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ABSTRACT

This paper presents the GOYA Proect, a tdeoperated sysem for blaging applied to hull
cleaning in ship mantenance. The objecive of the project is to develop a rdigble and cost
effective technology regarding hull grit blagting, obtaning a high qudity surface preparation
together with a dramdtic reduction of waste and zero emissons to environment. Present
technology for hull deaning and the problematic in shipbuilding industry ae andysed.
SHection of blaging technologies and maerids is dso goproached in this paper, showing the
different tests carried out to achieve a hull surface cdeanliness of SA 2 %. The desing of the
robot is dso presented, showing aspects of  mechanicd, control unit, teleoperation sysem and
blasting head design. It dso shows the consecution of a smooth hull - surface and the reduction
of operaion codts a@mospheric contamingtion. It dso diminates the hard working conditions
of the operators in the present manud operation. This work is supported by the Spanish
government and the European Union (CICY T-FEDER) and istested in BAZAN Co.

1. OBJECTIVESAND APPROACH TO THE PROBLEM

The man obective of GOYA Project is to develop a relisble and cost effective technology
regarding hull grit blagting, capable to obtain a high quaity surface preparation together with
a dramatic reduction of wase and zero emissons to environment. This technology is
integr ated in a full-automated and low-cost blagting system.

The proposed technology purslits to solve a problem that is becoming critica for European
shipbuilding indusry (1) (shipyards, blasting equipment devdopers and suppliers marine
pant devdopers and suppliers, wagte digposa suppliers): sudainable and competitive ships
building and maintenance, concerning hull surface preparation process before painting.

Besdes the firg hull surface preparation when vessd is built —before painting it-, man ships
maintenance care condds of periodica (every 45 years) remova of sea adherence and hull
coating and afterwards hull repanting. This is caried out to preserve the hull integrity,
guarantying safe-sdling conditions and to mantan a smooth hull suface, minimisng fud
consumption, reducing operdtion cods and avoiding too amospheric  contamination. Other
maintenance operations are scheduled or even delayed to be done while hull deaning and re
panting. Present technology - see figure 1 - (3)(7) for hull deaning, grit blaging, is very
pollutant, environmentally uneffordable, and it is progressvely being forbidden in the most
environmentd  sengtive countries (mainly north of Europe) only remaning in  southern



countries (Greece, Portugd, Spain) with a dear trend to be reduced until being definitively
forbidden.

At the present moment, the above methodology hes been patidly subdituted by ultra high
pressure water blasting (4)(8). Those systems avoid the prewater deaning required for hull
desdinistion used with grit bleding; however —as reported by pant suppliers and ship
owners -, they do not show as good performance as the grit blasting sysems, snce:

1. This technology does not sdisfy requirements regarding sed surface preparation for
optima paint adherence, as ship owners natice it.

2. Maintenance period is extended by 30%.

3. Blaging operation cost increeses by 30% together with a high amount of water to be
recycled (water is alimited and expendve resource in southern countries of Eurqe).

These feaiures are producing that ship owners move to shipyards where the open grit blagting
is dill dlowed (South of Europe, Midde Ead, Far Ead, Korea and Ching), with loss of ship
repar work in yads of the North of Europe (where open grit blasting has dready been
forbidden). It is agreed that shipbuilding industry is a socdled “draegic industry” for Europe
©).

The same happens with the ship-repair industry. Ship repar has a component of added vaue
gregter than shipbuilding, which can be edimated near the 80% of totd sdes (1900 Meuro
annud turnover). It isakey activity within the maritime transport sector (2).

Fig. 1. Present method for hull cleaning

2. STATE OF THE ART

Usud renewd peiods for modern auto polishing pants are faur to five years, with some
intermediate hull cleening every two years. This second operation does not include coating



removad, but only sea adherence removd. Common hull deaning systems use high-pressure
fresh water hoses a pressures of 250 Kg/en? thraugh 750 Kg/ent. The hull water deaning is
normaly caried out in order to remove sdt from within the sed hull. This operaion is
performed because paints employed adhere better on a nonor less sdted surface. One of the
mos universdly used pant/ccting removd technologies is the open grit blading; this
congsts of manudly operated hoses that projects grit with high speed through injection of
pressurised ar a 79 Kg/ cm2. Grit blaging in open spaces is progressivdly being forbidden
in the mog environmenta sengtive countries, to avoid amospheric contamination caused by
the dugt produced as a consequence of the grit impact agangt the sted hull. On the other
hand, grit blasting produces resdues of non reussble grit detritus, combined with paints, sea
moulds and barnacles over big area (25 times grester that the rectangle determined by the
hull areg) indde the dry dock where the grit blaging is performed. Such resdues may contain
contaminated parts (for example, in the case where TBT paints are used to avoid fooling of
the hull) and therefore the above-indicated area must be cleaned after blagting, and the
residues digposed adequatdly on an authorised sink.

The mogt recent devdopment in abrasve blasing equipment is remote-controlled or robatic-
type blaging units for verticd surfaces (1)(7). These units are designed to crawl dong the
aurface of a ship hull, a dorage tank, or a cooling tower while being operated from the
ground. These units are equipped with ether centrifugd whed or compressed ar blasing
units, aswell as, vacuum recovery, filtration/separation, and supply/waste storage systems.

Soecidly designed shrouds around the blagting heads "sed” the units to the surface being
cleaned to prevent the dugst from escaping into the amosphere. There are different methods of
accessng the surface with the blagting heed unit. In each case, the remote controlled
equipment for the robotic blasting unit is located on the ground. In fact, it is often packaged
together and mounted on a traler or skid for ease in trangporting it around the job Ste or from
one project to another.

One method (7) of reaching the vertical surface is to atach the robotic unit to the platform of
a stisors lift or to the end of a tedescopic or pneumaticaly controlled am mounted to a
vehicle, such as a cherry picker, which dlows the unit to transverse the blasting surface. In
ome cases, the am is permanently mounted to a dry dock ingdlaion. The am dlows for
horizontd and veticd movement of the unt within a given range. Ancther method is to
suspend the unit from rigging that is attached to a girder mounted a the top of the surface to
be deaned. The robotic unit can move horizontaly dong the girder as wel as veticdly in a
fixed location. Fndly, magnetic force or a counterweight, aded by vacuum power, can be
used to atach the blagting unit to the surface, thus dlowing for rdaivey free movement of
the unit. The vacuum dso is used to capture debris removed from the surface and spent
abrasve. Recyddble grit or a mixture of grit and dag can be used by these blagting units,
depending on the surface to be deaned, the contaminant to be removed, and the desred
degree of cleanliness.

A arface demliness of SA 2, SA 2 1/2, o SA 3 can be achieved with this equipmert,
depending of the dorasve media used and the unit’s rate of traved, dwel time, etc. Cleaning
rates achieved with verticd dry blagting equipment dso depend on the nature of the surface to
be deaned, the gandard of cleanliness required, and the width of the blast pattern. In addition,
the degree of flainess of the surface is a factor, sSnce the blagting head must be kept agangt
the surface to maintain dugt-free operation.

Advantages of the current remote-controlled verticd blast-deaning equipment indudes dus-
free deaning, speed operation without the need for scaffolding and the resultant savings in



scaffolding and labour costs. Disadvantages include 1- more up- front expense for equipment
compared to traditiond blagting units, 2-the posshbility of cumbersome stup (eg., rigging a
support beam from the top of the surface), and in some cases, 3the need to scaffold the
surface for painting (i.e, if it canot be reached from a cherry-picker or permanent staging in
a dy-dock). In other hand, these eguipment are very heavy and their utilisstion for spotting or
the bow is not recommended.

At present, the above methodology has been partidly subgtituted by ultra high pressure water
blaging (UHP) (8)(10)(11); it uses technology derived from those employed for hull hydro
deaning, but ataining to pressures around 2.000 - 2500 Kg / cnf. Those systems avoid the
prewater cleaning required for hull desdinisaion used with grit blaging; however, they do
not show as good performance as the grit blasting systems. Main problems concern (4)(8):

Surface finishing: The sed surface roughness obtained is not good enough to permit a
correct adherence of the prime coating (in comparison with the one obtained by the use of

grit blagting).

Execution times The time required to peform a degree of hull blading is generdly 1,6
times the one required to perform the same job using grit blagting.

- Wade digposad: The use of fresh water (a limited resource in southern countries of Europe)
for hull deaning and / or hull waer blaging, dso produces the same resdues of pants sea
moulds and banades and therefore a sysem has to be put in place to filter dl such
resdues and avoid them go dong with water. An additiond problem appears when the
locd legidaion requests for water recyding. Then, an additiond sysem to recycde the
used water hasto be ingtaled.

GRIT BLASTING

Grit characteritic Dehumidified and gauged Cooper ad
Zinc pyritesdag

Granulometry Between 0,5 and 20 nmm

Working Air Pressure 7Kg/ cnt

Surface Preparation A 2%SA 2 SA 1 ( Svenk Sandad
Sys)

Average Measured Consumption per nt SA2%45Kg SA2 34Kg

Average performance per man-day SA 2% 50 nf

WATER BLASTING

Projected materia Fresh water

Working pressure Between 250 and 2.500 Kg/ enf

Water Consumption Cleaning 250 Kg/ent 90 I/min 750 Kg/ent
401/ min

Water Consumption Blagting 2,000 Kg/ o 8 l/min

Average performance per man-day Cleaning 110 nf




Average performance per man-day Blagting 30 nt

Tablel

Table 1 summarises the performances obtained usng both technologies under red conditions.
The data proceeds from the shipyards of BAZAN Co. and usng human operaors, not robatic
systems.

Like the robotic dry-blasting equipment for verticad surfaces exist robotic units equipped with
ultra highpressure (UHP) water-jetting nozzles (9)(10)(11). The have one or more Sprays
bars that hold the soray nozzles, and they feature vacuum recovery, filtration/separation, and
wade dorage sysems. Ultra high-pressure water is supplied to the nozzles by intendfier or
conventional  plunger pumps, which can be powered by a diesd or an dectric motor. The
pumps and separdion sysems are located on the ground where the may be mounted on a skid
or a traler for easy trangport. As with verticd dry-blasing machines, the UHP waterjetting
units have shrouds that surround the blast nozzle heads and sed them to the surface being

cleaned to prevent the escape of debris or used water.

Deperding on the manufacturer, these units may be made as free-crawling machines, or they
may be made as freecrawling machines, or they may be made to be attached to the end of a
telescopic am mounted to a sdf-propelled vehide or to dry-dock inddlation. In either case,
the units are operated by remote control from the ground and held againgt the surface by
means of magnetic force or vacuum.

The free-crawling machines have ether twin tracks or wheds a each corner. A winch system
is used to podtion the unit on the surface from the top. It dso serves as a safety device to
support the unit should it accidentaly become separated from the surface.

Since waterjetting without an abradve does not produce desred surface profile, use of this
technology is redricted to mantenance work. Standards of dted prepardtion with UHP
waejetting are avaldble from SG in Gemany, severa marines paint companies in Europe,
and from SSPC. The Sociely for Protective Codings and NACE Interndtiond in the United
States.

Advantages of remote-controlled UHP (3)(8) waterjetting units for verticd surfaces are the
same as those for the dnyblaging units for verticd surfaces dud-free cleaning, speed of
operaion without the need for scafolding, saving in scaffolding and  labour  cods.
Disadvantages incdude 1-ship-owners (1)(4) prefer grit blasting indead weter blagting (by
reeson of the obtained superficid qudity) , 2more up-front expense for equipment compared
to treditiond waterjetting units and, in some cases, 3-the need to scaffold the surface anyway
for panting if it cannot reached from a cherry-picker or from permanent daging in a dry
dock.

3. SELECTION OF BLASTING TECHNOLOGY

Based on the sudy of the date of the at in hull cleaning, a robotized sysem based on grit
blasting has been adopted. To reach such sdection, exhaudive tess have been done in order
to sdect which of the different abrasvesin the market is the best.

Three different abrasives where chosen based on parameters as hull surface cleaning reached
with every auasive, recyde capability, and respectful with the environment and working
conditions: Ti-Grit® , Webusiv® and Alodur-DSO™.



In order to check the effectiveness of the abrasives, red tests were done in a ferry beached on
Bazan Co. After a wae deaning to diminae superfidd dugdt, different parts of the hull was
blasted with a didinct aorasve — see figure 2. The panting thickness was measured in every
areg, varying between 371 and 606 mm. Two test were done for every abrasve with 100 Kg of
materid in every test, recording the time to wade totdly the abrasive getting a hull surface
ceaning of SA 2 Y%The blaging unit used was an EDER twiger 130, with a working
pressure of 7 bar.

Webusiv2 BB Webusivl | DSO1 Tigrit] Pirita2 Pirital

Fig. 2. — Different blasting on the hull

In this teds, severd parameters were measured, including a granular study, efficiency in time
of blaging, udng cod, and very important: reusability. The obtaned rexults offer the
fallowing condusons:

All these abrasives are efficient in the hull surface cleaning reaching SA 2 Yaudity.
The consume and cost of Ti-Grit is higher than the others

Ti-Grit is the mogt recyclable aorasive, it can be reused 200 times, Webusv and Alodur -
DSO 5 times and Cu scum only twice,

Therefore, Ti-Grit is the optimum aorasve for this work. Although the cogt of the maerid is
higher, its superior reussbility mekes this cost the leest. This will be optimum keeping in
mind that arecyding sysem must be used.

4. FUNCTIONAL REQUIREMENTS OF A FAMILY OF CLEANING & BLASTING
ROBOTS

In the hull deaning/blagting gpplied to ships maintenance, one of the necessary requirements
concans to the blaging materid. A hull surface deanliness of SA 2 Yhould be achieved

with this maeid. Futhemore, in order to reduce the amount of resdues, it should be
reusable severd times.

Besdes the gppropricte materid, a robot where the cleaning head is mounted hes to be
desgned. This robot should be adapteble to the shapes of very different ships from an ail
tanker to awar frigate.

In other way, a sysem to diminate resdues through dust emisson is necessary and it will be
coupled to the deaning head. It will trest dl the non-recyclable products as a result of the
cleaning process. Basically it will separate the reusable product from the residues.



The robotic sysem will be able to support the deaning heed and cary it dong the ship
surface that has to be cdeaned. In order to specify the problem, the working area is defined
from 1 meter to 6 meters dtitude dl dong the ship. The deaning of such area will be carried
out in a totaly automated manner covering aress of 2.5 25 meters. The movements from one
area to another will need very few maneuvers.

The cleaning head will have the necessary degrees of freedom to carry on the blasting process
in the mogt efficient manner. Which means that the angle of incidence of the blagt on the
surface of the ship will be approximately of 45 degress in the sense of advance of the
cleening. The capacity of load of the robot will be adequatdy messured in order to support
the weght of the deaning tool, the hoses and other auxiliay dements that could be
manipulated. When designing the robot, the necessary protections have to be placed o that
the grit blasting and the dust will not damage different éements of the robot. In the same way,
an adequate protection to confine the projected materid and the resduds generated during the
operation must be placed.

As for the span and dimenson of the robat, the conditions of the environment of work must
be drongly kept in mind: possble presence of drong winds possble presence of inflanmeble
and explosve subgtances, irregularities in the surface of the land, exigence of obstacles, etc.
For this the combined robot-cleaning head has to be the most compad and dight possible in
order to be the most easily maneuverable.

The combined robot-cleening head will be tdeoperated by a computer following the
commands that the operator introduce in the interface, S0 that as many aress of the ship as it is
possble could be covered, smplifying the dedgn of the sysem. A teeoperaied platform will
provide the find user dl the necessary sarvices in order to supervise and control the deaning
operation. This plaform will communicate with a control unit of the roba, which controls the
movements of the effectors that compose the cleaning robothead, as wel as it regisers the
operation mode and state of operation in that moment.

Therefore, the system diminates the hard working conditions of the operators in the present
manua operation, being necessary only controlling operators.

5. SYSTEM DESCRIPTION

In this project we have sdected, adepted, extended or developed the methods and techniques
necessary to support the framework showed in figure 2. The main components o the GOYA
Sysem are:

- A mechanicd subsystem where the cleaning head, sensors and effectors are mounted.
- Anautomated control subsystemn for manoeuvring the robot aong the hull surfaces.

- A tdeoperation plaform fed with CAD daa from hull under operation and the process
parangers, able to control the blaging process to reach optimum qudity. The sysem
congders an infinite of ship hull shapes.

- A rdiable vison sygem for the on-line veification of the find surface qudity obtained
with the deaning heed.
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Fig. 3. GOYA framework.

- Wade deding and recyding sydems to diminae the reddues resulting from the hull
blesing, in order to provide adeguate trestment of them, to permit the reuse of the grit
materid, and to package and dispose adequately the other wastes.

Low cog and specidised robotic sysems that support the blasting head providing an
enclosed environment that will reduce the dust emission to the amosphere up to 90% and
permitting grit materid recovery. Two low cogt robotic systems will be developed (for the
bow and spot-working). For verticd wadls one exiding robotic sysem will be adapted to
the new blagting technology. ¢?

New paints for marine use with up to 35% better adherence properties.
The different subsystems of this framework can be detalled as follows.

5.1. Mechanical subsystem

The mechanica subsystem conssts of the following functional modules:

Elevation platform. This sysem condss of an hydralic devation plaform, whose
minimum haght is 800mm and it has a career of devation of 2500 mm. Therefore, it is adle
to clean the fringe of the ship between 800 mm. and 3300 mm high. For the rest of the surface
to be deaned, a upplement of 2500 mm. high is added, in such a way that one could sweep
the fringe o the hull between 3300 mm. and 5800 mm. The cgpecity of load is enough to
cary the arm, the heed of deaning, and in anyway, the supplement.




Fig. 4. Mechanical subsystem.

Arm for postioning the head. Its purpose is to move avay or gpproach the cleaning head to
the surface of the ship. It is built sarting from two mobile guided rails, each one supported for
a par of skates. In their other end the rails support a pneumatic cylinder without offspring thet
caries the head of cleaning. The useful career of the arm will be of 4000 mm from the end of
the devaor table. The am dlows gpproaching the deaning head to the surface of the ship,
depending of the height to which the devetor tableis.

Cleaning head. The cleaning head consgs of a pan & tilt head that guides the hose of
blaging in such a way tha the angle of incidence of the blest on the ship surfece is
agoproximately 45°, in the sense of advance of the same. On the other hand, the blast of
abrasve materid isingde anormd plane to the surface of the ship.

5.2. Control Unit

The control unit incorporates the posshility of working in two different ways teleoperated
and manud. In the tdeoperated mode, the operaor is entrusted with monitoring and operaing
the robot according to the information provided by the tdeoperation sysem. For this sad
sysem recaves commands of the operator, and it communicates with the control unit. This
unit acts physcaly on the robot in order to move it, sending the necessary orders to the
effectors of the motors and supervisng their correct operation by feedback. This teleoperated
way will be the norma manner of operation.

For security, the contral unit is able to control the robot without nesding communication with
the tdeoperation sysem. This is the manud or locd mode Indead of receiving the orders
through a locd area netwok, the control unit receives orders directly from the operator. These
orders ae handily introduced usng an dectromechanicd interface based on  buttons
switches, indicators and displays.

This unit controls the movement of the different dements that conditute the robot and
cleaning head. Therefore, it has to devate or dexend the plaform, move forward or
backwards the am and locate the deaning head in the correct postion, in manud mode and
teleoperated mode.

5.3. Teeoperation Platform

The gpproach taken for teleoperation sysem is based on the generic architecture described in
(9). Such architectureis shown in figure 4.

The controllers and the low-level processes and he user interface run in the same platform, an
Indugtrid Pentium I PC. The collisons detection, grgphicad representation and user interface
run in a O2 Slicon Grgphics with SO IRIX 65.8. Each one of these dements is a thread
process. Communications among them are performed by means of critica sections.

The graphicd & kinematic server runs in the same SG workdation , and it's based on the
utilities provided by GRASP (a commecd tool widdy use for robotic smuldion tasks).
Communications links between processes running in the PC and the grgphicd & kinematic
server are performed by means of TCP/IP sockets.



The controllers have been designed and implemented to be reused. A generic mechanism

Collisions Graphical User
Detection representation Interface

W

Tool | | Robot
Controller Controller

/

\_’—l

Communications

Low level
process

| |
controller class has been defined a the top of the hierarchy class. The tool and robot
controllers have been derived from such mechanism controller cdass The objectoriented
programming paradigms dlows designing software generd enough to be adgpted or extended
to new functiondities.

Figure 5. High level description of the architecture.

The tdeoperdtion system offers the posshility to the find user of working in two different
ways red mode and smulaion mode. In red mode, the sysem tdeoperates and monitors the
dae of the robot in the environmet of work, sending commands to the control unit and
receiving the current gate of the robot. In amulaion mode, the sysem dlows to smulate the
behavior of the robot, being ale to tex or tran movements without the risk that implies
operating the robot in red mode In order to work in Smulaion mode, the functiond
requirements are the same tha in read mode except for the functiondity associaed with
operdtions that only make sense with the red robot. In this case the behaviour of the robot is
smulated and the results of such smulaion come to the operator with the same interface that
in redl mode without sending the commands to the control unit.

6. CONCLUSIONSAND FUTURE WORKS

The problems in hull deening and its environmentd impact has been deeply Sudied. In this
paper a solution for those problems is presented. Such solution has been reeched designing a
lonv-cost teleoperated and robotized sysem for blesing, obtaning a high qudity surface
preparation and environment respectful.

The proposed solution to the hull blagting problem will advance the date of the at in the
following ways.

Actual Problem Innovation
High consumption of grit maeid and | Ressarch about a new grit materid with low
generdion of grest amount of debris. ageing ccefficdent and auitable cog. This will
dlow the reduction of up to 90% grit




Actual Problem I nnovation

consumption, with at less the same cog.

No reicble wagte digposd and recyding | To devdop an origind wede deding and
system recyde sysdem oriented for  hull-blaging
Odritus  (grit materid, pants, sea moulds
banades ot ec). It will pemit adequate
waste separdion and safe disposal.

High emisson of polutants to environment | Reduction of emissons up to 90% by the
caused by the dust (in operations where | egpecid design of shrouds around the blasting
robotic sysems for verticad wals ae not | head units

used, i.e. the bow and spot working).

Sow, limited computer vison sydems | Fulautomated, Al-bassd visud  ingpection
Lack of fledbilityy, Smdl ressoning | sysem  for  ondine  suface  finishing
cgpabilitiesfor recognition verification.

Srong  requirements  for  sed  surface

preparation Research of new paints with better adherence
properties. Improvement of adherence up to

30%.

Table2

As future works the proposed solution will be vdidaed in BAZAN shipyads and the
recycling sysem will be integrated with the robot.

GOYA Tdeopeaation Sysem is beng developed by Dept. Tecnologia Electronica of the
Universdad Politécnica de Cartagenafor BAZAN Carenasin Span.
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