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APPARATUS AND NETHCD FOR PERFORM NG

APPARATUS AND METHOD FOR PERFORMING EXTERNAL SURFACE
WORK ON SHIPS' HULLS
Background of the Invention

_ Ship's 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 shépes.

Coating of the exteriors of ships requires
using abrasive blasters for surface preparation and
painters for application of paint. Both blasters
and 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.

More recently, this 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
beinj 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 actually avallable.
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Since ships are very large vessels which
operate on large bodies of water, their construction
and repair by dry-docking almost always takes place
immediately adjacent to large bodies of water.

Pollution of these large bodies of water
inéludinq Great Lakes, rivers, seas, bays and oceans
has become a much greater concern to societies
around the world because of the negativé effect of
this pollution on the vegetable and animal life
which depend upon these bodies of water. This
concern has grown as more of the public elects to
use these bodies of water for recreation through
swimming and boating as well as living adjacent to
them in hotels, houses, apartments and condominiums.

Abrasive blasting of a ship's hull
necessarily creates a significant quantity of
particulate material, usually dust comprised in part
of smaller particles of the abrasive medium as it
breaks down upon being pfopelled 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 1nev1tab1y
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 dry dock 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 water from the dry dock's drainage system.
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pai nters for application of paint. Both blasters and painters nust be
brought into close proximty to the portion of the hull they are working.
Nei t her bl asters nor painters can performtheir work on nuch nore than
7.0merr] (75 square feet) of hull surface w thout noving or being noved to

anot her |ocation. In earlier tines, worker novenent from place to
pl ace around a ship's hull was accommodat ed by buil di ng stagi ng around the
shi p. More recently, this anegent has been

Toxic petroleum products including fuels, lubricants
‘and greases associated with manlift operations can
similarly be carried through the dry-dock drainage
system into the adjacent body of water.

 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 dovering during abrasive
blasting. This temporary covering prevents the
interior ventilation systems from being operated or
repaired when abrasive blasting is underway.

Virtually all the equipment required for
abrasive blasting has mechanical components. This
includes air compressors, manlifts, forklifts, dust
collectors and dry-dock 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 life.

Coatings on dry-dock horizontal surfaces
experience short lives as théy are abraded off by
the combination of spent abrasive and vehicular and
personnel,movemenﬁ, including that which accompanies
shoveling and sweeping.

Workers who are free to proceed with
exterior ship construction and/or repair tasks which
do not involve mechanical ship's components are
disrupted, made less efficient and exposed to
respiratory and eye aggravation when abrasive
blasting is proceeding concurrently. Workers and
ship's pérsonnel transiting through the abrasive
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acconplished through the use of manlifts. A conventional manlift includes a
stagi ng basket mounted on an arm which has the capability of being
hydraulically lifted, extended and rotated; this arm being nounted on a
carriage powered by an internal conbustion engine. The carriage has the
capability of being noved from place to place on a horizontal surface.
-Even nore recently for abraS|ve bl asting, efforts have been nade to repl ace
the worker in the 4

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 cooper.
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 cafes and cars,
‘causing expensivé damage and infuriating the public.
Even the portion of the overspray which lands on the
dry-dock floor can find its way back into the
adjacent body of water as it attaches itself to dust
or dirt particles on the floor of the dry dock which
are washed by water through the dry dock's drainage
system.

Nonwater-based 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 likely 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 dry-déck
perimeter include placing a curtain over each end of
the dry dock, performing abrasive blasting downward
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manlift basket, with an encl osed shotbl ast 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 actually avail able.
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only, using airless paint spray equipment, and
ceasing operations when wind velocities become
higher than a predetermined limif._ However, these
practices nevertheless permit a significant
percentage of the airborne abrasive dust and paint
overspray to blow to outside of the perimeter of the
dry dock. 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
dry-dock structure, with very large strips of
material. This material must be somewhat porous to
keep it from 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 environment prevalent in shipyards.
Because of the basic cost of the shrouding material
itself, its short life in the shipyard environment,
the cost of instailing, removing, handling and _
storing it, this approach is very expensive. While
this approach contains even more airborne abrasive
dust and paint overspray within the dry-dock
perimeter than currently accepted best management
practices, some still escapes through the
necessarily porous material and through the joints
where the strips of material overlap. 1In addition,
this approach does little to solve the many other
negative effects of the ship coating process.

One other existing 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.




With regard to approaches to resolve 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 dry dock 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 ($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.

It is an object of the invention to
provide an apparatus for and a method of performing
external surface work, including cleaning and/or
painting, which largely overcomes the above-
described shortcomings in the apparatus and methods
that heretofore have been proposed or made
available.

DE-U-8 526 213, discloses a method of servicing a
generally vertical surface of substantial horizontal
extent, such as a ship's hull. The method includes
applying abrasive blasting work to an increment of the
surface having a horizontal extent which is less than the
substantial horizontal extent of the surface being worked

.on, by use of a tower-like frame positioned in confronting
relationship to, but spaced from, the surface. The
framework has supported thereon a platform which can be
raised and lowered so as to place the platform in
confronting relation with ahy selected horizontal strip of
the surface being worked on. The platform has a further
platform cantllevered towards the surface on an arm
structure which permits the further platform to be extended
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Since ships are very large vessels which operate on | arge bodies of water,
their construction and repair by dry-docking al nost always takes place
i mmedi atel y adjacent to | arge bodi es of water. : Pol I uti on of these
| arge bodi es of water including Great Lakes, rivers, seas, bays and oceans
has become a nuch greater concern to soci éa®&es around the world because of
‘the negative effect of this pollution on the vegetable and animal life
whi ch depend upon these bodies of water. This

towards and retracted away from the surface to be worked

on.

DE-A-2 930 528 discloses scaffolding erected on a
building, with a scaffolding cover consisting of wowven
fabric strips. The cover extends over operators standing
on conventional planking on the scaffolding.

FR-A-1 414 659 discloses an arrangement for cleaning a
building facade by abrasive cleaning. The operator stands
‘on a rigid walkway and is enclosed in an enclosure which is
supported by and moveable by a winch to allow the operator
and the enclbsure to be displaced along the wall. Only the
immediate surface confronting the operator is enclosed by
the enclosure. A motorised fan extracts air and abrasive
material from the enclosure around the operator, and passes
the air through a filtration device to separate material
from the air.

According to the present invention in a first aspect
there is provided a method for servicing a generally
vertical surface of substantial horizontal extent,

comprising:

{a) selecting an increment of the surface having a
given horizontal extent which is less than said
substantial extent, and a given vertical extent which
ranges downwards to adjacency with a generally '
horizontal platform; and |

(b) arranging a generally vertical tower on the
platform in confronting relationship to, but spaced
from said increment of the surface, said tower having
supported thereon a trolley which can be raised and
lowered on the tower so as to place the trolley
selectively,ih confronting relation with any selected
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concern has grown as nore of the public elects to use these bodies of water
for recreation through swinm ng and boating as well as living adjacent to
themin hotels, houses, apartnments and condom ni umns. Abr asi ve

bl asting of a ship's hull necessarily creates a significant quantity of
particulate material, usually dust conpri $B in part of smaller particles
of the abrasive nediumas it breaks down upon being propelled pneumatically
agalnst the ship's hull and in part of snall '

horizontal strip of said increment, and said trolley
having provided thereon a work platform cantilevered
from the trolley towards the surface, on an arm '
structure which permits the work platform to be
extended towards and retracted away from the surface;

(c) forming a curtain-enclosed space which includes
said tower and said increment of said surface, with
said work platform thereby being enclosed with said
space; and

(d) while supporting at least one work-performing
operator on said work platform, causing said operator
to éuccessive;y apply work to a plurality of said
strips of said increment of said surface, and, in
conjunction therewith, adjusting said arm structure
for adjusting the proximity of said operator to said
increment of said surface; and continuocusly drawing
air into said space, and out of said space into an
air-cleaning device while conducting step (d), in
order to clean air to be exhausted from the space.

In accordance with a further aspect of the invention,
there may be provided a method for servicing a generally
vertical surface of substantial horizontal extent on a hull
of a ship, comprising:

(a) selecting an increment of the surface having a
given horizontal extent which is less than said
substanfial extent, and a given vertical extent which
ranges downwards to adjacency with a generally
horizontal platform;

(b) arranging a generally vertical tower on the
platform in confronting relationship to, but spaced
from said increment of the surface, said tower having
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particles of the ship's paint and steel which is renoved by the abrasive.
While this dust is not currently officially considered to be hazardous, it

i s neverthel ess noxious to the public and does contain toxins in apparently
nonhazar dous quantities. : Because a portion of this dust
inevitably is bl own over the adjacent body66f water, small quantities of
these toxins find their way |nto the water. Further, If the large

percent age of the

supported thereon a trolley which can be raised and
lowered on the tower so as to place the trolley
selectively in confronting relation with any selected
horizontal strip of said increment, and said trolley
having provided thereon a work platform cantilevered
from the trolley towards the surface, on an arm '
structure which permits the'work platform tc be
extended towards and retracted away from the surface;

(c) forming a curtain-enclosed space which includes
said tower and said increment of said surface, with
said work platform thereby being enclosed with said
space:;

(d) while supporting at least one work-performing
operator on said work platform, causing said operator
to successively abrasively-blast material from said
hull at a plurality of said strips of said increment
of said surface, énd, in conjunction therewith,
adjusting said arm structure for adjusting the
proximity of said operator to said increment of said
surface; |

(e) while supporting at least one work-performing
operator on said work platform, causing said operator
“to successively apply paint to a plurality of said
strips of said increment of said surface, and, in
conjunction therewith, adjusting said arm structure
for adjustihg the proximity of said operator to said
increment of said surface; and continudusly drawing
air into said space, and 6ut of said space into an
air-cleaning device while conducting steps (d) and
(e), in order to capture airborne abraded-off debris,
paint overspray and VOCs for removal from air to be
exhausted from the spaée.
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spent abrasive which lands on the dry dock floor is not pronptly cleaned
up, trace amobunts of the toxins |each out during rainstorns or from other
sources of water used in ship repair and are dep05|ted into the body of
water fromthe dry dock's drai nage system

6D

In accordance with a yet further aspect of the
invention, there may be provided a device for use in
applying wofk to a generally verticél surface of
substantial horizontal extent, having a generally
horizontal platform arranged therebeside, comprising a
generally vertical tower arranged to be supported on said
platform in confronting relationship to, but spaced from a
selected increment of said surface which has a given
horizontal extent which is less than said substantial
extent, and a given vertical extent which ranges downwards
to adjacency with said platform; said tbwer having
. supported thereon a trolley which can be raised and lowered
on the tower so as to place the trolley selectively in
confronting relation with any selected horizontal strip of
said increment; said trolley having provided thereon a work
platform cantilevered from said trolley towards the
surface, on an arm structure which permits the work
platform to be extended towards and retracted away from the
surface; a curtain assembly supported on said tower for
forming an enclosed space which includes said tower and
said increment'of said surface, with said work platform
thereby being enclosed within said space; and first power
means operatively connected with said trolley and second
power means operatively connected with said arm structure,
respectively, for raising and lowering said trolley and
extending and retracting said work platform.

In practicing the invéntion, at least
in preferred aspects, an enclosed ship staging
device is provided and used, which has sufficient
freedom of motion to permit full worker access.
to a ship's hull and also has the capability
of containing abrasive blast dust, spent abrasive,
paint overspray and volatile organic compounds
(VOCs), thereby significantly reducing the
quantities of these materials which are released to

This Sheet Has Been Replaced




Toxi ¢ petrol eum products including fuels, l|ubricants

6E

contaminate the air, nearby bodies of water, ship's
mechanical equipment, dry-dock cranes, abrasive
blasting and painting support mechanical equipment,
local housing, automcbiles, nearby yachts and other
floating vessels, and thus significantly reducing
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and greases associated with manlift operations can simlarly be carried
t hrough the dry-dock drainage systeminto the adjacent body of water.
Typically, a ship has a large quantity of exterior nmechani cal equipnent.
Thi s equi pnent, which is expensive to repair and purchase, is subject to
severe danage if infiltrated by the dust fzom abrasive blasting, whichis
Itself very abrasive. This nechani cal equi pnment, which includes interior
ventilation systens, nust. be tenporarily

the efforts necessary to collect, dispose of,

recycle and incinerate waste abrasive and paint

residue and significantly reducing the disruption of

other concurrent shipboard repair work, all without

increasing the dry-dock utilization times or ship

out-of-service times.

For cleaning and/or painting the exterior

of a ship hull while the ship is in dry dock, one or

more staging devices are provided. Each includes a

metal framework tower supporting a vertically

movable elevator assembly that comprises a trolley,

from which a variably laterally projecting platform

is supported on articulated, cantilevered truss

arms. Adjustable, non-porous shrouds enclose a

volume of space between the outside of the tower and

an increment of one side of the exterior of the ship

hull, from above, fore, aft and outside. Cleaning

and painting operations are conducted from the

platform on the hull incfement, and debris is _

removed from the dry—dock deck area enclosed by the

"shroud, after which the device is moved by crane,

typically twenty feet (6.1 m), towards the ship's

bow or stern. The shrouds are then adjusted so that

a further huli increment can be worked on. The

trolley and éxtension-retraction of the platform

support arms are operated by electrohydraulic winch

and hydraulic cylinders, respectively. The margins

of the shroud may be fastened by magnets to the

hull. Air drawn through the enclosed volume from

above, is drawn out near the dry-dock deck for

processing to remove dust and appropriately treat

VOCs, if present.

Embodiments of the invention will now be desc:ibed by way
of example with reference to the accompanying drawing in which
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covered with protective covering during abrasive blasting. This temporary
covering prevents the interior ventilation systens from bei ng operated or
repai red when abrasive blasting is underway. Virtually all the
equi pnent required for abrasive blasting has nechani cal conponents. This

i ncludes air conpressors, manlifts, forklifts, dust collectors and dry-dock
cranes. since this equipnment nust operate during abrasive blasting, it
cannot be protected. It therefore experiegces very

the specifics illustrated in the drawings are intended to
exemplify, rather than limit, aspects of the invention as
defined in the claims, and in which :-

Figure 1 is a pictofial view, from above,
of a ship in dry dock, showing four ship staging
devices.provided in accordance with principles of
the invention, being used for conducting enclosed
cleaning and painting operations on a respective
four increments, on two sides, of the exterior of
the ship hull, the shroud on the device in the
foregroﬁnd being shown partly broken away so as to
show the operation in progress. The dry-dock crane
which can be used for moving the devices to address
successive increments of the hull should be noted.

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

Figure 3 is a top plan view of the tower
and shroud sﬁructure thereof;

Figure 4 is a downward-looking transverse
sectional view thereof, taken at a level below the
hoist but above the trolley, showing the
cantilevered truss arms supporting the work platform
at a variably transversally extended position
relative to the tower:

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

Figure 6 is a side elevation view of the
trolley, with the arms omitted, showing the relation
of the trolley to the frame;
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hi gh mai nt enance cost, extensive out-of-service periods, and shortened
operating life. Coati ngs on dry-dock horizontal surfaces
experience short lives as they are abraded off by the conbination of spent
abrasi ve and vehi cul ar and personnel novenent, including that which
acconpani es shovel i ng and sweepi ng. Workers who are free to
proceed with exterior ship construction and/or repair tasks which do not

i nvol ve mechani cal ship's conponents are

Figure 7 is a fragmentary elevational
view, with some parts cut 5way and sectioned,
showing one of the preferred safety ratchet
assemblies for each of the two lift points for the
trolley; and

Figure 8 is a schematic diagram of the
hydraulic power system for the device.

Detailed Description

A typical ship is shown at 10 in Figures 1
and 2, supported on the pontoon deck 12 of a dry
dock 14 which has upstanding wingwalls 16 that
spacedly flank the two opposite sides 18 of the
exterior of the hull of the ship. The dry dock 14
typically includes a conventional crane 20, which is
typically used for moving parts and supplies to and
from the ship, and for shifting the locations of
apparatus which are used for performing various
fitting and repair functions in relation to the
ship. The crane 20 therefor is capable of placing
and shifting apparatus at any selected location
(e.g., in the alleys 22 between the wingwall and
hull) on each side of the ship, between the ship bow
24 and ship stern 26.

A conventional ship hull has its maximum
width dimension from the fore and aft centerline of
the ship, at its weather deck that is usually
located approximately midway along the length of the
ship (midships). At any given location along the
length of a ship, the distance of the hull from the
fore and aft centerline tends to progressively
reduce in the downward direction, between the

~ weather deck height 28 and the keel height 30.
Forward and aft of midships, the distance of the
hull from the fore and aft centerline at any
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di srupted, made less efficient and exposed to respiratory and eye
aggravati on when abrasive blasting is proceeding concurrently. Wrkers and
ship's personnel transiting through the abra5|ve

10

selected vertical height tends to further reduce
progressively, until the minimum dimension is
reached at keel height at the bow and stern
(normally zero). Along given twenty-foot length
(longitudinal) increments, most hulls have compound
curvature in which the width dimension of the hull
from the fore and aft centerline at greater
distances below the weather deck reduces more
quickly at locations further from midships.

The present invention provides one or more
enclosed staging devices 32 which can be used for
performing work on the exterior of the ship hull
while the ship is in dry dock. Typicaliy, the ship
is a used ship that has come in for maintenance,
repairs, and/or refitting. Thus, there may be other
work needing to be done, relatively simultaneously,

to interior, deck and superstructure parts of the
ship, as the apparatus and method of the present
invention are being used in connection with work
being done on the outside of the ship hull.
Typically, the work to be done on the outside of the
ship hull principally includes abrading-away of
debris, corrosion, marine encrustations, scale, old
coatings, and applying new coatings, typically by
spraying. (In this document, such coatings are
generically sometimes referred to as being
"painted“,-withoﬁt regard to whether a coatings
specialist might use that term more restrictively.)
Whether one or a plurality of the devices 32 are
used will depend on the size of the ship, how
quickly the work must be done, and the size of the
workforce. Whether one size or two or more
differently sized devices 32 are used, may depend on
how radically the sides of the hull slope inwardly
at various sites along'the hull. (That is, in some
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-4- dust cloud to and fromthe interior of the ship are simlarly
af f ect ed.

11

instances, it may be more advantageous to reach
certain areas using a smaller, supplemental device,
or a different technique, such as vacuum blasting,
than to cohstruct the device 32 so as to be able to
cantilever its platform to an extremely extended
disposition.)

In very general terms, each éhclosed
staging device 32 includes a vertical tower 34 which
is shiftably supported in an alley 22 on the deck of
the dry dock, a trolley 36 which can be raised and
lowered in the tower and stationed at a selected
height, a set of cantilevered truss arms 38 mounted
to the trolley so that their forward ends, on which
a work platform 40 is mounted, can extend towards
and retract away from the ship hull, a shroud
assembly 42 which substantially completely encloses
a volume of space 44 that is confronted by a
vertical segment or increment of the ship hull from
weather deck to keel (and which typically is twenty
feet horizontally long, longitudinally of the ship),
an air movement control system 46 for controlled
ventilation of the enclosed space; and a power
system 48, for operating the trolley, extending and
retracting the work platform, and adjusting the
forward margin bf the shroud to keep it close to the
hull along the leading and trailing vertical edges
of the particular hull segment being worked on.

Of course, despite the fact that the
device 32 has been developed to facilitate the
conducting of surface preparation abrading and spray
painting operations, additional, or other operations
could be conducted within the space 44, using the
device 32 as a protective enclosure. .

By preference, the tower 34, is a portable
framework of struts, ties, braces, connectors and
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Most ships operate in a corrosive saltwater/spray environnent. Therefore,

t he nost popul ar nmarine paints are solvent-based vinyls and epoxi es. Sone
marine paints contain zinc or cooper. During the tine that these paints are
bei ng applied, overspray is often blown into the adjacent body of water.
Thi s sanme overspray can coat itself on nearby boats, buildings, waterside
cafes and cars, causing expensive damage and infuriating the public. Even
the portion of the overspray which Iandslzon t he

other elements which can be removably secured
together so as to provide a unit of the requited
height to permit access to the whole of the height
of a given ship's side, from the height of the
weather deck, down to the keel. Of course, in the
instance of a yard which anticipates only working on
one size of hull for the whole of the working life
of a device 32, the tower could be permanently
secured together, e.g., by flame-cutting of plates,
extrusion of long members, welding of joints, etc.
In general, the tower 34 may be made of steel or
aluminum, and in substantially the same way and of
the same elements and materials, as are
conventionally used in the manufacture of elevatbrs
used at building construction and retrofitting sites
for conveying workers and/or materials to various |
floors of the building.

A cage, car or elevating trolley 36 is
mounted to the tower 34 (e.g., by opposed sets of
flanged wheels 50 which roll on vertical tracks 52
provided by respective elements of the tower 34).

The trolley is suspended in the tower 34
for elevation, by cables 54 which connect to the
trolley at 56 and pass over sheaves 58, to the drum
of a hydraulic winch 60. The connection mechanism
56 each are provided in the form of a spring-loaded
ratchet lever 62 which seats in a respectiﬁe notch
64 in a vertical rail 66 of the tower 34, unless and
only for so long as there is lifting tension drawn
on the lifting cables 54. Where safety regulations
provide otherwise, the trolley may be suspended in
the tower using counterweighted cables, other
braking or locking systems, redundant cabling,
and/or similar conventional means for preventing the
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dry-dock floor can find its way back into the adjacent body of water as it
attaches itself to dust or dirt particles on the floor of the dry dock

whi ch are washed by water through the dry dock's drai nage system
Nonwat er - based pai nt sol vents common in marine coatings rel ease volatile
organi ¢ conpounds (VOCs) into the atnosphere during the tinme that they are
evaporating, during the paint curing process. Regulatory authorities are
becom ng increasingly 13 :

trolley from suddenly or unexpectedly dropping due
to mechanical or power failures.

It should now be noticed that, whereas
various ties and braces preferably are provided
around the rear and sides of the tower, the tower
front, which, in use, faces the ship side, is
substantially open and unobstructed at 68, from the
level of the ship's weather deck, down to the keel
(i.e., over the full height of the increment of the
ship that will need to be worked on using the device
32.

Both of the rear internal corners of the'
trolley 36 are provided with respective vertical
axles 70 on which are journalled for rotation the
rear ends of respective cantilevered truss arms 38.
By preference, each arm 38 comprises a rear section
72, hinged at its forward end to a forward section
74 by a vertical axle 76, and each forward section
74, at its forward end is provided with a vertical
axle 78. A work platform 40 is mounted to the
forward ends of the arms 38, by the axles 78.
Accordingly, the arms 38 are articulated by the
joints 70, 76 and 78 between the trolley and the
work platform, so that they can extend and retract
the work platform horizontally (transversally,
laterally) relative to the vertical axis of the
tower, for moving the work platform towards and away
from the longitudinal centerline of the hull. 1In
use, the work platform, as a result, can be
retracted as the elevator is raised or lowered, in
order to avoid bumping into the hull, and may be
extended further as the trolley is lowered, so that
the workers riding on the work platform can maintain
their close proximity with the exterior of the hull,
despite the fact that the width of the hull
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concerned that these VOCs are damagi ng the environnment. Wile VOC em ssions
frommarine paints may not be apparent to the public, they are a matter of
growi ng regul atory oversight, and likely will ultimtely have to be
reduced. The only current way to dispose of these invisible VOCs is to
contain the air .into which they are rel eased, and then process that air

t hrough a VOC i nci nerator. Best managenent practices being
currently utilized to mnimze the anouRyy of abrasive dust and

decreases with height throughout at least a part of
the height of the ship. Each section of each arm 38
may be constructed of steel or aluminum much in the
manner of a strong, swinging gate for a cow pasture.

By preference, four double-acting
hydraulic éylinders are provided for coordinately
operating the arms 38. These include two
extensible-retractable piston-cylinder arrangements
80 respectively connected between central locations
on the rear interior of the trolley 36, and
intermediate locations along the rear sections 72 of
the arms 38 on medial sides of the sections 72, by
respective vertical axis pivot joints 82, and two
extensible-retractable piston-cylinder arrangements
84 respectively connected between intermediate
locations along the rear sections 72 of the arms 38
on lateral sides of the sections 72, and
intermediate locations along the forward sections 74
of the arms 38 on lateral sides of the sections 74
by respective vertical axis pivot joints 86 (so that
the "knees" at 72-76-74 bend towards one another as
the work platform is retracted).

Of course, the arms could be operated
manually, or, more elaborate means could be provided
for coordinating extension and retraction of the
cylinders.

The ﬁork platform is retracted by
coordinately retracting the piston-cylinder
arrangements 80 and 84, and extended by coordinately
extending the piston and cylinder arrangements 80
and 84. ' '

) mhe'work platform may be configured as
necessary (e.g., as to whether it has seats,
handholds, rails). At its most basic, it includes a
support 88 capable of supporting at least one, and
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pai nt overspray being bl own beyond the dry-dock perineter include placing a
curtain over each end of the dry dock, perform ng abrasive blasting
downwar d

15

preferably two side-by-side human workers. A
typical work platform is on the order of sixteen
feet (4.9 m) wide (lengthwise of the ship), and two
feet (.6 m) deep (widthwise of the ship). Similar
support for a robotic device instead of or in
addition to one or more human workers is within the
contemplation of the invention.

The shroud assembly 42 may be comprised of

- several components, all of which cooperate to define
(together with a respective increment 88 of the
exterior of a side 18 of the hull, typically from
weather deck tc keel and about twenty feet (6.1 m)
long, longitudinally of the_hull); an enclosed space
44 within which work on the increment of the
exterior of the hull can be conducted.

Thus, one necessary component of the
shroud assembly 42 is one for confining the rear
side of the space. This component may conveniently
be provided by securing panels of clear corrugated
fiberglass-reinforced plastic siding 90 to the

~outsides of the rear, fore side, aft side and top of
the tower. In use, the fiberglass-reinforced
plastic panels 90 may have shorter lives than the
tower, and be subject to localized replacement as
they wear through or otherwise become too worn.

The other major components of the shroud
assembly 42 are side curtain assemblies 92. Each
side curtain assembly 92 includes a respective
curtain 94, which may be made of canvas, and
spreaders 96 provided as vertical axis forward,
extensions of the tower at the top and base of the
tower; these usually respectively project obliquely
towards fore and aft (as best seen in Figure 3), so
that the space 44 broadens from the tower towards
the hull. An alternative such as Herculite®
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only, using airless paint spray equipment, and ceasing operations when w nd
vel ocities become higher than a predetermned [imt. However, these
practices neverthel ess permt a significant

16

flexible sheeting'material may be used in place of
standard marine quality canvas. Each curtain 94 may
be made of one piece, or of several pieces laced,
shock corded grommeted, Velcro fastened or otherwise
secured to one another. Similar securement means
(lacing, shock cords, Velcro tabs, etc.) are used at
98 to removably secure the rear edge 108 of each
curtain to the respective spreaders 96, and to the
front legs 100 of the tower 34, from tower base to
tower top, and across in front of the tower top to
provide a continuation at 102 of the top wall 104 of
the tower 34. 1In fact, in Figure 3, the two side
curtains are shown somewhat overlapped at the middle
of the top 102, with the ends 110 shock corded at
106 to the respective upper spreaders 96. ,
The front margins 112 of the curtains 94
are preferably provided with a series of
electromagnets or permanent magnets 114 sewn or
otherwise secured to them (much as is conventionally
done to the lower hem of a conventional bath tub
shower'curtain liner) for permitting the front edges
of the curtains 94 to be adjustably held close
against the vessel hull at the longitudinal extremes
of the hull segment being enclosed by the device 32.
The strength and placement of the magnets will need
to depend on the weight of the curtain, and the
winds locally expected to be encountered which the
ship is being worked on. The virtue of
electromagnets is that they can be turned off to
disconnect them when the device 32 is to be moved.
The curtains 94 may be provided so as to
be adjusted entirely manually, or, by preference,
manual adjustment may be supplemented by one or more
hydraulically actuated batwing skeleton-like
structures 116 secured to the respective curtains

This Sheet Has Been Reilaced

||II||I| IIIIII Il




percentage of the airborne abrasive dust and paint overspray to blow to
outside of the perineter of the dry dock. In addition, these practices do
nothing to reduce the nany other negative affects of the ship coating
process. Recently, sone shipyards have begun shroudi ng shi ps,
fromthe weat her deck down to the dry-dock structure, with very large
strips of material. This material nust be sonewhat porous to keep it from
shredding in the wind. However, the 17

94, and mounted at rear edges to the front legs 100
of the tower. The hydraulic piston-cylinder
assemblies 118 of these structures 116 are extended

' to extend the curtains forwardly, and retracted so
as to buckle the structures 116 and, thus, retract
or facilitate retraction of the curtains. By
preference, the structures 116 are somewhat
flexible, and mechanically latch in an extended
condition (much as does the metal framework of an
umbrella), so that hydraulic pressure is not
necessarily relied-upon to maintain the structures
116 in their extended condition.

A typical electrohydraulic system for
operating the hoist, extension and retraction of the
work platfofm, and the curtain-spreading skeletal
structure 116 is illustrated at 130 in Figure 8.

The final major component of the device 32
to be described is the air movement control system
46. At its simplest, this system is shown including
a set of dome-lidded air inlet vents. 120 provided in
the top 104 of the tower (through the shroud
-assembly 42, into the enclosed space 44), and
through a lower lip area 122 (where the two shroud
curtains 94'6ver1ap and are overlapped and secured
together, e.g., by shock cords, to close the space
44 between the bottom 124 of the ship hull at the
base of the side 18) out of the enclosed space 44 by
a flexible hose 126 leading into the suction side of
a forced air dust collector 128 (which may be
visualized as being an industrial-strength vacuum
cleaner, of conventional construction. Actually, it
may include a bag house, cyclone separator,
grit/paint separation facility (for grit
reclamation, if feasible), a scrubber and/or a
burner for incinerating VOCs.
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lives of these large strips of material are short because of damage from
wi nd, -handling, errant abrasive blasting and other hazards inherent to the
heavy i ndustrial environnent prevalent in shipyards. Because of the basic
cost of the shrouding material itself, its short life in the shipyard
environment, the cost of installing, renmoving, handling and storing it,
this approach is very expensive. Wiile this approach contains even nore

ai rborne abrasive dust and paint oversprgy w thin the dry-dock

The bottom four corners of the tower 34
are preferably provided with height adjustable
leveling'jacks 134, with foot pads 136 which rest on
the pontoon deck 12 of the dry dock 14, and the top
of the tower 34 is provided with a sling 138, e.gq.,

- made of wire rope, which can be hooked by the crane
20 for lifting the device 32 and moving it
longitudinally fore or aft to a succeeding increment
of hull. '

The typical full extent of the path of
extension-retraction_of the work platform relative
to the trolley is ten feet (3 m). _

The tower 34 preferably is fabricated in
modules of framework, such that for each job, the
tower can be shortened or heightened, as necessary,
typically in ten foot (3.0 m) segments.

In a typical use of the device 32, it is
set up relative to a ship hull increment as shown in
Figures 1-3. Then, two abrasive-blasting workers
enter the enclosed space 44 with their abrasive
blasting hoses and nozzles 140, which are connected
to externally sited conventional abrasive-blasting
supply machines 142.

The abrasive blasters raise the trolley
36, and thus, the platform 40 to its uppermost
position using the work platform controls 144 and
begin the abrasive blasting process. They work
-downward, blasting a twenty-foot (6.1 m) wide
vertical swath for the full ship height, lowering
and extending the work platform using the work
platform controls 144, as necessary, to facilitate
access to the hull of the ship. This process takes
approximately one shift. '

One paint-spray worker then enters the
work platform and (using conventional paint-spraying
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perimeter than currently accepted best management practices,
escapes through the necessarily porous materi al .
where the strips of material overlap. In addition, this approach does

little to solve the nany ot her negative effects of the ship coating
One ot her existing technol ogy exists that reduces dust

process. _
from sandbl asting, that is the technol ogy of vacuum bl asting. However,

process is very slow and very costly, frﬂg1an

apparatus having a hose and nozzle 146 within the
space 44 but a supply machine 148 located outside
the space 44) paints the area just blasted by the
abrasive-blasting workers operating the work
platform in a like manner. This process takes
approximately four hours.

Laborers then shovel/sweep up the spent
abrasive on the dry-dock floor within the enclosure.
This spent abrasive is placed into suitable
containers for disposal and/or recycling as desired.
Meanwhile, rigging workers attach the crane 20 to
the tower sling 138 and move the enclosed staging
device 32 to the next desired location along the
ship's hull so the above procéss can be started
again the next day on a respectively successive
increment. .

This detailed description concludes with a
summarization of some important performance
advantages that the apparatus and method of the
present invention provide, particularly relative to
the present conventional use of workers using
wheeled, hydraulically operable manlifts:

Unlike manlifts which cannot readily be
enclosed without becoming practically ineffective,
this staging device will completely enclose a volume
sufficient for two blasters to work at maximum
efficiency for a full work shift.

The staging device is small enough to
fully enclose the space between itself and the ship
using nonporous materials without risking wind
damage. ' :
A sufficxent number of these enclosed
staglng devices can be acquired and progressively
relocated around the ship to permit the coating

some still
and through the joints
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equi pnment and nmanpower standpoint.

20

- process to be accomplished in time spans as short or
shorter than currently conventionally.necessary.

Moved by dry-dock cranes in twenty-foot
increments along the length of the ship, the
-enclosed staging device provides full worker access
to all areas of the outer hull of any ship
regardless of length, depth or hull contour. The
device is designed to raise and lower its platform
with an electrical hydraulic winch and, at the same
time, extend its platform hydraulically any distance
between zero feet and ten feet to respond to shape
changes at different vertical heights. To respond
to compound shape changes in the hull in a
longitudinal direction, the device preferably has
the capability to hydraulically extend each end of
its platform a different length.

(In the rare instance where the hull
distance from the ship's fore and aft centerline at
a given fore and aft location reduces by more than
ten feet between'the weather deck and keel,
preventing workers on the device from reaching all
the hull at lower heights, a second, shorter (but
similar) staging device could be used and placed
inboard of the first enclosed staging device. Such
extreme contours involve areas of the hull in
immediate proximity to the bow and stern. These
areas comprise a very small percentage of hull
surface areas and therefore, are also candidates for
blasting by other less efficient means such as
vacuum blastihg.)

The enclosed staging device is expected to
experience significantly fewer maintenance problems
than the manlifts most widely used currently for
abrasive blasting and painting. Therefore,
maintenance costs, equipment downtime, worker
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Wth regard to approaches to resolve the
the coating of ships, as expensive as the coating process is or my
beconme, the major cost consideration is the speed
I s because of the daily anortization and

of the

be coated or
operation

recoated. This _
costs of the dry dock required to |ift the ship out

water for recoating ($5,6 000 to $20,000 U.S.

21

disruption and lost time are expected to be reduced.
Some reasons for this expectation are as follows:

Both the enclosed staging device and
manlifts use hydraulic cylinders exposed to abrasive
dust and paint overspray. Maintenance in this area
is predicted to be comparable;

However, manlifts use internal combustion
engines with air intakes and other mechanical
components fully exposed to damage from abrasive
dust and paint overspray. The enclosed staging
device uses inherently lower-maintenance electric
motors, which are, in addition, completely outside
the enclosed area, andltherefore, not exposed to

abrasive dust and paint overspray.

In addition to hydraulic cylinders,
manlifts have significént mechanical components
utilized to elevate and rotate the hydraulic arm as
well as move the manlift carriage along the dry-
dack floor. These mechanical components are fully
exposed to abrasive dust and paint overspray. The
enclosed staging device has no critical mechanical
componenté within the enclosure exposed to abrasive
dust and paint overspray.

' Manlifts have carriages which ride on four
wheels with pneumatic tires, which experience
frequent flat tires in the dry-dock environment,
with accompanying repair expense, worker lost time
and disruption. Moving the enclosed staging devices
by dry-dock crane will avoid such problems.

The internal combustion engines of
manlifts must be fueled daily, with associated labor
costs, downtime, fire/explosive hazards and fuel
spillage which ultimately contaminates the usually
adjacent body of water. The preferably electric
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per day) and the ship itself which is out of service during recoating
(%10, 000 to $100,000 U.S. per day). These costs demand that with whatever
solutions are devel oped to solve the existing problens with abr asi ve

bl asti ng and coating of ships, elapsed tine of the coating process be of

t he essence. It is an object of the invention to - provide an
apparatus for and a nmethod of performng - external surface work,
i ncl udi ng cl eani ng and/ or pai nti ng, vggch | ar gel y overconmes the above-

motors of the enclosed staging devices have none of
these problenms.

Manlift maneuvering is a major cause of
wear and tear of the dry-dock floor coating, because
the pneumatic tires are often rotated in place
(i.e., spun) atop spent abrasive on the dry-dock
floor. Movement of the enclosed staging devices by
dry~dock crane will eliminate this cause of wear and
tear. '

Most important, however, is the fact that
the enclosed staging device effectively confines the
abrasive dust and overspray to a small volume and
space immediately adjacent to the hull of the ship
where it can be collected (and recycled or
incinerated as appropriate) more efficiently and
before they impact the atmosphere, the proximate
body of water, ship's mechanical equipment, dry-
dock cranes, ancillary blasting and coating
mechanical equipment and concurrent ship repair work
as well as cars, boats and houses owned by the
public. Abrasive blasting and painting using
manlifts offers no effective solution to these
problems.

The relatively small volume enclosed by
the enclosed staging device and ships hull offers
opportunities for environmental control not feasible
by any of the enclosure approaches available for
manlifts. This includes dust collection, humidity
control, temperature control and protection from
‘rain and snow. These factors are all vital to
coating quality and life. In addition, it should be
possible to conduct abrasive blasting and painting
under weather conditions (rain, snow, cold) which
would halt abrasive blasting and painting from
conventional staging and manlifts.
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described shortcom ngs in the apparatus and net hods t hat heretofore have

been proposed or made avai |l abl e. 'DE-U-8 526 213, discloses a
met hod of servicing a generally vertical surface of substantial horizontal
extent, such as a ship's hull. The nmethod incl udes appl yi ng abrasi ve

bl asting work to an increnent of the surface having a horizontal extent

which is |l ess than the
23

It should now be apparent that the
apparatus and method for performing external surface
ships' hulls as described hereinabové, possesses
each of the attributes set forth in the
specification under the heading "Summary of the
Invention" hereinbefore. Because it can be modified
to some extent without departing from the principles
thereof as they have been outlined and explained in
this specification, the present invention should be
understood as encompassing all such modifications as
are within the spirit and scope of the following
claims.
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subsfaﬁTTaT“hbriZOﬂtaF -extent of the surface bei ng worked on, by use of
ato |t|oned i n-confronting rel ati onship to, but spaced
fro mTul “ &@Hﬂ! framewor k has supported thereon a platform which

can be= omered so as to place the platformin confronting

rel ation mnth any selected hori zont al st134r of t he surface bei ng worked

on. The platformhas a further platformcantil evered towards the surface

on an arm structure which pernmits the further platformto be extended
CLAIMS

1. A method for servicing a generally vertical surface
(18) of substantial horizontal extent, comprising:

5
(a) selecting an incremenf (88) of the surface (18)
having a given horizontal extent which is less than
said substantial extent, and a given vertical extent
(28 to 124) which ranges downwards to adjacency with a
10 generally horizontal platform (12); and

(b) arranging a generally vertical tower (34) on the
platform in confronting relationship to, but spaced
from said increment (88) of the surface (18), said

15 tower (34) having supported thereon a trolley (36)

' which can be raised and lowered on the tower (34) so
as to place the trolley (36) selectively in
confronting relation with any selected horizontal
strip of said increment (88), and said trolley (36)

20 having provided thereon a work platform (40)
cantilevered from the trolley (36) towards the surface
(18), on an arm structure (38) which permits the work
platform (40) to be extended towards and retracted
away from the surface (18):; |

25 ' _
(c) forming a curtain-enclosed space (44) which
includes said tower (34) and said increment (88) of
said surface (18), with said work platform (40)
thereby being enclosed with said space; and

30 |
(d) while supporting at least one work-performing
operator on said work platform (40), causing said
operator to successively apply work to a plurality of
said strips of said increment (88) of said surface

35 (18), and, in conjunction therewith, adjusting said

arm structure (38) for adjusting the proximity of said
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operator to said increment (88) of said surface; and
continuously drawing air into said space (44), and out
of said space (44) into an air-cleaning device (128)
while conducting step (d), in order to clean air to be
exhausted from the space (44). '

2. A method according to claim 1, wherein said surface
(18) is on a hull of a ship and said bperator is an
abrasive blaster that successively abrasively blasts
material form said hull.

3. A method according to claim 2, wherein said abrasive
blaster begins near the level (28) of the weather deck of
the'ship and progressively works down to near the level
(30) of the keel of the ship.

4. A method according to claim 2 or 3, wherein the hull
(18) slants or curves inwards, away from the tower (34), in
at least a portion thereof near the keel (30) of the ship,
so that the operator'must progressiﬁely_extend the arm
structure (38) when progressing from band to band on each
of several bands near the lower extent of the increment
(88).

5. A method according to any preceding claim, further
comprising, after said steps have been conducted, moving
said tower (34) along said horizontal platform (12) to a
new location and repeating said steps on a different-
selected increment (88).

6. A method for servicing a generally vertical surface
(18) of substantial horizontal extent on a hull of a ship,
comprising:

(a) selecting an increment (88) of the surface (18)
having a given horizontal extent which is less than

A




t owards and Tétracted away fromthe surface to be worked on. DE- A- 2

folding erected on a building, with a scaffol ding
mm‘ |ﬂmmaﬂ‘ ven fabric strips. The cover extends over operators
I¥1g contcomvent i'onal pl anki ng on the écaffol di ng. : :
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said substantial extent, and a given vertical extent |
(28 to 124) which ranges downwards to adjacency with a
generally horizontal platform (12);

(b) arranging a generally vertical tower (34) on the
platform in confronting relationship to, but spaced
from said increment (88) of the surface (18), said
tower (34) ha&ing supported thereon a trolley (36)
which can be raised and lowered on the towe: {34) so
as to place the trolley (36) selectively in
confronting relation with any selected horizontal
strip of said increment (88), and said trolley (36)
having provided thereon a work platform (40)
cantilevered from the trolley (36) towards the surface
(18), on an arm structure (38) which permits the work
platform (40) to be extended towards and retracted
away from the surface (18); '

(c) forming a curtain-enclosed space (44) which
includes said tower (34) and said increment (88) of
said surface (18), with said work platform (40)
théreby being enclosed with said space;

(d) while supporting at least one work-performing
operator on said work platform (40), causing said
operator to successively abrasively blast material
from said hull at a plurality of said strips of said
increment (88) of said surface (18), and, in
conjunction therewith, adjusting said arm structure
(38) for adjusting the proximity of said operator to
said increment (88) of said surface; |

(e) while supporting at least one work-performing
operator on said work platform (40), causing said
operator'to successively apply paint to a plurality of
said strips of said increment (88) of said surface
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FR-A-1..414 659 discloses an arrangenent for cleaning a building facade by
abrasi ve cl eaning. The operator stands on a rigid wal kway and is encl osed

in an e”mmuﬂ"ﬂ;ﬂmum supported by and noveable by a winch to allow the
oper at o re to be displaced along the wall. Only the _

i medi at & surfacd cédnftonting the operar@?-is enclosed by the enclosure. A
notori sed fan extracts air and abrasive nmaterial fromthe enclosure around

t he operator, and passes the air through a filtration device to separate
mat eri al (18), and, in conjunction therewith, adjusting said

arm structure (38) for'adjusting the proximity of said
operator to said increment (88) of said surface; and
_ continuously drawing air into said space (44), and out
5 of said space (44) into an air-cleaning device (128)
' while conducting steps (d) and (e), in order to _
capture airborne abraded-off debris, paint overspray
and VOCs for removal from air to be exhausted from the

space (44).

10

' 7. A method according to claim 6, further comprising:
(£) after said steps have been conducted, moving said
tower (34) along said horizontal platform (12) to a

15 " new location and repeating said steps on a different-

selected increment (88).

8. A method according to élaim 7, wherein step (f) is
conducted a sufficient number of times as to cause said

20 hull (18) to become substantially completely externally
abrasive-cleaned and painteé.

9. A method according to claim 7 or 8 further comprising,
between steps (e) and (f), cleaning particulate debris from
25 said horizontal platform (12) within said space (44).

10. A method according to an? preceding claim wherein at
least one said operator is a human, and, while performing
step (d), said human raises and lowers said trolley (36) on

30 said tower (34) and at least one of extends and retracts
said arm structure (38) for extending and retracting said
work platform (40).

11. A method according to claim 10, wherein said work
35 platform (40) has two laterally opposite ends, and said
human, while extgnding or retracting said arm structure,
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air. o Accordlng to the present invention in a first aspect
ther”H ﬂl":" Hﬂwﬁ' thod for servicing a generally vertical surface of
subs ! extent, conprising: (a) selecting an

|ncrenent of the® surface haV|ng a 28

cocks said platform (40) so that one end of said work
platform (40) is further than is the other end of said
platform (40), from said tower (34).

5 12. A method according toc any preceding claim wherein said
surface (18) is proﬁided on a férromagnetic substrate and
at least portions of said curtain (94) are flexible and, as
'part of step (b), forward edges (112) of flexible portions
of said curtain (94) are adhered by magnets (114) provided

10 thereon, to said substrate.

13. A method according to any of claims 5 to 12 wherein

said operator begins near the level 28 of the weather deck

of the ship and progressively works down to near the level
15 30 of the keel of the ship.

14. A method according to any of claims 5 to 13, wherein
the hull (18) slants or curves inwards, away from the tower
(34), in at least a portion thereof near the keel of the

20 ship (10), so that the operator must progressively extend
the arm structure (38) when progressing from band to band
on each of several bands near the lower extent of the
increment (88). '

25 15. A method according to any preceding claim, wherein the
tower (34) has a plurality of feet (136) provided with
levelling jacks (134), and as part of at least one
conducting of step (b), the levelling feet (136) are
adjusted for bringing the tower (34) to a more vertical

30 orientation on said horizontal platform (12).

16. A method according to claim 15, wherein said
horizontal platform is a pontoon deck (12) of a dry dock
(14) and step (f) is conducted using a crane (20) of said

35 dry dock (14) for lifting, moving and setting down said
tower (34) at said new location.
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gi ven hori zontal “extent—which is | ess than said substantial extent,

and a qmm” ent whi ch ranges downwards to adjacency with a
gener alll m,mmi pl atform and (b) arranging a generally
~vertical® téwet om platformin nfronting relationship to, but
spaced fron1sa|d |ncrenent of the é%rface said tower having

supported thereon a trolley which can be raised and

17. A device for use in applying work to a generally
vertical surface (18) of substantial horizontal extent,
having a generally horizontal platform (12) arranged

5 therebeside, comprising a generally vertical tower (34)
arranged to be supported on said platform (12) in
confronting relationship to, but spaced from a selected
increment (88) of said surface (18) which has a given
horizontal extent which is less than said substantial

10 extent, and a giveh vertical extent which ranges downwards
(from 28 to 30).to adjacency with said platform; said tower
(34) having sﬁpported thereon a trolley (36) which can be
raised and lowered on the tower (34) so as to place the
trolley (36) selectively in confronting relation with any

15 selected horizontal’strip of said increment (88); said
;rolley (36) having provided thereon a work platform (40)
cantilevered from said trolley (36) towards the surface
(18), on an arm structure (38) which permits the work
platform (40) to be-extended towards and retracted away

20 from the surface (18); a curtain assembly (S%4, 102, 110,
122) supported on said tower (34) for forming an énclosed
space (44) which includes said tower (34) and said
increment (88) of said surface, with said work platform
(40) thereby being enclosed within said space (44); and

25 first power means (144, 126, 60, 54, 56) operatively
connected with said trolley (36) and Second power means
(144, 84, 80) operatively connected with said arm structure
(38), respectively, for raising and lowering said trolley
(36) and extending and retracting said work platform (40).

30
18. A device according to claim 17, further comprising
means (46) for continuously drawing air at (120) into said
"space, and at (126) out of said space into an air-cleaning
device (128). | -
35
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| onered on the tower so as to place the trolley selectively in
confronting relation with any sel ected
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19. A device according to claim 17 or 18, further
comprising control means (144) located on said work
platform for actuating said first and second power means.

20. A device according to claim 17, 18 or 19, wherein said
first and second power means respectively comprise a
hydraulically operated winch (60) and a set of |
hydraulically operated extensible-retractable piston and
cylinder assemblies (80, 84).

21. A device according to claim 20, wherein said winch
(60) and said assemblies (80, 84) have hydraulic systems
powered by pump means that in turn are powered by electric
motor means which are located outside said space.

22. A device according to claim 19, wherein said platform
has two iaterally opposite ends; and said control means
(144) are constructed to be operable of cocking said work
platform (40), so that either end of sgsaid work platform
(40) can be positioned further from said tower (34) than
the respective other qf said ehds thereof.

23. A device according to any of claims 17 to 22, wherein
at least portions of said curtain assembly (94, 122, 110)
are constituted by flexible side curtains (94) having
forward edges (112); and said forﬁard edges (112) are
provided with magnet means (114) for adjustably securing
said curtains (94) on said surface (18).

24. A device according teo claim 23, wherein said curtain
assembly further ihcludes extensible-retractable stiffener
means (96, 116) secured as a skeleton on said curtains (94)
and to said tower (34); and said device further includes
third power means (118) operatively connected with said
stiffener means (96, 116) for extending said forward edges
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horlzontaL strip of said increnment, and said trolley havi ng provi ded

t hereon {“\f\“\ cantil ever ed fromthe trolley towards the
surfac structure which permts the work platforn1to be
extend svend rétracted away fron1§?e surface;

(112) of said_curtains (94) towards said surface (18) and
retracting said forward edges (112) of said curtains (94)
away from surface (18).

5 25. A device according tc any of claims 17 to 24, further
comprising said tower (34) having a plurality of adjustable
jacking means (134) which serve as respective feet (136)
for said tower, whereby said tower (34) can be adjusted on
said platform (12) for greater verticality; and said tower

10 (34) is provided with connector means (138) arranged to be
engaged by a crane (20) for lifting said device (32),
moving said device (32) into confronting relation with a
different increment (88) of said surface (18), and at such
a place, setting said device (32) down onto said platform

15 (12).

26.. A device according to any of claims 17 to 25 further
including an abrasive blasting machine (142) located
outside said space (44), and having an output hose

20 extending into said space (44) to serve a nozzle (140)
supported on said work platform (40).

27. A device according to any of claims 17 to 26, further
including a paint spraying machine (148) located outside

25 said space (44), and having an output hose extending into
said space (44) to serve a nozzle (146) supported on said
work platform (40). '
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oy
(c) form ng a curtain-encl osed space which includes said tower and
said increnent of said surface, with said work pl atformthereby being
encl osed with said space; and (d) while supporting at | east
one wor k- perform ng operator on said work platform causing said
oper at or to successively apply work to a pl ur%lsity of said

Thls Sheet
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strips of said increnent of said surface, and, in conj unction
therewith, adjusting said armstructure for adjusting the proximty of
said operator to said i ncrement of said surface; and-continuously
drawi ng air into said space, and out of said space into an

ai r-cl eani ng device while conducting step (d), in order to clean air

to be exhausted fromthe space. In accordance with a further aspect
of the invention,

FIG. 2
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there may be provided a nethod for servicing a generally vertical surface
of substantial horizontal extent on a hull of a ship, conprising:

(a) - selecting an increment of the surface having a gi ven hori zont al
-extent which is less than said substantial extent, and a given
vertical extent which . ranges downwards to adjacency with a generally
hori zontal platform
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(b) arranging a generally vertical tower on the platformin
confronting relationship to, but spaced fromsaid increnment of the
surface, said tower having '
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-9- supported thereon a trolley which can be raised and | owered on the
tower so as to place the trolley selectively in confronting relation with
any sel ected o
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horizontal strip of said increnment, and said trolley having provided
thereon a work platformcantilevered fromthe trolley towards the surface,
on an armstructure which permts the work platformto be extended towards
and retracted away fromthe surface; (c) form ng a curtain-encl osed -
space which includes said tower and said increment of said surface, with
said work platformthereby being enclosed with said

FIG.
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space; (d) whi | e supporting at | east one work-perform ng operator on
said work platform causing said operator to successively abrasively bl ast
material fromsaid hull at a plurality of said strips of said increnment of
said surface, and, in conjunction therewith, adjusting said armstructure
for adjusting the proximty of said operator to said increnment of said

66
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surface; (e) while supporting at |east one work-performng operator on
said work platform causing said operator to successively apply paint to.a
plurality of said strips of said increnment of said surface, and, in
conjunction therewith, adjusting said armstructure for adjusting the
proximty of said operator to said increnent of said surface; and
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APPARATUS AND METHOD FOR PERFORMING EXTERNAL SURFACE
WORK ON SHIPS' HULLS
Backaground of the Invention

Ship's hulls are very large and are
complexly contoured in both the vertical and
longitudinal directions. The world's population of
ships has a very SLgnlflcant number of different
sizes and shapes.

Coating of the exteriors of ships requires
using abrasive blasters for surface preparation and
painters for application of paint. Both blasters
and 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.

More recently, this 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 actually available.
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- 10 - In accordance with a yet further aspect of the invention
there may be provided a device for use in applying work to a generally
vertical surface of substantial horizontal extent, having a generally

2

Since ships are very large vessels which
operate on large bodies of water, their construction
and repair by dry-docking 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 a much greater concern to societies
around the world because of the negative effect of
this pollution on the vegetable and animal life
which depend upon these bodies of water. This
concern has grown as more of the public elects to
use these bodies of water for recreation through
swimming and boating as well as living adjacent to
them in hotels, houses, apartments and condominiums.

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

Because a portion of this dust inevitably
is blown over the adjacent body of water, small
gquantities of these toxins find their way into the
water. Further, if the large percentage of the
spent abrasive which lands on the dry dock 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 water from the dry dock's drainage system.
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hori zontal platformarranged therebeside, conprising a generally vertical
tower arranged to be supported on said platformin confronting relationship
to, but spaced froma selected increnent of said surface which has a given
hori zontal extent which is less than said substantial extent, and a given
vertical extent which ranges downwards to adjacency with said platform
sai d tower having supported thereon a trolley which can be raised and

| owered on the tower so as to pl ace thé’trolley selectively in confronting

relation wth 3% cseI% Ed hoﬁ%é Qé@s fﬁéi&ﬁlng fuels, lubricants
and greases associated with manlift operations can
similarly be carried thiough the dry-dock drainage
system into the adjacent body of water.

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 prevents the
interior ventilation systems from being operated or
repaired when abrasive blasting is underway.

Virtually all the equipment required for
abrasive blasting has mechanical components. This
includes air compressors, manlifts, forklifts, dust
collectors and dry-éock cranes. Since this
equipment must operate during abrasive blasting, it
cannot be protected. It therefore experiences very
high maintenance cost, extensive out-of-service
periocds, and shortened operating life.

Coatings on dry-dock 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 proceed with
exterior ship construction and/or repair tasks which
do not involve mechanical ship's components are
disrupted, made less efficient and exposed to
respiratory and eye aggravation when abrasive
blasting is proceeding concurrently. Workers and
ship's personnel transiting through the abrasive
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said increnent; said trolley having provided thereon a work platform
cantilevered fromsaid trolley towards the surface, on an arm structure
which permts the work platformto be extended towards and retracted away
fromthe surface; a curtain assenbly supported on said tower for form ng an
encl osed space which includes said tower and said increnment of said
surface, with said work platformthereby being enclosed within said space;
and first power neans operatively connected with said trolley and second
power mneans operatively connected with 4said arm structure,

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 cooper.
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 cafes and cars,
causing expensive damage and infuriating the public.
Even the portion of the overspray which lands on the
dry-dock floor can find its way back into the
adjacent body of water as it attaches itself to dust
or dirt particles on the floor of the dry dock which
are washed by water through the dry dock's drainage
systen.

Nonwater-based 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 likely 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 dry-dock

~ perimeter include placing a curtain over each end of
the dry dock, performing abrasive blasting downward
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respectively, for raising and |lowering said trolley and extending and
retracting said work platform In practicing the invention, at
| east in preferred aspects, an encl osed ship staging device is provided and
used, which has sufficient freedomof notion to permt full worker access
to a ship's hull and also has the capability of containing abrasive bl ast
dust, spent abrasive,

5

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 to outside of the perimeter of the
dry dock. 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
dry-dock structure, with very large strips of
material. This material must be somewhat porous to
keep it from 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 environment prevalent in shipyards.
Because of the basic cost of the shrouding material
itself, its short life in the shipyard environment,
the cost of installing, removing, handling and
storing it, this approach is very expensive. While
this approach contains even more airborne abrasive
dust and paint overspray within the dry-dock
perimeter than currently accepted best management
practices, some still escapes through the
necessarily porous material and through the joints
where the strips of material overlap. 1In addition,
this approach does little to solve the many other
negative effects of the ship coating process.

One other existing 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
-eguipment and manpower standpoint.
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pai nt overspray and vol atil e organi c conpounds (VQOCs), thereby
significantly reducing the quantities of these materials which are rel eased
to

With regard to approaches to resolve the
many problems associated with the coating of ships,
as expensive as the coatihg 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 amcrtization and operation
costs of the dry dock 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 cut of service
during recoating ($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.

It is an object of the invention to
provide an apparatus for and a method of performing
external surface work, including cleaning and/or
painting, which largely overcomes the above-
described shortcomings in the apparatus and methods
that heretofore have been proposed or made
available.

DE-U~8 526 213, discloses a method of servicing a
generally vertical surface of substantial horizontal
extent, such as a ship's hull. The method includes
applying abrasive blasting work to an increment of the
surface having a horizontal extent which is less than the
substantial horizontal extent of the surface being worked
on, by use of a tower-~-like frame positioned in confronting
relationship to, but spaced from, the surface. The
framework has supported thereon a platform which can be
raised and lowered so as to place the platform in
confronting relation with any selected horizontal strip of
the surface being worked on. The platform has a further

' platform cantilevered towards the surface on an arm .
structure which permits the further platform to be extended
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contam nate the air, nearby bodies of water, ship's nmechanical equipnent,
dry-dock cranes, abrasive blasting and painting support nechani cal
equi pnent, | ocal housing, autonobiles, nearby yachts and ot her

8a

towards and retracted away from the surface to be worked
on.

DE-A-2 930 528 discloses scaffolding erected on &
‘building, with a scaffolding cover consisting of woven
fabric strips. The cover extends over operators standing
on conventional planking on the scaffolding.

FR-A-1 414 659 discloses an arrangement for cleaning a
building facade by abrasive cleaning. The operator stands
on a rigid walkway and is enclosed in an enclosure which is
supported by and moveable by a winch to allow the operator
and the enclosure to be displaced along the wall. Only the
immediate surface confronting the operator is enclosed by
the enclosure. A motorised fan extracts air and abrasive
material from the enclosure around the operator, and passes
the air through a filtration device to separate material
from the air.

According to the present invention in a f£irst aspect
there is provided a method for servicing a generally
vertical surface of substantial horizontal extent,
comprising:

(a) selecting an increment of the surface having a
given horizontal extent which is less than said
substantial extent, and a given vertical extent which
ranges downwards to adjacency with a generally_
horizontal platform; and

(b). arranging a generally vertical tower on the
platform in confronting relationship to, but spaced
from said increment of the surface, said tower having
supported thereon a trolley which can be raised and
lowered on the tower so as to place the trolley
selectively in confronting relation with any selected
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floating vessels, and thus significantly reducing

6B

horizontal strip of said increment, and said trolley
having provided thereon a work platform cantilevered
from the trolley towards the surface, on an arm
structure which permits the work platform to be
extended towards and retracted away from the surface:;

(c) forming a curtain-enclosed space which includes
said tower and said increment of said surface, with
said work platform thereby being enclosed with said
space; and

(d) while supporting at léast one work-performing
operator on said work platform, causing said operator
to éuccessively apply work to a plurality of said
strips of said increment of said surface, and, in
conjunction therewith, adjusting said arm structure
for adjusting the proximity of said operator to said
increment of said surface; and continuously drawing
air into said space, and cut of said space into an
air-cleaning device while conducting step (d), in
order to clean air to be exhausted from the space.

In accordance with a further aspect of the invention,

there may be provided a method for servicing a generally

vertical surface of substantial horizontal extent on a hull

of a ship, comprising:

(a) selecting an increment of the surface having a
given horizontal extent which is less than said
substantial extent, and a given vertical extent which
ranges downwards to adjacency with a generally
horizontal platform;

(b) arranging a generally vertical tower on the
platform in confronting relationship to, but spaced
from said increment of the surface, said tower having
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- 12 - the efforts necessary to collect, dispose of, recycle and
‘incinerate waste abrasive and paint residue and significantly reducing the
di sruption of other concurrent shipboard repair work, all w thout

i ncreasing the dry-dock utilization times or ship out-of-service tines.

For cl eaning and/ or painting the exterig&

supported thereon a trolley which can be raised and
lowered on the tower so as to place the trolley
selectively in confronting relation with any selected
horizontal strip of said increment, and said trolley
having provided thereon a work platform cantilevered
from the trolley towafds the surface, on an arm
stiucture which permits the work platform to be
extended towards and retracted away from the surface:;

(c) forming a curtain-enclosed space which includes
said tower and said increment of said surface, with
said work platform thereby being enclosed with said
space;

(d) while supporting at least one work-performing
operator on said work platform, causing said operator
to successively abrasively blast material from said
hull at a plurality of said strips of said increment
of said surface, and, in conjunction therewith,
adjusting said arm structure for adjusting the
proximity of said operator to said increment of said
surface;

(e) while supporting at least one work-performing
operator on said work platform, causing said operator
to successively apply paint to a plurality of said
strips of said increment of said surface, and, in
conjunction therewith, adjusting said arm structure
for adjusting the proximity of said operator to said
increment of said surface; and continudusly drawing
air into saia space, and out of said space into an
air-cleaning device while conducting steps (d) and
(e), in order to capture airborne abraded-off debris,
paint overspray and VOCs for removal from air to be
exhausted from the space.
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of a ship hull while the ship is in dry dock, one or nore staging devices
are provided. Each includes a netal framework tower supporting a
vertically novable el evator assenbly that conprises a trolley, fromwhich
a variably laterally projecting platform is supported on articul ated,
cantilevered truss arns. Adjustable, non-porous shrouds enclose a volune
of space between the outside of the t onePPand an increment of one side of
the exterior of the ship hull, fromabove, fore, aft and outside.

Cl eani ng
In accordance with a yet further aspect of the

invention, there may be provided a device for use in
applying work to a generally vertical surface of
substantial horizontal extent, having a generally
horizontal platform arranged therebeside, comprising a
generally vertical tower arranged to be supported on said
platform in confronting relationship to, but spaced from a
selected increment of said surface which has a given
horizontal extent which is less than said substantial
extent, and a given vertical extent which ranges downwards
to adjacency with said platform; said tower having
supported thereon a trolley which can be raised and lowered
on the tower so as to place the trolley selectively in
confronting relation with any selected horizontal strip of
said increment; said trolley having provided thereon a work
platform cantilevered from said trolley towards the
surface, on an arm structure which permits the work
platform to be extended towards and retracted away from the
surface; a curtain assembly supported on said tower for
forming an enclosed space which includes said tower and
said increment of said surface, with said work platform
thereby being enclosed within said space; and first power
means operatively connected with said trolley and second
power means operatively connected with said arm structure,
respectively, for raising and lowering said trolley and
extending and retracting said work platform.

In practicing the invention, at least
in preferred aspects, an enclosed ship staging
device is provided and used, which has sufficient
freedom of motion to permit full worker access
to a ship's hull and also has the capability

of containing abrasive blast dust, spent abrasive,
paint overspray and volatile organic compounds
(VOCs), thereby significantly reducing the
quantities of these materials which are released to
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and painting operations are conducted fromthe platformon the hul

I ncrenment, and debris is renoved fromthe dry-dock deck area encl osed by
the shroud, after which the device is noved by crane, typically 6.1m
(twenty feet) towards the ship's bow or stern. The shrouds are then
adjusted so that a further hull increment can be worked on. The trolley and
extension-retraction of the platfornlsuﬁ ort arns are operated by :

el ectrohydraulic wi nch and hydraulic cylinders, respectively. The margins

contaminate the air, nearby bodies of water, ship's
mechanical equipment, dry-dock cranes, abrasive
blasting and painting support mechanical equipment,
local housing, automobiles, nearby yachts and other
floating vessels, and thus significantly reducing
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of the shroud nmay be fastened by magnets to the hull. Air drawn through the
encl osed vol une from above, is drawn out near the dry-dock deck for
processing to renove dust and appropriately treat VOCs, if present.

Enbodi nents of the invention will now be described by way of exanple with
reference to the acconpanying drawi ng i which

the efforts necessary to collect, dispose of,
recycle and incinerate waste abrasive and paint
residue and significantly reducing the disruption of
other concurrent shipboard repair work, all without
increasing the dry-dock utilization times or ship
out-of-service times.

For cleaning and/or painting the exterior
of a ship hull while the ship is in dry dock, one or
more staging devices are provided. Each includes a
metal framework tower supporting a vertically
movable elevatcr assembly that comprises a trolley,
from which a variably laterally projecting platform
is supported on articulated, cantilevered truss
arms. Adjustable, non-porous shrouds enclose a
volume of space between the outside of the tower and
an increment of one side of the exterior of the ship
hull, from above, fore, aft and outside. Cleaning
and painting operations are conducted from the
platform on the hull increment, and debris is
removed from the dry-dock deck area enclosed bf the
shroud, after which the device is moved by crane,
typically twenty feet (6.1 m), towards the ship's
bow or stern. The shrouds are then adjusted so that
a further hull increment can be worked on. The
trolley and extension~retraction of the platform
support arms are operated by electrohydraulic winch
and hydraulic cylinders, respectively. The margins
of the shroud may be fastened by magnets to the
hull. Air drawn through the enclosed #olume from
above, is drawn ocut near the dry-dock deck for
processing to remove dust and appropriately treat
VOCs, if present.

Embodiments of the invention will now be described by way
of example with reference to the accompanying drawing in which
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13 -

the specifics illustrated in the drawings are intended to
exemplify, rather than limit, aspects of the invention as
defined in the claims, and in which :-

Figure 1 is a pictorial view, from above,
of a ship in dry dock, showing four ship staging
devices provided in accordance with principles of
the invention, being used for conducting enclosed
cleaning and painting operations on a respective
four increments, on two sides, of the exterior of
the ship hull, the shroud on the device in the
foreground being shown partly broken away so as to
show the operation in progress. The dry-dock crane
which can be used for moving the devices to address
successive increments of the hull should be noted.

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

Figure 3 is a top plan view of the tower
and shroud structure thereof;

Figure 4 is a downward~-locking transverse
sectional view thereof, taken at a level below the
heoist but above the trolley, showing the
cantilevered truss arms supporting the work platform
at a variably transversally extended position
relative to the tower;

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

Figure 6 is a side elevation view of the
trolley, with the arms omitted, showing the relation
of the trolley to the frame;
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the specifics illustrated in the drawings are intended to exenplify, rather
than limt, aspects of the invention as defined in the clains, and in which

9

Figure 7 is a fragmentary elevational
view, with some parts cut away and sectioned,
showing one of the preferred safety ratchet
assemblies for each of the two lift points for the
trolley:; and

Figure 8 is a schematic diagram of the
hydraulic power system for the device.

Detailed Description

A typical ship is shown at 10 in Figures 1
and 2, supported on the pontoon deck 12 of a dry
dock 14 which has upstanding wingwalls 16 that
spacedly flank the two opposite sides 18 of the
exterior of the hull of the ship. The dry dock 14
typically includes a conventional crane 20, which is
typically used for moving parts and supplies to and
from the ship, and for shifting the locations of
apparatus which are used for performing various
fitting and repair functions in relation to the
ship. The crane 20 therefor is capable of placing
and shifting apparatus at any selected location
(e.g., in the alleys 22 between the wingwall and
hull) on each side of the ship, between the ship bow
24 and ship stern 26.

A conventional ship hull has its maximum
width dimension from the fore and aft centerline of
the ship, at its weather deck that is usually
located approximately midway along the length of the
ship (midships). At any given location along the
length of a ship, the distance of the hull from the
fore and aft centerline tends to progressively
reduce in the downward direction, between the
weather deck height 28 and the keel height 30.
Forward and aft of midships, the distance of the
hull from the fore and aft centerline at any
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Figure 1 is a pictorial view, fromabove, of a ship in dry dock, show ng
four ship staging devices provided in accordance with principles of the

i nvention, being used for conducting enclosed cleaning and painting
operations on a respective four increnents, on two sides, of the exterior

of the ship hull, the shroud on the device in the foreground bei ng shown
partly broken away so as to show the operation in progress. The dry-dock
crane 10

selected vertical height tends to further reduce
progressively, until the minimum dimension is
reached at keel height at the bow and stern
(normally zero). Along given twenty-foot length
(longitudinal) increments, most hulls have compound
curvature in which the width dimension of the hull
from the fore and aft centerline at greater
distances below the weather deck reduces more
quickly at locations further from midships.

The present invention provides one or more
enclosed staging devices 32 which can be used for
performing work on the exterior of the ship hull
while the ship is in dry dock. Typically, the ship
is a used ship that has come in for maintenance,
repairs, and/or refitting. Thus, there may be other
work needing to be done, relatively simultaneously,
to interior, deck and superstructure parts of the
ship, as the apparatus and method of the present
invention are being used in connection with work
being done on the outside of the ship hull.
Typically, the work to be done on the outside of the
ship hull principally includes abrading-away of
debris, corrosion, marine encrustations, scale, old
coatings, and applying new coatings, typically by
spraying. (In this document, such coatings are
generically sometimes referred to as being
"painted®, without regard to whether a coatings
specialist might use that term more restrictively.)
Whether one or a plurality of the devices 32 are
used will depend on the size of the ship, how
quickly the work must be done, and the size of the
workforce. Whether one size or two or more
differently sized devices 32 are used, may depend on
how radically the sides of the hull slope inwardly
at various sites along the hull. (That is, in some
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whi ch can be used for noving the devices to address successive increnents
of the hull should be noted. Figure 2 is a side elevation view of
one of the ship staging devices of Figure 1, on a l|arger scale;
Figure 3 is a top plan view of the tower and shroud structure thereof;
Figure 4 is a downward-| ooking transverse sectional view thereof, taken at
a |l evel below the hoist but above the trolley, show ng the

11

instances, it may be more advantageous to reach
certain areas using a smaller, supplemental device,
or a different technique, such as vacuum blasting,
than to construct the device 32 so as to be able to
cantilever its platform to an extremely extended
disposition.)

In very general terms, each ehclosed
staging device 32 includes a vertical tower 34 which
is shiftably supported in an alley 22 on the deck of
the dry dock, a trolley 36 which can be raised and
lowered in the tower and stationed at a selected
height, a set of cantilevered truss arms 38 mounted
to the trolley so that their forward ends, on which
a work platform 40 is mounted, can extend towards
and retract away from the ship hull, a shroud
assembly 42 which substantially completely encloses
a volume of space 44 that is confronted by a
vertical segment or increment of the ship hull from
weather deck to keel (and which typically is twenty
feet horizontally long, longitudinally of the ship),
an air movement control system 46 for controlled
ventilation of the enclosed space; and a power
system 48, for operating the trolley, extending and
retracting the work platform, and adjusting the
forward margin of the shroud to keep it close to the
hull along the leading and trailing vertical edges
of the particular hull segment being worked on.

Of course, despite the fact that the
device 32 has been developed to facilitate the
condﬁcting of surface preparation abrading and spray
painting operations, additional, or other operations
could be conducted within the space 44, using the
device 32 as a protective enclosure.

By preference, the tower 34, is a portable
framework of struts, ties, braces, connectors and
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cantilevered truss arns supporting the work platformat a variably

transversally extended position relative to the tower; Figure 5
is a side elevational view of the structure shown in Figure 4, with the
trolley in longitudinal section: Figure 6 is a side elevation

view of the trolley, wth the arns omtted, showing the relation of the
trolley to the frane;

12

other elements which can be removably secured
together so as to provide a unit of the required
height to permit access to the whole of the height
of a given ship's side, from the height of the
weather deck, down to the keel. Of course, in the
instance of a yard which anticipates only working on
one size of hull for the whole of the working life
of a device 32, the tower could be permanently
secured together, e.g., by flame-cutting of plates,
extrusion of long members, welding of joints, etc.
In general, the tower 34 may be made of steel or
aluminum, and in substantially the same way and of
the same elements and materials, as are
convenfionally used in the manufacture of elevators
used at building construction and retrofitting sites
for conveying workers and/or materials to various
floors of the building.

A cage, car or elevating trolley 36 is
mounted to the tower 34 (e.g., by opposed sets of
flanged wheels 50 which roll on vertical tracks 52
provided by respective elements of the tower 34).

The trolley is suspended in the tower 34
for elevation, by cables 54 which connect to the
trolley at 56 and pass over sheaves 58, to the drum
of a hydraulic winch 60. The connection mechanism
56 each are provided in the form of a spring-loaded

- ratchet lever 62 which seats in a respective notch
64 in a vertical rail 66 of the tower 34, unless and
only for so long as there is lifting tension drawn
on the lifting cables 54. Where safety regulations
provide otherwise, the trolley may be suspended in
the tower using counterweighted cables, other
braking or locking systems, redundant cabling,
and/or similar conventional means for preventing the
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trolley from suddenly or unexpectedly dropping due
to mechanical or power failures.

It should now be noticed that, whereas
various ties and braces preferably are provided
around the rear and sides of the tower, the tower
front, which, in use, faces the ship side, is
substantially open and unobstructed at 68, from the
level of the ship's weather deck, down to the keel
(i.e., over the full height of the increment of the
ship that will need to be worked on using the device
32.

Both of the rear internal corners of the
trolley 36 are provided with respective vertical
axles 70 on which are journalled for rotation the
rear ends of respective cantilevered truss arms 38.
By preference, each arm 38 comprises a rear section
72, hinged at its forward end to a forward section
74 by a vertical axle 76, and each forward section
74, at its forward end is provided with a vertical
axle 78. A work platform 40 is mounted to the
forward ends of the arms 38, by the axles 78.
Accordingly, the arms 38 are articulated by the
joints 70, 76 and 78 between the trolley and the
work platform, so that they can extend and retract
the work platform horizontally (transversally,
laterally) relative to the vertical axis of the
tower, for moving the work platform towards and away
from the longitudinal centerline of the hull. In
use, the work platform, as a result, can be
retracted as the elevator is raised or lowered, in
order to avoid bumping into the hull, and may be
extended further as the trolley is lowered, so that
the workers riding on the work platform can maintain
their close proximity with the exterior of the hull,
despite the fact that the width of the hull

Date:



Figure 7 is a fragnentary elevational view, with sone parts cut away and
sectioned, showi ng one of the preferred safety ratchet assenblies for each
of the two lift points for the trolley; and Figure 8 is a
schemati c di agram of the hydraulic power systemfor the device.

14

decreases with height throughout at least a part of
the height of the ship, Each section of each arm 38
may be constructed of steel or aluminum much in the
manner of a strong, swinging gate for a cow pasture.

By preference, four double-acting
hydraulic cylinders are provided for coordinately
operating the arms 38. These include two
extensible-retractable piston-cylinder arrangements
80 respectively connected between central locations
on the rear interior of the trolley 36, and
intermediate locations along the rear sections 72 of
the arms 38 on medial sides of the sections 72, by
respective vertical axis pivot joints 82, and two
extensible-retractable piston-cylinder arrangements
84 respectively connected between intermediate
locations along the rear sections 72 of the arms 38
on lateral sides of the sections 72, and
intermediate locations along the forward sections 74
of the arms 38 on lateral sides of the sections 74
by respective vertical axis pivot joints 86 (so that
the "knees" at 72-76-74 bend towards one another as
the work platform is retracted).

Of course, the arms could be operated
manually, or, more elaborate means could be provided
for coordinating extension and retraction of the
cylinders.

The work platform is retracted by
coordinately retracting the piston-cylinder
arrangements 80 and 84, and extended by coordinately
extending the piston and cylinder arrangeménts 80
and 84.

The work platform may be configured as
necessary (e.g., as to whether it has seats,
handholds, rails). At its most basic, it includes a
support 88 capable of supporting at least one, and
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A typical ship is shown at 10 in Figures 1 and 2, supported on the pontoon
deck 12 of a dry dock 14 which has upstanding wngwalls 16 that spacedly
flank the two opposite sides 18 of the exterior of the hull of the ship.
The dry dock 14 typically includes a conventional crane 20, which is
typically used for noving parts and supplies to and fromthe ship, and for
shifting the | ocations of
15
preferably two side-by-side human workers. A
typical work platform is on the order of sixteen
feet (4.9 m) wide (lengthwise of the ship), and two
feet (.6 m) deep (widthwise of the ship). Similar
support for a robotic device instead of or in
addition to one or more human workers is within the
contemplation of the invention.
The shroud assembly 42 may be comprised of
_ several components, all of which cooperate to define
(together with a respective increment 88 of the
exterior of a side 18 of the hull, typically from
weather deck to keel and about twenty feet (6.1 m)
long, longitudinally of the hull), an enclosed space
44 within which work on the increment of the
exterior of the hull can be conducted.
Thus, one necessary component of the
shroud assembly 42 is one for confining the rear
side of the space. This component may conveniently
be provided by securing panels of clear corrugated
fiberglass~-reinforced plastic siding 90 to the
outsides of the rear, fore side, aft side and top of
the tower. In use, the fiberglass~-reinforced
plastic panels 90 may have shorter lives than the
tower, and be subject to localized replacement as
they wear through or otherwise become too worn.
The other major components of the shroud
assembly 42 are side curtain assemblies 92. Each
side curtain assembly 92 includes a respective
curtain 94, which may be made of canvas, and
spreaders 96 provided as vertical axis forward,
extensions of the tower at the to§ and base of the
tower; these usually respectively project obliquely
towards fore and aft (as best seen in Figure 3), so
that the space 44 broadens from the tower towards
the hull. An alternative such as Herculite®
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apparatus which are used for performng various fitting and repair
functions in relation to the ship. The crane 20 therefor is capabl e of

pl aci ng and shifting apparatus at any selected location (e.g., in the
all eys 22 between the wingwall and hull) on each side of the ship, between
the ship bow 24 and ship stern 26. A conventional ship hull has

Its maxi mumw dth dinension fromthe fore and aft centerline of the ship,
at its weather deck that is usually

flexible sheeting material may be used in place of
standard marine quality canvas. Each curtain 94 may
be made of one piece, or of several pieces laced,
shock corded grommeted, Velcro fastened or otherwise
secured to one another. Similar securement means
(lacing, shock cords, Velcro tabs, etc.) are used at
98 to removably secure the rear edge 108 of each
curtain to the respective spreaders 96, and to the
front legs 100 of the tower 34, from tower base to
tower top, and across in front of the tower top to
provide a continuation at 102 of the top wall 104 of
the tower 34. In fact, in Figure 3, the two side
curtains are shown somewhat overlapped at the middle
of the top 102, with the ends 110 shock corded at
106 to the respective upper spreaders 96.

The front margins 112 of the curtains 94
are preferably provided with a series of
electromagnets or permanent magnets 114 sewn or
otherwise secured to them (much as is conventionally
done to the lower hem of a conventional bath tub
shower curtain liner) for permitting the front edges
of the curtains 94 to be adjustably held close
against the vessel hull at the longitudinal extremes
cf the hull segment being enclosed by the device 32.
The strength and placement of the magnets will need
to depend on the weight of the curtain, and the
winds locally expected to be encountered which the
ship is being worked on. The virtue of
electromagnets is that they can be turned off to
disconnect them when the device 32 is to be moved.

The curtains 94 may be provided so as to
be adjusted entirely manually, or, by preference,
manual adjustment may be supplemented by one or more
hydraulically actuated batwing skeleton-like
structures 116 secured to the respective curtains
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| ocat ed approximately m dway al ong the length of the ship (mdships). At
any given location along the length of a ship, the distance of the hul
fromthe fore and aft centerline tends to progressively reduce in the
downward direction, between the weather deck height 28 and the keel height
30. Forward and aft of mdships, the distance of the hull fromthe fore and
aft centerline at any

17

94, and mounted at rear edges to the front legs 100
of the tower. The hydraulic piston-cylinder
assemblies 118 of these structures 116 are extended
to extend the curtains forwardly, and retracted so
as to buckle the structures 116 and, thus, retract
or facilitate retraction of the curtains. By
preference, the structures 116 are somewhat
flexible, and mechanically latch in an extended
.condition (much as does the metal framework of an
umbrella), so that hydraulic pressure is not
necessarily relied-upon to maintain the structures
116 in their extended condition.

A typical electrohydraulic system for
operating the hoist, extension and retraction of the
work platform, and the curtain-spreading skeletal
structure 116 is illustrated at 130 in Figure 8.

The final major component of the device 32

~ to be described is the air movement control system
46. At its simplest, this system is shown including
a set of dome-lidded air inlet vents 120 provided in
the top 104 of the tower (through the shroud
assembly 42, into the enclosed space 44), and
through a lower lip area 122 (where the two shroud
curtains 94 6ver1ap and are overlapped and secured
together, e.g., by shock cords, to close the space
44 between the bottom 124 of the ship hull at the
base of the side 18) out of the enclosed space 44 by
a flexible hose 126 leading into the suction side of
a forced air dust collector 128 (which may be
visualized as being an industrial-strength vacuum
cleaner, of conventional construction. Actually, it
may include a bag house, cyclone separator,
grit/paint separation facility (for grit
reclamation, if feasible), a scrubber and/or a
burner for incinerating VOCs.
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The bottom four corners of the tower 34
are preferably provided with height adjustable
leveling jacks 134, with foot pads 136 which rest on
the pontoon deck 12 of the dry dock 14, and the top
of the tower 34 is provided with a sling 138, e.g.,
made of wire rope, which can be hooked by the crane
20 for lifting the device 32 and moving it
longitudinally fore or aft to a succeeding increment

The typical full extent of the path of
extension-retraction of the work platform relative
to the trolley is ten feet (3 m).

The tower 34 preferably is fabricated in
modules of framework, such that for each job, the
tower can be shortened or heightened, as necessary,
typically in ten foot (3.0 m) segments.

In a typical use of the device 32, it is
set up relative to a ship hull increment as shown in
Figures 1-3. Then, two abrasive<blasting workers
enter the enclosed space 44 with their abrasive
blasting hoses and nozzles 140, which are connected
to externally sited conventional abrasive-blasting
supply machines 142.

The abrasive blasters raise the trolley
36, and thus, the platform 40 to its uppermost
position using the work platform controls 144 and
begin the abrasive blasting process. They work
downward, blasting a twenty-foot (6.1 m) wide
vertical swath for the full ship height, lowering
and extending the work platform using the work
platform controls 144, as necessary, to facilitate
access to the hull of the ship. This process takes
approximately one shift.

One paint-spray worker then enters the
work platform and (using conventional paint-spraying
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selected vertical height tends to further reduce progressively, until the
m ni mum di mension is reached at keel height at the bow and stern (normally
zero). Along given 6.1lm (twenty-feet) length (longitudinal) increnents,
nost hulls have conpound curvature in which the width di nension of the hul
fromthe fore and aft centerline at greater distances bel ow t he weat her
deck reduces nore quickly at locations further from m dships.

19

apparatus having a hose and nozzle 146 within the
space 44 but a supply machine 148 located outside
the space 44) paints the area just blasted by the
abrasive-blasting workers operating the work
platform in a like manner. This process takes
approximately four hours.

Laborers then shovel/sweep up the spent
abrasive on the dry-dock floor within the enclosure.
This spent abrasive is placed into suitable
containers for disposal and/or recycling as desired.
Meanwhile, rigging workers attach the crane 20 to
the tower sling 138 and move the enclosed staging
device 32 to the next desired location along the
ship's hull so the above process'can be started
again the next day on a respectively successive
increment.

This detailed description concludes with a
summarization of some important performance
advantages that the apparatus and method of the
present invention provide, particularly relative to
the present conventional use of workers using
wheeled, hydraulically operable manlifts:

Unlike manlifts which cannot readily be
enclosed without becoming practically ineffective,
this staging device will completely enclose a volume
sufficient for two blasters to work at maximum
efficiency for a full work shift.

The staging device is small enough to
fully enclose the space between itself and the ship
using nonporous materials without risking wind
damage.

A sufficient number of these enclosed
staging devices can be acquired and progressively
relocated around the ship to permit the coating
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The present invention provides one or nore enclosed staging devices 32
which can be used for performng work on the exterior of the ship hul

while the ship is in dry dock. Typically, the ship is a used ship that has
cone in for maintenance, repairs, and/or refitting. Thus, there may be

ot her work needing to be done, relatively simultaneously, to interior, deck
and superstructure parts of the ship, as the apparatus and nethod of the
present invention are being used in connggtion wi th work

process to be accomplished in time spans as short or
shorter than currently conventionally necessary.

Moved by dry-dock cranes in twenty-foot
increments along the length of the ship, the
enclosed staging device provides full worker access
to all areas of the outer hull of any ship
regardless of length, depth or hull contour. The
device is designed to raise and lower its platform
with an electrical hydraulic winch and, at the same
time, extend its platform hydraulically any distance
between zero feet and ten feet to respond to shape
changes at different vertical heights. To respond
to compound shape changes in the hull in a
longitudinal direction, the device preferably has
the capability to hydraulically extend each end of
its platform a different length.

(In the rare instance where the hull
distance from the ship's fore and aft centerline at
a given fore and aft location reduces by more than
ten feet between the weather deck and keel,
preventing workers on the device from reaching all
the hull at lower heights, a second, shorter (but
similar) staging device could be used and placed
inboard of the first enclosed staging device. Such
extreme contours involve areas of the hull in
immediate proximity to the bow and stern. These
areas comprise a very small percentage of hull
surface areas and therefore, are also candidates for
blasting by other less efficient means such as
vacuum blasting.)

The enclosed staging device is expected to
experience significantly fewer maintenance problems
than the manlifts most widely used currently for
abrasive blasting and painting. Therefore,
maintenance costs, equipment downtime, worker
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bei ng done on the outside of the ship hull. Typically, the work to be done
on the outside of the ship hull principally includes abradi ng-away of
debris, corrosion, marine encrustations, scale, old coatings, and applying
new coatings, typically by spraying. (In this docunment, such coatings are
generically sonetinmes referred to as being "painted", without regard to
whet her a coatings specialist mght use that termnore restrictively.)
Whet her one or a plurality of the deviceg; 32 are

disruption and lost time are expected to be reduced.
Some reasons for this expectation are as follows:

Both the enclosed staging device and
manlifts use hydraulic cylinders exposed to abrasive
dust and paint overspray. Maintenance in this area
is predicted to be comparable.

However, manlifts use internal combustion
engines with air intakes and other mechanical
components fully exposed to damage from abrasive
dust and paint overspray. The enclosed staging
device uses inherently lower-maintenance electric
motors, which are, in addition, completely outside
the enclosed area, and therefore, not exposed to
abrasive dust and paint overspray.

In addition to hydraulic cylinders,
manlifts have significant mechanical components
utilized to elevate and rotate the hydraulic arm as
well as move the manlift carriage along the dry-
dock floor. These mechanical components are fully
exposed to abrasive dust and paint overspray. The
enclosed staging-device has no critical mechanical
components within the enclosure exposed to abrasive
dust and paint overspray.

Manlifts have carriages which ride on four
wheels with pneumatic tires, which experience
frequent flat tires in the dry-dock environment,
with accompanying repair expense, worker lost time
and disruption. Moving the enclosed staging devices
by dry-dock crane will avoid such problems.

The internal combustion engines of
manlifts must be fueled daily, with associated labor
costs, downtime, fire/explosive hazards and fuel
spillage which ultimately contaminates the usually
adjacent body of water. The preferably electric
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used will depend on the size of the ship, how quickly the work nust be
done, and the size of the workforce. \Whether one size or two or nore
differently sized devices 32 are used, may depend on how radically the
sides of the hull slope inwardly at various sites along the hull. (That
in sone

22

motors of the enclosed staging devices have none of
these problenms.

Manlift maneuvering is a major cause of
wear and tear of the dry-dock floor .coating, because
the pneumatic tires are often rotated in place
(i.e., spun) atop spent abrasive on the dry-dock
floor. Movement of the enclosed staging devices by
dry-dock crane will eliminate this cause of wear and
tear.

Most important, however, is the fact that
the enclosed staging device effectively confines the
abrasive dust and overspray to a small volume and
space immediately adjacent to the hull of the ship
where it can be collected (and recycled or
incinerated as appropriate) more efficiently and
before they impact the atmosphere, the proximate
body of water, ship's mechanical equipment, dry-
dock cranes, ancillary blasting and coating
mechanical equipment and concurrent ship repair work
as well as cars, boats and houses owned by the
public. Abrasive blasting and painting using
manlifts offers no effective solution to these
problems.

The relatively small volume enclosed by
the enclosed staging device and ships hull offers
opportunities for environmental control not feasible
by any of the enclosure approaches available for
manlifts.  This includes dust collection, humidity
control, temperature control and protection from
rain and snow. These factors are all vital to
coating quality and life. In addition, it should be
possible to conduct abrasive blasting and painting
under weather conditions (rain, snow, cold) which
would halt abrasive blasting and painting from
conventional staging and manlifts.
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It should now be apparent that the
apparatus and method for performing external surface
ships' hulls as described hereinabove, possesses
each of the attributes set forth in the
specification under the heading "Summary of the
Invention" hereinbefore. Because it can be modified
to some extent without departing from the principles
thereof as they have been outlined and explained in
this specification, the present invention should be
understood as encompassing all such modifications as
are within the spirit and scope of the following
claims.
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instances It may be-nore-—-advant ageous to reach certain areas using a
enent al deV|ce or a different techni que, such as vacuum
blastlng ﬁﬁm

mllm ’tt the device 32 so as to be able to cantil ever
its platf |y extended disposition.) In very

gener al terns each enclosed stagi ng dgyi.ce 32 includes a vertical tower 34
which is shlftably supported in an aIIey 22 on the deck of the dry dock, a
trolley 36 which can be rai sed and

CLAIMS

1. A method for servicing a generally vertical surface
(18) of substantial horizontal extent, comprising:

(a) selecting an increment (88) of the surface (18)
having a given horizontal extent which is less than
said substantial extent, and a given vertical extent
(28 to 124) which ranges downwards to adjacency with a
generally horizontal platform (12); and

(b) arranging a generally vertical tower (34) on the
platform in confronting relationship to, but spaced
from said increment (88) of the surface (18), said
tower (34) having supported thereon a trolley (36)
which can be raised and lowered on the tower (34) so
as to place the trolley (36) selectively in
confronting relation with any selected horizontal
strip of said increment (88), and said trolley (36)
having provided thereon a work platform (40)
cantilevered from the trolley (36) towards the surface
(18), on an arm structure (38) which permits the work
platform (40) to be extended towards and retracted
away from the surface (18);

(c) forming a curtain-enclosed space (44) which
includes said tower (34) and said increment (88) of
said surface (18), with said work platform (40)
thereby being enclosed with said space; and

(d) while supporting at least one work-performing
operator on said work platform (40), causing said
operator to successively apply work to a plurality of
said strips of said increment (88) of said surface
(18), and, in conjunction therewith, adjusting said
arm structure (38) for adjusting the proximity of said
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| ower ed iﬁ‘TﬁE“TﬁME?“éhd”étationed at a selected height, a set of

cantlleve unted to the trolley so that their forward
ends, \Aﬁ(mmgm(lm Eom 40 i s nounted, can extend towards and
retract amay* rcomet he ul a shroud assenbly 42 whi ch substantially
conpl etely encl oses a volune of space 44sthat is confronted by a vertical
segnent or increnent of the ship hull from weather deck to keel (and which

typically is 6.1m(twenty feet)horizontally long, longitudinally of the

ship), operator to said increment (88) of said surface; and
continuously drawing air into said space (44), and out
of said space (44) into an air-cleaning device (128)
while conducting step (d), in order to clean air to be
exhausted from the space (44).

2. A method according to claim 1, wherein said surface
(18) is on a hull of a ship and said operator is an
abrasive blaster that successively abrasively blasts

| material form said hull.

3. A method according to claim 2, wherein said abrasive
blaster begins near the level (28) of the weather deck of
the ship and progressively works down to near the level
(30) of the keel of the ship.

4. A method according to claim 2 or 3, wherein the hull
(18) slants or curves inwards, away from the tower (34), in
at least a portion thereof near the keel (30) of the ship,
so that the operator must progréssively extend the arm
structure (38) when progressing from band to band on each
of several bands near the lower extent of the increment
(88).

5. A method according to any preceding claim, further
comprising, after said steps have been conducted, moving
said tower (34) along said horizontal platform (12) to a
new location and repeating said steps on a different-
selected increment (88).

6. A method for servicing a generally vertical surface
(18) of substantial horizontal extent on a hull of a ship,
comprising:

(a) selecting an increment (88) of the surface (18)
_having a given horizontal extent which is less than
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an air nt “control system 46 for controlled ventilation of the
encl ose’t@mg‘a "m wer system 48, for operating the trolley, extending
and ret ua platforn1 and adjusting the forward margin of the
shroud to keep i ¥ cﬂose to the hull along the leading and trailing vertical
edges of the particular hull segnenizdwei ng worked on. O course,
despite the fact that the device 32 has been devel oped to facilitate the
conducting of surface preparation abrading and spray

said substantial extent, and a given vertical extent
(28 to 124) which ranges downwards to adjacency with a
generally horizontal platform (12):;

(b) arranging a generally vertical tower (34) on the
platform in confronting relationship to, but spaced
from said increment (88) of the surface (18), said
tower (34) having supported thereon a trolley (36)
which can be raised and lowered on the tower (34) so
.as to place the trolley (36) selectively in
confronting relation with any selected horizontal
strip of said increment (88), and said trolley (36)
having provided thereon a work platform (40)
cantilevered from the trolley (36) towards the surface
(18), on an arm structure (38) which permits the work
platform (40) to be extended towards and retracted
away from the surface (18);

(c) forming a curtain-enclosed space (44) which
includes said tower (34) and said increment (88) of
said surface (18), with said work platform (40)
thereby being enclosed with said space;

(d) while supporting at least one work-performing
operator on said work platform (40), causing said
operator to successively abrasively blast material
from said hull at a plurality of said strips of said
increment (88) of said surface (18), and, in
conjunction therewith, adjusting said arm structure
(38) for adjusting the proximity of said operator to
said increment (88) of said surface:;

(e) while supporting at least one work-performing
operator on said work platform (40), causing said
operator to successively apply paint to a plurality of
said strips of said increment (88) of said surface
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painting operations, additional, or other operations could be conducted
W thin gmmﬂﬂmm‘" g t he deV| ce 32 as a protective encl osure.
By pr ef ngﬂur is a portable framework of struts, ties,
braces, conlector®
-27 -

(18), and, in conjunction therewith, adjusting said
arm structure (38) for adjusting the proximity of said
operator to said increment (88) of said surface; and
continuously drawing air into said space (44), and out
of said space (44) into an air-cleaning device (128)
while conducting steps (d) and (e), in order to
capture airborne abraded-off debris, paint overspray
and VOCs for removal from air to be exhausted from the
space (44).

7. A method according to claim 6, further comprising:

(£f) after said steps have been conducted, moving said
tower (34) along said horizontal platform (12) to a
new location and repeating said steps on a different-
selected increment (88).

8. A method according to claim 7, wherein step (f) is
conducted a sufficient number of times as to cause said
hull (18) to become substantially completely externally
abrasive~-cleaned and painted.

9. A method according to claim 7 or 8 further comprising,
between steps'(e) and (f), cleaning particulate debris from
said horizontal platform (12) within said space (44).

10. A method according to any preceding claim wherein at
least one said operator is a human, and, while performing
step (d), said human raises and lowers said trolley (36) on
said tower (34) and at least one of extends and retracts
said arm structure (38) for extending and retracting said
work platform (40).

11. A method according to claim 10, wherein said work
platform (40) has two laterally opposite ends, and said
human, whlle extending or retracting said arm structure,
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17 - _ __aother _elenents which can be renovably secured

R O R

-28=~

cocks said platform (40) so that one end of said work
platform (40) is further than is the other end of said
platform (40), from said tower (34).

12. A method according to any preceding claim wherein said
surface (18) is provided on a ferromagnetic substrate and
at least portions of said curtain (94) are flexible and, as
part of step (b), forward edges (112) of flexible portions
of said curtain (94) are adhered by magnets (114) provided
thereon, to said substrate.

13. A method according to any of claims 5 to 12 wherein
said operator begins near the level 28 of the weather deck
of the sﬁip and progressively works down to near the level
30 of the keel of the ship.

14. A method according to any of claims 5 to 13, wherein
the hull (18) slants or curves inwards, away from the tower
(34), in at least a portion thereof near the keel of the
ship (10), so that the operator must progressively extend
the arm structure (38) when progressing from band to band
on each of several bands near the lower extent of the
increment (88).

15. A method according to any preceding claim, wherein the
tower (34) has a plurality of feet (136) provided with
levelling jacks (134), and as part of at least one
conducting of step (b), the levelling feet (136) are
adjusted for bringing the tower (34) to a more vertical
orientation on said horizontal platform (12).
) .

16. A method according to claim 15, wherein said
horizontal platform is a pontoon deck (12) of a dry dock
(14) and step (f) is conducted using a crane (20) of said
dry dock (14) for lifting, moving and setting down said
_tower (34) at said new location.
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t og ether sc')- as to provide a unit of the required height to permt access to

the whol f a given ship's side, fromthe height of the
‘weat her !ﬂmu"ﬂnmmwmg keel . O course, in the instance of a yard which
ant|C|pates ‘ont y YWorkifg on one size of hull for the whole of the working
life of a device 32, the tower coul d Bg-permanently secured together, e.g.,
by flame-cutting of plates, extrusion of |ong nenbers, welding of joints,

etc. In general, the tower 34 may be nmade of steel or

17. A device for use in applying work to a generally
vertical surface (18) of substantial horizontal extent,
having a generally horizontal platform (12) arranged
therebeside, comprising a generally wvertical tower (34)
arranged to be supported on said platform (12) in
confronting relationship to, but spaced from a selected
increment (88) of said surface (18) which has a given
horizontal extent which is less than said substantial
extent, and a given vertical extent which ranges downwards
(from 28 to 30) to adjacency with said platform; said tower
(34) having supported thereon a trolley (36) which can be
raised and lowered on the tower (34) so as to place the
trolley (36) selectively in confronting relation with any
selected horizontal strip of said increment (88); said
trolley (36) having provided thereon a work platform (40)
cantilevered from said trolley (36) towards the surface
(18), on an arm structure (38) which permits the work
platform (40) to be extended towards and retracted away
from the surface (18); a curtain assembly (94, 102, 110,
122) supported on said .tower (34) for forming an enclosed
space (44) which includes said tower (34) and said
increment (88) of said surface, with said work platform
(40) thereby being enclosed within said space (44); and
first power means (144, 126, 60, 54, 56) operatively
connected with said trolley (36) and second power means
(144, 84, 80) operatively connected with said arm structure
(38), respectively, for raising and lowering said trolley
(36) and extending and retracting said work platform (40).

18. A device according to claim 17, further comprising
means (46) for continuocusly drawing air at (120) into said
space, and at (126) out of said space into an air-cleaning
device (128).
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alum num and in substantially the sane way and of the sane el enents and

mat er i ntionally used in the manufacture of elevators used
at bwﬂﬂmummuﬂ“nmmn and retrofitting sites for conveyi ng workers

and/ or faterital # t®& various floors of the buil ding. A cage, car
or elevating trolley 36 is nounted to the tower 34 (e.g., by opposed sets
of flanged wheels 50 which roll on vert3@al tracks 52 provided by
respective elenments of the tower 34). '

19. A device according to claim 17 or 18, further
comprising control means (l144) located on said work
platform for actuating said first and second power means.

20. A device according to claim 17, 18 or 19, wherein said
first and second power means respectively comprise a
hydraulically operated winch (60) and a set of
hydraulically operated extensible-retractable piston and
éylinder assemblies (80, 84).

21. A device according to claim 20, wherein said winch
(60) and said assemblies (80, 84) have hydraulic systems
powered by pump means that in turn are powered by electric
motor means which are located outside said space.

22. A device according to claim 19, wherein said platform
has two laterally opposite ends; and said control means
(144) are constructed to be operable of cocking said work
platform (40), so that either end of said work platform
(40) can be positioned further from said tower (34) than
the respective othe£ of said ends thereof.

23. A device according to any of claims 17 to 22, wherein
at least portions of said curtain assembly (94, 122, 110)
are constituted by flexible side curtains (94) having
forward edges (112); and said forward edges (112) are
provided with magnet means (114) for adjustably securing
said curtains (94) on said surface (18).

24. A device according to claim 23, wherein said curtain
assembly further ihcludes extensible-retractable stiffener
means (96, 116) secured as a skeleton on said curtains (94)
and to said tower (34); and said device further includes
third power means (118) operatively connected with said
stiffener means (96, 116) for extending said forward edges
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The troftey—-is-suspended in the tower 34 for elevation, by cables 54 which
Qonn ol |l ey at 56 and pass over sheaves 58, to the drumof a
hydr ."g.gﬂﬂﬂnhﬂ he connecti on mechani sm 56 each are provided in the
form e ed ratchet | ever 62 which seats in a respective notch

64 in a vertical rail 66 of the tower 34, unless and only for so long as

there is lifting tension drawn on the Ehftlng cabl es 54. \Were safety
regul ati ons provide otherw se, the troll'ey may be suspended in

(112) of said curtains (94) towards said surface (18) and
retracting said forward edges (112) of said curtains (94)
away from surface (18).

25. A device according to any of claims 17 to 24, further
comprising said tower (34) having a plurality of adjustable
jacking means (134) which serve as respective feet (136)
for said tower, whereby said tower (34) can be adjusted on
said platform (12) for greater verticality; and said tower
(34) is provided with connector means (138) arranged to be
engaged by a crane (20) for lifting said device (32),
moving said device (32) into confronting relation with a
different increment (88) of said surface (18), and at such
a place, setting said device (32) down onto said platform
(12).

26. A device according to any of claims 17 to 25 further
including an abrasive blasting machine (142) located
outside said space (44), and having an output hose
extending into said space (44) to serve a nozzle (140)
supported on said work platform (40).

27. A device according to any of claims 17 to 26, further
including a paint spraying machine (148) located outside
-said space (44), and having an output hose extending into
said space (44) to serve a nozzle (146) supported on said
work platform (40).
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the tower using counterweighted cabl es, other braking or |ocking systens,
rredundant cabling, and/or simlar conventional neans for preventing the

32
ABSTRACT

APPARATUS AND METHOD FOR PERFORMING
EXTERNAL SURFACE WORK

For cleaning and/or painting the exterior

18 of a ship hull while the ship 10 is in dry dock
14, one or more staging devices 32 are provided.
Each includes a metal framework tower 34 supporting
a vertically movable elevator assembly that
comprises a trolley 36, from which a variably
laterally projecting platform 40 is.supported on
articulated, cantilevered arms 38. Adjustable, non-
porous shrouds 94, 102, 110, 122 enclose a volume of
space 44 between the outside of the tower 34 and an
increment 88 of one side of the exterior of the ship
hull, from above, fore, aft and outside. Cleaning
and painting operations are conducted from the
platform 40 on the hull increment 88, and debris is
removed from the dry-dock deck 12 area enclosed by
the shroud, after which the device is moved by crane
20, typically twenty feet (6.1 m), towards the .
ship's bow 24 or stern 26. The shrouds 94, ioz,
110, 122 are then adjusted so that a further hull -
increment 88 can be worked on. The trolley 36 and
extension-retraction of the platform support arms
are operated by electrchydraulic winch 60 and
hydraulic cylinders 80, 84, respectively. The
margins 112 of the shroud 94 may be fastened by
magnets 114 to the hull 18. Air drawn through the
~enclosed volume from above at 120, is drawn out near
the dry-dock deck 12 at 46 for processiﬁg to remove
dust and appropriately treat VOCs, if present.

FIGURE 1 & 2.
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- 18 - trolley fromsuddenly or unexpectedly dropping due to nechani cal
or power failures. It should now be noticed that, whereas various
ties and braces preferably are provided _

34
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around the rear and sides of the tower, the tower front, which, in use,
faces the ship side, is substantially open and unobstructed at 68, fromthe
[evel of the ship's weather deck, down to the keel (i.e., over the full

hei ght of the increment of the ship that will need to be worked on using

t he device 32. Both of the rear internal corners of the trolley
36 are provided with respective vertical2axles 70 on which are journalled
for rotation the

FIG2 o

10 o8
y 98,116 ( 8,
GO\ “-:::\ T
34 [F
]r:::* L 108
: L2
N
i F E—98
('5 N - 114
54
A 44
18
100
't
22 j £
36 IS
] 38 [=
: A
90 98 WA (lI2
i la
128
42 hisssag [~ 122 (|24 39
12 ’Mi:ﬁ:::\
L T | |
34> |36) 96,16 (94 oo
Vg

This Sheet Has Been Rep

T ' o e e

Date:



rear ends of respective cantilevered truss arns 38. By preference, each arm
38 conprises a rear section 72, hinged at its forward end to a forward
section 74 by a vertical axle 76, and each forward section 74, at its
forward end is provided with a vertical axle 78. A work platform40 is
mounted to the forward ends of the arns 38, by the axles 78. Accordingly,
the arns 38 are articulated by the joi-ntis-70, 76 and 78 between the trolley
and the work platform so that they can extend and retract

96,116
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~ N
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FIG. 3
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the work platform horizontally (transversally, laterally) relative to the
vertical axis of the tower, for noving the work platformtowards and away

fromthe longitudinal centerline of the hull. In use, the work platform as
a result, can be retracted as the elevator is raised or |owered, in order
to avoid bunping into the hull, and may be extended further as the trolley

Is |owered, so that the workers riding-om the work platform can maintain
their close proximty with the exterior of the hull,
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despite the fact that the width of the hull
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- 19 - decreases with height throughout at |east a part of the height of
the ship. Each section of each arm 38 nay be constructed of steel or

al um num nuch in the manner of a strong, swi nging gate for a cow pasture.
By preference, four double-acting hydraulic cylinders are provided for
coordi nately
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operating the arns 38. These include two extensible-retractable

pi ston-cylinder arrangenents 80 respectively connected between central

| ocations on the rear interior of the trolley 36, and internedi ate

| ocations along the rear sections 72 of the arns 38 on nedial sides of the
sections 72, by respective vertical axis pivot joints 82, and two
extensi bl e-retractabl e pi ston-cylinder -aprangenents 84 respectively
connected between internediate | ocations along the rear sections 72 of the

arns 38
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on lateral sides of the sections 72, and internediate |ocations along the
forward sections 74 of the arns 38 on |l ateral sides of the sections 74 by
respective vertical axis pivot joints 86 (so that the "knees" at 72-76-74
bend towards one another as the work platformis retracted). of
course, the arns could be operated nmanually, or, nore el aborate nmeans coul d
be provided for coordinating extension.agd.retraction of the cylinders.

FIG. 8
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APPARATUS AND METHOD FOR PERFORMING EXTERNAL SURFACE
WORK ON SHIPS' HULLS
ckgroun e ventj

Ship's hulls are very large and are
complexly contoﬁred in both the vertical and
longitudiﬁal directions. The world's population of
ships has a very significant number of different
sizes and shapes. '

Coating of the exteriors of ships requires
using abrasive blasters for surface preparation and
painters for application of paint. Both blasters
and 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.

More recently, this 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_ﬁecause of the cost to
purchase and operate the apparatus, plus operating

“difficulties with the devices actually available.

EN
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Since ships are very large vessels which
operate on large bodies of water, their construction
and repair by dry-docking 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 a much greater concern to societies
around the world because of the negative effect of
this pollution on the vegetable and animal life
which depend upon these bodies of water. This
concern has grown as more of the public elects to
use these bodies of water for recreation through
swimming and boating as well as living adjacent to
them in hotels, houses, apartments and condominiums.

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

Because a portion of this dust inevitably
is blown over the adjacent body of water, small
quantities of these toxins find their way into the
water. Further, if the large percentage of the
spent abrasive which lands on the dry dock 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 water from the dry dock's drainage system.
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preferably two side-by-side human workers. A typical work platformis on
the order of 4.9m (sixteen feet)wi de (lengthwi se of the ship), and 0.6m

- (two feet) deep (wi dthw se of the ship). Simlar support for a robotic
device instead of or in addition to one or nore human workers is within the
contenpl ation of the invention.

3

Toxic petroleum products including fuels, lubricants
and greases associated with manlift operations can
similarly be carried through the dry-dock drainage
system into the adjacent body of water.

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
blastirig. This temporary covering prevents the
interior ventilation systems from being operated or
repaired when abrasive blasting is underway.

Virtually all the equipment required for
abrasive blasting has mechanical components. - This
includes air compressors, manlifts, forklifts, dust
collectors and dry-éock cranes. Since this
eguipment must operate during abrasive blasting, it
cannot be protected. It therefore experiences very
high maintenance cost, extensive out-of-service
periods, and shortened operating life.

Coatings on dry-dock 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 proceed with
exterior ship construction and/or repair tasks which
do not involve mechanical ship's components are
disrupted, made less efficient and exposed to
respiratory and eye aggravation when abrasive
blasting is proceeding concurrently. Workers and
ship's personnel transiting through the abrasive
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The shroud assenbly 42 nmay be conprised of several conponents, all of which
cooperate to define (together with a respective increnent 88 of the
exterior of a side 18 of the hull, typically fromweather deck to keel and
about 6.1m (twenty feet) long, longitudinally of the hull), an encl osed
space 44 within which work on the increnment of the exterior of the hull can
be conduct ed. Thus, one necessary conponent of the shroud
assenbly 42 is one for confining the rgar

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 cooper.
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 cafes and cars,
causing expensive damage and infuriating the public.
Even the portion of the overspray which lands on the
dry-dock floor can find its way back into the
adjacent body of water as it attaches itself to dust
or dirt particles on the floor of the dry dock which
are washed by water through the dry dock's drainage
systen.

Nonwater-based 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 likely 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 dry-dock
perimeter include placing a curtain over each end of
the dry dock, performing abrasive blasting downward
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side of the space. This conponent may conveniently be provided by securing
panel s of clear corrugat-ed fiberglass-reinforced plastic siding 90 to the
outsides of the rear, fore side, aft side and top of the tower. In use, the
f.i bergl ass-reinforced plastic panels 90 may have shorter lives than the
tower, and be subject to localized replacenent as they wear through or

ot herwi se becone too worn. The ot her maj or conponents of the
shroud assenbly 42 are side curtain assegblies 92. Each

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 to outside of the perimeter of the
dry dock. 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
dry-dock structure, with very large strips of
material. This material must be somewhat porous to
keep it from 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 environment prevalent in shipyards.
Because of the basic cost of the shrouding material
itself, its short life in the shipyard environment,
the cost of installing, removing, handling and
storing it, this approach is very expensive. While
this approach contains even more airborne abrasive
dust and paint overspray within the dry-dock
perimeter than currently 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.

One other existing 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.
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side curtain assenbly 92 includes a respective curtain 94, which may be
made of canvas, and spreaders 96 provided as vertical axis forward,
extensions of the tower at the top and base of the tower; these usually
respectively project obliquely towards fore and aft (as best seen in Figure
3), so that the space 44 broadens fron1tQ§ tower towards the hull. An
alternative such as Herculite

With regard to approaches to resolve 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 dry dock required to lift the ship out
of the water for recocating ($5,000 to $20,000 U.S.
per day) and the ship itself which is out of service
during reccating ($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.

It is an ocbject of the invention to
provide an apparatus for and a method of performing
external surface work, including cleaning and/or
painting, which largely overcomes the above-
described shortcomings in the apparatus and methods
that heretofore have been proposed or made
available.

DE-U-8 526 213, discloses a method of servicing a
generally vertical surface of substantial horizontal
extent, such as a ship's hull. The method includes
applying abrasive blasting work to an increment of the
surface having a horizontal extent which is less than the
substantial horizontal extent of the surface being worked
on, by use of a tower-like frame positioned in confronting
relationship to, but spaced from, the surface. The
framework has supported thereon a platform which can be
raised and lowered so as to place the platform in
confronting relation with any selected horizontal strip of
the surface being worked on. The platform has a further
platform cantilevered towards the surface on an arm

structure which permits the further platform to be extended
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towards and retracted away from the surface to be worked

on.

DE-A-2 930 528 discloses scaffolding erected on a
building, with a scaffolding cover consisting of woven
fabric strips. The cover extends over operators standing
on conventional planking on the scaffolding.

FR-A-1 414 659 discloses an arrangement for cleaning a
building facade by abrasive cleaning. The operator stands
on a rigid walkway and is enclosed in an enclosure which is
supported by and moveable by'a winch to allow the operator
and the enclosure to be displaced along the wall. Only the
immediate surface confronting the operator is enclosed by
the enclosure. A motorised fan extracts air and abrasive
material from the enclosure arcund the operator, and passes
the air through a filtration device to separate material
from the air.

According to the present invention in a first aspect
there is provided a method for servicing a generally
vertical surface of substantial horizontal extent,
comprising:

(a2) selecting an increment of the surface having a
given horizontal extent which is less than said
substantial extent, and a given vertical extent which
ranges downwards to adjacency with a generally
horizontal platform; and |

(b)' arranging a generally vertical tower on the
platform in confronting relationship to, but spaced
from said increment of the surface, said tower having
supported thereon a trolley which can be raised and
lowered on the tower so as to place the trolley
selectively in confronting relation with any selected

i

|
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flexi ble sheeting material may be used in place of standard marine quality
‘canvas. Each curtain 94 may be made of one piece, or of several pieces

| aced, shock corded grommeted, Velcro fastened or otherw se secured to one
another. Simlar securenent neans (lacing, shock cords, Velcro tabs, etc.)
are used at 98 to renovably secure the rear edge 108 of each curtain to the
respective spreaders 96, and to the fro#t -l egs 100 of the tower 34, from
tower base to

horizontal strip of said increment, and said trolley
having provided thereon a work platform cantilevered
from the trolley towards the surface, on an arm
structure which permits the work platform to be
extended towards and retracted away from the surface;

(c) forming a curtain-enclosed space which includes
said tower and said increment of said surface, with
said work platform thereby being enclosed with said
space; and

(d) while supporting at léast one work-performing
operator on said work platform, causing said operator
to éuccessively apply work to a plurality of said
strips ¢of said increment of said surface, and, in
conjunction therewith, adjusting said arm structure
for adjusting the proximity of said operator to said
increment of said surface; and continuously drawing
air into said space, and cut of said space into an
air-cleaning device while conducting step (d), in
order to clean air to be exhausted from the space.

In accordance with a further aspect of the invention,
there may be provided a method for servicing a generally
vertical surface of substantial horizontal extent on a hull
of a ship, comprising:

(a) selecting an increment of the surface having a
given horizontal extent which is less than said
substantial extent, and a given vertical extent which
ranges downwards to adjacency with a generally
horizontal platform;

(b) arranging a generally vertical tower on the
platform in confronting relationship to, but spaced
from said increment of the surface, said tower having
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tower top, and across in front of the tower top to provide a continuation
at 102 of the top wall 104 of the tower 3.4. In fact, in Figure 3, the two
- side curtains are shown sonmewhat overl apped at the mddle of the top 102,
with the ends 110 shock corded at 106 to the respective upper spreaders 96.
The-front margins 112 of the curtains 94 are preferably provided with a
series of electromagnets or pernmanent -n@grets 114 sewn or ot herw se secured
to them (rmuch as is conventionally '

supported thereon a trolley which can be raised and
lowered on the tower so as to place the trolley
selectively in confronting relation with any selected
horizontal strip of said increment, and said trolley
having provided thereon a work platform cantilevered
frpm the trolley towards the surface, on an arm
structure which permits the work platform to be
extended towards and retracted away from the surface;

(c) forming a curtain-enclosed space which includes
said tower and said increment of said surface, with
said work platform thereby being enclosed with said
space:;

(4a) while supporting at least one work-performing
operator on said work platform, causing said operator
to successively abrasively blast material from said
hull at a plurality of said strips of said increment
of said surface, and, in conjunction therewith,
adjusting said arm structure for adjusting the
proximity of said operator to said increment of said
surface;

(e) while supporting at least one work-performing
operator on said work platform, causing said operator
to successively apply paint to a plurality of said
strips of said increment of said surface, and, in
conjunction therewith, adjusting said arm structure
for adjusting the proximity of said operator to said
increment of said surface; and continudusly drawing
air inte said space, and out of said space into an
air-cleaning device while conducting steps (d) and
(e), in order to capture airborne abraded-off debris,
paint overspray and VOCs for removal from air to_ be
exhausted from the space.
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done to the | ower hem of a conventional bath tub shower curtain liner) for
permtting the front edges of the curtains 94 to be adjustably held cl ose
agai nst the vessel hull at the longitudinal extrenes of the hull segment
bei ng encl osed by the device 32. The strength and placenment of the nagnets
will need to depend on the weight of the curtain, and the wnds locally
expected to be encountered which the shil@ i-s bei ng worked on. The virtue of
el ectromagnets is that they can be turned off to

In accordance with a yet further aspect of the
invention, there may be provided a device for use in
applying work to a generally vertical surface of
substantial horizontal extent, having a generally
horizontal platform arranged therebeside, comprising a
generally vertical tower arranged to be supported on said
platform in confronting relationship to, but spaced from a
selected increment of said surface which has a given
horizontal extent which is less than said substantial
extent, and a given vertical extent which ranges downwards
to adjacency with said platform; said tower having
supported thereon a trolley which can be raised and lowered
on the tower so as to pléce the trolley selectively in
confronting relation with any selected horizontal strip of
said increment; said trolley having provided thereon a work
platform cantilevered from said trolley towards the
surface, on an arm structure which permits the work
platform to be extended towards and retracted away from the
surface; a curtain assembly supported on said tower for
forming an enclosed space which includes said tower and
said increment of said suiface, with said work platform
thereby being enclosed within said space; and first power
means operatively connected with said trolley and second
power means operatively connected with said arm structure,
respectively, for raising and lowering said trolley and
extending and retracting said work platform.

In practicing the invention, at least
in preferred aspects, an enclosed ship staging
device is provided and used, which has sufficient
freedom of motion to permit full worker access
to a ship's hull and also has the capability
of containing abrasive blast dust, spent abrasive,
paint overspray and volatile organic compounds
(VOCs), thereby significantly reducing the
quantities of these materials which are released to
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di sconnect them when the device 32 is to be noved. The curtains
94 may be provided so as:tdb be adjusted entirely manually, or, by

pref erence, manual adjustnent may be suppl enmented by one or nore
hydraul i cal Iy actuated batw ng skel eton-like structures 116 secured to the

respective curtains
- 11 -

contaminate the air, nearby bodies of water, ship's
mechanical equipment, dry-dock cranes, abrasive
blasting and painting support mechanical equipment,
local housing, automobiles, nearby Yachts and other
floating vessels, and thus s1gn1f1cantly reducing
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the efforts necessary to collect, dispose of,
recycle and incinerate waste abrasive and paint
residue and significantly reducing the disruption of
other concurrent shipboard repair work, all without
increasing the dry-dock utilization times or ship
out-of-service times.

For cleaning and/or painting the exterior
of a ship hull while the ship is in dry dock, cne or
more staging devices are provided. Each includes a
metal framework tower supporting a vertically
movable elevator assembly that comprises a trolley,
from which a variably laterally projecting platform
is supported on articulated, cantilevered truss
arms. Adjustable, non-porous shrouds enclose a
volume of space between the outside of the tower and
an increment of one side of the exterior of the ship
hull, from above, fore, aft and outside. <Cleaning
and painting operations are conducted from the
platform on the hull increment, and debris is
removed from the dry-dock deck area enclosed bf the
shroud, after which the device is moved by crane,
typically twenty feet (6.1 m), towards the ship's
bow or stern. The shrouds are then adjusted so that
a further hull increment can be worked on. The
trdlley and extension-retraction of the platform
support arms are operated by electrohydraulic winch
and hydraulic cylinders, respectively. The margins
of the shroud may be fastened by magnets to the
hull. Air drawn through the enclosed volume from
above, is drawn out near the dry-dock deck for
processing to remove dust and approprlately treat
VOCs, if present.

Embodiments of the invention will now be descfibed by way
of example with refgregce to the accompanying drawing in which
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94, and nounted at rear edges to the front |legs 100 of the tower. The
-hydraul i ¢ piston-cylinder assenblies 118 of these structures 116 are
extended to extend the curtains forwardly, and retracted so as to buckle
the structures 116 and, thus, retract or facilitate retraction of the
‘curtains. By preference, the structures 116 are sonewhat flexible, and
mechanically latch in an extended condiBi on (nuch as does the netal
framework of an unbrella), so that hydraulic pressure is not

the specifics illustrated in the drawings are intended to
exemplify, rather than limit, aspects of the invention as
defined in the claims, and in which :-

Figure 1 is a pictorial view, from above,
of a ship in dry dock, showing four ship staging
devices provided in accordance with principles of
the invention, being used for conducting enclosed
cleaning and painting operations on a respective
four increments, on two sides, of the exterior of
the ship hull, the shroud on the device in the
foregroﬁnd being shown partly broken away s¢ as to
show the operation in progress. The dry-dock crane
which can be used for moving the devices to address
successive increments of the hull should be noted.

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

Figure 3 is a top plan view of the tower
and shroud structure thereof;

Figure 4 is a downward-~looking transverse
sectional view thereof, taken at a level below the
hoist but above the trolley, showing the
cantilevered truss arms supporting the work platform
at a variably transversally extended position
relative to the tower;

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

Figure 6 is a side elevation view of the
trolley, with the arms omitted, showing the relation
of the trolley to the frame;
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necessarily relied-upon to nmaintain the structures 116 in their extended

condi tion. A typical electrohydraulic system for operating the
hoi st, extension and retraction of the work platform and the
curtai n-spreadi ng skeletal structure 116 is illustrated at 130 in Figure 8.

The final mmjor conponent of the device 32 to be described is the air
novenment control system46. At its sinaplést, this systemis shown including
a set of dome-lidded air inlet vents 120 provided in

Figure 7 is a fragmentary elevational
view, with some parts cut away and sectioned,
showing one of the preferred safety ratchet
assemblies for each of the two lift points for the
trolley:; and

Figure 8 is a schematic diagram of the
hydraulic power system for the device.

Detailed Description
A typical ship is shown at 10 in Figures 1

and 2, supported on the pontoon deck 12 of a dry
dock 14 which has upstanding wingwalls 16 that
spacedly flank the two opposite sides 18 of the
exterior of the hull of the ship. The dry dock 14
typically includes a conventional crane 20, which is
typically used for moving parts and supplies to and
from the ship, and for shifting the locations of
apparatus which are used for performing various
fitting and repair functions in relation to the
ship. The crane 20 therefor is capable of placing
and shifting apparatus at any selected location
(e.g., in the alleys 22 between the wingwall and
hull) on each side of the ship, between the ship bow
24 and ship stern 26.

A conventional ship hull has its maximum
width dimension from the fore and aft centerline of
the ship, at its weather deck that is usually
located approximately midway along the length of the
ship (midships). At any given location alcng the
length of a ship, the distance of the hull from the
fore and aft centerline tends to progressively
reduce in the downward direction, between the
weather deck height 28 and the keel height 30.
Forward and aft of midships, the distance of the’
hull from the fore and aft centerline at any
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the top 104 of the tower (through the shroud assenbly 42,
space 44), and through a lrower |ip area 122 (where the two
-94 overlap and are overl apped and secured together, e.g.,
to close the space 44 between the bottom 124 of the ship h
of the side 18) out of the enclosed space 44 by a flexible

into the encl osed
shroud curtains
by shock cords,
ull at the base
hose 126 | eadi ng

into the suction side of a forced air dus <ol lector 128 (which may be

visual i zed as being an industrial-strength vacuum

selected vertical height tends to further reduce

progressively, until the minimum dimension is
reached at keel height at the bow and stern

(normally zero). Along given twenty-foot length
(longitudinal) increments, most hulls have compound

curvature in which the width dimension of the
from the fore and aft centerline at greater
distances below the weather deck reduces more
quickly at locations further from midéhips.
The present invention provides one
enclosed staging devices 32 which can be used

hull

or more
for

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

to interior, deck and superstructure parts of
ship, as the apparatus and method of the pres

the
ent

invention are being used in connection with work

being done on the outside of the ship hull.

Typically, the work to be done on the outside of the

ship hull principally includes abrading-away

of

debris, corrosion, marine encrustations, scale, old

coatings, and applying new coatings, typicall

Y by

spraying; (In this document, such coatings are

generically sometimes referred to as being

"painted", without regard to whether a coatings
specialist might use that term more restrictively.)

Whether one or a plurality of the devices 32

are

used will depend on the size of the ship, how
quickly the work must be done, and the size of the

workforce. Whether one size or two or more

differently sized devices 32 are used, may depend on
how radically the sides of the hull slope inwardly
at various sites along the hull. (That is, in some
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cl eaner, of conventional construction. Actually, it may include a bag
house, cyclone separator., *grit/paint separation facility (for grit
reclamation, if feasible), a scrubber and/or a burner for incinerating
VCCs.

- 16 -

instances, it may be more advantageous to reach
certain areas using a smaller, supplemental device,
or a different technique, such as vacuum blasting,
than to construct the device 32 so as to be able to
cantilever its platform'to an extremely extended
disposition.)

In very general terms, each enclosed
staging device 32 includes a vertical tower 34 which
is shiftably supported in an alley 22 on the deck of
the dry dock, a trolley 36 which can be raised and
lowered in the tower and stationed at a selected
height, a set of cantilevered truss arms 38 mounted
to the trolley so that their forward ends, on which
a work platform 40 is mounted, can extend towards
and retract away from the ship hull, a shroud
assembly 42 which substantially completely encloses
a volume of space 44 that is confronted by a
vertical segment or increment of the ship hull from
weather deck to keel (and which typically is twenty
feet horizontally long, longitudinally of the ship),
an air movement control system 46 for controlled
ventiiation of the enclosed space; and a power
system 48, for operating the trolley, extending and
retracting the work platform, and adjusting the
forward margin of the shroud to keep it close to the
hull along the leading and trailing vertical edges
of the particular hull segmént being worked on.

Of course, despite the fact that the
device 32 has been developed to facilitate the
conducting of surface preparation abrading and spray
painting operations, additional, or other operations
could be conducted within the space 44, using the
device 32 as a protective enclosure.

By preference, the tower 34, is a portable
framework of struts, ties, braces, connectors and
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The bottom four corners of the tower 34

- 17 -

other elements which can be removably secured
together so as to provide a unit of the required
height to permit access to the whole of the height
of a given ship's side, from the height of the
weather deck, down to the keel. Of course, in the
instance of a yard which anticipates only working on
one size of hull for the whole of the working life
of a device 32, the tower could be permanently
secured together, e.g., by flame-cutting of plates,
extrusion of long members, welding of joints, etc.
In general, the tower 34 may be made of steel or
aluminum, and in substantially the same way and of
the same elements and materials, as are
conventionally used in the manufacture of elevators
used at building construction and retrofitting sites
for conveying workers and/or materials to various
floors of the building.

A cage, car or elevating trolley 36 is
mounted to the tower 34 (e.g., by opposed sets of
flanged wheels 50 which roll on vertical tracks 52
provided by respective elements of the tower 34).

The trolley is suspended in the tower 34
for elevation, by cables 54 which connect to the
trolley at 56 and pass over sheaves 58, to the drum
of a hydraulic winch 60. The connection mechanism
56 each are provided in the form of a spring-loaded
ratchet lever 62 which seats in a respective notch
64 in a vertical rail 66 of the tower 34, unless and
only for so long as there is lifting tension drawn
on the lifting cables 54. Where safety requlations
provide otherwise, the trolley may be suspended in
the tower using counterweighted cables, other
braking or locking systems, redundant cabling,
and/or similar conventional means for preventing the
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are preferably provided with height adjustable |eveling jacks 134, with

foot pads 136 which rest-oh the pontoon deck 12 of the dry dock 14, and t he
top of the tower 34 is provided with a sling 138, e.g., nmade of wire rope,

whi ch can be hooked by the crane 20 for

| ongi tudinal |y

typical full extent of the path of exten¥Bon-retraction of the wor k

fore or aft to a succeeding increnent of hul

platformrelative
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trolley from suddenly or unexpectedly dropping due
to mechanical or power failures.

It should now be noticed that, whereas
various ties and braces preferably are provided
around the rear and sides of the tower, the tower
front, which, in use, faces the ship side, is
substantially open and unobstructed at 68, from the
level of the ship's weather deck, down to the keel
(i.e., over the full height of the increment of the
ship that will need to be worked on using the device
32.

'Both of the rear internal corners of the
trolley 36 are provided with respective vertical
axles 70 on which are journalled for rotation the
rear ends of respective cantilevered truss arms 38.
By preference, each arm 38 comprises a rear section
72, hinged at its forward end to a forward section
74 by a vertical axle 76, and each forward section
74, at its forward end is provided with a vertical
axle 78. A work platform 40 is mounted to the
forward ends of the arms 38, by the axles 78.
Accordingly, the arms 38 are articulated by the
joints 70, 76 and 78 between the trolley and the
work platform, so that they can extend and retract
the work platform horizontally (transversally,
laterally) relative to the vertical axis of the
tower, for moving the work platform towards and away
from the longitudinal centerline of the hull. 1In
use, the work platform, as a result, can be
retracted as the elevator is raised or lowered, in
order to avoid bumping into the hull, and may be
extended further as the trolley is lowered, so that
the workers riding on the work platform can maintain
their close proximity with the exterior of the hull,
despite the fact that the width of the hull

Dats:

lifting the device 32 and noving it

The

This is the replacement sheet

18 JAN 1997



tothe trolley is.3 m(ten feet). The tower 34 preferably is
‘fabricated in nodul es of framework, such that for each job, the tower can
be shortened or hei ghtened, as necessary, typically in 3 m(ten feet)

segnent s.

In a typical use of the device 32, it is set up

relative to a ship hull increment as shown in Figures 1-3. Then, two
abr asi ve-bl asting workers enter the encldsed space 44 with their abrasive
bl asti ng hoses and nozzl es 140, which are connected

decreases with height throughout at least a part of
the height of the ship. Each section of each arm 38
may be constructed of steel or aluminum much in the
manner of a strong, swinging gate for a cow pasture.

By preference, four double~acting
hydraulic cylinders are provided for coordinately
operating the arms 38. These include two
extensible-retractable piston-cylinder arrangements
80 respectively connected between central locations
on the rear interior of the trolley 36, and
intermediate locations along the rear sections 72 of
the arms 38 on medial sides of the sections 72, by
respective vertical axis pivot joints 82, and two
extensible-retractable piston-cylinder arrangements
84 respectively connected between intermediate
locations along the rear sections 72 of the arms 38
on lateral sides of the sections 72, and
intermediate locations along the forward sections 74
of the arms 38 on lateral sides of the sections 74
by respective vertical axis pivot joints 86 (so that
the "knees" at 72-76-74 bend towards one another as
the work platform is retracted).

Of course, the arms could be operated
manually, or, more elaborate means could be provided
for coordinating extension and retraction of the
cylinders.

The work platform is retracted by
coordinately retracting the piston-cylinder
arrangements 80 and 84, and extended by coordinately
extending the piston and cylinder arrangements 80
and 84.

. The work platform may be configured as
necessary (e.g., as to whether it has seats,
handholds, rails). At its most basic, it includes a

support 88 capable of supporting at least one, and
dk .
3 L -
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to externally sited conventional abrasive-blasting supply machi nes 142.
The abrasive blasters raise the trolley 36, and thus, the platform40 to
its uppernost position using the work platformcontrols 144 and begin the
abrasive bl asting process. They work downward, blasting a 6.1m
(twenty-feet) wide vertical swath for the full ship height, |owering and
extendi ng the work platformusing the w®&& platformcontrols 144, as
necessary, to facilitate

preferably two side-by-side human workers. A

typical work platform is on the order of sixteen

feet (4.9 m) wide (lengthwise of the ship), and two

feet (.6 m) deep (widthwise of the ship). Similar

support for a robotic device instead of or in

addition to one or more human workers is within the

contemplation of the invention.

The shroud assembly 42 may be comprised of

~ several components, all of which cooperate to define
(together with a respective increment 88 of the
exterior of a side 18 of the hull, typically from
weather deck to keel and about twenty feet (6.1 m)
long, longitudinally of the hull), an enclosed space
44 within which work on the increment of the
exterior of the hull can be conducted.

Thus, one necessary component of the
shroud assembly 42 is one for confining the rear
side of the space. This component may conveniently
be provided by securing panels of clear corrugated
fiberglass-reinforced plastic siding 90 to the
outsides of the rear, fore side, aft side and top of
the tower. 1In use, the fiberglass-reinforced
plastic panels 90 may have shorter lives than the
tower, and be subject to localized replacement as
they wear through or otherwise become too worn.

The other major components of the shroud
assembly 42 are side curtain assemblies 92. Each
side curtain assembly 92 includes a respective
curtain 94, which may be made of canvas, and
spreaders 96 provided as vertical axis forward,
extensions of the tower at the tcﬁ and base of the
tower; these usually respectively project obliquely
towards fore and aft (as best seen in Figure 3), so
that the space 44 broadens from the tower towards
the hull. An alternative such as Herculite®

i is i facement sheet
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access to the hull of the ship. This process takes approximately one shift.
"One paint-spray worker then enters the work platformand (using
conventi onal paint-spraying

- 21 -

flexible sheeting material may be used in place of
standard marine quality canvas. Each curtain 94 may
be made of one piece, or of several pieces laced,
shock corded grommeted, Velcro fastened or otherwise
secured to one another. Similar securement means
(lacing, shock cords, Velcro tabs, etc.) are used at
98 to removably secure the rear edge 108 of each
curtain to the respective spreaders 96, and to the
front legs 100 of the tower 34, from tower base to
tower top, and across in front of the tower top to
provide a continuation at 102 of the top wall 104 of
the tower 34. 1In fact, in Figure 3, the two side
curtains are shown somewhat overlapped at the middle
of the top 102, with the ends 110 shock corded at
106 to the respective upper spreaders 96.

The front margins 112 of the curtains 94
are preferably provided with a series of
electromagnets or permanent magnets 114 sewn or
otherwise secured to them (much as is conventicnally
done to the lower hem of a conventional bath tub
shower curtain liner) for permitting the front edges
of the curtains 94 to be adjustably held close
against the vessel hull at the longitudinal extremes
of the hull segment being enclosed by the device 32.
The strength and placement of the magnets will need
to depend on the weight of the curtain, and the
winds locally expected to be encountered which the
ship is being worked on. The virtue of
electromagnets is that they can be turned off to
disconnect them when the device 32 is to be moved.

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

A typical electrohydraulic system for
operating the hoist, extension and retraction of the
work platform, and the curtain-spreading skeletal
structure 116 is illustrated at 130 in Figure 8.

The final major component of the device 32

. to be described is the air movement contrecl system
46. At its simplest, this system is shown including
a set of dome-lidded air inlet vents 120 provided in
the top 104 of the tower (through the shroud
assembly 42, into the enclosed space 44), and
through a lower lip area 122 (where the two shroud
curtains 94 6verlap and are overlapped and secured
together, e.g., by shock cords, to close the space
44 between the bottom 124 of the ship hull at the
base of the side 18) out of the enclosed space 44 by
a flexible hose 126 leading into the suction side of
a forced air dust collector 128 (which may be
visualized as being an industrial-strength vacuum
cleaner, of conventional construction. Actually, it
may include a bag house, cyclone separator,
grit/paint separation facility (for grit
reclamation, if feasible), a scrubber and/or a
burner for incinerating VOCs.
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t he space 44) paints the area just blasted by the abrasive-blasting workers
operating the work platf-ormin a |like manner. This process takes

approxi mately four hours. Laborers then shovel /sweep up the spent
abrasive on the dry-doek floor within the enclosure. This spent abrasive is
pl aced into suitable containers for disposal and/or recycling as desired.
Meanwhi | e, rigging workers attach the-cr28ne 20 to the tower sling 138 and
nove the encl osed staging

The bottom four corners of the tower 34
are preferably provided with height adjustable
leveling jacks 134, with foot pads 136 which rest on
the pontoon deck 12 of the dry dock 14, and the top
of the tower 34 is provided with a sling 138, e.g.,
made of wire rope, which can be hooked by the crane
20 for lifting the device 32 and moving it
longitudinally fore or aft to a succeeding increment
of hull.

' The typical full extent of the path of
extension-retraction of the work platform relative
to the trolley is ten feet (3 m).

The tower 34 preferably is fabricated in
modules of framework, such that for each job, the
tower can be shortened or heightened, as necessary,
typically in ten foot (3.0 m) segments.

In a typical use of the device 32, it is
set up relative to a ship hull increment as shown in
Figures 1-3. Then, two abrasive-blasting workers
enter the enclosed space 44 with their abrasive
blasting hoses and nozzles 140, which are connected
to externally sited conventional abrasive-blasting
supply machines 142.

The abrasive blasters raise the trolley
36, and thus, the platform 40 to its uppermost
position using the work platform controls 144 and
begin the abrasive blasting process. They work
downward, blasting a twenty-foot (6.1 m) wide
vertical swath for the full ship height, lowering
and extending the work platform using the work
platform controls 144, as necessary, to facilitate
access to the hull of the ship. This process takes
approximately one shift.

One paint-spray worker then enters the
work platform and (using conventional paint-spraying
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device 32 to the next desired location along the ship's hull so the above
process can be started again the next day on a respectively successive

i ncrement. This detailed description concludes with a

summari zati on of sone inportant perfornmance advantages that the apparatus
and net hod of the present invention provide, particularly relative to the
present conventional use of workers usi 24 wheel ed, hydraulically operable
manlifts:

apparatus having a hose and nozzle 146 within the
space 44 but a supply machine 148 located outside
the space 44) paints the area just blasted by the
abrasive-blasting workers operating the work
platform in a like manner. This process takes
approximately four hours.

Laborers then shovel/sweep up the spent
abrasive on the dry-dock floor within the enclosure.
This spent abrasive is placed into suitable
containers for disposal and/or recycling as desired.
Meanwhile, rigging workers attach the crane 20 to
the tower sling 138 and move the enclosed staging
device 32 to the next desired location along the
ship's hull so the above process'can be started
again the next day on a respectively successive
increment.

This detailed description concludes with a
summarization of some important performance
advantages that the apparatus and method of the
present invention provide, particularly relative to
the present conventional use of workers using
wheeled, hydraulically operable manlifts:

Unlike manlifts which cannot readily be
enclosed without becoming practically ineffective,
this staging device will completely enclose a volume
sufficient for two blasters to work at maximum
efficiency for a full work shift.

The staging device is small enough to
fully enclose the space between itself and the ship
using nonporous materials without risking wind
damage.

- A sufficient number of these enclosed
staging devices can be acquired and progressively
relocated around the ship to permit the coating-
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Unli ke manlifts which cannot readily be encl osed w thout becom ng
practically ineffective, this staging device will conpletely -enclose a

vol une sufficient for two blasters to work at maxi numefficiency for a ful
wor k shift. The staging device is snmall enough to fully encl ose
t he space between itself and the ship using nonporous materials wthout

ri sking w nd danage. A sufficte2d funber of these enclosed

process to be accomplished in time spans as short or
shorter than currently conventionally necessary.

Moved by dry-dock cranes in twenty-foot
increments along the length of the ship, the
enclosed staging device provides full worker access
to all areas of the outer hull of any ship
regardless of length, depth or hull contour. The
device is designed to raise and lower its platform
with an electrical hydraulic winch and, at the same
time, extend its platform hydraulically any distance
between zero feet and ten feet to respond to shape
changes at different vertical heights. To respond
to compound shape changes in the hull in a
longitudinal direction, the device preferably has
the capability to hydraulically extend each end of
its platform a different length.

(In the rare instance where the hull
distance from the ship's fore and aft centerline at
a given fore and aft location reduces by more than
ten feet between the weather deck and keel,
preventing workers on the device from reaching all
the hull at lower heights, a second, shorter (but
similar) staging device could be used and placed
inboard of the first enclosed staging device. Such
extreme contours involve areas of the hull in
immediate proximity to the bow and stern. These
areas comprise a very small percentage of hull
surface areas and therefore, are also candidates for
blasting by other less efficient means such as
vacuum blasting.)

The enclosed staging device is expected to
experience significantly fewer maintenance problens
than the manlifts most widely used currently for
abrasive blasting and painting. Therefore,
maintenance costs, equipment downtime, worker
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st agi ng devi ces can be ach|red and progressively relocated around the shlp
to permt the coating

- 26 -

disruption and lost time are expected to be reduced.
Some reasons for this expectation are as follows:

Both the enclosed staging device and
manlifts use hydraulic cylinders exposed to abrasive
dust and paint overspray. Maintenance in this area
is predicted to be comparable.

However, manlifts use internal combustion
engines with air intakes and other mechanical
components fully exposed to damage from abrasive
dust and paint overspray. The enclosed staging
device uses inherently lower-maintenance electric
motors, which are, in addition, completely outside
the enclosed area, and therefore, not exposed to
abrasive dust and paint overspray.

In addition to hydraulic cylinders,
manlifts have significant mechanical components
utilized to elevate and rotate the hydraulic arm as
well as move the manlift carriage along the dry-
dock floor. These mechanical components are fully
exposed to abrasive dust and paint overspray. The
enclosed staging_device has no critical mechanical
components within the enclosure exposed to abrasive
dust and paint overspray.

Manlifts have carriages which ride on four
wheels with pneumatic tires, which experience
frequent flat tires in the dry-dock environment,
with accompanying repair expense, worker lost time
and disruption. Moving the enclosed staging devices
by dry-dock crane will avoid such problems.

The internal combustion engines of
manlifts must be fueled daily, with associated labor
costs, downtime, fire/explosive hazards and fuel
spillage which ultimately contaminates the usually
adjacent body of water. The preferably electric
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- 25 - process to be acconplished in tine spans as short or shorter than
currently conventional | y necessary. Moved by dry-dock cranes in
"6.1m (twenty feet) increnents along the Iength of the ship, the enclosed
stagi ng device provides full worker access

- 27 -

motors of the enclosed staging devices have none of
these problems.

Manlift maneuvering is a major cause of
wear and tear of the dry-dock floor .coating, because
the pneumatic tires are often rotated in place
(i.e., spun) atop spent abrasive on the dry-dock
floor. Movement of the enclosed staging devices by
dry-dock crane will eliminate this cause of wear and
tear.

Most important, however, is the fact that
the enclosed staging device effectively confines the
abrasive dust and overspray to a small volume and
space immediately adjacent to the hull of the ship
where it can be collected (and recycled or
incinerated as appropriate) more efficiently and
before they impact the atmosphere, the proximate
body of water, ship's mechanical equipment, dry-
dock cranes, ancillary blasting and coating
mechanical equipment and concurrent ship repair work
as well as cars, boats and houses owned by the
public. Abrasive blasting and painting using
manlifts offers no effective solution to these
problens.

The relatively small volume enclosed by
the enclosed staging device and ships hull offers
opportunities for environmental control not feasible
by any of the enclosure approaches available for
manlifts. This includes dust collection, humidity
control, temperature control and protection from
rain and snow. ~These factors are all vital to
coating quality and life. In addition, it should be
possible to conduct abrasive blasting and painting
under weather conditions (rain, snow, cold) which
would halt abrasive blasting and painting from
conventional staging and manlifts. ’

Sheet Has Been Replaced

BT D

Date:



to all areas of the outer hull of any ship regardless of |ength, depth or
hul | contour. The device-i s designed to raise and lower its platformwth
an electrical hydraulic winch and, at the sane tinme, extend its platform
hydraulically any distance between zero neter and 3.0m (ten feet) to
respond to shape changes at different vertical heights. To respond to
conpound shape changes in the hull in a 28ngitudinal direction, the device
preferably has the capability to hydraulically extend each end of

It should now be apparent that the
apparatus and method for performing external surface
ships' hulls as described hereinabove, possesses
each of the attributes set forth in the
specification under the heading "Summary of the
Invention" hereinbefore. Because it can be modified
to some extent without departing from the principles
thereof as they have been outlined and explained in
this specification, the present invention should be
understood as encompassing all such modifications as
are within the spirit and scope of the following
claims.
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its platforma different |ength. (In the rare -+nstance where the
hull distance fromthe shi'p's fore and aft centerline at a,ﬂhéen fore and ™

aft location reduces by nore than 3.0 m(ten feet) betwe mw1 k
T

and keel, preventing workers on the device fromreaching
| ower hei ghts, a second, shorter (but simlar) staging device cbul ¥ be used
and pl aced inboard of the first encl osed®%tagi ng device. Such extrene
contours involve areas of the hull in

CLAIMS

1. A method for servicing a generally vertical surface
(18) of substantial horizontal extent, comprising:

(a) selecting an increment (88) of the surface (18)
having a given horizontal extent which is less than
'said substantial extent, and a given vertical extent
(28 to 124) which ranges downwards to adjacency with a
generally horizontal platform (12); and

(b) arranging a generally vertical tower (34) on the
platform in confronting relationship to, but spaced
from said increment (88) of the surface (18), said
tower (34) having supported thereon a trolley (36)
which can be raised and lowered on the tower (34) so
as to place the trolley (36) selectively in
confronting relation with any selected horizontal
strip of said increment (88), and said trolley (36)
having provided thereon a work platform (40)
cantilevered from the trolley (36) towards the surface
(18), on an arm structure (38) which permits the work
platform (40) to be extended towards and retracted
away from the surface (18):

(c) forming a curtain-enclosed space (44) which
includes said tower (34) and said increment (88) of
said surface (18), with said work platform (40)
thereby being enclosed with said space; and

(d) while supporting at least one work-performing
operator on said work platform (40), causing said
operator to successively apply work to a plurality of
said strips of said increment (88) of said surface
(18), and, in conjunction therewith, adjusting said
arm structure (38) for adjusting the proximity of said
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imediate proximty to the bow and stern. These areas conpri |
percentage of hull surface areas and therefore, are als ”&“ %ﬁﬁ‘mmﬂr
bl asting by other |ess efficient nmeans such as vacuunlm

The encl osed staging device is expected to experience S|gn|f|cantly femer
mai nt enance problens than the manlifts nost wi dely used currently for

abrasi ve blasting and painting. Theref-or3, -maintenance costs, equipment
downti ne, worker

operator to said increment (88) of said surface; and
continuously drawing air into said space (44), and out
of said space (44) into an air-cleaning device (128)
whi;e conducting step (d), in order to clean air to be
exhausted from the space (44).

2. A method according to claim 1, wherein said surface
(18) is on a hull of a ship and said operator is an
abrasive blaster that successively abrasively blasts
material form said hull.

3. A method according to claim 2, wherein said abrasive
blaster begins near the level (28) of the weather deck of
the ship and progressively works down to near the level
(30) of the keel of the ship.

4. A method according to claim 2 or 3, wherein the hull
(18) slants or curves inwards, away from the tower (34), in
at least a portion thereof near the keel (30) of the ship,
so that the operator must progressively extend thée arm
structure (38) wherl progressing from band to band on each
of several bands near the lower extent of the increment
(88).

5. A method according to any preceding claim, further
comprising, after said steps have been conducted, moving
said tower (34) along said horizontal platform (12) to a
new location and repeating said steps on a different-
selected increment (88).

6. A method for servicing a generally vertical surface
(18) of substantial horizontal extent on a hull of a ship,
comprising: '

(a) selecting an increment (88) of the surface (18)

~ having a given horizontal extent which is less than
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said substantial extent, and a given vertical extent
(28 to 124) which ranges downwards to adjacency with a
. generally horizontal platform (12);

(b) arranging a generally vertical tower (34) on the
platform in confronting relationship to, but spaced
from said increment (88) of the surface (18), said
tower (34) having supported thereon a trolley (36)
which can be raised and lowered on the tower (34) so
.as to place the trolley (36) selectively in
confronting relation with any selected horizontal
strip of said increment (88), and said trolley (36)
having provided thereon a work platform (40)
cantilevered from the trolley (36) towards the surface
(18), on an arm structure (38) which permits the work
platform (40) to be extended towards and retracted
away from the surface (18);

(c) forming a curtain-enclosed space (44) which
includes said tower (34) and said increment (88) of
said surface (18), with said work platform (40)
thereby being enclosed with said space;

(d) while supporting at least one work-performing
operator on said work platform (40), causing said
operator to successively abrasively blast material
from said hull at a plurality of said strips of said
increment (88) of said surface (18), and, in
conjunction therewith, adjusting said arm structure
(38) for adjusting the proximity of sald operator to
said increment (88) of said surface;

(e) while supporting at least one work-performing
operator on said work platform (40), causing said
operator to successively apply paint to a plurality of
said strips of said increment (88) of said surface
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reasons for this expectatiton are as foll ows: Both the enciosed
stagi ng device and manlifts use hydraulic cylinders expo
dust and paint overspray. Maintenance in this area SI I“ﬂ"lﬂ Imﬂlllmlll
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(18), and, in conjunction therewith, adjusting said
arm structure (38) for adjusting the proximity of said
operator to said increment (88) of said surface; and
continuously drawing air into said space (44), and out
of said space (44) into an air-cleaning device (128)
while conducting steps (d) and (e), in order to
capture airborne abraded-off debris, paint overspray
and VOCs for removal from air to be exhausted from the
space (44).

7. A method according to claim 6, further comprising:

(£) after said steps have been conducted, moving said
tower (34) along said horizontal platform (12) to a
new location and repeating said steps on a different-
selected increment (88).

8. A method according to claim 7, wherein step (f) is
conducted a sufficient numbér of times as to cause said
hull (18) to become substantially completely externally
abrasive-cleaned and painted.

9. A method according to claim 7 or 8 further comprising,
between steps.(e) and (f), cleaning particulate debris from
said horizontal platform (12) within said space (44).

10. A method according to any preceding claim wherein at
least one said operator is a human, and, while performing
step (d), said human raises and lowers said trolley (36) on
said tower (34) and at least one of extends and retracts
said arm structure (38) for extending and retracting said
work platform (40).

11. A method according to claim 10, wherein said work
platform (40) has two laterally opposite ends, and said
human, while extending or retracting said arm structure,
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I's predicted to be conparabl e. However, manlifts use |nterna

" combustion engines with air intakes and ot her nechani cal Hmmmllflluﬂ”m"
- exposed to danage from abrasive dust and pai nt overspray.

staging device uses inherently |ower-maintenance electric mbt of s, whi ch
are, in addition, conpletely outside the encl osed area, and therefore, not

exposed to abrasive dust and pai nt over3pray. In addition to
hydraul i ¢ cyli nders,

cocks said platform (40) so that one end of said work
platform (40) is further than is the other end of said
platform (40), from said tower (34).

12. A method according to any preceding claim wherein said
surface (18) is provided on a ferromagnetic substrate and
at least portions of said curtain (94) are flexible and, as
part of step (b), forward edges (112) of flexible portions
of said curtain (94) are adhered by magnets (114) provided
thereon, to said substrate.

13. A method according to any of claims 5 to 12 wherein
said operator begins near the level 28 of the weather deck
of the ship and progressively works down to near the level
30 of the keel of the ship.

14. A method according to any of claims 5 to 13, wherein
the hull (18) slants or curves inwards, away from the tower
(34), in at least a portion thereof near the keel of the
ship (10), so that the operator must progressively extend
the arm structure (38) when progressing from band to band
on each of several bands near the lower extent of the
increment (88).

15. A method according to any preceding claim, wherein the
tower (34) has a plurality of feet (136) provided with
levelling jacks (134), and as part of at least one
conducting of step (b), the levelling feet (136) are
adjusted for bringing the tower (34) to a more vertical
orientation on said horizontal platform (12).

16. A method according to claim 15, wherein said
horizontal platform is a pontoon deck (12) of a dry dock
(14) and step (f) is conducted using a crane (20) of said
dry dock (14) for lifting, moving and setting down said
tower (34) at said new location.
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manlifts have significant nechanica
“rotate the hydraulic .armras well as nove the manlift carri

dry- dock floor. These nechani cal conponents are fully exp‘mmm{l 'm”mrl”“‘
_dust and paint overspray. The encl osed gjaging device has no eritical
conponents wthin the encl osure exposed to abrasive dust and

mechani ca

pai nt overspray. Manlifts have carriages which ride on four
wheel s with pneurmatic tires, which experience

17. A device for use in applying work to a generally
vertical surface (18) of substantial horizontal extent,
having a generally horizontal platform (12) arranged
therebeside, comprising a generally vertical tower (34)
arranged to be supported on said platform (12) in
confrohting relationship to, but spaced from a selected
increment (88) of said surface (18) which has a given
horizontal extent which is less than said substantial
extent, and a given vertical extent which ranges downwards
(from 28 to 30) to adjacency with said platform; said tower
(34) having supported thereon a trolley (36) which can be
raised and lowered on the tower (34) so as to place the
trolley (36) selectively in confronting relation with any
selected horizontal strip of said increment (88); said
trolley (36) having provided thereon a work platform (40)
cantilevered from said trolley (36) towards the surface
(18), on an arm structure (38) which permits the work

.platform (40) to be extended towards and retracted away

from the surface (18); a curtain assembly (94, 102, 110,
122) supported on said.tower (34) for forming an enclosed
space (44) which includes said tower (34) and said
increment (88) of said surface, with said work platform
(40) thereby being enclosed within said space (44); and
first power means (144, 126, 60, 54, 56) operatively
connected with said trolley (36) and second power means
(144, 84, 80) operatively connected with said arm structure
(38), respectively, for raising and lowering said trolley-
(36) and extending and retracting said work platform (40).

18. A device according to claim 17, further comprising
means (46) for continuously drawing air at (120) into said
space, and at (126) out of said space into an air-cleaning
device (128).
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frequent flat tires in the dry-dock environnent, w th acconpanyi-ng--repair

expense, worker |ost timeand disruption. Mywving the encl agi ng
devi ces by dry-dock crane will avoid such problens. ﬁ!] ii :ﬂ",um’r
conbustion engines of -manlifts nust be fueled daily, with

costs, downtine, fire/explosive hazards and fuel spillage which ultiratély
contami nates the usually adjacent body ¥ water. The preferably electric

19. A device according to claim 17 or 18, further
comprising control means (144) located on said work
platform for actuating said first and second power means.

20. A device according to claim 17, 18 or 19, wherein said
first and second power means respectively comprise a
hydraulically operated winch (60) and a set of
hydraulically operated extensible-retractable piston and
cylinder assemblies (80, 84).

21. A device according to claim 20, wherein said winch
(60) and said assemblies (80, 84) have hydraulic systems
powered by pump means that in turn are powered by electric
motor means which are located outside said space.

22. A device according to claim 19, wherein said platform
has two laterally opposite ends; and said control means
(144) are constructed to be operable of cocking said work
platform (40), so that either end of said work platform
(40) can be positioned further from said tower (34) than
the respective other of said ends thereof.

23. A device according to any of claims 17 to 22, wherein
at least portions of said curtain assembly (94, 122, 110)
are constituted by flexible side curtains (94) having
forward edges (112); and said forward edges (112) are
provided with magnet means (114) for adjustably securing
said curtains (94) on said surface (18).

24. A device according to claim 23, wherein said curtain
assembly further ihcludes extensible-retractable stiffener
means (96, 116) secured as a skeleton on said curtains (94)
and to said tower (34); and said device further includes
third power means (118) operatively connected with-said
stiffener means (96, 116) for extending said forward edges
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(112) of said curtains (94) towards said surface (18) and
retracting said forward edges (112) of said curtains (94)
away from surface (18).

25. A device according to any of claims 17 to 24, further
comprising said tower (34) having a plurality of adjustable
jacking means (134) which serve as respective feet (136)
for said tower, wherseby said tower (34) can be adjusted on
said platform (12) for greater verticality; and said tower
(34) is provided with connector means (138) arranged to be
engaged by a crane (20) for lifting said device (32),
moving said device (32) into confronting relation with a
different increment (88) of said surface (18), and at such
a place, setting said device (32) down onto said platform
(12).

26. A device according to any of claims 17 to 25 further
including an abrasive blasting machine (142) located
outside said space (44), and having an output hose
extending into said space '(44) to serve a nozzle (140)
supported on said work platform (40).

27. A device according to any of claims 17 to 26, further
including a paint spraying machine (148) located outside
said space (44), and having an output hose extending into
said space (44) to serve a nozzle (146) supported on said
work platform (40).
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notors of the encl osed staging devices have none of these probl ens.

Manlift maneuvering is a major cause of wear and tear of the dry-dock fl oor
coating, because the pneunatic tires are often rotated in place (i.e.,
spun) atop spent abrasive on the dry-dock, floor. Mvenent of the enclosed
st agi ng devi ces by -

ABSTRACT
APPARATUS AND METHOD FOR PERFORMING
EXTERNAL SURFACE WORK

For cleaning and/or painting the exterior
18 of a ship hull while the ship 10 is in dry dock
14, one or more staging devices 32 are provided.
Each includes a metal framework tower 34 supporting
a vertically movable elevator assembly that
comprises a trolley 36, from which a variably
laterally projecting platform 40 is'supported on
articulated, cantilevered arms 38. Adjustable, non-
porous shrouds 94, 102, 110, 122 enclose a volume of -
space 44 between the outside of the. tower 34 and an
increment 88 of.one side of the exterior of the ship
hull, from above, fore, aft and outside. Cleaning
and painting operations are conducted from the
platform 40 on the hull increment 88, and debris is
removed from the dry-dock deck 12 area enclosed by
the shroud, after which the device is moved by crane
20, typically twenty feet (6.1 m), towards the .
ship's bow 24 or stern 26. The shrouds 94, 102,
110, 122 are then adjusted so that a further hull "
increment 88 can be worked on. The trolley 36 and
extension-retraction of the platform support arms
are operated by electrohydraulic winch 60 and
hydraulic cylinders 80, 84, respectively. The
margins 112 of the shroud 94 may be fastened by
magnets 114 to the hull 18. Air drawn through the
enclosed volume from above at 120, is drawn out near
the dry-dock deck 12 at 46 for processiﬂg to remove
dust and appropriately treat VOCs, if present.

FIGURE 1 & 2.
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dry-dock crane will elimnate this cause of wear and tear. Most

I nportant, however, is the fact that the encl osed stagi ng device
effectively confines the abrasive dust and overspray to a small vol unme and
space imedi ately adjacent to the hull of the ship where it can be
collected (and recycled or incinerated_ag appropriate) nore efficiently and
before they inpact the atnosphere, the proxi mate body of water, ship's
mechani cal equi prent, dry-
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e

dock cranes, ancillary blasting and coating mechani cal equi pnent and
concurrent ship repair work as well as cars, boats and houses owned by the
“public. Abrasive blasting and painting using manlifts offers no effective
solution to these probl ens. _ The relatively small vol ume encl osed
by the encl osed staging device and ships hull offers opportunities for

envi ronnental control not feasible by ang of the encl osure approaches
avai l abl e for

FIG. 2
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manlifts.
contr ol

coating quality and life.
abrasive blasting and pai nting under weather conditions (rain,

whi ch woul d halt abrasive blasting and p

and manlifts.
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e

CLAIM5S 1. A nethod for servicing a generally vertical surface (18) of
substantial horizontal extent, conprising: (a) selecting an
< ncrenment (88) of the surface (18) having a given horizontal extent

which is | ess than
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sai d substantial extent, and a given vertical extent (28 to 124) which

-ranges downwards to adjacency with a generally horizontal platform
>(12); and (b) arranging a generally vertical tower (34) on the
platformin confronting relationship to, but spaced fromsaid
I ncrement (88) of the surface (18), said tower (34) having supported
thereon a trolley (36) whi ch can besraised and | owered on the tower
(34) so

FIG. 6
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as to place the trolley (36) selectively in confronting relation with
-any sel ected horizontal . - strip of said increnent (88), and said trolley
(36) havi ng provided thereon a work platform (40) cantil evered
fromthe trolley (36) towards the surface (18), on an arm structure
(38) which permts the work pl atform (40) to be extended towards and
retracted away fromthe surface (48j;-

66
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(c) formng a curtain-encl osed space (44) which I ncl udes said tower

-.(34) and said increnent -(88) of said surface (18), with said work

“platform (40) t her eby being enclosed with said space; and (d)
-whi | e supporting at |east one work-performng operator on said work
pl atform (40), causing said operator to successively apply work to a
plurality of said strips of said-+rfrenent (88) of said surface

FIG. 8
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(18), and, in conjunctlon t herew t h, adjustwﬁ ,atfuetuﬂeﬂ(BE)

for adjustlng the proximty of sai d

[ Ardenen i R
APPARATUS AND METHOD FOR PERFORMING
EXTERNAL SURFACE WORK

Ship's 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 exteriors of ships requires
using abrasive blasters for surface preparation and
painters for application of paint. Both blasters
and painters must be brought into close proximity to
the portion of the hull they are working. Neither
blasters ner palnters can perform their work on much
more than- 6. 96m (75 square feet) of hull surfaﬂe without
moving or belnq moved to another location.

In earlier times, worker movement from
place to place around a ship's hull was accommedated
by building staging around the ship.

More recently, this 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

 'beinq 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 shothlast head
which has the capability of catching, processing and
reusing the abrasive. However, this approcach has
had little acceptance because of the cost to

~ purchase and operate the apparatus, plus operating
ditfxcultxes with the devices actually available.
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- 29 - operator to said increnent (88) of said surface; and

continuously drawing air into said space (44), and out of said space
(44) into an air-cleaning device (128) whi l e conducting step (d), in
order to clean air to be exhausted fromthe space (44).

-2 -

Since ships are very large vessels which
operate on large bodies of water, their construction
and repair by dry-docking 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 a much greater concern to societies
around the world because of the negative effect of
this pollution on the vegetable and animal life
which depend upon these bodies of water. This
concern has grown as more of the public elects to
use these bodies of water for recreation through
swimming and boating as well as living adjacent to
them in hotels, houses, apartments and condominiums.

Abrasive blasting of a ship's hull
necessarily creates a significant quantity of
particulate material, usually dust comprised in part
of smaller particles of the abrasive medium as it
breaks dowh 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 dry dock floor is
not promptly cleaned up, trace amounts of the toxins
leach ocut during rainstorms or from other sources of
water used in ship repair and are deposited into the
body of water from the dry dock's drainage system.
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2. A nethod according to claiml1, wherein said surface (18) is on a hull of
a ship and said operator is an abrasive blaster that successively
abrasively blasts material formsaid hull. 3. A nmet hod according to
claim 2, wherein said abrasive blasteﬁ begi ns near the |evel (28) of the
weat her deck of the ship and progresSsively works down to near the |evel

Toxic petroleum products including fuels, lubricants
and greases associated with manlift operations can
similarly be carried through the dry-dock drainage
system into the adjacent body of water.

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 prevents the
interior ventilation systems from being operated or
repaired when abrasive blasting is underway.

Virtually all the equipment required for
abrasive blasting has mechanical components. This -
includes air compressors, manlifts, forklifts, dust
collectors and dry-dock 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 life.

Coatings on dry-dock 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 proceed with
exterior ship construction and/or repair tasks which
do not involve mechanical ship's components are
disrupted, made less efficient and exposed to
respiratory and eye aggravation when abrasive
blasting is proceeding concurrently. Wworkers and
ship's personnel transiting through the abrasive
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(30) of the keel of the ship. 4. A nmethod according to claim?2 or 3,
wherein the hull (18) slants or curves inwards, away fromthe tower (34),
i.n at least a portion thereof near the keel (30) of the ship, so that the
operat or must progressively extend the armstructure (38) when progressing
fromband to band on each of several Rands near the | ower extent of the

I ncrenment (88).

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 cooper.
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 cafes and cars,
causing expensive damage and infuriating the public.
Even the portion of the coverspray which lands on the
dry-dock floor can find its way back into the
adjacent body of water as it attaches itself to dust
or dirt particles on the floor of the dry dock which
are washed by water through the dry dock's drainage
system. )

Nonwater-based paint solvents common in
marine coatings release volatile organic compounds
(VoCs) ihto 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 requlatory oversight, and likely 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 dry-dock
perimeter include placing a curtain over each end of
the dry dock, performing abrasive blasting downward
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5. A nethod according to any preceding claim further conprising, after
sai d steps have been conducted, noving said tower (34) along said
horizontal platform (12) to a new |l ocation and repeating said steps on a
different- selected increnent-(88). % A nmethod for servicing a
general ly vertical surface - -

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 to outside of the perimeter of the
dry dock. 1In addition, these practices do nothing
to reduce the many other negative affects of the
ship coating process.

Recently, some shipyards have begqun
shrouding ships, from the weather deck down to the
dry-dock structure, with very large strips of
material. This material must be somewhat porous to
keep it from 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 envirconment prevalent in shipyards.
Because of the basic cost of the shrouding material
~itself, its short life in the shipyard environment,
the cost of installing, removing, handling and

. storing it, this approach is very expensive. While
— this approach contains even more airborne abrasive
dust and paint overspray within the dry-dock

perimeter than currently 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.

One other existing 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.
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(18) of substantial horizontal extent on a hull of a ship, conprising:
(a) selecting an increnment (88) of the surface (18) havi ng a gi ven
hori zontal extent which is |less than

This is the replacenent sheet

Dat e: - 6 -

With regard to approaches to resolve 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 dry dock required to lift the ship out
of the water for reccating ($5,000 to $20,000 U.S.
per day) and the ship itself which is out of service
during reccating ($10,000 to $100,000 U.S. per day).
These costs demand that with whataever 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.

It is an cbject of the invention to
provide an apparatus for and a method of performing

. external surface work, including cleaning and/or
painting, which largely overcomes the above-
described shortcomings in the apparafus and methods
that heretofore have been proposed or made
available.

bE-U—B 526 213, discloses a method of servicing a

— generally vertical surface of substantial horizontal
~extent, such as a ship's hull. The method includes
applying abrasive blasting work to an increment of the
surface having a horizontal extent which is less than the
substantial horizontal extent of the surface being worked
on, by use of a tower-like frame positioned in confronting
relationship to, but spaced from, the surface. The
framework has supported thereon a platform which can be
raised and lowered so as to place the platform in
confronting relation with any selected horizontal strip of
the surface being worked on. The platform has a further
platform cantilevered towards the surface on an amm
structure which permits the further platform to be extended '
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towards and retracted away from the surface to be worked

on.

DE-A-2 930 528 discloses scaffolding erected on a
building, with a scaffolding cover consisting of woven
fabric strips. The cover extends over operators standing
on conventional planking on the scaffolding.

FR~A-1 414 659 discloses an arrangement for cleaning a
building facade by abrasive cleaning. The operator stands
on a rigid walkway and is enclosed in an enclosure which is
supported by and moveable by a winch to allow the operator
and the enclosure to be displaced along the wall. Only the
immediate surface confronting the operator is enclosed by
the enclosure. A motorised fan extracts air and abrasive
material from the enclosure around the operator, and passes
the air through a filtration device to separate material
from the air.

According to the present invention in a first aspect
there is provided a method for serwvicing a generally
vertical surface of substantial horizontal extent,
comprising: '

(2) selecting an increment of the surface having a
given horizontal extent which is less than said
substantial extent, and a given vertical extent which
ranges downwards to adjacency with a generally
horizontal platform: and

(b) arranging a generally vertical tower on the
platform in confronting relationship to, but spaced
from said increment of the surface, said tower having
supported thereon a trolley which can be raised and
lowered on the tower so as to place the trolley
selectively in confronting relation with any selected
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- 30 - said substantial extent, and a given vertical extent (28 to 124)
whi ch ranges downwards to adjacency with a generally horizontal platform

(12); (b) arranging a generally vertical tower (34) on the platformin
confronting relationship to, but spaced fromsaid increment (88) of the
surface (18), said - 8

horizontal strip of said increment, and said trolley
having provided thereon a work platform cantilevered
from the trolley towards . the surface, on an arm
structure which permits the work platform to be
extended towards and retracted away from the surface:;

(c) forming a curtain-enclosed space which includes
said tower.and said increment of said surface, with
said work platform thereby being enclosed with said
space; and

(d) while supporting at least one work-performing
operator on said work platform, causing said operator
to successively apply work to a plurality of said
strips of said increment of said surface, and, in
conjunction therewith, adjusting said arm structure
for adjusting the proximity of said operator to said
increment of said surface; and continuously drawing
air into said space, and out of said space into an
air-cleaning device while conducting step (4}, in
order to clean air to be exhausted from the space.

In accordance with a further aspect of the invention,
—  there may be provided a method for servicing a generally
vertical surface of substantial horizontal extent on a hull
of a ship, comprising:

(a) selecting an increment of the surface having a
given horizontal extent which is less than said
substantial extent, and a given vertical extent which. -
ranges downwards to adjacency with a generally
horizontal platform;

(b) arranging a generally vertical tower on the
platform in cohfronting relationship to, but spaced

from said increment of the surface, said tower having
Thmistherewacementsneet
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tower (34) having supported thereon a trolley (36) which can be raised and
| onered on the tower (34) so as to place the trolley (36) selectively in
confronting relation with any sel ected horizontal strip of said increnent

(88),

and said trolley (36) having provided thereon a work platform (40)

cantilevered fromthe trolley (36) towards the surface (18), on an arm
structure (38) which permts the work platform (40) to be extended towards
and retracted away fromthe surface (18);

supported thereon a trolley which can be raised and
lowered on the tower so as to place the trolley
selectively in confronting relation with any selected
horizontal strip of said increment, and said trolley
having provided thereon a work platform cantilevered
from the trolley towards the surface, on an arm
structure which permits the work platform to be
extended towards and retracted away from the surface:

(c) forming a curtain-enclosad space which includes
said tower and said increment of said surface, with

' said work platform thereby being enclosed with said

space;

(d) while supporting at least one work-performing
operator on said work platform, causing said operator
to successively abrasively blast material from said
hull at a plurality of said strips of said increment
of said surface, and, in conjunction therewith,
adjusting said arm structure for adjusting the
proximity of said operator to said increment of said

surface;

(e) while supporting at least one work-performing
operator on said work platform, causing said operator
to successively apply paint to a plurality of said
strips of said increment of said surface, and, in
conjunction therewith, adjusting said arm structure
for adjusting the proximity of said operator to said
increment of said surface; and continuously drawing )
air into said space, and out of said space into an
air-cleaning device while conducting steps (d) and
(e), in order to capture airborne abraded-off debris,
paint overspray and VOCs for removal from air to be
exhausted from the space.
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(c) formng a curtain-enclosed space (44) which includes said tower (34)
and said increnent (88) of said surface (18), with said work platform (40)
t her eby being encl osed with said space; (d) while supporting at |east one
wor k- perf orm ng operator on said mqrﬁop[atforn1(40), causing said

In accordance with a yet further aspect of the
invention, there may be provided a device for use in
applying work tc a generally vertical surface of
substantial horizontal extent, having a generally
horizontal platform arranged therebeside, comprising a
generally vertical tower arranged to be supported on said
platform in confronting relationship to, but spaced from a
selected increment of said surface which has a given
horizontal extent which is less than said substantial
extent, and a given vertical extent which ranges downwards
to adjacency with said platform; said tower having
supported thereon a trolley which can be raised and lowered
on the tower so as to place the trolley selectiwvely in
confronting relation with any selected horizontal strip of
said increment; said trolley ha#ing provided thereon a work
platform cantilevered from said trolley towards the

"surface, on an arm structure which permits the work
platform to be extended towards and retracted away from the
surface; a cu:tain assembly supported on said tower for
forming an enclosed space which includes said tower and
said increment of said surface, with said work platform
thereby being enclosed within said space; and first power
means operatively connected with said trolley and second

— power means operatively connected with said arm structure,

_respectively, for raising and lowering said trolley and

extending and retracting said work platform.

In practicing the invention, at least
in preferred aspects, an enclosed ship staging
device is provided and used, which has sufficient
freedom of motion to permit full worker access
to a ship's hull and also has the capability
of containing abrasive blast dust, spent abrasive,
paint overspray and volatile organic compounds
(VOCs) , thereby significantly reducing the
quantities of these materials which are released to
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operator to successively abrasively blast material fromsaid hull at a
plurality of said strips of said increnent (88) of said surface (18), and,
in conjunction therewith, adjusting said armstructure (38) for adjusting
the proximty of said operator to said increnment (88) of said surface;

(e) while supporting at |east one work-perform ng operator on said work

pl atform (40), causing said - 11 -

contaminate the air, nearby bodies of watar, ship's
mechanical equipment, dry-dock cranes, abrasive
blasting and painting support mechanical equipment,
local housing, automcbiles, nearby yachts and other
floating vessels, and thus significantly reducing

A
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operator to successively apply paint to a plurality of said strips of said
I ncrenment (88) of said surface

the efforts necessary to collect, dispose of,
recycle and incinerate waste abrasive and paint
residue and significantly reducing the disruption of
other concurrent shipboard repair work, all without
increasing the dry-dock utilization times or ship
out-of-service times.

For cleaning and/or painting the exterior
of a ship hull while the ship is in dry dock, cne or
more staging devices are provided. Each includes a
metal framework tower supporting a vertically
movable elevatcr assembly that"ccmprises a trolley,
from which a variably laterally projecting platform
is supported con articulated, cantilevered truss
arms. Adjustable, non-porous shrouds enclose a
volume of space between the cutside of the tower and
an increment of one side of the exterior of the ship
hull, from above, fore, aft and outside. Cleaning
and painting operations are conducted from the
platform on the ‘hull increment, and debris is
removed from the dry-dock deck area enclosed by the
shroud, after which the device is moved by crane,
typicaliy 6.1lm_(twenty feet) .. towards the ship's

—bow or stern. The shrouds are then adjusted so that
a further hull increment can be worked on. The
trolley and extension-retraction of the platform

. support arms are operated by electrohydraulic winch
and hydraulic cylinders, respectively. The margins
of the shroud may be fastened by magnets to the
hull. Air drawn through the enclosed volume from
above, is drawn out near the dry-dock deck for
processing to remove dust and appropriately treat
VOCs, if present.

Embodiments of the invention will now be described by way
of example with reference to the accompanying drawing in which
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- 31 -

structure (38) for adjusting the proximty of said

(18), and, in conjunction therewith, adjusting said

arm

operator to said

i ncrenent (88) of said surface; and continuously drawing air into said
space (44), and out of said space (44) into an air-cleaning device
(128)

whi | e conducting steps (d) and (e), in order to
- 13 -

the specifics illustrated in the drawings are intended to

exemplify, rather than limit, aspects of the invention as

defined in the claims, and in which :-

Figure 1 is a pictorial view, from above,
of a ship in dry dock, showing four ship staging
devices provided in accordance with principles of
the invention, being used for conducting enclosed
cleaning and painting operations on a respective
four increments, on two sides, of the exterior of
the ship hull, the shroud on the device in the
foreground being shown partly broken away soc as to
show the operation in progress. The dry-dock crane
which can be used for moving the devices to address
successive increments of the hull should be noted.

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

Figure 3 is a top plan view of the tower
and shroud structure thereof;

Figure 4 is a downward-looking transverse

' sectional view thereof, taken at a level below the

hoist but above the trolley, showing the
cantilevered truss arms supporting the work platform
at a variably tranSVersélly extended position
relative to the tower;

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

Figure 6 is a side elevation view of the
trolley, with the arms omitted, showing the relation
of the trolley to the frame;
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capture airborne abraded-off debris, paint overspray and VOCs for

renoval fromair to be exhausted fromthe space (44). 7. A net hod
according to claim6, further conprising: (f) after said steps have
been conducted, noving said tower (34) along said horizontal platform
(12) to a - 14 -

Figure 7 is a fragmentary elevational
view, with some parts cut away and sectioned,
showing one of the preferrad safety ratchet
assemblies for each of the two lift points for the
trolley; and

Figure 8 is a schematic diagram of the
hydraulic power system for the device.

A typical ship is shown at 10 in Figures 1
- and 2, supported on the pontoon deck 12 of a dry
dock 14 which has upstanding wingwalls 16 that
spacedly flank the two opposite sides 18 of the
exterior of the hull of the ship. The dry dock 14
typically includes a conventional crane 20, which is
typically used for moving parts and supplies to and
from the ship, and for shifting the locations of
apparatus which are used for performing various
fitting and repair functions in relation to the
ship. The crane 20 therefor is capable of placing
and shifting apparatus at any selected location
(e.g., in the alleys 22 between the wingwall and
hull) on each side of the ship, between the ship bow
24 and ship stern 26.
A conventional ship hull has its maximum
width dimension from the fore and aft centerline of
- the ship, at its weather deck that is usually
located approximately midway along the length of the
ship (midships). At any given location along the
length of a ship, the distance of the hull from the
fore and aft centerline tends to progressively
reduce in the downward direction, between the
weather deck height 28 and the keel height 30.
Forward and aft of midships, the distance of the
hull from the fore and aft centerline at any

-This is the replacement sheet

2 2 JAN 1938

Date:



new | ocation and repeating said steps on a different- sel ected

I ncrenment (88). 8. A nethod according to claim?7, wherein step (f) is
conducted a sufficient nunber of tinmes as to cause said hull (18) to becone
substantially conpletely externally abrasive-cleaned and pai nt ed.

- 15 =~

selected vertical height tends to further reduce
progressively, until the minimum dimension is

reached at keel height at the bow and stern

(normally zero). Along qiien_6.lm (twenty-feet) length
(longitudinal) increments, mosﬁ hulls have compound
curvature in which the width dimension of the hull
from the fore and aft centerline at greater

distances below the weather deck reduces more

quickly at locations further from midships.

The present invention provides one or more
enclosed staging devices 32 which can be used for
performing work on the exterior cf the ship hull
while the ship is in dry dock. Typically, the ship
is a used ship that has come in for maintenance,
repairs, and/or refitting. Thus, there may be other
work needing to be done, relatively simultaneocusly,
to interior, deck and superstructure parts of the
ship, as the apparatus and method of the present
invention afe being used in connection with work
being dene on the outside of the ship hull.
Typically, the work to be done on the outside of the
ship hull principally includes abrading-away of

- debris, corresion, marine encrustations, scale, old
" coatings, and applying new coatings, typically by
spraying. (In this document, such coatings are
generically sometimes referred to as being
"painted", without regard to whether a coatings
specialist might use that term more restrictively.)
Whether one or a plurality of the devices 32 are
used will depend on the size of the ship, how
quickly the work must be done, and the siza of the
workforce. Whether one size or two or more
differently sized devices 32 are used, may depend on
how radically the sides of the hull slope inwardly
at various sites along the hull. (That is, in some
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9. A nmet hod according to claim7 or 8 further conprising, between steps
(e) and (f), cleaning particulate debris fromsaid horizontal platform (12)
wi thin said space (44). 10. A method according to any preceding claim
wherein at | east one said operator is_a human, and, while perform ng step
(d), said human raises and | owers satf frolley (36) on. said tower (34) and
at | east one of extends and retracts said armstructure (38) for extending
and retracting said

instances, it may be more advantageous to reach
certain areas using a smaller, supplemental device,
or a different technique, such as vacuum blasting,
than to construct the device 32 so as tc be able to
cantilever its platform to an extremely extended
disposition.) |

In very general terms, each enclosed
staging device 32 includes a vertical tower 34 which
is shiftably supported in an alley 22 on the deck of
the dry dock, a trolley 36 which can be raised and
lowered in the tower and stationed at a selected
height, a set of cantilevered truss arms 38 mounted
to the trolley so that their forward ends, on which
a work platform 40 is mounted, can extend towards
and retract away from the ship hull, a shroud
assembly 42 which substantially completely encloses
a volume of space 44 that is confronted by a
vertical segment or increment of the ship hull from
weather deck to keel (and which typically is 6.1lm(twenty
feet)horizontally long, longitudinally of the ship),
an air movement control system 46 for controlled
ventilation of the enclosed space; and a power
system 48, for operating the trolley, extending and
retracting the work platform, and adjusting the
forward margin of the shroud to keep it close to the
hull along the leading and trailing vertical edges

- of the particular hull segment being worked on.

Of course, despite the fact that the
device 32 has been developed to facilitate the
conducting of surface preparation abrading and spray
painting operations, additiocnal, or other operations
could be conducted within the space 44, using the
device 32 as a protective enclosure. N

By preference, the tower 34, is a portable
framework of struts, ties, braces, connectors and -

This is the replacement sheet

2 ¢ JAN 193

Date:



wor k pl atform (40). 11. A nethod according to claim 10, wherein said
work platform (40) has two |aterally opposite ends, and said hunman, while
extending or retracting said arm structure,

- 17 -

other elements which can be removably secured
together so as to provide a unit of the required
height to permit access to the whole of the height
of a given ship's side, from the height of the
weather deck, down to the keel. O0f course, in the
instance of a yard which anticipates anly working on
one size of hull for the whole of the working life
of a device 32, the tower could be permanently
secured together, e.g., by flame-cutting of plates,
extrusion of long members, welding of joints, etc.
In general, the tower 34 may be made of steel or
aluminum, and in substantially the same way and of
the same elements and materials, as are
conventionally used in the manufacture of elevators
used at building construction and retrofitting sites
for conveying workers and/or materials to various
floors of the building. _

A cage, car or elevatin§ trolley 36 is
mounted to the tower 34 (e.g., by opposed sets of
flanged wheels 50 which roll on vertical tracks 52

. provided by respective elehents of the tower 34).

The trolley is suspended in the tower 34

- for elevation, by cables 54 which connect to the
trolley at 56 and pass over sheaves 58, to the drum
of a hydraulic winch 60. The connection mechanism
56 each are provided in the form of a spring-loaded
ratchet lever 62 which seats in a respective notch
64 in a vertical rail 66 of the tower 34, unless and
only for so long as there is lifting tension drawn
on the lifting cables 54. Where safety requlations
provide otherwise, the trolley may be suspended in
the tower using counterweighted cables, other
braking or locking systems, redundant cabling,
and/or similar conventional means for preventing the
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-32- cocks said platform (40) so that one end of said work platform (40)
Is further than is the other end of said

- 18 -

trolley from suddenly or unexpectedly dropping due
to mechanical or power failures.

It should now be noticed that, whereas
various ties and braces preferably are provided
around the rear and sides of the tower, the tower
front, which, in use, faces the ship side, is
substantially cpen and unobstructed at 68, from the
level of the ship's weather deck, down to the keel
(i.e., over the full height of the increment of the
ship that will need to be worked on using the device
32.

Both of the rear internal corners of the
trolley 36 are provided with respective vertical
axles 70 on which are journalled for rotation the
rear ends of respective cantilevered truss arms 38.
By preference, each arm 38 comprises a rear section
72, hinged at its forward end to a forward section
74 by a vertical axle 76, and each forward section
74, at its forward end is provided with a vertical
axle 78. A work platform 40 is mounted to the
forward ends of the arms 38, by the axles 78.
Accordingly, the arms 38 are articulated by the

- joints 70, 76 and 78 between the trolley and the
work plattorh, so that they can extend and retract
the work platform horizontally (transversally,
laterally) relative to the vertical axis of the
tower, for moving the work platform towards and away
from the longitudinal centerline of the hull. In
use, the work platform, as a result, can be
retracted as the elevator is raised or lowered, in
order to avoid bumping into the hull, and may be
extended further as the trolley is lowered, so that
the workers riding on the work platform can maintain
their close proximity with the exterior of the hull,
despite the fact that the width of the hull
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platform (40), fromsaid tower (34). 12. A method according to any
precedi ng clai mwherein said surface (18) is provided on a ferronmagnetic
substrate and at |east portions of said curtain (94) are flexible and, as
part of step (b), forward edges (112) of flexible portions of said curtain
(94) are adhered by magnets (114) prqm;ded thereon, to said substrate.

decreases with height throughout at least a part of
the height of the ship. Each section of each arm 38
may be constructed of steel or aluminum much in the
manner of a strong, swinging gate for a cow pasture.

By preference, four double-acting
hydraulic cylinders are provided for coordinately
operating the arms 38. These include two
extensible-retractable piston-cylinder arrangements
80 respectively connected between central locations
on the rear interior of the trolley 36, and
intermediate locations along the rear sections 72 of
the arms 38 on medial sides of the sections 72, by
respective vertical axis pivot joints 82, and two
extensible-retractable piston-cylinder arrangements
84 respectively connected between intermediate
locations along the rear sections 72 of the arms 38
on lateral sides of the sections 72, and
intermediate locations along the forward sections 74
of the arms 38 on lateral sides of the sections 74
by respective vertical axis pivot joints 86 (so that
the "knees" at 72-76-74 bend towards one another as
the work platform is retracted). '

- Of course, the arms could be operated
" manually, or, more elaborate means could be provided
for coordinating extension and retraction of the
cylinders.

The work platform is retracted by
coordinately retracting the piston~cylinder
arrangements 80 and 84, and extended by coordinately
extending the piston and cylinder arrangements 80
and 84.

The work platform may be confiqured as
necessary (e.g., as to whether it has seats,
handholds, rails). At its most basic, it includes a
support 88 capable of supporting at least one, and
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13. A method according to any of clains 5 to 12 wherein said operator
begi ns near the | evel 28 of the weather deck of the ship and progressively
wor ks down to near the level 30 of the keel of the ship. 14. A et hod
according to any of clainms 5 to 13, wherein the hull (18) slants or curves
i nwards, away fromthe tower (34), in,gt_least a portion thereof near the
keel of the

preferably two side-by-side human workers. A
typical work platform is on the order of 4.9m
(sixteen :feet)wide (lengthwise of the ship), and 0.6m
(two feet). .deep (widthwise of the ship). Similar
support for a robotic device instead of or in
addition to one or more human workers is within the
contemplation of the invention.

The shroud assembly 42 may be comprised of
several components, all of which cooperate to define
(tocgether with a respective increment 88 of the
exterior of a side 18 of the hull, typically from
weather deck to keel and about 6.1lm (twenty feet)’ _
long, longitudinally of the hull), an enclecsed spaéé
44 within which work on the increment of the
exterior of the hull can be conducted.

Thus, one necessary component of the
shroud assembly 42 is one for confining the rear
side of the space. This component may conveniently
be provided by securing panels of clear corrugated
fiberglass-reinforced plastic siding 90 to the
outsides of the rear, fore side, aft side and top of
the tower. 1In use, the fiberglass-~reinforced
plastic panels 90 may have shorter lives than the
tower, and be subject to localized replacement as
they wear through or otherwise become too worn.

The other major components of the shroud
assembly 42 are side curtain assemblies 92. Each
side curtain assembly 92 includes a respective
curtain 94, which may be made of canvas, and
spreaders 96 provided as vertical axis forward,
extensions of the tower at the top and base of the
tower; these usually respectively project obliquely
towards fore and aft (as best seen in Fiqure 3), so
that the space 44 broadens from the tower towards

the hull. An alternative such as Herculite’
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ship (10), so that the operator nust progressively extend the armstructure
(38) when progressing fromband to band on each of several bands near the

| ower extent of the increnment (88). 15. A nethod according to any
preceding claim wherein the tbwer (34) has a plurality of feet (136)
provided with levelling jacks (134),. agfqd.as part of at |east one conducting
of step (b), the levelling feet (136) are

flexible sheeting material may be used in place of
standard marine quality canvas. Each curtain 34 may
be made of one piece, or of several pieces laced,
shock caorded grommeted, Velcro fastened or otherwise
secured to one another. Similar securement means
(lacing, shock cords, Velcro tabs, etc.) are used at
98 to removably secure the rear edge 108 of each
curtain to the respective spreaders 96, and to the
front legs 100 of the tower 34, from tower base to
tower top, and across in front of the tower top to
provide a continuation at 102 of the top wall 104 of
the tower 34. In fact, in Figure 3, the two side
curtaiqs are shown somewhat overlapped at the middle
of the top 102, with the ends 110 shock corded at
106 to the respective upper spreaders 96.

The front margins 112 of the.curtains 94
are preferably provided with a series of
electromagnets or permanent magnets 114 sewn or
otherwise secured toc them (much as is conventionally
done to the lower hem of a conventional bath tub
shower curtain liner) for permitting the front edges
of the curtains 94 to be adjustably held close
against the vessel hull at the longitudinal extremes
of the hull segment being enclosed by the device 32.
The strength and placement of the magnets will need
to depend on the weight of the curtain, and the
winds locally expected to be encountered which the
ship is being worked on. The virtue of
electromagnets is that they can be turned off to
disconnect them when the device 32 is to be moved.

The curtains 94 may be provided so as to
be adjusted entirely manually, or, by preferencs,
manual adjustment may be supplemented by one or more
hydraulically actuated batwing skeleton-like
structures 116 secured to the respective curtains
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adjusted for bringing the tower (34) to a nore vertical orientation on said
hori zontal platform (12). 16. A nethod according to claim15, wherein
said horizontal platformis a pontoon deck (12) of a dry dock (14) and step
(f) is conducted using a crane (20) of said dry dock (14) for I|ifting,
novi ng and setting down said tower ¢32p at said new | ocation.

94, and mounted at rear edges to the front legs 100
of the tower. The hydraulic piston-cylinder
assemblies 118 of these structures 116 are extended
to extend the curtains forwardly, and retracted so
as to buckle the structures 116 and, thus, retract
or facilitate retraction of the curtains. By
preference, the structures 116 are somewhat
flexible, and mechanically latch in an extended
condition (much as does the metal framework of an
umbrella), so that hydraulic pressure is not
necessarily relied-upon to maintain the structures
116 in their extended condition. _

A typical electrchydraulic system for
operating the hoist, extension and retraction of the
work platform, and the curtain-spreading skeletal
structure 116 is illustrated at 130 in Figure 8.

- The final major component of the device 32
to be described is the air movement control system
46. At its simplest, this system is shown including
a set of dome-lidded air inlet vents 120 provided in
the top 104 of the tower (through the shroud
assembly 42, into the enclosed space 44), and

— through a lower lip area 122 (where the two shroud
curtains 94 overlap and are overlapped and secured
together, e.g., by shock cords, to close the space
44 between the bottom 124 of the ship hull at the
base of the side 18) out of the enclosed space 44 by
a flexible hose 126 leading into the suction side of
a forced air dust collector 128 (which may be.
visualized as being an industrial-strength vacuum
cleaner, of conventional construction. Actually, it
may include a bag house, cyclone separator,
grit/paint separation facility (for grit
reclamation, if feasible), a scrubber and/or a
burner for incinerating VOCs.
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The bottom four corners of the tower 34
are preferably provided with height adjustable
leveling jacks 134, with foot pads 136 which rest on
the pontoon deck 12 of the dry dock 14, and the top
of the tower 34 is provided with a sling 138, e.q.,
made of wire rope, which can be hocked by the crane
20 for lifting the device 32 and moving it
longitudinally fore or aft to a succeeding increment
of hull.

The typical full extent of the path of
extension-retraction of the work platform relative
to the trolley is.3 m (tep.feet). ' '

The tower 34 préférably is fabricated in
modules of framework, such that for each job, the
tower can be shortened or heightened, as necessary,
typically in 3 m (ten feet). Segments.

In a typical use of the device 32, it is
set up relative to 'a ship hull increment as shown in
Figures 1-3. Then, two abrasive-blasting workers
‘enter the enclosed space 44 with their abrasive .
blasting hoses and nozzles 140, which are connected
to externally sited conventional abrasive-blasting
supply machines 142.

The abrasive blasters raise the trolley
36, and thus, the platform 40 to its uppermost
position using the work platform controls 144 and
begin the abrasive blasting process. They work
downward, blastiné a 6.1lm (twenty-feet). wide
vertical swath for the full ship height, lowering
and extending the work platform using the work
platform controls 144, as necessary, to facilitate
access to the hull of the ship. This process takes
approximately one shift.

One paint-spray worker then enters the
work platform and (using conventional paint-spraying
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17. A device for use in applying work to a generally vertical surface (18)
of substantial horizontal extent, having a generally horizontal platform
(12) arranged therebeside, conprising a generally vertical tower (34)
arranged to be supported on said platform (12) in confronting relationship
to, but spaced froma selected increment (88) of said surface (18) which
has a given - 24 -

apparatus having a hose and nozzle 146 within the
space 44 but a supply machine 148 located outside
the space 44) paints the area just blasted by the
abrasive-blasting workers operating the work
platform in a like manner. This process takes
approximately four hours.

Laborers then shovel/sweep up the spent
abrasive on the dry-dock floor within the enclosure.
This spent abrasive is placed into suitable
containers for disposal and/or recycling as desired.
Meanwhile, rigging workers attach the crane 20 to
the tower sling 138 and move the enclosed staging
device 32 to the next desired location along the
ship's hull sc the above process can be started
again the next day on a respectively successive

increment.
This detailed description concludes with a

summarization of some important performance
advantages that the apparatus and method of the
present invention provide, particularly relative to
the present conventional use of workers using
wheeled, hydraulically operable manlifts:

Unlike manlifts which cannot readily be
enclosed without becoming practically ineffective,
this staging device will completely enclose a volume
sufficient for two blasters to work at maximum
efficiency for a full work shift.

The staging device is small enocugh to
fully enclose the space between itself and the ship
using nonporous materials without risking wind
damage.

A sufficient number of these enclosed
staging devices can be acquired and progressively
relocated around the ship to permit the coating
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hori zontal extent which is |less than said substantial extent, and a given
vertical extent which ranges downwards (from 28 to 30) to adjacency wth
said platform said tower (34) having supported thereon a trolley (36)

whi ch can be raised and | owered on the tower (34).so as_ to place the
trolley (36) selectively in confront%gg rel ation wt kiany selg 1.ed

hori zontal strip of said increnent ( said trolle 36),QaV|ngiprOV|ded
t hereon a work platform (40) cantllevered from sai-d-troliey (36) 1 owards
the surface (18), on an armstructure (38) which permts the work

process to ke accomplished in time spans as short or
shorter than currently conventionallv nacessary.
Moved by dry-~dock cranes in 6.im (twenty feet)
increments along the length of the ship, the
enclosed staging device provides full worker access
to all areas of the outer hull of any ship
regardless of length, depth or hull contour. The
device is designed to raise and lower its platform
with an electrical hydraulic winch and, at the same
time, extend its platform hydraullcally any distance
between zero meter and 3. O5m(ten- feet) to respond to.shape
changes at different vertical heights. To respond
to compound shape changes in the hull in a
longitudinal direction, the device preferably has
the capability to hydraulically extend each end of
" its platform a different length.
(In the rare instance where the hull
distance from the ship's fore and aft centerline at
a given fore and aft location reduces by more than 3.05m .
(ten feet) between the weather deck and keel,
preﬁenting workers on the device from reaching all
the hull at lower heights, a second, shorter (but
— similar) staging device could be used and placed -
“inboard of the first enclosed staging device. sSuch
extreme contours involve areas of the hull in
immediate proximity to the bow and stern. These
areas comprise a very small percentage of hull
surface areas and therefore, are also candidates for
blasting by other less efficient means such as

vacuum blasting.)

The enclosed staging device is expected to
experience significantly fewer maintenance problems
than the manlifts most widely used currently for
abrasive blasting and painting. Therefore,

maintenance costs, equipment downtime, worker
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platform (40) to be extended towards and retracted away fromthe surface
(18); a curtain assenbly (94, 102, 110, 122) supported on said tower (34)
for form ng an encl osed space (44) which includes said tower (34) and said
increment (88) of said surface, with said work platform (40) thereby being
encl osed within said space (44); and first power neans (144, 126, 60, 54,
56) operatively connected with said trgkley (36) and second power neans
(144, 84, 80) operatively connected with said armstructure (38),
respectively, for raising and lowering said trolley

disruption and lost time are expected to be reduced.
Some reasons for this expectation are as follows:

Both the enclosed staging device and
manlifts use hydraulic cylinders exposed to abrasive
dust and paint overspray. Maintenance in this area
is predicted to be comparable.

However, manlifts use internal combustion
engines with air intakes and other mechanical
components fully exposed to damage from abrasive
dust and paint overspray. The enclosed staging
device uses inherently lower-maintenance electric
motors, which are, in addition, completely outside
the enclosed area, and therefore, not exposed to
abrasi%e dust and paint overspray.

In addition to hydraulic cylinders,
manlifts have significant mechanical components
utilized to elevate and rotate the hydraulic arm as
well as move the manlift carriage along the dry-
dock floor. Theée mechanical components are fully
exposed to abrasive dust and paint overspray. The
enclosed staging device has no critical mechanical

- components within the enclosure exposed to abrasive
dust and paint overspray.

Manlifts have carriages which ride on four
wheels with pneumatic tires, which experience
frequent flat tires in the dry-dock environment,
with accompanying repair expense, worker lost time
and disruption. Moving the enclosed staging devices
by dry-dock crane will avoid such problems.

The internal combustion engines of
manlifts must be fueled daily, with associated labor
costs, downtime, fire/explosive hazards and fuel
spillage which ultimately contaminates the usually
adjacent body of water. The prefefably electric
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(36) and extending and retracting said work platform (40). 18. A device
according to claim 17, further conprising neans (46) for continuously
drawing air at (120) into said space, and at (126) out of said space into
an air-cl eaning device (128).

- 27 -

motors of the enclosed staging devices have none of
these problems.

Manlift maneuvering is a major cause of
wear and tear of the dry-dock floor coating, because
the pneumatic tires are often rotated in place
(i.e., spun) atop spent abrasive on the dry-dock
floor. Movement of the enclosed staging devices by
dry-dock crane will eliminate this cause of wear and
tear.

Most important, however, is the fact that
the enclosed staging device effectively confines the
abrasive dust and overspray to a small volume and
space immediately adjacent to the hull of the ship
where it can be collected (and recycled or
incinerated as appropriate} more efficiently and
before they impact the atmosphere, the proximate
‘body of water, ship's mechanical equipment, dry-
dock cranes, ancillary blasting and coating
mechanical'equipment and concurrent ship repair work
as well as cars, boats and houses owned by the
public. Aabrasive blasting and painting using
manlifts offers no effective sclution to these

- problems.

The relatively small volume enclosed by
the enclosed staging device and ships hull offers
opportunities for environmental control not feasible
by any of the enclosure approaches available for
manlifts. This includes dust collection, humidity
control, temperature control and protection from
rain and snow. These factors are all vital to
coating quality and life. In addition, it should be
possible to conduct abrasive blasting and painting
under weather conditions (rain, snow, cold) which
would halt abrasive blasting and painting from
conventional staging and manlifts.
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- 34- 19. A device according to claim17 or 18, further conprising control
means (144)1ocated on said work

AL

- 28 -
CLAIMS

1. A method for servicing a generally vertical surface
(18) of substantial horizontal extent, comprising:

(a) selecting an increment (88) of the surface (18)
having a given horizontal extent which is less than
said substantial extent, and a given vertical extent
(28 to 124) which ranges downwards to adjacency with a
generally horizontal platform (12); and

(b) arranging a generally vertical tower (34) on the
platform in confronting relationship to, but spaced
from said increment (88) of the surface (18), said
tower (34) having supported thereon a trolley (36)
which can be raised and lowered on the tower (34) so
as to place the trolley (36) selectively in
confronting relation with any selected horizontal
strip of said increment (88), and said trolley (36)
having provided thereon a work platform (40)
cantilevered from the trolley (36) towards the surface
(18), on an arm structure (38) which permits the work
platform (40) to be extended towards and retracted
away from the surface (18);

(c) forming a curtain-enclaosed space (44) which

includes said tower (34) and said increment (88) of
- said surface (18), with said work platform (40)

thereby being enclosed with said space; and

(d) while supporting at least one work-performing
operator on said work platform (40), causing said
operator to successively apply work to a plurality of
said strips of said increment (88) of said surface
(18), and, in conjunction therewith, adjusting said
arm structure (38) for adjusting the proximity of said
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platfor actuatlng ‘said first and second power neans. 20. A device
accorddﬂg ﬁﬂ m"lg 8 or 19, wherein said first and second power neans
”' hydraul i cally operated winch (60) and a set of
p

respect
hydraullcally oper at ed extensi bl e-retractabl e pi ston and cyllnder

assenblies (80, 84).
- 29 -

operator to said increment (88) of said surface; and
continuously drawing air into said space (44), and out
of said space (44) into an air-cleaning device (128)
while conducting step (d), in order to clean air to be
exhausted from the space (44).

2. A method according to claim 1, wherein said surface
(18) is on a hull of a ship and said operator is an
abrasive blaster that successively abrasively blasts
material form said hull.

3. A method according to claim 2, wherein said abrasive
blaster begins near the level (28) of the weather deck of
the ship and progressively works down to near the level
(30) of the keel of the ship.

4. A method according to claim 2 or 3, wherein the hull
(18) slants or curves inwards, away from the tower (34), in
at least a portion thereof near the keel (30) of the ship,
so that the oberator must progressively extend the arm
structure (38) when progressing from band to band on each
of several bands near the lower extent of the increment
(88).

5. A method according to any preceding claim, further
comprising, after said steps have been conducted, moving
said tower (34) along said horizontal platform (12) to a
-new location and repeating said steps on a different-
selected increment (88).

6. A method for servicing a generally vertical surface
(18) of substantial horizontal extent on a hull of a ship,
comprising:

(a) selecting an increment (88) of the surface (18)
having a given horizontal extent which is less than
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21. A-device-according to claim?20, wherein said winch (60) and said

assenbl | e hydraulic systens powered by punp neans that in
turn a‘r\“ﬁ%“ﬂjﬁ\m“m&trl c notor neans which are. |located outside said
space. evece* according to claim 19, wherein said platformhas two
| aterally opposite ends; and said control neans (144) are constructed to be
operabl e of cocking said work platfera(40), so that either end of said
wor k pl atform

said substantial extent, and a given wvertical extent
(28 to 124) which ranges downwards to adjacency with a
generally horizontal platform (12);

(b) arranging a generally vertical tower (34) on the
platform in confronting relationship to, but spaced
from said increment (88) of the surface (18), said
tower (34) having supported thereon a trolley (36)
which can be raised and lowered on the tower (34) so
as to place the trolley (36) selectively in
confronting relation with any selected horizontal
strip of said increment (88), and said trolley (36)
having provided thereon a work platform (40)
cantilevered from the trolley (36) towards the surface
(18), on an arm structure (38) which permits the work
platform (40) to be extended towards and retracted
away from the surface (18);

(c) forming a curtain-enclosed space (44) which

. includes said tower (34) and said increment (88) of
said surface (18), with said work platform (40)
thereby being enclosed with said space:;

- (d) while supporting at least one work-performing
operator on said work platform (40), causing said
operator to successively abrasively blast material
from said hull at a plurality of said strips of said
increment (88) of said surface (18), and, in
conjunction therewith, adjusting said arm structure
(38) for adjusting the proximity of said operator to
said increment (88) of said surface;

(e) while supporting at least one work-performing
operator on said work platform (40), causing said
opefator to successively apply paint to a plurality of
said strips of said increment (88) of said surface
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(40) Can—be--paositioned further fromsaid tower (34) than the respective

ot her sai d ends thereof . 23. A device according to any of clainms 17
to 22, n@g portions of said curtain assenbly (94, 122, 110)
are co Z@@ﬁible side curtains (94) having forward edges (112);
and said forharﬂ ed (112) are provided wth magnet neans (114) for

adj ustably securing said curtains (943i0n said surface (18).

(18), and, in conjunction therewifh, adjusting said
arm structure (38) for adjusting the proximity of said
operator to said increment (88) of said surface; and
continuously drawing air into said space (44), and out
of said space (44) into an air-cleaning device (128)
while conducting steps (d) and (e), in oxrder to
capture airborne abraded-off debris,_paint overspray
and VOCs for removal from air to be exhausted from the

space (44).
7. A method according to claim 6, further comprising:

(£f) after said steps have been conducted, moving said
tower (34) along said horizontal platform (12) to a
new location and repeating said steps on a different-
selected increment (88).

8. A method according to claim 7, wherein step (f) is
conducted a sufficient number of timés as to cause said
hull (18) to become substantially completely externally
abrasive-cleaned and painted.

9. A method according to claim 7 or 8 further comprising,
between steps (e) and (f), cleaning particulate debris from
said horizontal platform (12) within said space (44).

10. A method according to any preceding claim wherein at
least one said operator is a human, and, while performing
step (d), said human raises and lowers said trolley (36) on.
said tower (34) and at least one of extends and retracts
said arm structure (38) for extending and retracting said
work platform (40).

11. A method according to claim 10, wherein said work
platform (40) has two laterally opposite ends, and said
human, while extending or retracting said arm structure,
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24. A device aéEBFdTﬁQ”fo claim 23, wherein said curtain assenbly further
|ncIu tractable stiffener neans (96, 116) secured as a
skel e uﬂmm‘ﬁm E gl ns (94) and to said tower (34); and said device
further i Acludes tshi kA power nmeans (118) operatively connected with said
stiffener neans (96, 116) for extending said forward edges

- 32 -

cocks said platform (40) so that one end of said work
platform (40) is further than is the other end of said
platform (40), from said tower (34).

12. A method according to any preceding claim wherein said
surface (18) is provided on a ferromagnetic substrate and
at least portions of said curtain (94) are flexible and, as
part of step (b), forward edges (1l1l2) of flexible portions
of said curtain (94) are adhered by magnets (114) provided
thereon, to said substrate.

13. A method according to any of claims 5 to 12 wherein
said operator begins near the lewvel 28 of the weather deck
of the ship and progressively works down to near the level
30 of the keel of the ship.

l4. A method according to any of claims § to 13, wherein
the hull (18) slants or curves inwards, away from the tower
(34), in at least a portion thereof near the keel of the
ship (10), so that the.operator must progressively extend
the arm structure (38) when progressing from band to band
on each of several bands near the lower extent of the
increment (88).

15. A method according to any preceding claim, wherein the
tower (34) has a plurality of feet (136) provided with
levelling jacks (134), and as part of at least one
conducting of step (b), the lewvelling feet (136) are
adjusted for bringing the tower (34) to a more vertical
orientation on said horizontal platform (12).

16. A method according to claim 15, wherein said
horizontal platform is a pontoon deck (12) of a dry dock
(14) and step (f) is conducted using a crane (20) of said
dry dock (14) for lifting, moving and setting down said

tower (34) at said new location.
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17. A device for use in applying work to a generally
vertical surface (18) of substantial horizontal extent,
having a generally horizontal platform (12) arranged
therebeside, comprising a generally vertical tower (34) .
arranged to be supported on said platform (12) in
confronting relationship to, but spaced from a selected
increment (88) of said surface (18) which has a given
horizontal extent which is less than said substantial
extent, and a given vertical extent which ranges downwards
(from 28 to 30) to adjacency with said platform; said tower
(34) having supported thereon a trolley (36) which can be
raised and lowered on the tower (34) so as to place the
trolley (36) selectively in confronting relation with any
selected horizontal strip of said increment (88); said
trolley (36) having provided thereon a work platform (40)
‘cantilevered from said trolley (36) towards the surface
(18), on an arm structure (38) which permits the work
platform (40) to be extended towards and retracted away
from the surface (18); a curtain assembly (94, 102, 110,
122) supported on said tower (34) for forming an enclosed
space (44) which includes said tower (34) and said
increment (88) of said sufface, with said work platform

— (40Q) thereby being enclosed within said space (44); and
first power means (144, 126, 60, 54, 56) operatively
connected with said trolley (36) and second power means
(144, 84, 80) operatively connected with said arm structure
(38), respectively, for raising and lowering said trolley
(36) and extending and retracting said work platform (40).

18. A device according to claim 17, further comprising
means (46) for continuously drawing air at (120) into said
space, and at (126) out of Said space into an air-cleaning
device (128).

This is the replacement sheet

Déte: 27 JAN 998



(112) of said curtains (94) towards said surface (18) and retracting said

f or war Hmmmm ﬂ said curtains (94) away from surface (18). 25. A
devi ce u of clainms 17 to 24, further conprising said tower
(34) haVing & plturality of adjustable jacking neans (134) which serve as

respective feet (136) for said tower, ghgreby said tower (34) can be
adj usted on said platform (12) for gr% ter verticality; and said tower

19. A device according to claim 17 or 18, further
comprising control means (144) located on said work
platform for actuating said first and second power means.

20. A device according to claim 17, 18 or 19, wherein said
first and second power means respectively comprise a
hydraulically operated winch (60) and a set of
hydraulically operated extensible-retractable piston and
cylinder assemblies (80, 84).

21. A device according to claim 20, wherein said winch
(60) and said assemblies (80, 84) have hydraulic systems
powered by pump means that in turn are powered by electric
motor means which are located outside said space.

22. A device according to claim 19, wherein said platform
has two laterally opposite ends; and said control means
(144) are constructed to be operable of cocking said work
plaﬁform (40), so that either end of said work platform
(40) can be positioned further from said tower (34) than
the respective other of said ends thereof.

23. A device according to any of claims 17 to 22, wherein

— at least portions of said curtain assembly (94, 122, 110)
;ré constituted by flexible side curtains (94) having
forward edges (112); and said forward edges (112) are
provided with magnet means (114) for adjustably securing
said curtains (94) on said surface (18).

24. A device according to claim 23, wherein said curtain
assembly further ihcludes extensible~retractable stiffener
means (96, 116) secured as a skeleton on said curtains (94)
and to said tower (34); and said device further includes
third power means (118) operatively connected with said
stiffener means (96, 116) for extending said forward edges
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(34) i nnect or nmeans (138) arranged to be engaged by a
crane ﬂ“ﬁmﬂim"mmmgal d deV| ce (32), noving said device (32) into

conf ronV|ng relation with a ferent increnent (88) of said surface (18),
and at such a place, setting sald device (32) down onto said platform (12).
26. A device according to any of clainms 17 to 25 further including an

abrasive bl asting machine (142) locates$ -

(112) of said curtains (94) towards said surface (18) and
retracting said forward edges (112) of said curtains (94)
away from surface (18).

25. A device according to any of claims 17 to 24, further
comprising said tower (34) having a plurality of adjustable
jacking means (134) which serve as respective feet (136)
for said tower, whereby said tower (34) can be adjusted on
said platform (12) for greater verticality: aﬁd said tower
(34) is provided with connector means (138) arranged to be
engaged by a crane (20) for lifting said device (32),
meving said device (32) into confronting relation with a
different increment (88) of said surface (18), and at such
a place, setting said device (32) down onto said piatform
(12).

' 26. A device according to any of claims 17 to 25 further
including an abrasive blasting machine (142) located
outside said space (44), and having an output hose
extending into said space (44) to serve a nozzle (140)
supported on said work platform (40).

27. A device according to any of claims 17 to 26, further

—  including a paint spraying machine (148) located outside
said space (44), and having an output hose extending into
said space (44) to serve a nozzle (146) supported on said
work platform (40).
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out si de said space (44), and having an output hose extending into said
space (44) to serve a nozzle (140) supported on said work platform (40).
27. A device according to any of clains 17 to 26, further including a paint
sprayi ng machi ne (148) | ocated outside said space (44), and having an

out put hose extending into said space (44) to serve a nozzle (146)
supported on said work platform (40)= 1 -
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EXTERNAL SURFACE WORK

Ship's hulls are very large and are
complexly contoured in both the vertical and
longitudinal directions. The world's populatiocn of
ships has a very significant number of different
sizes and shapes.

Coating of the exteriors of ships requires
using abrasive blasters for surface preparation and
painters for application of paint. Both blasters
and 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 Z;QE? (715 square feet) of hull surfaqe without
moving or being moved to another location.

In earlier times, worker movement from
place to place around a ship's hull was accommedated
by building staging around the ship.

More recently, this 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 actually available.
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process to ba accomplished in time spans as short or
shorter than currently conventionallv necessary.

Moved by dry-dock cranes in 6.1m (twenty feet)
increments along the length of the ship, the
enclosed staging device provides full worker access
to all areas of the outer hull of any ship
regardless of length, depth or hull contour. The
device is designed to raise and lower its platform
with an electrical hydraulic winch and, at the same
time, extend its platform'hydraulically any distance
between zero meter and 3.0m (ten feet) to respond to.shape
changes at different vertical heights. To respond
to compound shape changes in the hull in a
longitudinal direction, the device preferably has
the capability to hydraulically extend each end of
" its platform a different length.

(In the rare instance where the hull
distance from the ship's fore and aft centerline at
a given fore and aft location :edﬁces by more than 3.0 m
(ten feet)between the weather deck and keel,
preéenting workers on the device from reaching all
_the hull at lower heights, a second, shorter (but
similar) staging device could be used and placed -
“inboard of the first enclosed staging device. Such
extreme contours involve areas of the hull in
immediate proximity to the bow and stern. These
areas comprise a very small percentage of hull
surface areas and therefore, are also candidates for
blasting by other less efficient means such as
vacuum blasting.)

The enclosed staging device is expected to
experience significantly fewer maintenance problems
than the manlifts most widely used currently for
abrasive blasting and painting. Therefore,
maintenance costs, equipment downtime, worker
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ABSTRACT
APPARATUS AND METHOD FOR PERFORMING
EXTERNAL SURFACE WORK

For cleaning and/or painting the exterior
18 of a ship hull while the ship 10 is in dry dock
14, one or more staging devices 32 are provided.
Each includes a metal framework tower 34 supporting
a vertically movable elevator assembly that
comprises a trolley 36, from which a variably
late;aily projecting platform 40 is-suppdrted on
articulated, cantilevered arms 38. Adjustable, non-
porous shrouds 94, 102, 110, 122 enclose a volume of -
space 44 between the outside of the. tower 34 and an
increment 88 oi'one.side of the exterior of the ship
hull, from above, fore, aft and outside. Cleaning
and painting operations are conducted from-the _
platform 40 on the hull increment 88, and debris is
removed from éhe'dry-dock deck 12 area enclosed by
the shroud, after which the device is moved by crane
20, typically twenty feet (6.1 m), towards the .
ship's bow 24 or stern 26. The shrouds 94, 102,
110, 122 are then adjusted so that a further hull -
increment 88 can be worked on. The trolley 36 and
extension-retraction of thegplatform support arms
are operated by electrohydraulic winch 60 and
hydraulic cylinders 80, 84, respectively. The
margins 112 of the shroud 94 may be fastened by
magnets 114 to the hull 18. Air drawn through the
enclosed volume from above at 120, is drawn out near
the dry-dock deck 12 at 46 for processiﬂg-to remove
dust and appropriately treat VOCs, if present.

FIGURE 1 & 2.



