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ABSTRACT

In the early stage, sailing by ships at North amtic/Seas should
be able to break ice which is commonly called ashieakers.
Dimensions of the ice breakers were not big endadie used as
a cargo or large carrier. As the demand to merckhifgs has
been increased, the development technologies drionod design

and propulsion system for ice-going ship have biesproved

gradually. This paper discussed historical ice goships, the
development of ships in ice such as ice breakeupldoacting
ship and offshore floating by taken two parametets account
which is hull form design and propulsion system.

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

NOMENCLATURE

DAS Double Acting Ship
NSR Northern Sea Route

1.0INTRODUCTION

Developments of oil and gas exploration have bégmifcantly
progress that is supported by advanced technology a
exploration for new sources oil and gas field. Bploration of
oil and gas for open water conditions was movethéodeep sea.
A positive growth also occurred in area of the NdPble or the

Arctic and beyond. A few things need to be a camckre to the
sea ice operational environment in the Artic thdt e given a
different effect of vessels operating in these mmments.

The increasing of shipping activities through, therthern
Sea Route (NSR) and growth of oil and gas actwitie Arctic
and Sub-Artic regions required suitable designcefgoing ships
and planning operations in ice. The characteradtice should be
noted depends on locations of ice, form of ice llei® ridges
and icebergs. Figure.l shows the typical geographiegions
where the ice actions are of current concern [@&iijtn
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Figure 1: Location of ice actions [GUlrtner].

20HISTORICAL ICE GOING SHIPS

2.1 Mechanism Failureon Ice
To travelled an Arctic region, the ship must beéhaapability to
break ice and it has existed until now is typecef breaker. Fore
part of the ship has a shape unlikely ordinary skgiling in open
water, where stern angle of ice breaker was aagkeand have
a function to break ice. However, dimensions of tkhip is
inadequate so it does not support if was usedaasortation in
merchant ship.

In actual practice, merchant ships or any largselsswill be
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escorted by ice breaker. Ice breaker will be fuorcto make track
in advanced position. Furthermore, channel had ddriafter ice
breaker passing will be used by large vessel fdnga This

procedure has still been used on present day ehagl not
economic because be needed additional chargedorted by ice
breaker.

Mechanical properties of ice like flexural strengttust be
investigated so the ship which was going to pass dreough
thrust to crush it. Sodhi (2001) had done smalles@adentation
test to prove phenomena breaking at the ice strigtieraction
by using non-simultaneous formula for brittle cringh and
simultaneous formula for ductile crushing. The ekpent
concluded during low rate ice would be failure dedbut on the
high rate brittle. On the other case through mediscale
indentation test, Sodhi et al. (1998) had beenicoefl same
summary in regard to transition fracture propertiésce from
ductile to brittle when strain rate increased.

Daley et al. (1998) declared failure on ice wouddhappened
continuum gradually and that was called discretcess from
naturally to chaotic. It was concluded after meetblice as nested
hierarchy of discrete. In discrete process, it Viasned under
plastic deformation. Failure process would startrfrmicro crack
and growth up along of grain boundary to macro lkcrdbat had
made desegregation at the edge of ice. This modsl tested
using medium scale indentation. It can be seerxpermental
result, there are occurrence creeps on ice follgubg micro
crack at the low velocity and it is dominated fladkiby macro
crack on the high velocity.

Sawamura et al. (2008) assume ice an infinite geezhd
semi-infinite at centre line, homogeneous and ifi@amaterial on
simple hydrodynamic fluid with negligible viscositilodel was
made on finite element software Abaqus in 2D and Bénalty
contact algorithm is used to describe frictionlesmtact in
tangential component between fluid and structureah be seen
from simulation effect of wedge angle at maximumess and
point of hot spot stress. Result shown shape ofbtio&en ice
changed from circle to elliptical when angle of \gedncreased.
Some complex of breaking pattern had been resuited
indentation mode that must be a considered todirtdnteraction
between ship and broken-unbroken ice float. Overdh be
resumed pressure load on ice is function of dersity modulus
bulk of water.

2.2 Simulation and Experiment on I ce Going Ships

Some researchers have developed and carried oulatiom and
experiment on ships while operating in ice and opeater
environment. Stephen, 2004 has report in his papeiollows:
Runeberg (1888) has published the first scientfaper on
icebreakers with particular reference to the Balkari (1921)
gave some empirical equations for determining thquired
power, displacement, length, and draught of an readbng,
Simonson (1936) recognize the importance of thength of the
ice and, referring to some experiments at the Unitxe of
lllinois. Shimanskii (1938) has employed a semi-gioal
method for investigating continuous mode icebregk@sistance.
Johnson (1946) described the U.S. Coast Guardisreéaking
vessels and experience in considerable detail. gradov (1946)
described some of the Russian experience as walivasg an
equation for the downward icebreaking force devetbp
Kashteljan et al. (1968) are usually credited lith first detailed

attempt to analyze level ice resistance by breakimpwn into
components which are resistance due to breaking idbe
resistance due to forces connected with weightgubmersion of
broken ice, turning of broken ice, change of ponsitiof
icebreaker, and dry friction resistance), resistathae to passage
through broken ice and water friction and wavemgkisistance.
Virtanen et al., 1975) investigated the effect &ftland found no
effect on resistance, within the errors of theirpexment.
Edwards et al. (1972) conducted an extensive sktlle$cale and
model-scale tests on a Great Lakes icebreaker, UBEGC
Mackinaw. Milano (1973) made a significant advarioethe
purely theoretical prediction of ship performance ice. He
considered the energy needed for a ship to mowghr level
ice, which varied somewhat with ice thickness.
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Figure 2: Full-scale tests of ship resistance versus speed f
USCGC Mackinaw as a function of ice thickness (kiial1973).

Kitagawa et al., (1982, 1983, 1986) investigatesl a@ffect of
parallel mid-body length, and beam, on an Arctitkea model.
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Figure 3: Resistance per unit displacement for three Atetiker
models of different lengths as shown, scaled-uma tehip of
length 360 m (Kitagawa et al., 1982).

Vance (1980) and Vance et al. (1981) conductedsfidle
tests of the 140 ft (43 m) Great Lakes icebredkatmai Bay. He
analysed his results somewhat differently from otverkers,
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plotting Propulsive Coefficient (PC) against vetgci
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Figure 4: PC versus velocity for Katmai Bay in level ice lwito
bubblers operating. Clearwater value, not showns W&b65
(Vance, 1980).

Lindqvist (1989) had done test on full scale ustifferent
ship at the Baltic Sea to verify effect of somegpaeters such as
dimension of ship, hull shape, ice thickness, ftekistrength of
ice and friction working load when ship interactd ice. It can
be known from experiment that ice crush due to bendbad
after vertical force applied during ship movingviard. From
underwater observation revealed not merely crushaml
bending, submersion ice at the below of hull geeerdarge
friction load as a resistance on ship.

Soininen (1998) combined simulation and experinmetda
define relation between thrust, torque and anotheect of
propeller of ship performance. These methods caerok ice
spall and extrusion phenomena at propeller bladppf@ssion of
propeller blade can make crack in contact area viti@nact in
ice these followed by flaking. It was difficult ®nsure pressure
distribution at blade but not for simulation. Cortlusome
modified at geometric shape, simulation could pregiressure
distribution and bending moment at blade as functibangle of
attack.

Juurmaet al (2001) had reported full scale experiment result
on double acting ship SUMITOMO which had first belemilt
while running ahead in open water and astern icac®lition. Ice
breaking capability of ship was shown in Figureilfraph form
which described velocity of ship related to icekimess.

e ICE BREAKING CAPABILITY

COMPARISON AHEAD- ASTERN
INLEVEL ICE
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Figure 11: Ice breaking capability of DAT (Juurned al. 2001).

Juurmaaet al. (2002) made a model by scaling referred to
Aframax, a tanker vessel with specification: 16 MW power
system, 106000 DWT of weight and using azimuthpf@pulsion

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

Wilkman and Juurmaa (2002) have tried to apply éhre
concepts basis design and have been compared wvittiidnal
approach every of typical constant value for geiclalg typical
variable value for weather and ice, and typicalngjirag value for
environment. Design concept was applied in ice keeand
independent tanker where operated at Pechora Semdvisk—
Rotterdam company with Russian Maritime Registgulation.
Result indicated when conventional vessel got &sgie by
icebreaker there to be needed 11% surcharge codpare
independent vessel.

Chen and Lee (2003) had been investigated through
simulation using Chimera concept on RANS. Some gtep
configuration was observed when ship moving aheadpan
water, back of and crash-astern. This method chw$ied flow
pattern at propeller whilst distribution load atopeller was
determined using MPUF3A software. Azimuth systewppision
which was used series-60 with coefficient hull (©b§ became
review on this study. Prediction result for thrastl torque of this
program apparently was quite accurate and accoedanc
experimental data. It also concluded that contauessel can be
operated astern without stuck on ice harsh enviesiim

Wilkman et al. (2003) made another experiment test in full
scale on double acting tanker Tempera and Mastdraren
traveling from Porvoo-Primorsk and return PorvodoguFe 12
shows speed of vessel related to ice thicknessofifirmed
tankers can take easy to reach speed 3 m/s — fomitsveling
on 0.6 m - 0.8 mice thickness.

MT Mastera, thickness of level ice vs speed with full power
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Figure 12: Speed of vessel Mastera related to ice thickness
(Wilkmanet al 2003)

Jaswar (2005) had reported result after making fivadiion
of stern shape and stern angle while compare wittiieg hull of
DAT Tempera. Analysis was done focus on ice reststaand
hull form for operated in open water and ice canditThe result
showed modification stern shape and hull form hasrglower
ice resistance when sailing in unfrozen, frozennclets for full
load and ballast situation.

Wilkman et al (2005) reported result from experiment on full
scale of ice breaking tanker MT Uikku while sailiagtern using
continuous speed. The vessel operated at Bay ohniot
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Northern Baltic seas in condition 10m thicknessridable. It was
concluded ice resistance had reduced 14% compdéringssel
was running ahead at the same condition, as ddpiot&igure
13.
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Figure 13: Ice resistance on ice breaking tanker MT Uikku

(Wilkmanet al 2005)

Matsuzawa et al (2006) were made ice in setup érpet,
his concluded that load in the aft-ship region @ases with
increasing lateral force of the pods while usingntywodded
propulsion.

Lee (2006) had developed simulation through fimitement
using vortex-lattice method to find out performanck ship
traveling on ice. Finish Swedish Ice Class Rulel(R has
published regulation as hint to be followed by shigich sailing
at Baltic seas such as strengthened of hull angimgrin 5 knots.
Those concept was verified through ship model sceflerred to
merchant vessel Aframax. Simulation model conclydgidkness
of propeller blade must be added 12% to proteahfoavitation
failure and recommendation from experiment mentiatheusting
power of ship must be increased 32% while those\wed of ice
resistance 1800 kN.

Hanninenet al. (2007) had derived ice working load and

relation between thrust, torque of propeller whkip structure-
ice interaction because there were no Mathematadel reliable
to predict ice load on pod propulsion system coction with

model scale and full scale. Experimental data vedleated using
strain gauge on container vessel MV Norilskiy Néllwhile

running with Azipod system. The ship classifiedoirdouble
acting type with power 13 MW operated route fromrMansk to
Dudinka and designed to meet requirement of LU7 sRns
Register for Arctic ice.

Islam et al. (2007) had published article concerning to

numerical prediction and experimental result wiileestigation
effect of hub taper angle, pod-strut configuratianimuth statics
condition, pod-strut interaction, gap pressure gut-strut
geometric on performance of pod propulsion systexperiment
had been done on puller and pusher propeller coraigpn in
open water situation. Observation focused on padhdter, pod
length, pod taper length, strut distance and efi€biub propeller
angle. Coefficient thrust and torque can be readhigtier if
propeller was function in puller.

Pivano et al. (2007) had been created some scheme to

estimate thrust and torque especially if propdding operated in
extreme environment. Experimental study base orimear was
approach to get closed extreme situation on tharoc€his was
done because difficult to make propeller and shipdeh on
dynamic situation and having trouble to measureabielir of

environment. From this concept can be understooérevion
nonlinear approach thrust and torque have a piseeriation in
linear part.

In the medium scale test Moslet (2008) observesingcture
interaction with pulling ice floe and hit a fixedylmdrical
structure. Other researchers like Wang et al (2008)ng
commercial code DYTRAN in finite element analysie t
investigate non-linear collision model on LNG shipd crushable
ice. Taylor et al (2010) develop a normalized cumethod to
find a local pressure in hull as a structure intiebavior. He also
develops another method by collaborate research Witet al
(2010) use up-crossing rate method.

Lubbad and Lgset (2011) had developed complex rsyste
simulator to describe breaking length of ice aneesipof ice floe
against conical structure where chosen physx geagbi display
result of structure-ice interaction. Real time amidin was
completed using elastic foundation for floes andlgit solution
for maximum ice stress conducted in numerical nlodgl
Comsol Multyphysics. Ice was modelled as semi-itéimesting
plate subjected by gravitational, buoyancy, damgind contact
force. After interaction some crack in ice wouldtiate and
propagate until reach failure criteria beyond fi@twstrength of
ice. The broken pieces of ice were called cuspgeniges.

Choi et al. (2012) had reported some working loadice
after using impact testing method and verified Itesising
equation issued by DNV and IACS Polar class ruleese article
described variant of buttock angle 20°, 25°, 30%d &0° and
investigated effect of ship speed against failuréce. It can be
concluded load on ice increasing linearly as irmeeaf impact
velocity. Below 3 m/s ice would start failure imking formation,
upper that speed ice fractured in brittle mode ayastimum load
had taking on 40° of buttock angle. At the ends thrticle
proposed new formula to define contact area andoae on ice
structure interaction.

Tan et al (2013) had proposed new semi-empirical model
through numerical method using completed coding-antran
programming language to describe concept supeiposih
varying load when ship made indentation on ice bieaking is a
continuous process. Some breaking pattern wouldfobmed
when bow contact with ice followed by chaotic evenishing
dominantly and bending that unpredictable eventenThesult
verified with full scale performance data on icelker Tor
Viking Il while operated in Baltic Sea and implentesh pressure-
area relation to investigate effect of local cohtan ship-ice
interaction.

Zhou et al (2013) had summarized working load wile ship
sailing on ice, some force was used to push icetsh®ving
horizontal, to slip block ice down of hull or botw, lift up ice on
sloping or breaking ice. After making experiment deb in
towing tank can be confirmed that ice would be lerokn
crushing and bending. Large piece could becomeleutsmme
part slid away, rotate then hit hull and anothercpigoing down
submerged sliding underneath of hull. Zrewal (2013) also did
simulation while assuming ice broken slide away but
experimental result exhibited ice cusp rotate tagainst hull at
shoulder area and mid hull that can be effect afopmance of
ship.

Xian Tan (2014) from Norwegian University of Scienand
Technology had made in numerical and scale mode¢ficesent
ice breaking tanker MT Uikku, another parameterswsh in
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Table 7. In fact since 1993 Azipod propeller unitpushing type
has begun to replace conventional rudder propelEch was
used from 1977. From experiment could be known &min ice
thickness ship was moving in 0.59 m/s whereas inm9 ice
thickness maximum speed would reach 0.33 m/s.

Table 7: Ship parameter in Full and Scale Model of MT Uikku
(Xian Tan, 2014)

Parameter | Notation Dimension  Full

Scale

Value
Length overa LOA m 164.¢ 5.21
Length b_etween m 150 475
perpendiculars pp
Breath,
moulded B m 22.2 0.7
Draught, D m 9.5 03
icebreaking
Propulsion Po w 11.4x16 64,55
powel
Propeller Dp m 5.6 0.18
diamete

Islamet al (2015) have chosen RANS method to find distrifuti
flow while propeller operated in some configuratisach as
puller, pusher or bollard pull. That would be hapgawhen port,
a long platform of offshore or area around escosted needed to
be clean. Characteristic interaction between nogatipart
(propeller) and fixed part (strut/pod) investigatisough CFD
program. Left Hand Propeller (LHP) with taper angl®® was
function puller whilst Right Hand Propeller (RHP)ithw taper

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 irginrgaspeed and
improve stability of a ship.

\\\\\'\‘.ﬁ?«%&‘\\\\
\};\‘ N

e

) Figur2: Bulbous bow for common tanker

When the double acting ship moves astern, thenobis/bow
would bring in drag force and increasingly moregt@sice. In the
other side, on double acting ship, the bulbous tb@s been
removed and new design on bow form namely Ice BnggRow.
1970, White identified the parameters of a bow wWwhivas
desirable for improvement of continuous icebreakiregnming
and extraction ability by decreasing spread anglmptement
(i.e. a blunter bow), decreasing the coefficientfrftion and
increasing thrust. He proposed a bow form, showasishown in

angle +15 as a pusher. These article concluded performance rigyre 3 incorporating to above parameters. Thi form was

thrust on puller propeller type higher than pudhéron the other
side intensity velocity on pusher propeller typghar than puller.
It can be known from turbulence region closed tophd area.

20HULL DESIGN OF ICE-GOING SHIPS

Design of ice-going ships requires considering gbgformance,
adequate hull and strength of machinery and goodtiening 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 ake®A
Arctic Technology Inc., a Finnish company. The ideduild ice

breaking merchant ship appeared to eliminate icakar as
assistance when merchant ship sailing in ice cimmdit
(Krzysztof, 2014). Double acting ship was desigtedun ahead
in open water and astern in ice conditions. Bownfaf the ship
was modified without bulbous that can give bettearacteristics
in open water than conventional vessels (Juurma2R0The

structure of double acting ship has been improwedhbreasing
the strength of structure to ensure the hull stmectan withstand
with ice resistance while break the ice.

2.1 Stem Hull Design of | ce-Going Ships

The stem hull design of double acting ship diffecsn common
ships. The common ships have a bulbous bow atehd bf ship
a shown in Figure.2 The main function of bulbousvbie to

used on the Manhattan for its voyage in the Arctic.

—
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Figure 3: Ice Breaking Bow of double acting ship (Stephen,
2004)

performance in manoeuvring. Figure.5 illustrated BT Uikku
tanker. Below in Table.1 shows main dimensions df Wikku
(AAT, 2007);

Figure5: MT Uikku (Wilkmanet al 2005)

Table 1: Main Dimension of MT Uikku

2.1 Stern Hull Design of |ce-Going Ships

The stern hull of double acting ship is also imabttparts to be
designed for double acting tanker. Basically, stault geometry
has been designed with an edge and certain angiasiare that
can break the ice while moving astern and reduceddsistance.
Stern hull also designed with consideration lestecef of

resistance while moving ahead in open water. FiguBeshows
stern hull design of the ship Vasily Dinkov (AATQ@7). The
figure describes design hanger which still existogmmonly

used to hang a pod. Adding angle at the hangerwitd the

intent to reduce ice resistance working and givebeiter

performance when DAT going to breaking ice in theemn mode
without it hanger pod would contribute to makingdiidnal

resistance when ship-ice interaction.

Figure 4: Stern hull design of Vasily Dinkov tanker (AAT,
2007).

2.3 Development Hull Design of | ce-Going Ships

In 1993, the vessel MT Uikku has been delivered esvioy Neste
and Kvaerner Masa-Yards (NEMARC) where operatedAtic
Shipping services, at Murmansk route in the North&ea,
(Wilkman et al 2005). This vessel has been converted for better

164.5n

9.5m
22.2m
11.4 MW

In 2001, first development of DAT was launched asne
Sumitomo DAT. The design was based on Kvaerner Masds
Arctic Technology (KMY) with assisted by Sumitomoe#lry
Industries, (Juurmat al, 2012). The stern shape was designed to
breaking ice at Baltic Sea. The stern was fittetth Wizipod using
one propeller with a diameter blade 7.6 m. Figush6ws the
stern shape of model scale for testing. Below ibl@.2 shows
main dimensions of Sumitomo Double Acting Ship.

Figure 6: Stern design for model scale of Sumitomo DAT
(Juurmeet al, 2012).

Table 2: Main Dimension of Sumitomo DAT

106000 dwt
243 m
44 r
145 m

16 MW

In 2002 and 2003, others Double Acting Ships, MTsiea
and Tempera have been built. The tankers use Azipod
propulsion system containing a pod capable rotaB6@ with
maximum power 16 MW. Figure.7 shows the side vidwd
Tempera. Below in Table.3 shows main dimensiongaoker
Tempera (Wilkmaret al, 2005).

Published by International Society of Ocean, Meat&lrand Aerospace Scientists and Engineers



Jour nal of Ocean, M echanical and Aerospace
-Science and Engineering-, V0l.34

August 30, 2016

Figure 7: Side view of double acting tanker Tempera (Wilkman

et al, 2005).

Table 3: Main Dimension of Tempera

Length 230 m

Breadth 44
Draught 15.3 m
Power 16 MW

In 2005, Samsung Heavy industries had develope@ @t
Artic Shuttle Tanker namely as MT Vasily Dinkov amdT
Kapitan Grotskiy. This vessel used double Azipod 0hMW for
each. Figure.8 shows the general arrangement fervissel
(AAT, 2007). Below in Table.4 shows main dimensiaisMT
Vasily Dinkov.

-

e T L

v»;?.’\ L i‘: l O -
T
S I = N

e - 1. ~ td
b | & W il

Midship section Midship section Forecastie deck

look foreward 100k aftward .

Figure 8: General arrangement of MT Vasilqy Dinkov (AAT,
2007).

Table 4: Main Dimension of MT Vasily Dinkov.

I
| Lengthoveral ||

258 m

| Lengthbp || 234.7n

[ Lengthw! || 245m

| Breadth, moulded || 34m

| Design draught, moulded || 14w

| Deadweight | 70000 dwt

In 2010, OAO Admiralty Shipyards has been manufactu
MT Mikhail Ulyanov and MT Kiril Lavrov. The vesseaintirely
designed by Aker Artic Technology to shuttle oilorr
Prirazlomnoye oil field in Pechora Sea to FloatBiprage and
Offloading (FSO) unit moored off Murmansk. ABB Mag
provides proper solution for propulsion system fie shape of
twin Azipods. The azimuthing thrusters enable théps to
penetrate cross ridged ice when running astern eatitinuous
slow speed. Figure.9 shows the picture of MT MikluHlyanov.
Below in Table.5 shows main dimensions of MT Mikhai
Ulyanov, (AAT, 2010).

Figure9: MT Mikhail Ulyanov (AAT, 2010)

Table5: Main Dimension of MT Mikhail Ulyanov.

257
236 n
31m
20w
14m
8.93n
70000 dwt
16 knots

3.0 PROPULSION SYSTEM OF ICE-GOING SHIPS
Jones (2004) reported propulsion system of shipscenhave
been great changing with applied podded propehéi avolving
using azimuth thruster. Since 1990 some changipgpéreed 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, éasing in
manoeuvrability due to nothing load from transnuessystem
because electric motor had eliminated reductiorr geem old
methods. Transformation in propulsion system eragerthe
emergence of new vessels with double acting abititgail on
traveling route from Kara Sea and Arctic in Rudsigports in
Europe which always almost covered by ice.

The Podded propulsion system used on ships is catibn
of both propulsion and steering systems. The systamsists of a
propeller which is driven by an electrical motodahe propeller
is turned by the rudder which is connected to tystesn. The
motor is placed inside the sealed pod and is ctedem the
propeller. It should be noted that the sealinghefpod should be
perfect otherwise it can damage the whole motor ma#te the
ship handicap from maneuvering. The motor usedHigrsystem
is variable frequency electric motor. Using varalftequency,
the rotational speed of the propeller can be ctiatta.e. the
speed can be increased or decreasEde whole podded
propulsion system is situated outside the hullhia &ft of the
ship. The podded can turn in all the directions 3€0 degrees
with the help of a rudder, and thus provides a ghin any
direction which is not possible in the conventiosgstem. The
propeller in the pod system is moved by the rudakich is
placed in the steering flat, also the power moflui¢he system.

The podded propulsion system is a type of elepiripulsion
system which consists of three main componentshasirs in
Figure.10:
1. Supply Transformer

The power produced from the generators is as higB680
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KV, which is stepped down to the necessary voltagehe
supply transformer required and is provided to thetor
placed in the pod.

2. Propulsion motor
Propulsion motor is used to drive or to produceishrThe
system needs some method for rotating the propatfidrthis
is done with the help of electric motor.

3. Frequency Controller/converter
This is used to change the frequency of the suppl@ver so
that the rotating speed of the motor can be cdetol
depending on the requirement.

3.1 Advantages of Podded Propulsion System
1) Greater maneuverability as the propeller can beetiin all

directions (360). This enables better stop distance during

crash maneuvering than that provided by the coiwesit
system.

2) In case of ships having large breadth, two or npweéded
propulsions which are independent of each other lman
used. This provides subtle maneuvering.

3) It saves a lot of space in the engine room as tisemo
engine, propeller, shafting and other arrangemeite
saved space can thus be used for storing more.cargo

4) The system can be placed below the ship’s heighs th

providing more efficiency than the conventionaltsys.

5) Use of side thruster is eliminated as the podsbeansed for
providing the side thrust.

6) Low noise and vibrations than the conventionaleyst

7) Low fuel and lube oil consumption.

8) Environment friendly as emissions are extremely. low

3.2 Disadvantages of Podded Propulsion System
1) Podded propulsion system requires massive inibisi.c

2) A large number of diesel generators are required fo

producing power.
3) There is a limitation to the power produced by rthator. As
of now the maximum power available is 21 MW.

Table6: List of double acting tanker (DAT) power by poddg@dpulsion system

4) Cannot be installed in large ships with heavy canguach
need a lot of power and large motors.

Hydrocoolers

Shpring Unit

Pod Submerged Part

Figure 10: Layout of podded propulsion system

3.3 Development of Podded Propulsion System

The vessels where operated in Arctic have beguos® with
consideration it can reduce cost while eliminatistexce of ice
breaker such done by Tempera, that is tanker wdachtravel on
double acting. Table 6 shows the list of the vesseluding
name, year of delivered, units of Azipod used arel gower of
Azipod. Refer to the table, it shows that for singhit 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.

1 1993 Uikku 1A Super Masa-Yards 114 1 11.4

2 1994 Lunni 1A Super Masa-Yards 114 1 114

3 2002 Tempera 1A Super Sumitomo Heavy ¢4 1 16.0
Inds. Ltd ’ ’

4 2003 Mastera 1A Super  Sumitomo Heavy 16.0 1 16.0
Inds. Ltd ’ ’

5 2008 Vasily Dinkov LUG Samsiggg Heavy 10.0 2 20.0

6 2008 Kapitan Grotskiy LU6 Samsiggg Heawy 490 2 20.0

Published by International Society of Ocean, Meat&lrand Aerospace Scientists and Engineers



Journal of Ocean, Mechanical and Aerospace
-Science and Engineering-, Vol.34

August 30, 2016

o
7 2009 Shturman Albanov LU6 Samsizgg Heawy 4100 2 20.0
. Admiralty
8 2010 Mikhail Ulyanov LUG6 Shipyard 8.8 2 17.0
. Admiralty
9 2010 Kiril Lavrov LU6 Shipyard 8.8 2 17.0

5.0 CONCLUSION

In conclusion, this paper discussed historicalgoig ships, the
development of ships in ice such as ice breakeubldoacting
ship and offshore floating by taken two parametets account
which is hull form design and propulsion system.
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