling means (42, 44) being arranged to cycle the supply hoppers (38) upon their
becoming effectively empty to said abrasive recycling station (34), to refill each said
supply hopper (38) with reusable dry abrasive material from the classification step at
the recycling station (34), and to cycle the thus-refilled supply heppers (38) back to
the supply location (22) for further operation;

said blast-cleaning means being transportable from a first portion of the ship
hull to be cleaned to a second portion of the ship hull to be cleaned and then to
subsequent portions, and the blast-cleaning means and classifying means being
operable to blast-clean the second and subsequent portions, and during such
cleaning to cycle the supply hoppers (38) between said second portion of the
external surface and the same said abrasive recycling station (34), and then
between subsequent portions of the ship hull {16) and the same said abrasive
recycling station (34)

— This is the replacement sheet

30 Jay 2000



surface (26) of the ship hull (16); and means (78, 80-98, 28, 100,
124, 132) I ent abrasive m xed material collected by each
said catch wmnm’@m giam ve recycling station (34). 12 Appar at us
according td ¢ or 11 arranged to be used in an instance in
which the dry abrasive material is made of ferromagnetic material, said
means for collecting the spent abrasive Exed mat eri al includes neans for
sweepi ng up spent abrasive nixed materix romthe deck of the drydock
using a magnetic collector 112.
wherein the apparatus further includes means (24) for forming a rainproof curtain
enclosed space around a said tower-supported elevatable work platform (70),
against said ship-hull surface (26), so that the spent abrasive mixed material which
falls and is collected remains dry; and

said supply hopper (38) comprises one of at least one set of at least three hoppers
(38) arranged side by
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- 42 - 13 Apparatus according to any of Clains 10 to 12, wher ei n

AT s

side on a respective stacking frame (40}, and there are at
least three said tower-supported elevatable work platfornms
(70}, arranged side by side Blong said external surface
(26) of said ship hull (16) along said external surface
(26) of said ship hull (16) and all disposed witzin said
curtain-enclosed space; and the cycling means comprises
means (42, 44) fcr cycling said set of supply hoppers ({38)
on said supporting frame {40), upen their becoming empty as
a result eof said supplying.dry abrasive material, to said
abrasive recycling station (34) for said refilling with
said reusable dry abrasive material, and_cycling the thus-
refilled set (3B) on said frame (40) back to a respective

said elevated location (22).

11  Apparatus according to Claim 10 further.

comprising:

a cateh pan (74) provided under eazch said towex~
supported elevatable work platform {70) and extending
forwardly therefrom into-proximity with said external

surface (26) of the shig hull. (16); and

means (78, 80-58, 28, 100, 124, 132) for funnelling
spent abrasive mixed material collected by each said catch

pPan, to said abrasive recyciing station {(34).

12 apparatus according to Claim 10 orll arranged
to be used in an instance in which the dry abrasive
material is made of ferromagnetic material, said means for
collecting the spent abrasive mixed material includas means
for sweeping up spent abrasive mixed material from the deck

of the drydock using a magnetic collector 112.
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sai d nea ayhg ylng further includes an under |l yi ng bl ast pot (36)
for each m(ﬂmg (38), whereby dry abrasive material is

suppl i ed uppl y hopper_bi_g_aV|ty to a respective

under | yi ng blast pot *(36), and by the respective blast pot (36) by
conpressed air through the respective said hose (58); and each
said work head (60) is a nozzle out through which the dry abrasive

ol cased conprbeediapstatls Yelraing hh B0dr GrBiRe F8ER 2B G el me 10

to 13 “here“Twhereln:

said means for supplying further includes 2n
underlying blast pot (36) for each said supply hopper (3§,
whereby dry abrasive material is supplied by each said
supply hopper by gravity teo a respective underlying blast
pot (36), and by the respective blast pot (36) by
compressed alr through the respective sazid hoss (58); and

each sald work head (60) is a nozzle out through which
the dry abrasive material is propelﬁed by spraying

entrained in a stream of thereby released compressed air.

14  apparatus according to any of Claims 10 to 13 wherein:
s2id abrasive recycling station (32) is located on a

barge (32) moored adjacent an end o saidé drydeck (10); and

said means for collecting includes means for conveying
the collected spent abrasive mixed nmaterial zlong said
drydock on a succession c¢f conveyors (100, 28, 124, 132) to
a classifier (134) located at said zbrasive recovery

station (34).

15  Apparatus according to any of Claims 10 te 14 in which
the location at which each supply hopper is refilled is at
a location lower than the supply location, and there is
provided means for lifting a refilled supply hcpper to its
supply location for further operation.
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sai d abrasive recycling station (32) is |located on a barge (32) moor ed

adj acent an end of said drydock (10); and sai d neans for
col l ecting includes nmeans for conveying the coll ected spent abrasive
m xed material along said drydock on a succession of conveyors (100,
28, 124, 132) to a classifier (134) located at said abrasive recovery
station (34). 15 Appar atus according to any of Clains 10 to 14 in
whi ch 177
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the location at which each supply hopper is refilled is at a location

| ower than the supply location, and there is provi ded nmeans for lifting
a refilled supply hopper to its supply location for further operation.
2/7

FIG. 2
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