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ABSTRACT

In 1994 podded propulsion system has been stastbe utilized
and that make revolutionary in the integrated ghgpulsion and
steering system due to diesel-electric and combirpnd and
rudder in the compact body. This paper would revigilization
of podded propulsion system on the Double ActinghKEa
(DAT) ship. The DAT ship which can be operated ringrahead
mode and astern mode in open water and ice conslitio

KEY WORDS: Ship in Ice, Double Acting Tanker, Podded and
Rudder, Propulsion.

NOMENCLATURE

DAT Double Acting Tanker

1.0INTRODUCTION

The ship should be having capability to break toe for
travelling in the sea ice. Typically that ship wasown as ice
breaker, unlikely ordinary ships sailing in the opeater the stem
part of the ice breaker has an angle formed. Itavsisarp and has
a function to break the ice. These vessel wasyraplbreciated as
tugs in the port activity since could be manoeuwedl in ice.
However dimension of the ship is restricted soti@ bigger ship

such merchant vessel, cargo, and tanker, they eeded that
making a channel and escort them. This procedwsestilhbeen
used on the present day even though uneconomic tdue
additional charge for escorted of the ice breaker.

2.01CE FRACTURE MECHANISM

Mechanical properties of ice like flexural strengthust be
investigated so the ship which was going to pass dreugh
thrust to crush it. Sodhi (2001) had done smallesgadentation
test to prove the phenomena of breaking at thestoecture
interaction by using non-simultaneous formula fattle crushing
and simultaneous formula for ductile crushing. Ex@eriment
concluded during low rate ice but it would be fedlductile on
the high rate brittle. On the other case throughdioma scale
indentation testSodhi et al. (1998) had been confirmed same
summary in regard to transition fracture propertésce from
ductile to brittle when strain rate increased.

Daley et al. (1998yleclared failure on ice would be happened
continuous gradually and that was called discretegss from
naturally to chaotic. It was concluded that aftezdelled ice as
nested hierarchy of discrete. In discrete prociéssas formed
under plastic deformation. Failure process wouldtagted from
micro crack and growth up along of grain boundarymtacro
crack. That had made desegregation at the edge.ofis model
was tested using medium scale indentation. It cansdéen in
experimental result, there are occurrence creepseofollowing
by micro crack at the low velocity and it is dontied flaking by
macro crack on the high velocity.

Sawamura et al. (2008) assumed that the ice hadiaite at
edge and semi-infinite at centre line, homogenemd floating
material on simple hydrodynamic fluid with negligibviscosity.
Model was made on finite element software Abaqu&bnand
3D. Penalty contact algorithm has been used to ritbesc
frictionless contact in tangential component betwéeid and
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structure. It can be seen from simulation effecivetige angle at
maximum stress and point of hot spot stress. Rsholvn shape
of the broken ice changed from circle to elliptiedien angle of
wedge increased. Some complex of breaking pattath been
resulted in indentation mode that must be a consiti® find out

interaction between ship and broken-unbroken icatflOverall,

it can be resumed that the pressure load on idanistion of

density and modulus bulk of water.

3.0SHIP ADAPTATION

3.1 Azipod Propulsion

Azipod propulsion system consisted of a fixed phapewhich
was driven by electric motor. Rotation of motor Wbbe extend
using a shaft and put in a pod. To steer the vegsal above the
pod fitted by strud. All of that component would banging on
the slewing bearing. That system could rotate’ 366 the entirely
thrust of the propeller can be used to manoeuvethefship.
Azipod would eliminate of a rudder, gearbox and plate of
shaft or coupling while be using in a conventiopalwering
system. This new system can be giving a low otiéitforce, a
decrease of vibration and cavitation.

Kuiper (1992), Oosurveld et al. (1975) to haviniguge result
in the thrust of powering since the long periodsgéfangen B
series propeller had been used due to giving hifitiescy and
suitable for use because of lower cavitation. Comignthere are
two methods to be used in the propeller design.fifeeis using
diagrams where it was obtained from open water glep
experiments for systematic propeller series anarebdés using
mathematical methods. Other researcher, Ekinci {R0das
offering a new design with involved a few paramet¢o reduce
inevitable error in the step reading of variabléhatdiagram.

Finish Maritime Administration had been having attére
solution to icebreaker operation in ice channehtlitiea then was
present to the ABB lastly, the joining company geted an
Azipod (Azimuthing Electric Propulsion Drive) aspaopulsion
system which installed first in the pulling mode H95 to
icebreaker Rothelstein. Pakaste et al. (1998) hasfirmed
through the model and full-scale test 60% of thevgrowas
needed when attacking the ice, besides growthtapefficiency,
enhanced maneuverability, redundancy, reductiorguiipment,
simplicity and proven reliability of the design whesing Azipod
unit. Recent experiences with the diesel-electriavgr plant
concept combined with the Azipod propulsion systbave
proven the concept to be an attractive solutiorvésious types of
vessels.

Pakaste et al. (1999) in the ABB review 2 have dieed that
podded propulsion system is a type of electric plsipn system
which consists of three main components as showfigare 1.
The Podded propulsion system used on ships is catibn of
both propulsion and steering systems. The systemists of a
propeller which is driven by an electrical motodahe propeller
is turned by the rudder which is connected to tysesn. The
motor is placed inside the sealed pod and is cadedem the
propeller. It should be noted that the sealinghefpod should be
perfect otherwise it can damage the whole motor raa#te the
ship handicap from manoeuvring. The motor usedHisr system
is variable frequency electric motor. Using varalftequency,
the rotational speed of the propeller can be ctatta.e. the

speed can be increased or decreased. The wholeegodd

propulsion system is situated outside the hullha &ft of the
ship. The podded can turn in all the directions 380 degrees
with the help of a rudder, and thus provides a ghin any
direction which is not possible in the conventiosgbtem. The
propeller in the pod system is moved by the rudabich is
placed in the steering flat, also the power moéi¢he system.

1. Fixed pitch propeller
2. Bearing, shaft seals 6. Slipri
3. Shaft line (data
4. Instalation block

5. Hydraulic steering unit 8. Air cooling
9. Electric motor

sion ) 10. Bearing
7. Ventilation unit

Figure 1: Main components of azipod unit (Pakaste at al.
1999)

Jones (2004) reported propulsion system of ships®ihave
been great changing with applied podded propehéi avolving
using azimuth thruster. Since 1990 some changimppédreed in
ship propulsion systems, which previously was usdigsel
engines into electric propulsion system. Theseesystprovides
several advantages such as reduced fuel consumptione
friendly in environment because low emissions, eéasing in
manoeuver ability due to nothing load from transiois system
because electric motor had eliminated reductiorr gesn old
methods. Transformation in propulsion system eregerthe
emergence of new vessels with double acting abititgail on
traveling route from Kara Sea and Arctic in Russigports in
Europe which always almost covered by ice.

Taylor et al. (2005) had studied the effect of haer angle
on the performance of a podded propeller (propelitrout pod-
strut body) in open water conditions. For open watinditions,
the actual propellers used in pull configuratiomiged propellers
perform slightly better than an identical propetlesigned for use
on push configuration. Pull propellers have higbellard thrust
and torque coefficients than the push ones as aslhigher
maximum efficiency.

Karafiath and Lyons (1999), Islam et al. (2007)pared
result study on the effect of variation in pod getryp on the
performance of podded propulsors. Some parametethim
attention is pod diameter, pod length, pod tapegtle strut
distance and propeller hub angle, as can be sedfigire 2.
According to the parameter, Bal and Guner (2008)luded that
the presence of strut part where it was fused it causes
increasing the velocities of flow on the pod suefaspecially
close to strut surface.
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—— conventional system.
Strut Distarce 2) In case of ship_s having large b_readth, two or more
podded propulsions which are independent of each
ﬂ‘ other can be used. This provides subtle manoeuvring
3) It saves a lot of space in the engine room as tisene
engine, propeller, shafting and other arrangemdiits.
saved space can thus be used for storing more.cargo
4) The system can be placed below the ship’s heigit th
providing more efficiency than the conventionaltsys.
5) Use of side thruster is eliminated as the pods lm@an
used for providing the side thrust.
6) Low noise and vibrations than the conventionaleyst
N 7) Low fuel and lube oil consumption.
- Pod Length - 8)  Environment friendly as emissions are extremely. low

Strut
Height

Pod
Diameter

Taper Length

Figure 2: Parameters geometry of pod propulsion (Islam.etal 312 Disadvantages of Podded Propulsion System

2007) Although utilizing azipod was being significant ebsping but in
) ) ) ) the other thing still has a weakness and disadgastauch as:

~ Islam et al. (2007) had been investigated someiganaftion 1) Podded propulsion system requires massive initisil.c
n pl’aCtlcal situation for podded prOpu|S|0n Sysm could be 2) A |arge number of diesel generators are require‘d fo
functioned either as pusher or puller. In a pugioet propulsion producing power.
system, the propeller is attached to the aft engoaf, thus the 3) There is a limitation to the power produced by the
propeller pushes the unit. In a puller pod propuissystem the motor. As of now the maximum power available is 21
propeller is attached to the fore of pod, thuspiapeller in pulls MW.
the unit, as depicted in Figure 3. The centre &f pod was 4) Cannot be installed in large ships with heavy cargo
coincided with intersection of the horizontal atiwough the which need a lot of power and large motors.
propeller shaft centre and the vertical axis thiotlge strut shaft
centre. 3.2 Development of Hull Design

Design of ice-going ships requires considering glegformance,
adequate hull and strength of machinery and goodtioning of
the ship in ice condition and open water conditiGoncept of
double acting ship has started developed since b93vaerner
Masa-Yards Artic Technology Centre which known akeA
Arctic Technology Inc., a Finnish company. The ide#uild ice
breaking merchant ship appeared to eliminate icakar as
assistance when merchant ship sailing in ice comdit as

mentioned by Kubiak (2014). Double acting ship wasigned to
o ) run ahead in open water and astern in ice conditigvilkman
Azimuthing Puller Podded Propulsor Azimuthing Pusher Podded Propulsor (2012) had also reported that bow form of the shipich

- 3 F“ﬁh”‘“"“"‘“"" ¢ at th r’?""""’"dedg"m"“ll Asingg  Medified without bulbous could give better charéisties in open
(Ilsgll;rrr? 2'00%09' moment, at the pusher and puller AzIpod yater than conventional vessels. The structurecofblk acting

ship has been improved by increasing the strenigdtracture to
ensure the hull structure can withstand with icgstance while

Carlton (2012) stated in his book that podded plsapuis break the ice.

propulsion or manoeuvring device where placed aettternal of
the ship hull and directly connected to the pragelThis system
had been having rapid growth due to the claim diaeced

propulsive efficiency and ship manoeuvrability espky when

turning and stopping, either at sea or at the hatbth the

recently years were many using on the icebreakeise ship,

Ro/Pax ferries, tankers, cable layers, naval vessetl research
ships because, in the extreme condition, the hydraahic

loadings of pod could be increasing significantly.

3.2.1 Stem Hull Design of Ice-Going Ships

The stem hull design of double acting ship diffeen common
ships. The common ships have a bulbous bow atebd bf ship
as shown in Figure 4. The main function of bulbbasv is to
reduce the drag force that it was an effect of wawaking
resistance while ship moving ahead in open wateerdfore, the
resistance of ship will reduce that can make irgirgaspeed and
improve stability of a ship.

3.1.1 Advantages of Podded Propulsion System
After discussing and reviewing on the subchaptevabbelow of
this could be cite some beneficial of azipod whieldl been using
in the propulsion system:
1) Greater manoeuvrability as the propeller can beetr
in all directions (36€). This enables better stop distance
during crash manoeuvring than that provided by the
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Figﬂre4: BIous bow r cmmon tank

When the double acting ship moves astern, thenobslbow
would bring in drag force and increasingly moreistesicce.
Therefore, the bulbous bow has been removed andiesign on
bow form namely Ice Breaking Bow for double actstgp. Jones
(2008) identified the parameters of a bow which desirable for
improvement of continuous icebreaking, ramming erttaction
ability by decreasing spread angle complement @atbt bow),
decreasing the coefficient of friction and increasthrust. He
proposed a bow form as shown in Figure 5 incorjrogab above
parameters. This hull form was used on the Manhdiba its
voyage in the Arctic.

Small Angle For:

® Large Sustained Force
Resulting From Ramming

Large Angle For:
198 Sngte, Lo o Small Peak Impact Load

® Small Extraction

Difficulty o Large Force During

Continuous Operation
Figure5: Ice Breaking Bow of double acting ship
(Jones 200¢

The stem hull of double acting ship is also impuitrtaarts to
be designed for double acting tanker. Basicallyernsthull
geometry has been designed with an edge and cemajle to
ensure that can break the ice while moving astedreduced ice
resistance. Stern hull also designed with consiiderdess effect
of resistance while moving ahead in open wateruféi shows
stern hull design of the ship Noriskey Nickle (AAZD07). The
figure describes design hanger which still existztgmmonly
used to hang a pod. Adding angle at the hangerwatd the
intent to reduce ice resistance working and givebedter
performance when DAT going to breaking ice in tstemn mode
without it hanger pod would contribute to makingdiidnal
resistance when ship-ice interaction.

e
ARCTIC EXPRESS
<

@

(b)
Figure 6: Norilsky Nickel tanker running astern and
azipod in the stern part, repectively (a), (b) (RR006

3.2.2 Development Hull Design of | ce-Going Ships

Since 1990 the major development has undoubtediy teat by
using podded propellers in ice with double actiagkers (DAT),
which has taken place principally in Finland (Juaanet al. 2002)
and appropriate for the Baltic Sea. Starting in@98th a 1.3
MW buoy tender, MV Seili, podded propellers haverbesed in
conjunction with designs which allow the ship to gstern in
heavy ice and forward in open water and light il power can
be applied in either direction by rotating the Axip Figure 7
shows the stern of the Seili with an Azipod fitted.

Figure 7: MV Seili, first vessel using Azipod system
(Juurmaa, 2002)

Wilkman et al. (2006) was reported that in 1993 vessel
MT Uikku has been delivered by Neste and KvaernasadYards
(NEMARC) as the owner. It was operated by Artic fling
services, at Murmansk route in the Northern Seis Véssel has
been converted for better performance in manoegviigure 8
illustrated the MT Uikku tanker (Wilkman et al. )0

Figure 8: MT Uikku (Wilkman et al. 2006)

In 2002 and 2003, others Double Acting Ships, MTsiea
and Tempera have been launched. The tankers ugpedi\i a
propulsion system containing a pod capable rotaB6@ with
maximum power 16 MW. Figure 9 shows the side vidwid
Tempera. Below in Table 1 shows main dimensionsaoker
Tempera (Wilkman et al. 2007).
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Figure 9: Side view of double acting tanker
Tempera/Mastera (Wilkman et al. 2007)

Table 1: Main Dimension of Mastera

230 m
44
15.3m
16 MW
106000 dwt

In 2005, Samsung Heavy industries had develope@aat
Artic Shuttle Tanker namely as MT Vasily Dinkov amdT
Kapitan Grotskiy. This vessel used double Azipod 0hMW for
each. Figure 10 shows the general arrangementhforvessel
(AAT, 2007). Below in Table 2 shows main dimensia@isMT
Vasily Dinkov.

Y R v
Midship section Midship section Forecastie deck

Figure 10: General arrangement of MT Vasily Dinkov
(AAT, 2007)

Table2: Main Dimension of MT Vasily Dinkov

258 m
234.7 n
245 m
34
14 m
70000 dwt

In 2010, OAO Admiralty Shipyards has been manufactu
MT Mikhail Ulyanov and MT Kiril Lavrov. The vessaintirely
designed by Aker Artic Technology to shuttle oilorr
Prirazlomnoye oil field in Pechora Sea to FloatBigrage and
Offloading (FSO) unit moored off Murmansk. ABB Mag
provides proper solution for propulsion system he shape of
twin Azipods. The azimuthing thrusters enable théps to
penetrate cross ridged ice when running astern eatitinuous
slow speed. Figure 11 shows the picture of MT Mikbidyanov.
Below in Table 2.5 shows main dimensions of MT Mikh
Ulyanov, (AAT, 2010).

Y T
=% ==

Figure1l: MT Mikhail Ulyanov (AAT, 2010

Table 3: Main Dimension of MT Mikhail Ulyanov

257 m
236 m
31m
20m
14 v
8.93 m
70000 dwt
16 knot:

4.0MODEL MATHEMATIC OF ICE LOAD

Some researchers had been developed and carried out

simulation and experiment on ships operating irhhice and
open water environment. As reported by Jones (2008%h is

followed on this study, in his article was mentidrieeginning at
1888 first scientific paper was published by Rumgbmlked

about icebreakers with particular reference to Badtic, and

lastly then was conducted by Edwards et al. (19%B) done an
extensive set of full-scale and model-scale testa Great Lakes
icebreaker, the USCGC Mackinaw. Other researcheardi
(1973) made a significant advance in the purelyorthigcal

prediction of ship performance in ice. He consideitee energy
needed for a ship to move through level ice, whicried

somewhat with ice thickness, as shown in Figure 12.

4

~ w

RESISTANCE - LBS X 105

ICE THICKNESS
(FT)
1 L ! 1 1

0 4 8 12 16 20 24
SHIP SPEED - FT/SEC

Figure 12: Full-scale tests of ship resistance versus speed
for USCGC Mackinaw as a function of ice thickness
(Milano, 1973)

Kitagawa et al. (1982) investigated the effect afgiel mid-
body length, and beam, on an Arctic tanker modelsteown in
Figure 13.
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Figure 13: Resistance per unit displacement for three
Arctic tanker models of different lengths as shown,
scaled-up to a ship of length 360 m (Kitagawa et al
1982).

Vance (1980) had conducted full-scale tests ofl#he@ ft (43
m) Great Lakes icebreaker, Katmai Bay. He analyssdesults
somewhat differently from other workers, plottingopulsive
Coefficient (PC) against velocity, as shown in Fegli4.

2 o R
5 Level (No Bubblers)
E 0.4 ¢ JAN 30 Regression Line
Sale - OJAN 21
- OFEB
" »
s 0.2
-
=) a
a
Qo
& 0 .,
e 0 2 a4 6 8 10 12

VELOCITY (kts)

Figure 14: PC versus velocity for Katmai Bay in level ice
with no bubblers operating. Clearwater value, rmvn,
was 0.565 (Vance, 198

Lindqvist, G., (1989) had done test on full scalging
different ship at the Baltic Sea to verify effeftsome parameters
such as dimension of ship, hull shape, ice thicknéexural
strength of ice and friction working load when shiferacted on
ice. It can be observed from experiment that iagskerdue to
bending load after vertical force applied duringpsimoving
forward. From underwater observation revealed narety
crushing and bending, submersion ice at the beldwhudl
generated large friction load as a resistance qm sh

Jaswar (2005) reported a result after making meatifin of
stern shape and stern angle while compare witliegisull of
DAT Tempera. Analysis was done focus on ice reststaand
hull form for operated in open water and ice cdnditThe result
showed madification stern shape and hull form hasrglower
ice resistance when sailing in unfrozen, frozenndess for full
load and ballast situation.

Hénninen et al. (2007) derived ice working load asldtion
between thrust, torque of propeller when ship stmeeice
interaction because there were no Mathematics hreligble to
predict ice load on pod propulsion system conjamctiith model
scale and full scale. Experimental data was cdatécising strain
gauge on container vessel MV Norilskiy Niclkel whitunning
with Azipod system. The ship classified into doublging type
with power 13 MW operated route from Murmansk todibka
and designed to meet requirement of LU7 Russiariskegor
Arctic ice.

In the medium scale test Moslet (2008) had obseiged
structure interaction with pulling ice floe and hit fixed
cylindrical structure. Other researchers like Waatgal. (2008)
using commercial code DYTRAN in finite element arsid to
investigate non-linear collision model on LNG shipd crushable
ice. Taylor et al. (2010) developed a normalizenyeunethod to
find a local pressure in hull as a structure in iedaviour. He
also develops another method by collaborate relsesith Li et
al. (2010) use up-crossing rate method.

50SIMULATION SOLUTION

Chen and Lee (2003) had been investigated throughlation
using Chimera concept on RANS. Some propeller gométion
was observed when ship moving ahead at open virtek, of and
crash-astern. This method chose to find flow pategrpropeller
whilst distribution load at propeller was deternineising
MPUF3A software. Azimuth system propulsion whichswased
series-60 with coefficient hull (Cb) 0.6 becameieew on this
study. Prediction result for thrust and torque lis tprogram
apparently was quite accurate and accordance teriexgntal
data. It also concluded that container vessel oanoferated
astern without stuck on ice harsh environment.

Lee (2006) developed a simulation program throuigitef
element using vortex-lattice method to find outfpenance of
ship traveling on ice. Finish Swedish Ice ClasseR(HSICR)
published regulation as hint to be followed by shigch sailing
at Baltic seas such as strengthened of hull andimgnin 5 knots.
Those concept was verified through ship model sceflerred to
merchant vessel Aframax. Simulation model concludsdkness
of propeller blade must be added 12% to protechfoavitation
failure and recommendation from experiment mentictheusting
power of ship must be increased 32% while thoseed of ice
resistance 1800 kN.

Islam et al. (2007) published article concerningitonerical
prediction and experimental result while investigateffect of
hub taper angle, pod-strut configuration, azimuttatics
condition, pod-strut interaction, gap pressure gyuh-strut
geometric on performance of pod propulsion systerperiment
had been done on puller and pusher propeller cor#igpn in
open water situation. Observation focused on peaghdter, pod
length, pod taper length, strut distance and efiétiub propeller
angle. Coefficient thrust and torque can be readhigtier if
propeller was function in puller.

Pivano et al. (2007, 2008) had been created sohmase to
estimate thrust and torque especially if propddking operated in
extreme environment. Experimental study base orimear was
approach to get closed extreme situation on tharocghis was
done because difficult to make propeller and shipdeh on
dynamic situation and having trouble to measureabielr of
environment. From this concept can be understooérevion
nonlinear approach thrust and torque have a pieseerelation in
linear part.

Islam et al.(2015) used RANS method to find distribution
flow when propeller operated in configuration suzh puller,
pusher or bollard pull. That situation would be peped when in
port, a long platform of offshore or area aroundoe®d ship
needed to be clean. Characteristic interaction é&stwrotating
part (propeller) and fixed part (strut/pod) was astigated
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through CFD program. Left Hand Propeller (LHP) witiper
angle -158 was function puller whilst Right Hand PropelleiHR)
with taper angle +15as a pusher. These article concluded
performance thrust on puller propeller type higiem pusher but
on the other side intensity velocity on pusher phap type
higher than puller. It can be known from turbulenegion closed

to the pod area.

system. Model was running ahead in open wateraedtastern
on consolidated, unconsolidated, rubble field amdge ice
condition and made some modification on bow shapk stern
part. Model test confirmed to fulfii 1A super classssel on
Finnish-Swedish Ice Rules for operated in chancelaind result
test was verified using CFD simulation program.

Choi et al. (2012) reported some working load om adter

Lubbad and Lgset (2011) had been developed complex using impact testing method and verified resulingsequation

system on simulator to describe breaking lengtlt®fand speed
of ice floe against conical structure where chqgsieysx graphics
to display result of structure-ice interaction. Reae criterion

was completed using elastic foundation for floesl amalytic

solution for maximum ice stress conducted in nuoatri
modelling, Comsol Multyphysics. Ice was modelled ssmi-

infinite resting plate subjected by gravitationdluoyancy,

damping and contact force. After interaction someck in ice

would initiate and propagate until reach failuréeria beyond
flexural strength of ice. The broken pieces of were called
cusps or wedges.

Tan et al. (2013, 2014) had proposed new semi-éapir
model through numerical method using completed rapdn
Fortran programming language to describe concgmrposition
in varying load when ship made indentation on Ice.breaking
is a continuous process. Some breaking patterndnoelformed
when bow contact with ice followed by chaotic eventishing
dominantly and bending that unpredictable eventerThesult
verified with full scale performance data on icelker Tor
Viking Il while operated in Baltic Sea and implenbeth pressure-
area relation to investigate effect of local cohtan ship-ice
interaction.

6.0 EXPERIMENTAL MODEL SCALE

Soininen (1998), had combined simulation and expental to
define relation between thrust, torque and anothspect of
propeller of ship performance. These method carerebsice
spall and extrusion phenomena at propeller bladppfssion of
propeller blade can make crack in contact area whienact in
ice these followed by flaking. It was difficult ®nsure pressure
distribution at blade but not in simulation. Condusome
modified at geometric shape, simulation could pregressure
distribution and bending moment at blade as functibangle of
attack. Kinnunen (2015) followed the model of caettéoad
which was developed by Soininen (1998), to investdhe effect
of flexibility on the blade when propeller-ice ingetion
combining with finite element method. It was dediitleat 15%
relatively difference of axial loading among bendatraight of a
blade.

Matsuzawa et al. (2006) were using ice in the setup
experiment, his concluded that load in the aft-shgmion
increases with increasing lateral force of the puadhle using
twin podded propulsion. Sampson et al. (2009), naak®delling
to capture the effect of cavitation during propelte interaction
cause inability to scale atmospheric pressure duskperiments.
That event commonly happened at the harbour whetareaker
was having transit or manoeuver.

Juurmaa et al. (2002) made a model by scaling rezfeto
Aframax, a tanker vessel with specification: 16 MW power
system, 106000 dwt of weight and using azimuthpi@pulsion

issued by DNV and IACS Polar class rule. Theselartiescribed
variant of buttock angle 2025°, 30°, and 40 and investigated
effect of ship speed against failure of ice. It barconcluded load
on ice increasing linearly as increase of impattaity. Below 3
m/s ice would start failure in flaking formationpper that speed
ice fractured in brittle mode and maximum load teldng on 40
of buttock angle. At the end, this article proposegv formula to
define contact area and ice load on ice struchtsgaction.

Zhou et al. (2013) summarized working load whenp shi
sailing on ice, some force was used to push icetshm®ving
horizontal, to slip block ice down of hull or botw, lift up ice on
sloping or breaking ice. After making model expesih in
towing tank, it can be confirmed that ice would r®ken in
crushing and bending. Large piece could becomeleulsome
part slid away, rotate then hit hull and anothecpigoing down
submerged sliding underneath of hull. Zhou et201@) also did

simulation while assuming ice broken slide away but

experimental result exhibited ice cusp rotate thgainst hull at
shoulder area and mid hull that can be effect afopeance of
ship.

Tan et al. (2014) from Norwegian University of Saie and
Technology had made in numerical and scale modetgresent
ice breaking tanker MT Uikku, another parameterswsh in
Table 4. In fact since 1993 Azipod propeller unitpushing type
has begun replaced by conventional rudder propeltéch has
been used from 1977. From the experiment, it obthithat the
ship can be moving with 0.59 m/s if the ice thicknés 18 mm
whereas in 29 mm ice thickness maximum speed waadh is
reduced to 0.33 m/s.

Table 4: Ship parameter in Full and Scale Model of MT Uikku
(Xian Tan, 2014)
Parameter  Notation Dimension Full Model
Scale  Scale

Value  Value

Length overa LOA m 164.¢ 5.21

Length

between Lpp m 150 4.75

perpendiculars

Breath,

moulded B m 22.2 0.7

Draught, D m 9.5 0.3

icebreaking

Propulsion Po w 11.4x16 6455

powel

g.“’pe”er Dp m 56 0.18
iameter

Tan et al. (2014) was confirmed the effect of ptiegpéce
interaction when ship running astern total hulisesice working
is lower than ahead mode. That happened becaupeligrowas
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flushing floating of ice fragment, so it could reduthe area
covered at the hull by broken ice. Assumption wamai in

numerical method that 70% bottom shape of hull e@ager by

submerged broken ice and applied continuous-modearto
icebreaking concept which initially by (Lindqvist989). Total

resistance was calculated as the amount of resestan open
water and resistance to ice breaking force whicimpmsed by
bending failure and crushing failure.

7.0 EXPERIMENTAL FULL SCALE

Juurmaa et al. (2001) had reported full scale émyeatt result on
double acting ship SUMITOMO which had first beeriltowhile

running ahead in open water and astern in ice tondilce
breaking capability of ship was shown in Figureiigraph form
which described velocity of ship related to icekiness.

ICE BREAKING CAPABILITY
COMPARISON AHEAD- ASTERN
INLEVEL ICE

‘\\ s

Figure 15: Ice breaking capability of DAT (Juurma et al.
2001)

Wilkman and Juurmaa (2002) tried to apply threecepts
basis design and compared with functional approadtry of
typical constant value for geological, typical ednlie value for
weather and ice, and typical changing value forirenment.
Design concept was applied in ice breaker and iedggnt tanker
where operated at Pechora Sea—Murmansk—Rotterderpacty
with Russian Maritime Register regulation. Resudticated when
conventional vessel got assistance by icebreakerethio be
needed 11% surcharge compared independent vessel.

Wilkman and Juurmaa (2003) made another experirestt
in full scale on double acting tanker Tempera arabtdra where
traveling from Porvoo-Primorsk and return Porvodgufe 16
shows speed of vessel related to ice thicknessofifirmed
tankers can take easy to reach speed 3 m/s — fomitaveling
on 0.6 m - 0.8 mice thickness.

MT Mastera, thickness of level ice vs speed with full power

vims)

Hi(m)

Figure 16: Speed of vessel Mastera related to ice
thickness (Wilkman and Juurmaa 2003)

Wilkman et al. (2006) reported result from expenitnen full
scale of ice breaking tanker MT Uikku while sailiagtern using
continuous speed. The vessel operated at Bay ohniot
Northern Baltic seas in condition 10m thickness iigbble. It
concluded that ice resistance had reduced 14% admgp@ the
vessel running ahead at the same condition, astedpin Figure
17.

MT Uikku, Ice resistance

5 8 8
i

¥
1
|

Ice Resistance (kN)

8

©

Figure 17: Ice resistance on ice breaking tanker MT
Uikku (Wilkman et al. 200¢

The vessels where operated in Arctic have begurséowith
consideration it can reduce cost while eliminatistence of ice
breaker such done by Tempera, that is tanker wdachtravel on
double acting. Table 5 shows the list of the vesseluding
name, year of delivered, units of Azipod used drel gower of
Azipod. Refer to the table, it shows that for senghit Azipod,
the maximum power is 16.0 MW that used by Doubldirc
Ship Tempera and Mastera, otherwise for using doéaipod
can produce maximum power 20 MW.

Table5: List of double acting tanker (DAT) power by poddedpulsion system

Delivered Year Vessel Name Ice Class Builder Units Tot(al\l/ls\?;/ver
1 1993 Uikku 1A Super Masa-Yards 114 1 11.4
2 1994 Lunni 1A Super Masa-Yards 114 1 11.4
Sumitomo Heavy
3 2002 Tempera 1A Super Inds. Ltd 16.0 1 16.0
4 2003 Mastera 1A Super Sumitomo Heavy 44 1 16.0
Inds. Ltd : '
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°
5 2008 Vasily Dinkov LU6 Sam?ﬁgg Heavy 10.0 2 20.0
6 2008 Kapitan Grotskiy LUG Samsir‘:g‘g. Heavy 10.0 2 20.0
7 2009 Shturman Albanov LU6 Sam?ﬁgg Heavy 10.0 2 20.0
8 2010 Mikhail Ulyanov LUG Asdhri‘g;"’,‘d'% 8.8 2 17.0
9 2010 Kiril Lavrov LU6 Asdhri'g;j% 8.8 2 17.0

8.0 CONCLUSION

In conclusion, this paper has discussed historteafoing ships,
the development of ships in ice such as ice breakerble acting
ship andoffshore floating by taken two parameters into accto
which is hull form design and propulsion system.
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