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(54) Device for and method of applying work to internal surfaces of a vessel hold

(57) A self-contained device for cleaning and coat-
ing hold surfaces in a bulk carrier includes four major
components, namely a horizontally mobile vertical tower
(28) (e.g., with walking beams (30) for permitting the de-
vice to move into the four corners of the hold (12) into
which it has been lowered), a vertical trolley (32) for per-
mitting the workers to reach with their equipment all el-
evations within the hold, a horizontal trolley (34) for per-
mitting the workers to achieve optimum proximity to a
wall surface (24), and cleaning and coating support
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equipment and systems (36). The device can be lifted
into and out of the cargo hold altogether, or in sections.
A walkway on the horizontal trolley (34) preferably ex-
tends on all four sides, in order to permit working from
at least two sides simultaneously for each of four posi-
tions of the base on the bottom of the hold. For cleaning
and coating, automated abrasive blasting equipment
(70) and automated coating spraying equipment (76) is
provided for horizontal travel along each of the four
sides of the horizontal trolley, e.g., on the safety rail.
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Description

[0001] The present invention relates to a device for
and method of applying work to internal surfaces of a
vessel hold.

[0002] A typical bulk carrier is a shipping vessel hav-
ing a hull, within at least a major portion of at least the
midbody of which, the internal volume bounded by the
sidewalls and bottom of the hull, is partitioned into a plu-
rality of cargo holds (sometimes alternatively called
tanks). Depending on the vessel width and length, the
cargo holds are arranged in one or more side-by-side
columns extending lengthwise of the vessel and sepa-
rated by longitudinal bulkheads, and a plurality of longi-
tudinally adjacent rows and separated by transverse
bulkheads. The upper ends of the longitudinal bulk-
heads and hull sidewalls, with associated structure, pro-
vide respective fore-aft walkways of the deck of the ves-
sel, and the upper ends of the transverse bulkheads pro-
vide port-starboard walkways of the deck. The bottoms
of the individual holds are formed by respective portions
of the upper surfaces of the inner side of the bottom of
the hull. Portions of the sidewalls of individual holds,
whether formed by vessel hull sidewall, sides of longi-
tudinal bulkheads or sides of transverse bulkheads are
generally vertical, but may have sloped, beveled or
curved regions. The holds typically are open at the top
throughout an area which is substantially large as their
maximum horizontal cross-sectional area. These open-
ings, generally referred to as hatches, are normally
closed during transportation, storage and waiting peri-
ods, by openable hatch covers. Hatch covers may be
designed to be physically lifted out of position as a unit,
or to be folded, tented or rolled out of position.

[0003] A typical bulk cargo vessel is used for trans-
porting a flowable or pumpable commodity, without use
of any containers or packaging material but for the con-
fines of the hold. However, sometimes boxes, bags,
drums, containers and other packaging confines the
commodity being shipped in a hold, in quanta smaller
than the bulk of a single hold.

[0004] A bulk cargo vessel may be single-hulled
throughout, double-hulled throughout, or partially dou-
ble-hulled (for instance, double bottomed) and the re-
mainder single-hulled.

[0005] The walls of each side, the bottom and the top
of a bulk cargo hold typically are made of steel plate,
welded at edges and intersections.

[0006] The internal wall surfaces of a bulk cargo hold
are subjected to at least some of the same stressful en-
vironmental conditions as is the outer surface of the ves-
sel hull. In fact, due to the reactive or corrosive nature
of some bulk materials transported, e.g., rock salt, and
the confined space, the environmental stress on the wall
surfaces of a bulk cargo hold can cause surface deteri-
oration at a greater rate than is experienced by the ex-
terior of the vessel hull. Therefore, for lengthening the
economic life of the cargo vessel and keeping it in good
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repair, the internal surfaces of each bulk cargo hold are
best cleaned and coated when the vessel is new, and
then periodically recleaned and recoated.

[0007] Itis possible, when fabricating a new bulk car-
go vessel, to clean and coat at least some of the plates
that will form respective parts of the hull and holds prior
to welding the sheets together to provide the respective
walls, and then, after welding, to more simply clean or
reclean and coat or recoat the areas at and bordering
the welded seams. There is a particularly attractive style
of work if the coating being provided is a reactive (e.g.,
"epoxy") coating whether applied by dipping, rolling or
spraying.

[0008] However, in many instances, the hold wall sur-
faces, like the vessel hull exterior surfaces, of a new ves-
sel being built, are cleaned and coated entirely after cut-
ting, welding, bolting and installation of at least some
fittings have been conducted.

[0009] In both the latter instance of such new manu-
facture, and in ship repair and refurbishment, it has
heretofore been a common practice to clean and coat
the hold walls (a term which is used herein to include
sidewalls whether provided by hull surfaces, longitudi-
nal bulkhead surfaces, transverse bulkhead surfaces,
the top sides of hull bottom walls and the undersides of
hatch covers), using portable staging temporarily erect-
ed in the hold, possibly supplemented or replaced by
use of a mobile "cherry picker" type of operator-lift tem-
porarily lowered into the hold.

[0010] Surface cleaning typically involves forcibly im-
pacting particles of an abrasive material ("grit") against
the surface which is to be cleaned. In some instances,
the particles are simply sprayed in a blast of com-
pressed air, issuing through a hose and out of a nozzle
pointed at the work surface by a human operator who is
wearing protective clothing and breathing gear. In other
instances, the similarly attired worker uses a pneumat-
ically or gravity-fed centrifugal impeller the outlet open-
ing of which they direct against the work surface.
[0011] As the abrasive grit impacts against the sur-
face to be cleaned, it abrades away whatever is most
vulnerable to its attack, principally scale, rust, caked-on
remainder of former cargoes, and what remains from
prior coatings applied, as affected by the environment
since application. It is an operator's responsibility when
abrasive blasting, to continue working on a local region
of the surface, until substantially all that is 'bad' is gone,
but without substantially eating into what is 'good'’, and
then moving on, to the cleaning of an adjacent or next
region of the surface.

[0012] The spent grit, therefore, contains not only the
material impelled against the surface, as affected by the
impact, but also the removal material, all mixed together.
In some instances, the work head includes a spent-grit
recovery mechanism, such as an underlying catch basin
or funnel and suction line, so that the abrasive blasting
is conducted as a clean-up-as-you-go operation. In oth-
er instances, the spent grit simply falls to the floor, i.e.,
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the upper surface of the bottom wall, and onto the pre-
dominately upwardly facing surfaces of staging and
equipment, and is swept up, vacuumed up or otherwise
collected by workers working in support of the blasting
operators.

[0013] In some instances, the grit is made of sharp-
grained particles of refractory material such as Carbo-
rundum or agate; in other instances, it is made of hard,
sharp fragments of ferromagnetic material, including
bits or balls of steel. In such instances, collecting the
ferromagnetic component of the spent grit separately
from fragments of coating and other debris is possible,
using magnetic or electromagnetic collectors or separa-
tors.

[0014] Spent grit can be fractionated and the various
fractions subjected to differing benefaction, disposal
and re-use procedures.

[0015] Coatings following cleanings are typically ap-
plied by spraying. Generally, these are made of what a
non-technical person, and often a person in the trade
speaking colloquially would call 'paint'.

[0016] The current trend in coatings, is to ones which
include as the vehicle or medium which enables and fa-
cilitates application, spreading and continuity of layer-
ing, yet upon completion of its contribution to the proc-
ess, generates a minimum of volatile organic com-
pounds available to escape into the air and, therefore,
needing to be contained, abated, combusted or other-
wise dealt with.

[0017] The staging conventionally used in holds for
worker support while conducting cleaning and painting
operations, typically is conventional construction scaf-
folding, which includes many modular sections of frame-
work, and planking. In one sense it is convenient to use
such staging, because one set of component parts can
be assembled in many different combinations, in order
to enable work on holds having various lengths, widths,
heights and physical intrusions. However, set-up and
tear-down are time consuming, and worker error in se-
curing planks, climbing on scaffolding and dropping
parts unfortunately results in accidents and injury. And,
each shift of work and each set-up and tear-down in-
volves clambering on the scaffolding, often while carry-
ing heavy equipment. Blasting and coating equipment
needs to be assembled and taken apart, including pneu-
matic and liquid-delivery hoses, and electric cabling.
[0018] According to the present invention in a first as-
pect there is provided a device for use in applying work
to internal wall surfaces of a bulk cargo vessel hold,
comprising a vertical tower having a base; a shiftable
support structure supporting the tower base and ar-
ranged for shifting the tower about in each of two mutu-
ally orthogonal horizontal directions on a substantially
horizontal deck of a hold; a vertical trolley mounted to
the vertical tower and vertically movable thereon to as-
sume and maintain each of a plurality of selected vertical
elevations; a horizontal trolley mounted to the vertical
trolley and bidirectionally horizontally movable thereon

10

15

20

25

30

35

40

45

50

55

to assume and maintain each of a plurality of selected
horizontal positions relative to the vertical tower, includ-
ing a first extreme of extension in one direction to one
side of the vertical tower and a second extreme of ex-
tension to an opposite side of the vertical tower; and a
complement of supply systems for use in performing
work on said surface, said systems being provided on
said vertical tower.

[0019] In one preferred form the work is applied by
one or more operators working from an operator walk-
way provided on said horizontal trolley.

[0020] In another preferred form, said horizontal trol-
ley is generally rectangular in plan; and at least one side
of said outer perimeter of said horizontal trolley is pro-
vided with one or more horizontal rails extending along
the respective side; and the device includes a remotely
operable work-applying machine mounted on said rail
or rails and arranged for motorized propulsion along the
rail or rails while applying work to said surface.

[0021] Inaccordance with the invention in another as-
pect there may be provided a self-contained device for
supporting one or more operators for applying work to
internal wall surfaces of a bulk cargo vessel hold, com-
prising:

framework providing a vertical tower having a base;
a shiftable support structure supporting the tower
base and arranged for shifting the tower about in
each of two mutually orthogonal horizontal direc-
tions on a substantially horizontal deck of the hold,
for stationing the tower in proximity with each of four
corners where respective pairs of sidewalls of the
hold meet one another;

a vertical trolley mounted to the vertical tower and
vertically movable thereon to assume and maintain
each of a plurality of selected vertical elevations;
a horizontal trolley mounted to the vertical trolley
and bidirectionally horizontally movable thereon to
assume and maintain each of a plurality of selected
horizontal positions relative to the vertical tower, in-
cluding a first extreme of extension in one direction
to one side of the vertical tower and a second ex-
treme of extension to an opposite side of the vertical
tower;

a complement of supply systems for use in perform-
ing work on said surface, said systems being pro-
vided on said vertical tower; and

an operator walkway provided on said horizontal
trolley.

[0022] In accordance with the invention in a further
aspect a self-contained device for applying work to in-
ternal wall surfaces of a bulk cargo vessel hold, com-
prising:

framework providing a vertical tower having a base;
a shiftable support structure supporting the tower
base and arranged for shifting the tower about in
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each of two mutually orthogonal horizontal direc-
tions on a substantially horizontal deck of the hold,
for stationing the tower in proximity with each of four
corners where respective pairs of sidewalls of the
hold meet one another;

a vertical trolley mounted to the vertical tower and
vertically movable thereon to assume and maintain
each of a plurality of selected vertical elevations;

a horizontal trolley mounted to the vertical trolley
and bidirectionally horizontally movable thereon to
assume and maintain each of a plurality of selected
horizontal positions relative to the vertical tower, in-
cluding a first extreme of extension in one direction
to one side of the vertical tower and a second ex-
treme of extension to an opposite side of the vertical
tower,

a complement of supply systems for use in perform-
ing work on said surface, said systems being pro-
vided on said vertical tower; said horizontal trolley
being generally rectangular in plan;

an operator walkway extending around all four
sides of the outer perimeter of said horizontal trol-
ley;

at least one side of said outer perimeter of said hor-
izontal trolley being provided with a respective set
of horizontal rails extending along the respective
side; and

a remotely operable work-applying machine mount-
ed on said set of rails and arranged for motorized
propulsion along the set of rails while applying work
to said surface; said work-applying machine com-
prising one of an abrasive grit applicator and a coat-
ing sprayer.

[0023] It is to be appreciated that where features of
the invention are set out herein with regard to apparatus
according to the invention, such features may also be
provided with regard to a method according to the in-
vention, and vice versa.

[0024] In particular, there is provided in accordance
with the invention a method for applying work to internal
wall surfaces of a bulk cargo vessel hold, by one or more
operators working from a self-contained device, com-
prising:

(a) lowering into the hold so as to become support-
ed on the deck of the hold, a self-contained device,
comprising:

framework providing a vertical tower having a
base;

a shiftable support structure supporting the
tower base and arranged for shifting the tower
about in each of two mutually orthogonal hori-
zontal directions on a substantially horizontal
deck of the hold, for stationing the tower in prox-
imity with each of four corners where respective
pairs of sidewalls of the hold meet one another;
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a vertical trolley mounted to the vertical tower
and vertically movable thereon to assume and
maintain each of a plurality of selected vertical
elevations;

a horizontal trolley mounted to the vertical trol-
ley and bidirectionally horizontally movable
thereon to assume and maintain each of a plu-
rality of selected horizontal positions relative to
the vertical tower, including a first extreme of
extension in one direction to one side of the ver-
tical tower and a second extreme of extension
to an opposite side of the vertical tower;

a complement of supply systems for use in per-
forming work on said surface, said systems be-
ing provided on said vertical tower; and

an operator walkway provided on said horizon-
tal trolley;

(b) from the walkway, with the device located in a
first location on said deck, applying work to internal
surfaces of two sidewalls of said hold which meet
at a first corner, using supplies supplied from said
systems;

(c) shifting said device to a second location on said
deck, by operating said shiftable support structure;
(d) from the walkway, with the device located in said
second location on said deck, applying work to in-
ternal surfaces of two sidewalls of said hold which
meet at a second corner, using supplies supplied
from said systems; and

(e) lifting said device out of said hold.

[0025] There will now be described a number of pre-
ferred and optional features and combinations of fea-
tures of the invention. It is particularly to be appreciated
that the following statements relate to preferred or op-
tional or exemplary features and do not necessarily set
out essential features of the invention. In some cases
these features may provide independent inventive con-
cepts which may be utilised independently of other fea-
tures.

[0026] The present invention seeks to preserve the
functionality of the heretofore conventional method and
apparatus for cleaning and coating the internal surfaces
of bulk cargo vessel holds, while overcoming the short-
comings and drawbacks incident to:

the time, cost and worker safety risk of fully staging
cargo holds, including installation and removal of
staging uprights and boards;

the time, cost and worker safety risk of coating per-
sonnel having to climb staging while carrying coat-
ing equipment to access surfaces to be coated;
the time and cost of installing and hooking-up clean-
ing and coating equipment, including hoses and
electrical cables; and

the cost of acquiring, handling and disposing of min-
eral abrasive, in some instances,
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while providing a method and system which is af-
fordable to manufacture and use, and is easily
adapted to use in holds having a wide range of sizes
and shapes.

[0027] The self-contained device for cleaning and
coating hold surfaces in a bulk carrier includes four ma-
jor components, namely a horizontally mobile vertical
tower (e.g., with walking beams for permitting the device
to move into the four corners of the hold into which it has
been lowered), a vertical trolley for permitting the work-
ers to reach with their equipment all elevations within
the hold, a horizontal trolley for permitting the workers
to achieve optimum proximity to a wall surface, and
cleaning and coating support equipment and systems.
By preference, the device can be lifted into and out of
the cargo hold altogether, or in a maximum of two sec-
tions, including a base section (which includes the base
of the vertical tower, walking beams, all required sys-
tems for cleaning and coating, worker air supply and
electrical power, as well as lower parts of distribution
systems, with connectors), and an upper section (which
includes a variable height upper vertical tower, vertical
trolley, variable extension horizontal trolley, vertical trol-
ley hoist mechanism, horizontal trolley extension mech-
anism, and upper parts of distribution systems, with con-
nectors). The upper section is stackable on the base.
The walkway on the horizontal trolley extends on all four
sides, in order to permit working from at least two sides
simultaneously for each of four positions of the base on
the bottom of the hold. For cleaning and coating, auto-
mated abrasive blasting equipment and automated
coating spraying equipment is provided for horizontal
travel along each of the four sides of the horizontal trol-
ley, e.g., on the safety rail.

[0028] The principles of the invention will be further
discussed with reference to the drawings wherein pre-
ferred embodiments are shown. The specifics illustrated
in the drawings are intended to exemplify, rather than
limit, aspects of the invention as defined in the claims.
[0029] Embodiments of the invention will now be de-
scribed by way of example with reference to the accom-
panying drawings in which :-

Figure 1 is a front elevational view of the self-con-
tained device for cleaning and painting hold surfac-
esinabulk carrier, the device being shown support-
ed in a hold with the vertical trolley about halfway
elevated, and the horizontal trolley maximally ex-
tended towards the sidewall of the hull;

Figure 2 is a schematic top plan view of the struc-
tures depicted in Figure 1;

Figure 3 is a schematic top plan view similar to Fig-
ure 2, but showing the horizontal trolley centered;
Figure 4 is a side elevational view of the device,
shown provided with a first embodiment of a venti-
lation system;

Figure 5 is front elevational view thereof;
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Figure 6 is a front elevational view of a modification
wherein the ventilation system is provided with a
raised and swivelable inlet; and

Figure 7 is a top plan view of the ventilation system-
provided device of Figure 6.

Figure 8 is a perspective view of the device looking
at the top and one corner, with the horizontal trolley
maximally advanced forwards to the right, and
shown provided with an automated blast machine
for cleaning;

Figure 9 is a side elevational view of the device of
Figure 8, shown supported in a hold;

Figure 10 is a perspective view similar to Figure 8,
but showing the device equipped with an automated
coating-applying machine;

Figure 11 is a larger scale fragmentary perspective
view of a portion of a device of Figure 10; and
Figure 12 is a side elevational view, similar to Figure
9, but showing the device equipped with an auto-
mated coating-applying machine, as in Figures 10
and 11.

[0030] In the drawings, a bulk carrier vessel 10 is
schematically and fragmentarily shown including walls
defining a hold 12. In the instance depicted, the deck 14
(bottom wall) of the hold is provided by the bottom of the
hull (which would be the inner hull, in the case of a dou-
ble-bottomed hull, one side wall 16 is provided by the
vessel hull, an opposite side wall 18 is provided by the
vessel hull on the opposite side, or by a longitudinal
bulkhead, another set of two mutually opposite side-
walls 20 is provided by two successive transverse bulk-
heads, and the top wall 22 is provided by the underside
of a removable displaceable hatch cover or set of hatch
covers for the hold. It is these walls 14-22 which provide
the internal surfaces 24 of the hold 12, and which are to
be cleaned and coated.

[0031] The self-contained device 26 for cleaning and
coating the hull surfaces 24 is sufficiently small in hori-
zontal cross-sectional outline that it can be lowered
through the smallest hatch into and raised out of a hold
of the least accommodating vessel on which it is expect-
ed to be used, yet sufficiently large in horizontal cross-
sectional outline, and extensibility, that preferably, work-
ers working from it, can reach all of the internal sidewall
surfaces of the hold with no more than four moves of the
device (i.e., into the four corners of the hold). In other
words, its width (including extensiblity) preferably is
somewhat greater than half the port-starboard dimen-
sion of the widest hold in which it will be used, and its
depth (including extensibility) preferably is somewhat
greater than half the longitudinal dimension of the long-
est hold (in the bow-to- stern direction of the vessel) in
which it will be used. The height (including exchangea-
bility of tower sections) preferably is sufficiently great to
permit workers to reach the upper extents of the side
walls, to clean and coat the underside of the hatch cover
or hatch covers, if desired, and yet sufficiently short to
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permit the hatch cover(s) to be closed as cleaning and
coating proceeds, in order to confine the airspace within
which cleaning and coating operations are being con-
ducted, thereby facilitating air quality management.
[0032] The device 26 is shown including four major
components, namely, a vertical tower 28 having walking
beams or powered trucks 30 at its base, a vertical trolley
32 which is supported on the vertical tower and subject
to being raised and lowered and stationed at any desired
height on the vertical tower, a horizontal trolley 34 which
is supported on the vertical trolley and subject to being
centered and bidirectionally shifted (typically maximally
to starboard and maximally to port, although the entire
device, if lowered into the hold at ninety degrees about
a vertical axis to the orientation depicted, would enable
shifting of the horizontal trolley, instead, maximally for-
wards and maximally aft), and cleaning, coating, worker
breathing air, and electrical power supply and support
systems 36.

[0033] The vertical tower 28 preferably is a four-sided
structure fabricated of structural steel members bolted,
welded or otherwise connected, possibly in two or more
modules which are stackably connected (in order to pro-
vide for working in holds of varying height).

[0034] The vertical tower preferably is rectangular in
plan and elevation, for example, 13-19 meters high,
8-12 meters wide and 3 meters deep (in the fore to aft
direction of the ship); in feet, these preferred dimensions
are 40-60 feet tall, 25-35 feet wide and 10 feet deep.
[0035] The vertical tower is supported at its base, i.e.,
the tower feet are provided by, structures which permit
the tower (and, therefore, the entire device 26) to be hor-
izontally shifted, at least in two mutually orthogonal di-
rections (widthwise and lengthwise of the ship). In the
preferred embodiment, these structures are convention-
al walking beams 30.

[0036] Alsomounted tothe vertical tower 28 at or near
its base (i.e., on the lower section, if the tower is provid-
ed as stackable modules) is a full complement of supply
and support systems 36, typically including an electrical
distribution system, an abrasive grit supply storage and
recycling system, abrasive blast and coating supply
pots, a paint-mixing station, an air compressor, and dis-
tributing piping for compressed air, breathing air, abra-
sive grit, and paint. The electrical power supply cabling
and distribution piping extend from the supply and sup-
port systems 36, to the vicinity of where on the device
26 the service is needed. In instance where the tower is
constructed of modular sections, the supply cabling and
distribution piping preferably include connectors that are
easily made-up and taken apart at the interfaces of the
modules. And the modules are made to have easily ver-
tically made-up, easily vertically separated mechanical
connectors for respective tower framing elements (e.g.,
complementary tapering pins and flaring sockets), so
that stacking, de-stacking, and lifting and lowering by
crane is easy to accomplish. Locking together of respec-
tive tower framing elements of stacked modules can be
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provided, for providing added assurance against partial
separation and tilting of an upper module when the ver-
tical trolley is relatively highly elevated, the horizontal
trolley is relatively extremely extended, and heavy work-
ers and equipment are supported on the horizontal trol-
ley relatively far from the vertical tower.

[0037] If the vertical tower 28 is provided as stacked
modules, it is currently preferred that the device 26 as
a whole be provided as two sections, namely a lower
section 38 including a base module of the vertical tower
28, including the walking beams 30, the supply and sup-
port systems 36, and lower portions of the electrical ca-
bles and pipes, and an upper section 40 including an
upper module (or an intermediate and an upper module)
of the vertical tower 28, the vertical trolley 32, a hoist
mechanism 42 for the vertical trolley 32, the horizontal
trolley 34, an extension-retraction mechanism 44 for the
horizontal trolley, and upper portions of the electrical ca-
bles and pipes.

[0038] By preference, the electrical distribution ca-
bling and grit, air and coating piping extends from the
base, up through the inside of the vertical tower 28 to
its top, with take-offs (i.e., connectors for easily and dis-
connectably making-up and breaking-down connec-
tions) at periodic intervals, such as each 2.5 meters (in
feet, each 8 feet).

[0039] By preference, two ladders extend the full
height of the vertical tower, provided on the fore and aft
sides of the tower framework (which is only rudimenta-
rily shown in the drawings), complete with a safety cage
around the envelope of movement of a climbing user.
[0040] In any event, the vertical tower is constructed,
assembled and supported to be stable and free-stand-
ing even when the horizontal trolley is in an extreme po-
sition and fully loaded.

[0041] The vertical trolley 32 likewise preferably is a
rectangular parallelepipedal framework fabricated of
high strength steel members bolted and/or welded or
otherwise connected together, having roller elements 46
arranged to rollingly engage respective vertical ele-
ments of the vertical tower 28. The vertical trolley can
be lowered onto lifted off of the upper end of the vertical
tower, should be need arise. The hoist mechanism 42
may be located with the supply and support systems 36
on the base of the lower section 38, or fit over and be
supported on the upper end of the vertical tower 28.
[0042] The rollers 46 of the vertical trolley include in-
ternal rollers, as well as external rollers, in upper and
lower sets, at all four corners of the tower, in order to
accommodate the port-starboard and forward-aft forces
which are experienced as equipment and personnel
move around on the device, and the walking beams or
powered trucks 30, hoist 42 and hoist extension-retrac-
tion system 44 are operated.

[0043] The choice of which of the subsystems of the
device 26 to operate using compressed air, possibly hy-
draulic power, or electrical power can be varied depend-
ing on local preferences, requirements and availabili-



11 EP 0968 914 A1 12

ties. For instance, the motor for the winch for the cables
which support the vertical trolley from the hoist mecha-
nism could be an electrical motor, an air-operated motor
or a hydraulic motor.

[0044] The horizontal trolley 34 likewise is a rectan-
gular framework fabricated of preferably high strength
structural steel elements. It is supported on the vertical
trolley 32 for bidirectional rolling or sliding movement in
a horizontal plane between a neutral position (Figure 3)
and two opposite extreme positions (a representative
one of which is shown in Figures 1 and 2), by a suitable
extension-retraction system 44 (which may be a rack
and gear; chain and sprocket; hydraulically or pneumat-
ically operated extensible-retractable cylinders or the
like, provided (like the vertical trolley) with suitable
means for locking the trolley in any achieved position,
despite bursting of a supply hose, or other failure of the
system for changing the position of the trolley).

[0045] The horizontal trolley 34, as seen from above,
preferably includes a walkway 48 made of open grating
or expanded metal mesh for decking, which extends
about all four sides of the outer perimeter of the horizon-
tal trolley. The walkway 34 is rimmed by an upstanding
safety rail 50.

[0046] The metal framing elements of the device 26
need not all be made of the same type of steel alloy. For
instance, the horizontal trolley, because it is located
closest to where the most-abrasive activity is occurring
in use, may be made in whole or in part of high yield
steel having greater resistance, in order to provide du-
rability yet lightness in weight, while other parts are
made of less expensive alloy.

[0047] In use, a hold 12 is emptied, and cleaned of
loose and easily dislodged debris. It could be pre-
cleaned using a high-pressure hose for washing, and
the spent washwater pumped out.

[0048] A device 26 is lowered into the hold to become
supported via the walking beams or powered trucks 30
on the deck 14 of the hold. If the crane operator and their
spotter in the hold are particularly skillful, the initial
placement of the device 26 may be in one of the four
corners of the hold, corresponding to a first use position.
[0049] If the device 26 is lifted into the hold in sections
made-up (i.e., assembled to one another) by stacking
and locking, the various respective connectors of the
sections of the electrical cables and supply/support
pipes are connected to one another, and service is pro-
vided to the system 36 by respective lines connected
thereto and extending up out of the hatch. Lighting pro-
vided at convenient locations on the tower 28 is lit, the
human operators assume their positions and connect
their breathing equipment, the hatch cover(s) is/are
closed to the extent possible (given the ingress-egress
of the electrical and fluid supply lines to and from the
system 36). If needed, the walking beams 30 are oper-
ated to adjust the relative location of the device 26 into
a first corner of the hold. Blast cleaning of the two side
walls which meet at the respective corner of the hold
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begins. Before or after, the same or other operators, op-
erating from services provided by the device 26, blast
clean a quadrant of the deck 14 and, if desired, a quad-
rant of the underside of the hatch cover. In the course
of this work, the operator(s) lower or raise the vertical
trolley 34 (depending on whether the operator(s) is/are
working from top, down, or from bottom, up, and extend/
retract the horizontal trolley, in order to reach and per-
form nearly, or more or less than a quarter of the clean-
ing work. The operator or operators typically work on
both of the two side walls which meet at the respective
corner. When this cleaning has been completed, the de-
vice 26 is shifted using the horizontal position-shifting
means (the walking beams 30) into each of the other
three corners, whereupon, after each move, cleaning is
conducted as explained above.

[0050] After spent abrasive is cleaned-up and air
quality/temperature/humidity are adjusted, if needed,
one or more of the same or different operators, again in
four corner-related increments spray coat the surfaces
24 using trolley increments, and from locations on the
walkways much the same as has been explained above
in relation to cleaning. Upon completion, and determi-
nation that emissions of volatile organic chemicals have
sufficiently declined due to air quality management, the
hatch cover(s) is/are opened, the various cables and
supply lines to and from the supply and support systems
36 to outside the hold are disconnected, and the device
26 is lifted out of the hold 10 (as a whole, or sequentially
in, e.g., two sections, if modular), and lowered into an-
other hold, ready for a next cleaning and coating oper-
ation on such other hold.

[0051] In the instances of especially long or wide
holds, it may be necessary to shift the device as a whole
to more than four sites (e.g., to six or eight sites, e.g.,
including one intermediate site on each of two or four
sides), in order to perform all of the cleaning, and the
same, again to conduct all of the coating.

[0052] Itis possible that the device 26 can be used to
perform some other tasks than blast cleaning or coating,
such as high pressure washing or inspecting. It is also
possible that only one task would be performed in regard
to a particular hold on a particular occasion using the
device 26, e.g., cleaning but not coating, or vice versa.
[0053] Itis also possible to fit one or more horizontal
extensions to the horizontal trolley in order to equip
workers using the device 26 to use it for reaching espe-
cially far from the vertical tower 28.

[0054] In Figures 4 and 5, and Figures 6 and 7, the
device 26 is shown provided respectively with a ventila-
tion system, and with a modification to that ventilation
system.

[0055] Referring first to Figures 4 and 5, the ventila-
tion system 52, which is supported from the vertical tow-
er 28, and powered and served by the supply and sup-
port systems 36, includes a vertical duct 54, provided at
its upper end (which in this first instance) is located no
higher up than the top of the tower 28, with an air inlet
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56 shielded from above by a domed cap 58 which en-
closes a dust filter (not shown) forincoming air. The dust
filter is removable for cleaning, removable for replace-
ment if expendable or easier to clean elsewhere than in
place, or cleanable in place.

[0056] The duct 54 is shown provided at its lower end
with an air outlet 60, which also may be screen-covered
for preventing large objects from entering or exiting from
the air outlet. The air outlet 60 preferably is located near
but above the base of the vertical tower 28, e.g., in order
to be out of the way of the supply and support systems
36.

[0057] Between the air inlet 56 and outlet 60, there is
a fan 62, operated by a motor 64, interposed in the duct
54, for causing ventilating air to be drawn into the duct
54, filtered at 58, and to blow out of the outlet at 60.
[0058] The motor 64 is served with power from the
supply and support systems 36.

[0059] Although the workers could depend on the
ventilation system 52 to provide air from outside the hold
(i.e., by partly opening the hatch cover), it is recom-
mended that at least while abrasive blasting and spray
coating are taking place, that workers in the hold wear
ventilators, breathing masks or other air supply or filtra-
tion units. The ventilating system 52 aids in preventing
such intensive airborne dust build-up that visibility is too
low for the workers, for aiding in drying/curing of sprayed
coatings, and for permitting temperature and humidity
within the hold to be favorably influenced. In the varia-
tion shown in Figures 6 and 7, all is the same as that
which has been shown in and described with reference
to Figures 4 and 5, except that the domed cap 58 is
mounted on a swivelable extension 66 of the duct 54.
The extension 66 causes the inlet 56 to be located
above the hatch of the hold 12, and the lateral offset
provided by the swivelable extension allows the duct
portion provided thereby and which extends up out of
the hold, to avoid interference with restrictions to the
hatch area. The envelope of possible movement and re-
sulting placement of the swivelable extension are illus-
trated in Figure 7.

[0060] There are situations where, due to the harsh-
ness of the working environment while cleaning or coat-
ing, or due to the requirements of locally applicable laws
or regulations, or due to the scarcity of workers, it is de-
sirable to perform at least some of the cleaning and/or
coating operations using automated work applicators
which are controllable from a work station which can be
located either inside or outside the hold.

[0061] Equipment for accomplishing automated
cleaning and painting will now be described with refer-
ence to Figures 8-12.

[0062] In Figures 8-12, a set of horizontal rails 68 is
shown mounted on the horizontal trolley 34, e.g., on the
safety rail 50, so as to extend from corner to corner com-
pletely along a respective side. In practice, four sets of
such rails 68 preferably are provided, one for each side
of the horizontal trolley. The rails for each side can be

10

15

20

25

30

35

40

45

50

55

respective portions of a rail system which extends
around each corner, so that automated work-applying
equipment, likewise, can be advanced around corners
from one side to another, four distinct sets of rails like
the set shown can be provided. As a currently less-pre-
ferred alternative, only one or two sets of rails is or are
provided. In that case, each set is made to be easily
mounted to and demounted from the horizontal platform
(which can be done with the assistance of a crane, or
by workers while the vertical trolley 32 is disposed in its
lowermost position). In this latter instance, there is a
savings in capital investment, but added cost in the time
and labor for shifting the rail set or sets from side to side
of the horizontal trolley. By preference, each side is
equipped with a set of rails like the one shown at 68.
[0063] In Figures 8 and 9, the device 26 is shown set-
up for automated blasting, by having an automated
blasting machine 70 mounted on the rails 68. In practice,
during a cleaning operation, at least the two sides facing
the hold surfaces 24 meeting at a corner and both being
worked on are provided with automated blasting ma-
chines 70 (unless one will suffice because the rails curve
around the respective corner so one machine 70 can
apply cleaning work to two sides of the hull.

[0064] Each blasting machine 70 includes an applica-
tor which may be an impeller or sprayer 72 for projecting
abrasive grit (such as steel shot) through an outwardly
directed housing opening, positioned against the hold
surface 24, and a mechanism 74 to pull or push the ma-
chine along the rails 68 (such as a motorized cog-wheel
meshing with a rack gear provided on the rails, or a mo-
torized rubberized wheel or set of such wheels tractively
engaged with the rails. The motor can be pressurized
fluid-powered, or electrically powered, with service pro-
vided via cabling (not shown) from the supply and sup-
port systems 36 at the base.

[0065] In a preferred embodiment, the abrasive used
is steel shot, and the spent abrasive, together with dis-
lodging debris, falls to the floor of the housing of the ap-
plicator 72, where it is collected by a return line (not
shown) and sent to a reclaiming station (which can be
located on the base at 36, or outside the hold). At the
reclaiming station, separations are performed, e.g.,
based on whether the mixed material is ferromagnetic,
on particle size and particle shape, with reusable grit
being sent back to the supply and support systems 36
for reuse by the blasting equipment.

[0066] Standard techniques for remotely operating
the applying of abrasive, traversing the abrasive appli-
cator along the rails, raising and lowering the vertical
trolley, projecting and retracting the horizontal elevator,
and shifting the device 26 along the deck of the hold can
be used, e.g., using a control panel which is connected
by cabling, or by a radio transmitter-receiver pair to the
supply and support systems 36.

[0067] Cleaning of the deck and downwardly facing
upper surfaces can be performed by hand-held equip-
ment operated by human operators, as has been de-
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scribed above in relation to the embodiment of Figures
1-7, if the applicator 72 is not susceptible of being reo-
riented (e.g., by swiveling or remounting) to reach those
surfaces automatically.

[0068] When cleaning has been completed (for a hold
which is to be both cleaned and coated), either each ap-
plicator 72 is run to an outer end of the respective set
of rails 68 and parked, or is physically moved out of the
way (e.g., demounted, or moved to another set of the
rails which is not presently juxtaposed with a corner that
is being worked on).

[0069] For coating, either following cleaning, or in an
instance where cleaning is not needed or has already
been performed in another manner, a coating machine
76 is mounted on the set of rails (one or more on each
of two or more sets of the rails).

[0070] The coating machine likewise includes an ap-
plicator 78 (e.g., a spraying head connected by a supply
hose or hoses (not shown) to the supply and support
systems 36, and a rail traversing mechanism 80.
[0071] In both the instances of cleaning and coating,
the respective applicators are caused to traverse the re-
spective sides of the horizontal trolley, while being sup-
plied from the system 36, the trolley 32 is operated to
position the applicator at a new increment for applying
work, the horizontal trolley is operated for reaching into
a corner or further from a corner than can otherwise be
reached for a given position of the device 26, and the
device 26 is repositioned using the powered perambu-
lators 30, for disposing the device 26 as a whole suc-
cessively in relative proximity to each of the four corners
of the hold.

[0072] More details of how to stack and destack the
tower modules can be understood by referring to the de-
scription of Figures 21-26 of Goldbach et al. U.S. patent
5,398,632, issued March 21, 1995. The apparatus for
projecting and retracting the horizontal trolley can be
similar to that described for projecting and retracting the
work platform in reference to Figures 29-32 of that pat-
ent. The cleaning and coating machine can be similar
to that described with reference to Figures 33-41 and
49 of that patent. The vertical trolley can be operated in
a manner similar to that described in relation to Figures
7 and 8 of that patent, and the supply and service sys-
tems can be constructed and operated similar to the
equipment described with reference to Figures 17 and
18 of that patent. Spent grit capture, fractioning and re-
use may be performed as disclosed in Goldbach et al.
U.S. patent 5,353,729, issued October 11, 1994 and
Goldbach et al. U.S. patent 5,540,172, issued July 30,
1996. The device may be moved by the devices 30 in a
manner similar to movement of the equipment as de-
scribed in the latter U.S. patent.

[0073] Because the self-contained device for cleaning
and coating hold surfaces in a bulk carrier as described
hereinabove can be modified to some extent without de-
parting from the principles thereof as they have been
outlined and explained in this specification, the present
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invention should be understood as encompassing all
such modifications as are within the scope of the follow-
ing claims.

Claims

1. A self-contained device for use in applying work to
internal wall surfaces of a bulk cargo vessel hold,
comprising:

framework providing a vertical tower (28) hav-
ing a base;

a shiftable support structure (30) supporting the
tower base and arranged for shifting the tower
about in each of two mutually orthogonal hori-
zontal directions on a substantially horizontal
deck (14) of a hold (12), for stationing the tower
in proximity with each of four corners where re-
spective pairs of sidewalls (16, 18, 20) of the
hold meet one another;

a vertical trolley(32) mounted to the vertical
tower (28) and vertically movable thereon to as-
sume and maintain each of a plurality of select-
ed vertical elevations;

a horizontal trolley (34) mounted to the vertical
trolley and bidirectionally horizontally movable
thereon to assume and maintain each of a plu-
rality of selected horizontal positions relative to
the vertical tower, including a first extreme of
extension in one direction to one side of the ver-
tical tower and a second extreme of extension
to an opposite side of the vertical tower;

a complement of supply systems (36) for use
in performing work on said surface, said sys-
tems being provided on said vertical tower (28);
and

an operator walkway (48) provided on said hor-
izontal trolley (34).

2. A device according to claim 1, wherein:

said vertical tower (28) is modular, including at
least a lower module and an upper module,
which are stackingly disconnectably connect-
ed, and

said device comprises two sections (38, 40),
one of which includes said lower module, said
base and said systems, and the other of which
includes said upper module and said vertical
and horizontal trolleys.

3. A device according to claim 1 or 2, wherein:
said shiftable support structure is constituted
by walking beams (30).

4. A device according to claim 1, 2 or 3, wherein said
complement of supply systems (30) includes:
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apparatus (52) for providing breathing air for
said operator or operators.

A device according to any preceding claim, wherein
said complement of supply systems includes:

apparatus (70) for supplying abrasive grit
blasting equipment.

A device according to any preceding claim, wherein
said complement of supply systems includes:

apparatus (76) for supplying coating spraying
equipment.

A device according to any preceding claim, where-
in:

said horizontal trolley (34) is generally rectan-
gular in plan, and said operator walkway(48) ex-
tends around all four sides of the outer perimeter of
said horizontal trolley (34).

A device according to any preceding claim, further
including:

a ventilation duct (54) supported by said verti-
cal tower (18); said ventilation duct having an
air inlet (56) provided at an upper end thereof,
and an air outlet (60) provided at a lower end
thereof;

a filter associated with said ventilation duct for
filtering air drawn into the ventilation duct; and
a fan (62) interposed in said duct for causing
air to be drawn into said duct through said inlet
and expelled into the hold through said outlet.

A device according to claim 8, wherein:

said duct includes a laterally offset upper end
portion which extends above said vertical tower and
is swivelable about a vertical axis, for locating said
inlet at any of a plurality of laterally offset locations
within a circular envelope of movement and dispo-
sition.

A method of applying work to internal wall surfaces
of a bulk cargo vessel hold, comprising:

(a) lowering into the hold so as to become sup-
ported on the deck of the hold, a self-contained
device, comprising:

framework providing a vertical tower(28)
having a base;

a shiftable support structure(30) support-
ing the tower base and arranged for shifting
the tower (28) about in each of two mutually
orthogonal horizontal direction on a sub-
stantially horizontal deck (14) of the hold,
for stationing the tower in proximity with
each of four corners where respective pairs

10

15

20

25

30

35

40

45

50

55

10

EP 0968 914 A1

1.

12.

13.

14.

18

of sidewalls of the hold meet one another;
a vertical trolley (32) mounted to the verti-
cal tower (28) and vertically movable ther-
eon to assume and maintain each of a plu-
rality of selected vertical elevations;

a horizontal trolley (34) mounted to the ver-
tical trolley and bidirectionally horizontally
movable thereon to assume and maintain
each of a plurality of selected horizontal po-
sitions relative to the vertical tower, includ-
ing a first extreme of extension in one di-
rection to one side of the vertical tower and
a second extreme of extension to an oppo-
site side of the vertical tower;

a complement of supply systems (36) for
use in performing work on said surface,
said systems being provided on said verti-
cal tower; and

an operator walkway (48) provided on said
horizontal trolley (34);

(b) from the walkway (48), with the device lo-
cated in a first location on said deck, applying
work to internal surfaces of two sidewalls of
said hold which meet at a first corner, using sup-
plies supplied from said systems;

(c) shifting said device to a second location on
said deck, by operating said shiftable support
structure (30);

(d) from the walkway, with the device located in
said second location on said deck, applying
work to internal surfaces of two sidewalls (16,
18, 20) of said hold which meet at a second cor-
ner, using supplies supplied from said systems;
and

(e) lifting said device out of said hold.

A method according to claim 10, further comprising:

(f) repeating steps (c) and (d) twice more, re-
spectively for shifting the device to a third and a
fourth location and applying work to internal surfac-
es (24) of two sidewalls (16, 18, 20) of the hold (12)
which respectively meet at a third and a fourth cor-
ner, before conducting step (e).

A method according to claim 11, wherein:
said work comprises at least one of cleaning
and coating said surfaces (24).

A method according to claim 12, comprising:

conducting steps (a)-(d) and (f) twice in suc-
cession, once for cleaning and a second time for
coating, before conducting step (e).

A method according to claim 13, wherein:

said coating comprises blasting with abrasive
grit and said coating comprises spraying with a
coating composition.
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15. A device according to claim 7, wherein: machine mounted on said rail or rails and arranged
for motorized propulsion along the rail or rails while
at least one side of said outer perimeter of said applying work to said surface.

horizontal trolley is provided with a respective

set of horizontal rails (68) extending along the 5
respective side; and the device includes

a remotely operable work-applying machine
(70, 76) mounted on said set of rails and ar-
ranged for motorized propulsion along the set

of rails while applying work to said surface; said 70
work-applying machine comprising one of an
abrasive grit applicator (70) and a coating
sprayer (76).

16. A device according to claim 15, wherein: 15
a set of said rails (68) is provided on each of
said sides of said outer perimeter of said horizontal
trolley (34).

17. A device according to claim 15 or 16, wherein: 20
at least one said work-applicator is an abra-
sive grit applicator (70) adapted for centrifugally
propelling steel shot, and for collecting rebounding
shot, and dislodged material into a housing for clas-
sification and for reuse of at least some of the steel 25
shot.

18. A device for use in applying work to internal wall
surfaces of a bulk cargo vessel hold, comprising:
30

a vertical tower (28) having a base;
a shiftable support structure (30) supporting the
tower base and arranged for shifting the tower
about in each of two mutually orthogonal hori-
zontal directions on a substantially horizontal 35
deck (14) of a hold (12);
a vertical trolley (32) mounted to the vertical
tower (28) and vertically movable thereon to as-
sume and maintain each of a plurality of select-
ed vertical elevations; 40
a horizontal trolley (34) mounted to the vertical
trolley and bidirectionally horizontally movable
thereon to assume and maintain each of a plu-
rality of selected horizontal positions relative to
the vertical tower, including a first extreme of 45
extension in one direction to one side of the ver-
tical tower and a second extreme of extension
to an opposite side of the vertical tower; and
a complement of supply systems (36) for use
in performing work on said surface, said sys- 50
tems being provided on said vertical tower.

19. A device according to claim 18, wherein said hori-
zontal trolley is generally rectangular in plan; and at
least one side of said outer perimeter of said hori- 55
zontal trolley is provided with one or more horizontal
rails extending along the respective side; and the
device includes a remotely operable work-applying

11
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