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Visit us at the SMM 2012, the International Maritime 
Conference and Exhibition in Hamburg,  Germany, 
4th -7th September 2012, Hall A1, Stand 328
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Above: Atilla
Bulk Carrier · 35,331 dwt · built 2011

Its Becker Mewis Duct®
saves 738 t CO2 per year  

CO2 saver
The Becker Mewis Duct® is an easily installed optimiser for vessels with 

high block coeffi cient and your best choice to signifi cantly save fuel, 

NOX and CO2. The effi cient device is placed in front of the propeller, 

has no moving parts and saves in average 6 % of fuel – in combination 

with a Becker Rudder even more than 8 % are possible.

Innovative 
engineering for 
environmentally 
friendly products.

Becker Marine Systems faces its 
responsibility for sustainable and 
environmentally friendly development 
by continuously reducing the 
environmental footprint of Becker 
products.  

Furthermore we  research and develop 
energy-saving product innovations like 
the Becker Mewis Duct®. Combined 
with a Becker Rudder, the Becker 
Mewis Duct® enables our customers 
to save up to 8 % of fuel.

62 Becker Mewis Duct®  have already 
saved well over  89,000 t of CO2 until 
June 2012. 202 more Becker Mewis 
Duct® have already 
been ordered.
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Simple and flexible
 Ballast Water Treatment
Think about a single source, no 
hassle provider of BWT technology 
and systems.

Think about a BWT solution chosen 
by shipping companies all around 
the world.

Think about simplicity, flexibility, and 
operational efficiency.

Think about your future.

www.optimarin.com

Arctech sees icebreaker 
growth from Russia 
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A world leader in natural gas

Hosted by

Commercial Sessions
• Market Outlook
• Natural Gas & LNG Projects
• Unconventional Gas
• Gas Monetisation
• Connecting East & West

Technical Sessions
• Gas Shipping & Storage
• Floating LNG
• Advances in Gas Technology
• LNG for Transport

www.gastech.co.uk/Naval-Architect

Conference Programme 
Now Available

 New LNG Containment Systems to Overcome Partial
 Filling & Sloshing Issues
 Geo�  Green, Managing Director, Wavespec

 LNG Along NSR
 Frederic Hannon, LNG Shipping Project Manager, Total

 New Generation of Modern LNG Carriers with Type C
 Cargo Tanks & LNG Propulsion System
 Bjoern Munko, Sales Manager, TGE Marine Gas
 Engineering

 Recent Developments within LPG Cargo 
 Handling Systems
 Stein Thoresen, LPG Business Unit Director,
 Hamworthy Oil & Gas Systems

 Improving Coe�  cient Performance in the
 Reliquefaction Cycle & Entending Range of 
 Cargoes Handled
 Andrew Scott, Weir LGE Process

 From Disaster to Recovery: The Impacts on the
 Sendai LNG Terminal of the 2011 Tsunami 
 Jun Imaiida, Production Engineering Section, Gas
 Technology Dept., The Japan Gas Association 

Gas Shipping & Storage
Session Chairman: To be confi rmed 

Book before 
30 June to take 

advantage of the 

Spring Rate and 

save £250 on the 

full delegate rate
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On-line Edition
Th e Royal Institution of Naval Architects is proud to announce that 
as of January 2008, Naval Architect journal has gone digital.  We are 
very pleased to inform the maritime industry that each issue will be 
published online, on the RINA website. Visit www.rina.org.uk/tna 
and click on the issue cover you wish to view. Th is means that the 
entire publication, including all editorials and advertisements in the 
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subscribers, and (for a limited time) any other interested individuals 
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What is the SYP?

The SuperYacht Pavilion (SYP) has grown into a vibrant show-

within-a-show at the heart of METS, the world’s biggest and best

attended leisure marine trade show. Since its launch in 2006, the

SYP has expanded to comprise over 175 exhibitors and now has 

its own dedicated hall and independent catering and conference

facilities.

Just for business

METS is a strictly trade-only event and this ensures that the 

genuine superyacht industry related exhibitors welcome only 

relevant industry professionals. The SYP is of interest to a 

significant part of the nearly 20,000 professionals who visit METS

each year and attendance is boosted by the speakers and delegates

who take part in the associated social and conference events.

Knowledge exchange

The SYP runs in association with the Global Superyacht Forum

(GSF), one of the world’s leading summits for superyacht captains,

designers, builders, project managers, brokers and owners. The

GSF programme covers up-to-the-minute topics, and interaction

between speakers and delegates is excellent. The GSF is organised

and presented by The Superyacht Report Group in association with

METS organiser, Amsterdam RAI.

METS at 25

METS celebrates its 25th anniversary in 2012 so expect a festive 

atmosphere! METS started back in 1988 with just over 100 

exhibitors and in 2011 it had a staggering 1,331. For the 

superyacht professional it’s a unique combination. At no other

trade-only event can you visit a thriving superyacht equipment

exhibition and also have access to well over 1,000 other marine

trade exhibitors, some of whom also cater to the superyacht sector.
SUPERYACHT PAVILION

Incorporated by:

THE SUPERYACHT PAVILION IN AMSTERDAM

Advertorial

At the heart of the 25th METS

Be part of the SYP 2012 
– part of the METS!

• 19,000+ visitors from 100+ countries

• 1,300+ exhibitors (incl. 150+ in the SYP)

• 15 national pavilions

• 3 specialist pavilions including the SYP

• Strictly professional, strictly trade-only

• Meet & Greet areas for excellent networking

Under the auspices of: Member of: Organised by:METS official magazine:

For more information: T +31 20 549 12 12 I F +31 20 549 18 89 I E mets@rai.nl

metstrade.com

You can visit for free if you pre-register online. Registration opens in August.

SYP official magazine:

Where is METS?

METS/SYP is held in the Amsterdam RAI exhibition halls just 15

minutes from Amsterdam’s International Airport and 10 minutes

from the historic city 

centre. To help with your

planning, Amsterdam RAI

can book hotel rooms for

you and assist with other

travel requirements.

The Elicium, Amsterdam RAI.
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Editorial Comment

Maritime prognosis 
takes a turn for the 
worse

High and dry; casualty numbers could still rise as the maritime 
indusrty makes a slow recovery

If ever chickens have come home to 
roost it is within the shipowning and 
operating community, that the full 

force of an avian return is being felt is not 
news to many. But, the intensity and extent 
of the sickness that has accompanied said 
homecoming remains unclear.

Of course the sickness - whether 
unsustainable consumer demand or new ship 
orders - currently afflicting the shipowners 
does not remain quarantined, but spreads 
rather rapidly across the entire maritime 
community, most notably in this case to the 
ship building sector.

After the collapse of Lehman Brothers 
bank in 2008 the repercussions on shipping 
were swift. First came the collapse in demand 
in both Europe and the US for consumer 
goods, a factor that had been driving growth, 
particularly in the container sector, at an 
outrageous and unsustainable rate. Then 
came the supply side debacle. Owners, again 
particularly in the container sector, were used 
to planning for growth in excess of 15% a year. 
Unlike most businesses when there is little 
demand factories slow production, in shipping 
the two-year lead time meant that ships have 
just kept rolling off the production line. Post 
Lehman the new ships intensified greatly the 
collapse in demand.

A slight improvement in the global 
economy in 2010 saw owners once again 
ready to order new tonnage. Dodo’s are 
creatures of instinct apparently, or rather 
were creatures of instinct. And that is not 
necessarily a good thing.

Owners have been used to the cyclical 
nature of shipping for many years, and as 
many are prone to saying, “we build ships for 

25 years operation, not for next year’s profits”. 
In the past the economic slumps have come 
and gone with monotonous regularity and 
there is some expectation that this will happen 
again with the latest slump.

However, there are some good reasons 
why this latest recession is a game-changer 
and is more an explosion of the historic kind, 
think Krakatoa rather than Eyjafjallajökull. In 
the first place this is the first recession since 
globalisation really took hold and the maxim 
that when America sneezes Europe catches a 
cold has gained significantly in credence and 
scope with Asia and the rest of the world also 
getting the snuffles.

In addition the banking crash and 
post-Lehman landscape has been followed by 
a European currency crisis which, is showing 
no signs of abating. Growth has become the 
aspiration, but growth based on consumerism 
grounded on debt that is money leant on the 
strength of a notional increase in the value of 
property is not a solid foundation on which to 
build ships for 25 years trading; as the industry 
has found out to its detriment and cost.

In all the financial tsunami that has swept 
through the quiet, leafy maritime suburbia 
will change the vista forever. The question is 
how? It seems certain that there will be a less 
fragmented ownership structure and that 
growth will be real rather than notional and, 
therefore, of considerably smaller proportions 
to the 15% that became the norm in the first 
decade of this millennium.

Lower growth will mean that the 
over-capacity that currently exists in almost 
all the shipping sectors will be sustained for 
some years to come. Over-capacity of ships 
will in turn ensure that the orderbook remains 

subdued and that means that there is already 
too much yard capacity.

Some yard casualties have already been 
seen, Shina SB in South Korea for example, 
more are on the way, STX has had its entire 
European operation up for sale for some time 
and Spanish yards which last year managed 
just one new order between 23 private yards. 
This year may be pivotal for Spanish yards as 
the contracted work finally dries up, yards will 
have to close.

This not a sickness, however, that is just 
affecting Europe and Korea as this month’s 
China Ship News story highlights the global 
nature of the economic catastrophe that is 
being visited on the maritime industry and 
that catastrophe has some way to run yet.

Jean Richards of Quantum Shipping 
Services, a maritime financial institution, 
outlines the difficulties; Some banks are happy 
to lend to existing customers, but that lending 
often comes with strings attached, that is ‘you 
take this repossessed ship off my hands and I’ll 
lend you money for your gas ship’.

Financial restructuring is gathering pace 
and payment and covenant breaches are 
becoming more common as owners are 
increasingly faced with third party trade 
creditors as well as banking debt. And with 
the flood of new ships still to arrive on 
the scene, rates and therefore income will 
remain low.

This is a bleak homecoming for any bird, 
in the short to medium term. One ray of 
sunshine amid the chaos and gloom might 
just be ‘regulation’, which could see the early 
scrapping of inefficient and costly ships, but 
that is a faint hope for jam tomorrow rather 
than anticipation of a turkey dinner. NA
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News

Finance

Fanning the flames
Ship finance experts are warning of the second wave 
of ship financing difficulties set to swamp the industry. 
Harald Serck-Hanssen, DNB’s global head of shipping, 
told the audience at Tradewinds’ Posidonia conference 
last month that new orders are down and the ship 
finance markets are shrinking. He went on to say that 
as refinancing dates approach significant new problems 
will arise as ships are worth less and so refinancing will 
take place at significantly lower levels.

As a result a number of owners are turning to the 
bond markets to finance new buildings, but as George 
Elliot, CEO of Maista Naftilia Asset Management 
pointed out, “Shipping is an old business, but it is 
new to the capital markets,” and while institutional 
investors are interested “many [shipping] companies 
are theoretically bankrupt.”

Elliot believes that post the Lehman Brothers bank 
collapse there are two types of owners, proactive and 
reactive. Reactive owners edge through a process that 
starts with denial of the stark financial realities that 
they are facing, leading them to do nothing. Denial 
gives way to protest where owners attempt to “play 
hard-ball with the banks”. Failure to gain investment 
gives way to the third phase, acceptance of their fate. 

“No-one wants to invest in other peoples’ 
problems,” says Elliot, so proactive owners were those 
that sought an early solution to the financial storm 
heading their way. Companies such as Dryships, 
Navios and OSG raised money through the bond and 
equity markets.

However, Jean Richards, director at Quantum 
Shipping Services told Naftiliaki’s Posidonia 
conference that the bond and equity markets were 
open only to the larger companies who knew how 
to access this finance. Times are tough and will get 
tougher for small to medium sized players, says 
Richards.

“There is a lot of restructuring [of debt], a deferral 
of principles outstanding and as operating expenses 
are only just covered by rates, interest remains unpaid, 
this leads to increasing defaults and no new lending,” 
says Richards.

Ultimately that means the newbuilding market 
will stagnate until owners are able to access capital. 
Already there is evidence of significant yard 
over-capacity as the new orders shrink, she added.

Lubricants

Cyltech oils slow steamers
Castrol says its latest Cyltech lubricant, which is rated 
as a BN80 oil, is designed for vessels that are slow 
steaming with reduced sulphur fuels.

The company has argued in recent months that a 
single universal lubricant cannot provide adequate 
protection for the range of operational demands that 
will include slow steaming and the use of low sulphur 
fuels as well as standard fuels when a vessel is not 
operating in an emissions control area (ECA).

As a result of the changes in pollution control 
regulations it was understood that Castrol was 
advising clients to store and use up to three different 
BN rated oils onboard their vessels. However, Castrol 
clarified its stance at the recent Posidonia exhibition 
where company executives said that it would be 
unlikely that ships would need to carry more than 
one type of oil.

Paul Harrold, Castrol’s marine and energy 
technology manager says: “Any imbalance between 
cylinder oil feed rate, BN and power compromises 
engine efficiency, slow steaming may bring lower 
lubricant feed rates and, when higher sulphur fuels 
are used, a higher lubricant BN protects the engine 
against potential damage. It also limits the amount 
of burnt cylinder oil in exhaust gases, thereby 
cutting emissions.”

Castrol says however, that carrying more than one 
oil type is not necessary. “As a result of research, field 
trials and engine inspections, Castrol believes that 
each vessel should use a single cylinder lubricant 
based on that vessel’s predominant operating 
conditions. Where 40 BN cylinder oils may suit 
vessels permanently operating in Emissions Control 
Areas, the supplier has concluded that those of 70 - 80 
BN are better suited to vessels regularly slow steaming 
and on international trade, even those involved in 
frequent ECA transits.”

This subtle change to Castrol’s position brings the 
company closer to the position taken by a number 
of other competing companies, most notably Total 
which is the only oil company to be currently 
marketing a universal marine lubricant, Talusia 
Universal, but also Shell and Exxon who have both 
announced that they will soon offer a universal 
lubricant of their own.

Even though Castrol has said that its customers are 
concerned about wear rates and lube oil costs attached 
to slow steaming, it appears that many owners do not 
share these concerns. MAN Primeserv surveyed 149 
owners that had employed slow steaming.

The results of this survey showed, among other 
things, that given the opportunity to save lubricating 
oil by adapting a lube oil dosage system to the engine 
load, slightly more than 20% of respondents were 
considering engine upgrades and only around 16% of 
those that had upgraded their engines were “seriously 
considering cylinder oil optimisation as a means of 
saving costs and optimising cylinder lubrication for 
low-load operation.”

The Naval Architect July/August 2012
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Engines

Finns flex low-speed unit
Wärtsilä’s latest engine, the low speed two stroke 
RT-Flex version D, which has a turbocharger on the 
driving end side of the engine, has been announced 
by the company.

The company says the RT-Flex is suitable for 
smaller vessels and offers reduced operating costs 
and reduced emissions.

“Due to its narrow design, the new engine 
version will be used for ship designs with slim stern 
sections where the current standard execution, 
with turbochargers mounted on the exhaust engine 
side, does not fit. The RT-flex50 version D can now 
be used instead of other engine types featuring a 
smaller cylinder bore and higher speed. In many 
cases the higher performance of the cylinders 
allows the use of one less cylinder and can, for 
example, reduce maintenance costs. Thanks to the 
low speed of the engine and propeller, the total fuel 
consumption of the vessel is considerably reduced,” 
said the company.

Energy efficiency

Rickmers greens its MPVs 
German ship operator Rickmers has opted to fit 
ABB dynamic trim and fleet management systems 
to five nine-year old multi-purpose vessels (MPV).

Rickmers will fit ABB’s Energy Management 
system to the five MPVs by the end of the year and 
will monitor the vessels’ efficiency before deciding 

on whether to fit the remainder of its fleet, more 
than 100 other ships, with the technology.

ABB will supply dynamic trim optimisation, 
energy management systems and fleet management 
solutions to the owner from what it calls its “newly 
developed Advisory Suite” of software.

According to ABB the payback time for the 
systems, calculated using the current cost of bunker 
fuel, will be less than one year. The system will reduce 
the vessels’ fuel consumption by 5% annually, not 
only saving fuel but also reducing emissions.

A Rickmers Group statement says that the 
company is starting with a group of five ships that 
are operated by Rickmers-Linie which provides 
breakbulk, heavylift and project cargoes services, and 
deliveries for large-scale projects. “The installation 
of the system will be done ship by ship and the first 
system is expected to be commissioned in the third 
quarter of 2012. The complete system for five ships is 
expected to be fully operational by the end of year.”

The first five ships to be equipped with the ABB 
systems will be Rickmers Singapore, Rickmers New 
Orleans, Rickmers Jakarta, Rickmers Antwerp and 
Rickmers Tokyo.

Correction
In the May issue of The Naval Architect we ran a story 
entitled ‘Korean’s top-up BWTS market’, in which we 
incorrectly stated that the Techcross BWTS was a UV 
based system. The Techcross system, however, cleans 
ballast water using electrolysis. The Naval Architect 
would like to apologise to Techcross and our readers 
for the error and for any inconvenience caused.

News

10 The Naval Architect July/August 2012

One of the first Rickmers vessels to implement ABB’s Energy Management system is Rickmers Singapore, which 
operates on Rickmers-Linie’s scheduled Pearl String round-the-world service. It is seen here navigating the 
Houston Ship Channel
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Bankers keep new designs afloat

Pure economics is behind the growing interest 
in ship design as banks and ship financiers 
focus on a vessel’s operating costs in an era 

of pricey bunkers, writes Julian Macqueen.
“Fuel-efficient ships make a very compelling case 

for all financiers,” independent investment banker 
Michel Bourgery told The Naval Architect. Bourgery 
illustrates his point with some notional numbers.

A charterer could be paying US$15,000 a day 
to hire a ship and nearly double that – around 
US$25,000 at current prices – to make up the fuel 
bill. A new, fuel efficient ship, burning less fuel, say 
five tonnes a day, could furnish the charterer with 
savings of US$1 million or more annually. In this 
scenario, the argument for fuel efficiency is both 
simple and compelling.

But, there is a secondary consideration: and that 
is how lower operating costs will affect the market 
for used ships. Second-hand values are primarily a 
function of the prevailing freight rates, but they are 
also determined by operating costs.  

“Second-hand values of existing traditional 
tonnage will probably go down sharply when the 
new tonnage hits the water,” says the financier, 
whose views are echoed elsewhere in the ship 
finance community. 

 “Banks are taking the question of design 
seriously,” agrees a senior executive with a major 
German ship finance institution. As in any asset-
based financing, the value of the asset determines 
the structure of the funding. To issue a mortgage on 
a ship, the ship finance bank will take a keen interest 
in its resale value.  

“The vessel is the major collateral in any ship 
finance deal,” says the financier, which means that 
where the ship might stand in any efficiency index 
will affect its future value. 

The focus on fuel efficiency and eco-ship design 
also has the potential to influence sources of funding 
for ships.

Since the end of the shipping boom in 2008 and 
the onset of the credit squeeze, traditional sources 
of ship finance have all but dried up. This has led 
to private equity funds taking an interest in the 
market. Until now, these funds have tended to be 
active in the second-hand market only. However, 
according to reports in the trade press, newbuild-
ings are becoming more attractive to this type of 
private investor. 

 US investment bank JP Morgan will be German 
shipping company Bernard Schulte’s partner on 
five 5,100TEU container vessels being built at 

Hanjin Heavy Industries’ Subic Bay facility in the 
Philippines. Delivery of these ships is set for 2014.

The fuel consumption of the Hanjin ships 
will amount to 35tonnes per day less than older 
Panamax designs — or 50tonnes less at a sailing 
speed of 18knots. This equates to a saving of 
US$20,000 per day, according to a report carried 
by the shipping weekly, Tradewinds.

In addition, newbuilding prices have fallen 
considerably. Vessel prices on the Hanjin deal 
have been reported to be as low as US$45 million 
each, or US$225 million in total. The deal includes 
options for five ships.

Connecticut-based Alterna Capital Partners is 
another US private-equity player said to be eyeing 
newbuilding investments. Alterna is understood to 
have been involved in talks Schulte had for a series 
of 2,200TEU ships at Jiangnan Chanxing Shipyard 
and Yangfang Group. 

To date, private-equity fund interest in boxships 
has been on the second-hand market. Alterna, 
which has been looking at the sector for at least 
two years, is understood to have made offers on 
second-hand ships. But, a combination of histori-
cally low prices for newbuildings and the move 
towards designing fuel efficient ships could 
herald change. 

Tradewinds cites an unnamed US-based financier 
as saying that attractive newbuilding prices and 
eco-friendly designs are proving a draw for private 
equity. 

“Private equity has hitherto always stayed away 
from newbuildings. They always wanted ships in 
the water. They didn’t want the carrying costs,” 
according to the source. 

Funds invested in newbuildings could lend 
support to fuel efficient design by accelerating 
the development of a new class of ship capable of 
generating significant savings. 

Indeed, shipping magnate John Fredriksen, 
who has recently entered into a spending spree, 
has signalled a willingness to invest in newbuild-
ings. The tanker owner is branching out into 
dry bulk and liquefied petroleum gas carriers. 
Market reports on the Fredriksen move cite low 
newbuilding prices and the prospect of achiev-
ing considerable fuel efficiency as driving the 
shipowner’s expansionist ambitions forward. The 
owner calculates that a new vessel could save as 
much as US$7,000 a day compared to a five-year-
old medium range tanker, based on a fuel cost of 
US$700 per tonne. NA

12

News analysis

The Naval Architect July/August 2012

Na Jul-Aug 12 - p12.indd   12 22/06/2012   16:41:34



Another world exists beneath the oceans, 
the Earth’s last great unexplored frontier. 
As many as 90 percent of the planet’s marine 
species are undocumented, and, although 
new discoveries are made every day, many 
believe only global social collaboration will 
enable mankind to unlock the true secrets 
of the deep.

The 3DEXPERIENCE platform from 
Dassault Systèmes is used by marine 
innovators everywhere not just to turn 
new concepts into reality, but to enable 
ideas and information to be shared like 
never before. Through 3DEXPERIENCE, for 
instance, marine scientists and the public 
everywhere can share data and video from 
NEPTUNE Canada – a huge network of 
Pacifi c seabed laboratories – live and 
online, 24 hours a day. Now every room 
can have the ultimate sea view.

Our software applications for the 
3DEXPERIENCE platform: 
CATIA / SOLIDWORKS / SIMULIA / DELMIA / ENOVIA 
GEOVIA / EXALEAD / NETVIBES / 3DSWYM / 3DVIA

It takes a special kind of compass to explore the 
world’s future possibilities. Innovative companies 
use our 3DEXPERIENCE software platform to 
understand the present and navigate the future.

Find out more: 3DS.COM/MARINE

Our customer: 

Online ocean observatories
 – a dream our software could bring to life.

        want to explore the seabed,    
     can we do it from home?

3DEXPERIENCE

Dassault_M&O_NavalArch_297x210_29Jun.indd   1Dassault_M&O_NavalArch_297x210_29Jun.indd   1 15/06/2012   16:3115/06/2012   16:31



Communication

Marlink upgrades 
portfolio
Marlink has re-developed its WaveCall standardised 
VSAT offering to the worldwide shipping community.

The expanded WaveCall portfolio consists of 
two service propositions. WaveCall will offer users 
standard connectivity up to 1.5Mbps and starts from 
US$1,000 per month. WaveCall Premium, which in 
addition to offering up to 3Mbps broadband connec-
tivity, also offers flexible committed CIR to enable 
multiple voice lines and the capability for business 
critical applications such as VPN, remote monitoring 
and telemetry services.

“WaveCall gives us highly competitive maritime 
connectivity with fixed, low monthly expenditure 
based on bandwidth and performance required across 
our fleet,” says Gunnar E Eide, surveyor maritime 
ICT & automation, Odfjell Ship Management. “Our 
WaveCall services from Marlink will enable us to 
benefit from an easier to use, smarter and more 
flexible VSAT network. We have worked closely with 
Marlink to ensure we have the right configuration 
for our fleet and the deployment process has been 
straightforward. We are able to interact directly with 
Marlink for service and support and they ensure the 
service runs to our satisfaction,” adds Eide.
www.marlink.com

CAM

PEMA delivers to Baku 
Shipyard 
Pemamek Oy Ltd has agreed on design, construction 
and delivery of a flat panel line for Baku Shipyard LLC 
from Azerbaijan. After its commissioning that will start 
from early 2013, Baku Shipyard will operate a flat panel 
line for ship panel fabrication in their new facility.

The scope of the delivery is a complete 12m flat 
panel line with PEMA OSW one-side welding 
station with magnet clamping, PEMA PTU panel 
rotating system, lifting boom arrangement for 
panel turning for two-sided welding, PEMA SMP 
stiffener mounting and tack welding station, PEMA 
SWP stiffener welding portal, PEMA WMP web 
mounting and tack-welding station, four PEMA SP 
service portals for finalising the welds, PEMA TS 
transportation trains, PEMA LOS load-out station 
and necessary conveyor lines. 

The panel line utilises high-tech welding power 
sources from Lincoln Electric Corporation - Pemamek’s 
strategic global partner for providing world-leading 
welding equipment, technology and consumables. 

“We consider this a major breakthrough in our 
effort on the Caspian Sea shipbuilding market 
together with our agent, Caspian Engineering 
Technology (CET) of Azerbaijan”, says Jukka Rantala 
of PEMA. “We are really looking forward to work 
with SOCAR and Keppel Offshore and Marine, 
and see this project as an opportunity to forge good 
co-operation into long-term partnerships with them.”

A joint venture company formed by the State Oil 
Company of Azerbaijan Republic (SOCAR), Keppel 
Offshore and Marine (KOM), and Azerbaijan Invest-
ment Company (AIC), Baku Shipyard is expected to 
be ready by the end of 2013. Operated by KOM, Baku 
Shipyard will carry out general marine engineering, 
shipbuilding and repair of vessels for clients operat-
ing on the Caspian Sea.
www.pemamek.com

Cranes & cargo equipment

BGD awarded Brazil 
contract
Bergen Group Dreggen has been awarded a new 
contract with the engineering, procurements and 
construction (EPC) contractor Techint Engenha-
ria e Construção SA in Brazil. The contract has 
an estimated value of NOK60‐70 million (US$10 
million), and comprises delivery of a total of four 
offshore lattice boom cranes for two fixed wellhead 
platforms being constructed for OSX.

The contract will generate activity from Q3 2012 
and throughout most of 2013, with deliveries to the 
customer scheduled to Q2 and Q4 2013.
www.bergen-group.no

Multiple stiffener welding in a PEMA SWP stiffener 
welding portal

14 The Naval Architect July/August 2012

News | Equipment

Na Jul-Aug 12 - p14+16.indd   14 22/06/2012   16:09:05



Cahyanto_A4_GB.indd   1 14.06.2012   9:16:14 Uhr



16

News | EquiPMEnt

Engines

Wärtsilä X35 gets thumbs up
Wärtsilä’s new electronically controlled low speed 
engine, the Wärtsilä X35, has successfully passed 
its Factory Acceptance Tests (FAT). Th e tests of the 
two engines took place in earlier this year at both 
the 3.MAJ Engines & Cranes company facilities 
in Croatia, and the Yuchai Marine Power Co., Ltd. 
(YCMP) factory in China.

Th e 6-cylinder Wärtsilä X35 has undergone a series 
of tests as part of a comprehensive testing and valida-
tion programme. Th e engine performance of the fi rst 
two engines fully met all expectations and predic-
tions. All the measured results were in keeping with 
the calculated values, and well within accepted limits. 
Th e measured parameters included stresses, strains, 
temperatures and vibrations in the engine structure, 
running gears and combustion chamber components, 
together with pressures and temperatures in the 
engine processes, as well as fuel consumption, exhaust 
gas emissions and smoke. The tests, furthermore, 
confi rmed the predicted brake specifi c fuel consump-
tion (BSFC) of 176g/kWh, within the usual 5% margin 
under IMO Tier II conditions.

Th e fi rst 6-cylinder Wärtsilä X35 engine to be produced 
and tested in Europe, it is the fi rst of four such engines 
scheduled for manufacturing and testing at 3.MAJ during 
2012. Th e second of the tested engines was produced at 
YCMP, a Wärtsilä licensee since 2009.

“The successful Factory Acceptance Tests are an 
important step forward in the development of the Wärtsilä 
two-stroke engine portfolio, as these represent the fi rst 
engines of the new X-engines family. Th e Wärtsilä X35 
engine is now available for market introduction at a time 
when the marine sector has a clear need for electronically 
controlled, low speed, high effi  ciency two-stroke engines,” 
says Martin Wernli, president, Wärtsilä Switzerland and 
vice president, Product Centre 2-stroke.
www.wartsila.com

Ancillary equipment

Colfax Fluid Handling 
announces All-Optifl ow
Colfax Fluid Handling has introduced the Allweiler 
All-Optiflow series of progressing cavity pumps.

All-Optiflow progressing cavity pumps will offer 
up to twice the flow of standard pumps for applica-
tions up to 6bar (87psi) and move virtually any 
type of liquid, including fibrous and solid materials 
efficiently and reliably, says the company.

This Allweiler pump series is designed to 
optimise the standardisation of structural 
components, such as a patented stub shaft connec-
tion and a lifetime-lubricated joint, allowing 
operators to move most liquids economically. 
The stator surface is honeycombed and works 
in tandem with the patented “sharkskin” rotor 
surface. Providing a lower starting and operating 
torque, allowing the pump to operate at higher 
efficiency than normal and providing stable 
performance curves throughout operation. “The 
advanced design of the All-Optiflow lowers total 
costs of ownership (TCO) over that of comparable 
systems,” said Stefan Kleinmann, senior director 
marketing & business development. 

Th e pumps feature high power density to help 
reduce energy consumption by up to 15% when 
compared to standard progressive cavity pumps. 
Shaft  diameters are approximately 30% smaller than 
those found in standard progressing cavity pumps, 
reducing friction by nearly 50%. Th is, combined 
with the application of low-wear materials, provides 
the potential for reduced maintenance costs. 
www.allweiler.com
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Wärtsilä gets good results from its X35

Allweiler launches latest series of pumps.
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Under the 800tonne gantry crane, 
a 320,000dwt VLCC lies, at work 
there is also an international-

grade panel block assembly line. On the 
production floor of Jiangsu New Century 
Shipbuilding Co., the shipowner, the 
ship surveyor and workmen are busy 
making rounds between the dock and the 
sub-section production area, the completed 
skeleton of an 82,000dwt bulk carrier 
stands, there are vessels at berth and others 
returning from test-sailing crisscrossing 
on the Yangtze, all bearing witness to the 
formidable strengths of the ship builder.

New Century and Jiangsu New 
Yangzijiang Shipbuilding are pivotal 
shipping enterprises in Jiangsu province, 
with works progressing as planned in firm 
and steady strides with 10 and 13 vessels 
delivered in April respectively. 

It’s a different story though for the small 
and medium ship enterprises along the 
Yangtze visited by the reporter. Under the 
stand-alone gantry crane are but a couple 
of vessels being built, steel materials are 
scattered on the production floor, vessel 
subsections left outdoors are rusting. Some 
small ship enterprises new to the industry 
are “in at the deep end”.

The financial crisis has thrown ship 
enterprises into a struggle for survival 
with some landing on green pastures 
while others land on barren ground. That’s 
a wake-up call for ship enterprises to the 
urgent need to stop and think about their 
path of development after the blind rush 
to expand in the last industrial boom and 
how to make sure they have the strength to 
counter market risks.

This process will see mergers and 
acquisitions as well as restructuring 
of ship enterprises, ousting the weak 
and incompetent, will open the door 
to resources integration and industry 
consolidation, and hence give the 
ship building industry in Jiangsu the 
opportunity to grow.

Line drawn between the 
strong and the weak
In the first quarter of the year, ship 
enterprises in Jiangsu completed 87 vessels 
with loading capacity totalling 3.463 million 
tonnes. Heeding the gloomy prospects 
of the international shipping scene and 
the ship building industry, Jiangsu has 
trimmed the output targets for all vessel 
types. Despite that, [newbuilding output] 
records show that major ship enterprises 
in the province including Jiangsu New 
Century Shipbuilding Yangzijiang 
Shipbuilding, Nantong COSCO KHI Ship 
Engineering, Taizhou Kouan Shipbuilding, 
Taizhou Sanfu Ship Engineering and Ming 
De Heavy Industry were all able to meet 
their annual output targets and deliveries 
were made on time.

These pillars of industry managed to 
thrive in choppy waters mainly because 
they have kept honing their strengths in 
recent years. They have come a long way, be 
it in their management systems, production 
efficiency, technological expertise or the 
ability to assess international market 

situations. Their management has helped 
boost production efficiency, allowing most 
of them to shorten the production cycle of 
their core vessel models.

For example, the docking period of 
50,000dwt bulk carriers is maintained at 
36 days and outfitting at berth turnover 
has been kept steady within 70 days 
with the fastest managed in 58, and the 
[berth cycle] for 4,250TEU container 
carriers is 45 days.  They boast production 
efficiencies matching those of their 
Japanese and Korean counterparts and 
labour productivity consistently higher 
than the national average. Furthermore, 
these ship builders have deep pockets and 
high risk resistance.

A New Yangzijiang Shipbuilding 
spokesperson said unlike the small 
and medium ship builders, the major 
ship enterprises were all well prepared 
before the advent of the financial crisis. 
Apart from benefiting from an efficiency 
boost achieved through handling large 
orders of certain vessel types, listed ship 
enterprises have abundant capital to back 

After a financial crisis, while shipping enterprises are emerging and reorganising, 
Jiangsu maritime companies will open another gate to industrial resource 
integration and bring opportunities for further increasing the industrial 
concentration and strengthening the shipbuilding industry, writes Wu Xiu Xia

Survival of the fittest

The Berth at the COSCO Nantong Shipyard Co
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their requirements. Moreover, major ship 
enterprises on average deliver more than 30 
vessels a year, whereas the small ones often 
manage only three to four. Major players 
are maintaining the same production 
momentum as before.

The small and medium ship builders 
in Jiangsu are on the other hand rather 
susceptible to risks. The smallest glitch in 
the market leading to a funding problem 
for but one ship would shake their 
business and affect funding of contracts 
to follow, creating a vicious cycle. Jiangsu 
Soho International Group, for one, had 
to close its business because of poor 
management. It invested RMB700 million 
(US$110.7 million) in its business and 
five years later had to put its building 
berth on lease. The local government 
tried to arrange a merger and acquisition, 
however, with the company in heavy 
debts, CSC Jiangsu Jinling Shipping Co. 
decided to only lease the building berth 
and equipment. Yang Zhou Wan Long 
Shipbuilding Co. is also in trouble. Other 
than its current undertaking, which is a 
2,000tonne floating crane, it has no new 
contracts in hand. And, it had made no 
delivery in the first five months of this 
year. A company source, who declined to 
be named, said the company is basically 
in a semi-idle state. The fact is many small 
and medium ship enterprises along The 
Yangtze River are in that same quandary. 
Plagued by poor management, with an 
order drought and funding difficulties, 
many of them are having problems in 
keeping production going.

Jiangsu SOHO Marine Co. and Wan Long 
Shipbuilding are not the only small and 
medium ship builders in Jiangsu province 
along the Yangtze and coastal areas, who 
are in trouble because their orderbooks are 
empty. After the financial crisis, some ship 
enterprises in the Guanhe estuary, Yizheng 
and Zhejiang areas have basically stopped 
production and their businesses have come 
to a standstill.

Zhang Jun, director of the shipping office 
at Yizheng, Jiangsu, said with more than 
half of the resources along the shoreline 
now in the hands of small ship enterprises, a 
reshuffling of the cards to oust some of them 
will be, to a certain extent, good for industry 
consolidation and restructuring of resources, 
as well as pooling industry professionals and 
capital, and ultimately help foster cohesion 
and the overall clout of the industry.

Orders lifeline
With respect to securing orders large ship 
enterprises enjoy a stronger risk resistance 
than their small and medium peers. This is 
clearly indicated in the new order statistics 
for the first quarter of the year in Jiangsu. In 
the quarter, the province booked orders for 
41 new vessels with a total loading capacity 
of 1.276 million tonnes and the majority 
of them are in the hands of major ship 
enterprises and so are the high value-added 
contracts. COSCO (Nantong) Shipyard Co. 
has orders for a wind turbine installation 
vessel, a semi-submersible stable platform 
and the T18, which is an automatic jack-up 
drilling rig, for the Norwegian offshore oil 
drilling company Seadrill.

At the moment, after talking to the 
heads of different ship enterprises, big and 
small, it is obvious the topic they would 
rather avoid is the orderbook and those 
who do talk about it are cautious. They 
did not want to mention it because it’s 
meagre. Many ship enterprises included 
state-runs have not received any new 
orders past springtime and those in hand 
for some of them will last only till the end 
of the year. Furthermore, ship enterprises 
would shy away from confirming tentative 
orders before pocketing the first tranche 
of payment.

Orders are the lifeline for ship 
enterprises; it is what puts bread on the 
table for the hundreds or even thousands 
of their employees and go as far as to 
decide the future – the life or death – of 
the enterprise. The scramble for orders has 
become a focus of ship enterprises. For, no 
doubt, ship enterprises would be dealt a 
fatal blow should orders dry up.

Compared with the large shipping 
enterprises, the small and medium ones 
have few orders. Most of them are actually 
“dragged under” by their orders and some 
are facing bankruptcy with no new orders 
in sight. According to sources close to 
Wan Long Shipbuilding, the company, 
after completing and delivering its current 
undertaking – a 2,000 tonne floating crane 
- will take over repair works for two vessels 
from a folded ship enterprise in Wuhan.

Two vessels will have follow up repairs 
and their engines tuned and tested by the 
company. Based in the same area as Wan 
Long Shipbuilding, Zhejiang Jiuzhou 

New ships built by Jiangsu shipbuilding companies
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Shipbuilding Co. is a small to medium 
private shipping enterprise which entered 
the industry in 2007. Its management said 
the company has not received any new 
orders since the beginning of the year 
and landed only four last year and is now 
working on just two 700tonne refuelling 
vessels. With few orders in hand, the 
company has to let go of many contract 
workers. The company, which is among 
the top 10 shipping enterprises in Yizheng, 
Jiangsu, had more than 900 contract 
workers when business was booming and 
now it has fewer than 300.

With market demand down, price 
competition getting fierce, funding 
tight and glitches in newbuilding 
del iver ies ,  shipping enterpr ises 
making river boats at the lower end of 
the market are facing added pressure. 
The 13 riverboat builders in Yizheng 
completed new boats valued at RMB580 
million (US$91.72 million) in all 
translating into sales revenue of RMB310 
million (US$49.02 million) and profit of 
RMB1.11 million (US$1.76 million), a 
year-on-year drop of 11.2%, 13.5% and 
8.3% respectively.

Together they have on staff 631 
workmen, only 49.3% of the total in the 
same period last year, and most of them 
have been operating only one-fifth of the 
time with more than two-thirds of the 
building berths idle. Shareholding rows, 
debts, works halted because of lack of funds 
and labour disputes are all on the rise.

To date, three ship enterprises including 
Yangzhou Jinniu Shipping Industry Co., 

Ltd. and Yangzhou Changrun Shipbuilding 
Co. had gone bankrupt and four small 
ones have lost control of their businesses. 
Market sources said should orders dry up, 
the phenomenon of shipyards becoming 
idle for extended periods will spread, and 
with testing market conditions expected to 
continue next year and the year after, more 
and more shipping enterprises will close or 
halt production.

Breakthrough going 
with the tide
However severe the market situation is 
and whatever are the chances they have to 
make it through the tough times; shipping 

enterprises in Jiangsu are not throwing in 
the towel, but are taking the initiative to 
strive for breakthroughs.

Amidst order shortages and a drop in 
profitability, some shipping enterprises 
have chosen to shift their focus onto 
developing marine engineering businesses 
and specialised vessels, while others are 
looking at research and development and 
fine tuning company structure, and others 
have been working closely with vessel 
owners to optimise vessel functionality, 
hull form designs, structural layouts, 
engine performance and coatings, daring 
to use new technologies and materials.

These efforts have helped vessels 
stand out in fuel efficiency, emissions 
standards, dynamic sailing performance, 
harnessing the power of currents at the 
stern and low maintenance rates. More 
and more shipping enterprises have 
adapted to the new emphasis on energy 
efficiency, transforming themselves into 
green, low emission enterprises sharing 
the direction of development at large of 
the shipping industry.

Li Wei, director of the ship division at the 
Nantong Economic and Trade Commission, 
said some ship enterprises in the city have 
shifted their focus on to marine engineering 

Bulk carrier built by Taizhou Kouan Shipbuilding Co. 

You Tong built by CSC Jiangsu Jinling 
Shipping Co.
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and building specialised vessels, for example, 
with excess production capacity, DaoDa 
Heavy Industry (Group) Co. moved into 
finer market segments. Last October, working 
with IHC from The Netherlands, it built two 
12,000m3 self-propelled trailing suction 
dredgers. Taizhou Kouan Shipbuilding 
Co, while continuing to put out traditional 
products, has expanded its portfolio of 
specialised engineering vessels, and stepped 
up development and application of security, 
environmental protection, energy saving and 
anti-fouling technologies.

It has also been developing low carbon 
emission and energy efficient vessels to meet 
market demands as well as taking orders 
of marine engineering auxiliary service 
vessels and marine engineering service 
vessels. Through adjusting its product 
mix, the company has enhanced its core 
competitiveness.

Furthermore, another ship builder 
Yangzhou Guoyu Shipbuilding has 

kept perfecting its skills. It managed a 
breakthrough in addressing the problem 
brought about by a large hatch over the hold 
and shortened the time required to close the 
hatch. This achievement has given terminal 
operators greater convenience and added to 
the competitiveness of shipping companies.

Wang Shuai, general manager of Guoyu 
Shipbuilding Co., said ship enterprises 
should not just build according to design, 
but incorporate shipping operational 
concepts into production, in other words, 
optimise vessel models keeping in mind 
their practical applications as expected 
by their owners. Only ship builders who 
could do that would thrive and have 
competitiveness that lasts.

Qin Yan deputy director, Jiangsu 
Economic and Information Commission, 
said Jiangsu has topped list of provinces 
with the most vessel output in the country 
for eight consecutive years. Currently, it 
has a ship building sector with a pretty 

comprehensive industrial setup and 
enjoys integrated competitiveness in 
areas including raw material supplies, 
quality labour and having a complete 
production system.

Jiangsu has become an influential ship 
building region in the world. The 12th Five 
Year Plan period is critical for China to rise 
to become a shipbuilding power in the world 
and the province to grow to become the ship 
building powerhouse of the country.

In the current year, in particular, ship 
enterprises in Jiangsu have been able to 
remove hurdles to their business and make 
their best efforts to expand in the market 
while honouring delivery promises. The 
province plans to deliver vessels totalling 
more than 25 million tonnes this year. This 
latest shuffle of the cards will see Jiangsu 
advance at an accelerated pace towards the 
goal of becoming a major ship building 
province of the nation, the nation’s ship 
building powerhouse. NA
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Reducing the level of emissions 
and the operational costs go hand 
in hand and so efficient vessel 

designs are critical in today’s market.
Feadship, a partnership of Royal De 

Vries Shipyard, Royal Van Lent Shipyard 
and design and engineering bureau De 
Voogt Naval Architects since 1949, offers 
fully customised yachts with, what the 
company believes is, innovative styling, 
technology and usability.

Innovations are the result of direct 
customer demands, but also from research 
and development within Feadship itself. 
The results are presented each year at a 
concept design. Future Concept Feadship 
inspires customers and provides insight 
into future trends in yacht building.

Feadship’s naval architects were behind 
the revolutionary Breathe concept (figure 
1), which reduces fuel consumption by 
20 to 40% at cruising speed. The system 
is remarkably simple and deploys a 
minimum of components. The hull shape 
is extraordinary and designed to provide a 
minimum of resistance, with the centre of 
buoyancy far aft. The Wave Damping Aft 
body creates negligible stern waves and 
reduces resistance. The propulsion system 
has only one main propeller, making the 
most of the very latest innovations.

The propulsion arrangement (figure 
2) features an electrically driven contra-
rotating azimuth sternthruster (azipod) 
in line with a single shaft main propeller 
at the centreline. One medium speed 
diesel engine is mounted in the engine 
room. Furthermore, a power take-off/
power take-in (PTO/PTI) is installed to 
convert hydraulic power to electric power 
and the other way round. Two rudders are 
installed for steering.

The single shaft propulsion concept 
provides less appendage-related drag. 
Propulsive efficiency is maximised by 
applying a large diameter main propeller, 

a contra-rotating azimuth sternthruster, 
and a medium speed main engine. The 
combined effect results in a reduction in 
fuel consumption of about 40% at a cruising 
speed of 14knots and approximately 20% at 
a top speed of 16knots.

Reliability is ensured by the azimuth 
sternthruster providing sufficient speed 
for getting home should the main 

engine malfunction. The main engine 
and generators are separated in distinct 
watertight compartments, guaranteeing 
constant propulsion in case of a fire or 
damage to one of the compartments. 
Should the main engine, gearbox, shaft 
line or main propeller fail, the azimuth 
sternthruster and rudders can be used for 
sailing and steering. In case of failure of 

In an extract from a paper delivered at RINA’s Environmentally Friendly Ship 
conference in February; Jasper Lavertu, assistant knowledge development, and 
Sabine van Nieuwenhoven, naval architect, both at Feadship (De Voogt Naval 
Architects), outline the intelligent propulsion system of Future Concept Breathe

Breathing easy

Figure 1: The Breathe concept

Figure 2: Propulsion arrangement
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the azipod or electric drive, sailing and 
steering will be achieved with the main 
propeller and rudders.

Operational modes
Several propulsion and manoeuvring 
modes are identified. The basic propulsion 
principle is shown in figure 3.

The system is designed for diesel 
electric manoeuvring and sailing up to 
a cruising speed of 14knots. This means 
the yacht can leave port and sail without 
having to start the main engine. Diesel 
electric power is quieter and much 
cleaner than diesel power alone. In 
this mode the forward main propeller 
is driven by the PTI on the gearbox, 
whereas the aft contra-rotating propeller 
is driven by the generators.

In range mode, the forward propeller 
is driven by the main engine. A diesel-
direct-powered main propeller results 
in lower electrical losses compared to a 
diesel electric powered main propeller. 
The aft propeller is driven electrically 
by the PTO, which is controlled by the 
main engine.

In maximum speed mode, the 
combination of the main engine and the 
generators provide the power for both 
propellers to reach a speed of 16knots. 
In speed sprint mode, the batteries 
are also engaged to provide additional 
propulsive power.

As the large sternthruster can be 
rotated 360degs, it provides excellent 
manoeuvrability in port or at slow speeds. 
Manoeuvring is possible with the azipod 
alone or with the azipod and main 
propeller. In the latter case the azipod can 

be fixed at an angle of 90degs to provide 
sideward thrust in both directions and 
the main propeller used for forward and 
reverse thrusting.

During normal sailing the yacht will 
steer using only the two rudders. The 
azipod will be fixed at centre position 
to avoid any disturbance to the flow 
and reduce the risk of cavitation  
and vibrations.

In rough seas where higher steering 
forces are required, the azipod will assist 
the rudders. In this steering mode the 
steering angle of the azipod is restricted 
to 5degs to avoid major disturbances of 
the flow. In even more extreme conditions 
the power on the main propeller could 
be reduced and the power on the azipod 
increased. Larger steering angles on the 

azipod could be acceptable with this 
power distribution. Maximum speed will 
be reduced in this mode.

Main engine
Power is produced by a single larger, 
heavier yet also more efficient medium 
speed diesel engine. Medium speed 
engines consume about 9% less fuel 
compared to their high speed equivalent 
(see graph 1). The main engine is not 
only used for direct propulsive power, 
but also to supply electrical power to the 
sternthruster and hotel load via the PTO. 
The main propeller is therefore driven 
by the main engine or electrically via the 
PTI, or by a combination of the two. The 
power supply for the electrically driven 
azimuth sternthruster is provided either 
by the generator sets or by the PTO, or 
by a combination of the two. Additional 
electrical power can also be provided by 
the batteries.

Hull efficiency
The hull has a slender foreship combined 
with a remarkably shaped aft. The stern 
is wide, with a small bilge radius, and 
with the centre of buoyancy located far 
aft. This hull shape creates a smaller deep 
wave trough, smaller transom waves 
and negligible aft shoulder crest waves. 
This so-called Wave Damping Aft body, 
as previously published by Hämäläinen 
[1], is better for the environment and 

Figure 3: Basic propulsion principle

Graph 1: Engine speed versus fuel consumption
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generates less resistance. See figure 4 for 
the hull lines.

The propulsion arrangement is 
characterised by a single shaft main 
propeller. The single shaft line is protected in 
a hydrodynamic gondola. The use of a single 
shaft and the absence of exposed shaft lines 
and brackets results in far less appendage 
drag compared to a conventional twin shaft 
configuration. The estimated reduction 
in appendage related drag is derived from 
a comparison made between the Breathe 
concept and a conventional propulsion 
concept at equal Froude numbers. Graph 2 
shows that the appendage drag is reduced by 
approximately 50%.

The total resistance of the Breathe 
concept, calculated with designated 

computer software, is compared with two 
reference yachts at equal Froude number 
range. Moreover, the reference yachts are 
scaled to a corresponding displacement. 
Graph 3 illustrates that due to the reduced 
appendage drag and the improvement of 
the hull shape, a reduction in resistance 
of approximately 20-25% is possible up 
to a speed of 16knots.

Contra-rotating propellers
The hull has a tunnel-shaped aft ship 
to accommodate the hybrid propulsion, 
consisting of a main screw with large 
propeller diameter and an azimuth 
contra-rotating sternthruster. The 
bigger main propeller diameter is 
capable of transmitting the same power 
at lower shaft speed and lower propeller 
loading, and is therefore more efficient. 
Sufficient hull-propeller clearances are 
maintained to minimise the effects of 
propeller-induced pressure fluctuations. 
Normally Feadship maintains a 
clearance of about 25%-30% of the 
propeller diameter. However, due to the 
lower rotational speed of the propeller, 
a reduced clearance of 20% seemed 

reasonable without negative impact on 
noise and vibrations.

The effect of the propeller diameter 
on the propeller efficiency is shown in 
graph 4. The propeller diameter of the 
Breathe concept is roughly 5% larger than 
a conventional design; hence an increase 
in efficiency of 4% is expected.

In line with the main propeller, a 
contra-rotating azimuth sternthruster 
is installed. To take into account the 
convergent wake of the main propeller, 
the propeller of the azimuth sternthruster 
is slightly smaller. The principle of contra-
rotating propellers is described in depth 
by Holtrop [2]. The gain in propulsive 
power of contra-rotating propellers must 
be found in a cumulative favourable 
effect from a reduced viscous loss and a 
recovery of the rotational losses of the 
forward propeller.

The viscous losses occur due to 
frictional drag of the propeller blades. 
A reduced viscous loss can be obtained 
by a lower rotational speed of the main 
forward propeller, hence a higher 
pitch. This results in an increase in 
the rotational losses. Rotational loss 
arises due to the rotating motion in the 
wake of the main propeller. Since the 
contra-rotating aft propeller is capable 
of cancelling almost the full rotational 
losses, the reduction of the rotational 
speed offers an increase in efficiency.

Due to the higher electrical losses of 
the electrically driven contra-rotating 
sternthruster, the total efficiency of the 
contra-rotating propellers depends on 
the power distribution between the two 
propellers. In graph 5 the efficiency is 
calculated for several power distribution 
combinations. As the contra-rotating 
propeller pair, a total increase in 
propulsive efficiency of approximately 

Figure 4: Breathe’s hull lines

Graph 2: Appendage drag reduction

Graph 4: Propeller diameter versus efficiency 

Graph 3: Total resistance gain

Graph 5: Total propulsive efficiency
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10% is to be expected with the Breathe concept compared to 
a more conventional design.

Total power gain
The total gain in power due to hull efficiency and contra-rotating 
propellers is compared with two reference yachts. The expected 
fuel consumption of the Breathe concept at various speeds is 
derived from results of model tests performed in the deep water 
tank at Marin. These figures are compared with actual data 
from the sea trials of two reference yachts. For the differences in 
displacement of the two reference yachts, the fuel consumption 
is corrected using the Admiralty coefficient method. Graph 6 
indicates that the total gain in power is approximately 30-35% at 
a cruising speed of 14knots. At a top speed of 16knots the gain 
in power is approximately 10-15%.

Conclusions
The hull of Future Concept Breathe is designed to provide a 
minimum of resistance. Moreover the single shaft propulsion 
concept provides less appendage related drag. Propulsive 
efficiency is maximised by applying a large diameter main 
propeller, a contra-rotating azimuth sternthruster, and a 
medium speed main engine. The combined effect results in a 
reduction in fuel consumption of about 40% at a cruising speed 
of 14knots and approximately 20% at a top speed of 16knots. 
Reliability is ensured by the azimuth sternthruster providing 
sufficient speed for getting home, and the separation in distinct 
watertight compartments of the generators and the main engine 
to guarantee constant propulsion. NA
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The biggest challenge faced by 
today’s yachts is the IMO’s 
MARPOL Annex VI 2008 

Amendments. The dual approach 
chosen will introduce new sulphur 
requirements in fuels; moreover, its 
Tier III regulation will see a tight cap 
on emissions from nitrogen oxides 
(NOx) for vessels that will operate in 
emission control areas (ECA’s) from 
2016. Less stringent Tier II regulations 
will still apply for vessels operating 
outside the NOx ECA’s.

Udo Kleinitz, technical manager, 
International Council  of Marine 
Industry Associations (ICOMIA) says 
that to meet the regulation owners 
and manufacturers are looking at 
four different factors to make sure a 
vessel meets the standard. “It is a very 
complex standard being a combination 
of fuel requirements and exhaust 
emission limits, applicable globally and 
locally in ECA’s.”

The particular emission limits for 
NOx in ECAs as set through Tier III 
come into effect in 2016, but Kleinitz 
believes there is still a lot of development 
work to be done by manufacturers 
for products to be able to meet this 
requirement easily. “Technical feasibility 
of meeting the new requirements is not 
the issue. From today’s perspective Tier 
III is possible to meet likely through 
engine exhaust gas after treatment. The 
applicable process is called selective 
catalytic reduction (SCR). However, 
this option will require much more 
space in the engine room with unknown 
implications in the operation of these 
systems. This could put the commercial 
viability of these vessels at risk (since 
most of them include being operated in 
charter).

Further, Kleinitz notes that the US 
presents the only NOx area so far, 
whereas other ECA’s such as the North 

Sea/Baltic/English Channel region are 
SOx emission control areas (SECA’s). 
The MARPOL Annex VI regulation 
also includes the reduction of SOx 
emissions, which by 2015 will need 
to be reduced to 0.1% in ECAs and 
from 2020 0.5% globally. Anything 
that is operating outside of the US 
ECA will need to comply with Tier II 
requirements, but will need to meet with 
the SOx requirement by burning low 
sulphur fuels, he explains. Currently it 
is unclear to what extent areas in Europe 
are envisaged as future ECAs for NOx.

ICOMIA along with David Elson of 
the British Marine Federation (BMF) 
has run a study looking into how yacht 
owners and designers can make their 
vessels comply with the standards for 
reducing both NOx and SOx emissions 
and what technology is on offer. Kleinitz 
says that for this it has consulted 
engine manufacturers on how best to 
prepare for Tier III. He believes that 
the most cost effective solution is to 
install integrated systems which, at 
least provide a certified combination 
of engine and aftertreatment under 
warranty of the engine manufacturer. 
“This appears to give more flexibility 
in reducing size by optimising the 
correlation between after-treatment 
and engine. Options to look at are e.g. 
backpressure increase, installing SCR 
between turbochargers, combining 
with in-engine solutions, SCR-silencer 
combinations … etc. It also removes 
the burden to certify individually 
purchased engine/aftertreatment system 
components by the yard and is cheaper 
if done by the engine manufacturer on 
type approval basis.” 

There are other options under 
discussion, but it is unclear whether 
they will be fully developed and reliable 
by 2016. “We have to assume the worst 
case scenario from a space demand 

perspective and this will be SCRs 
installed in yachts.” 

However, the study by ICOMIA 
and BMF points out that the engine 
and catalyst manufacturers need to 
understand in more detail the specific 
restrictions that yacht arrangements 
cause. There is potentially considerable 
flexibility in the design of these systems 
and there may be options to change 
catalyst shape, size, lengths etc. and 
there are many variables that influence 
this design. “But there are also a number 
of questions still to be answered. A main 
contributor to the SCR size is the quality 
of fuels used. If a propulsion system 
could be run on low sulphur fuels (such 
as used in road applications in the US 
and EU) the catalyst size would be 
significantly smaller. A possible solution 
to keep SCRs small could be yards, 
together with engine manufacturers, 
agreeing a maximum sulphur content 
guaranteeing the operation of the SCR.”

Further, the design of an SCR 
system is not straightforward and 
over-simplifying the process to provide 
generic installation guidance can risk 
missing key parameters. Factors such 
as flow rate, NO2 content, temperature, 
pressure drop etc. all have a significant 
impact on the configuration. From 
initial studies and SCR implementation 
projects it also appears installing an 
SCR in an already tight engine room is 
one issue, servicing and maintaining it 
could actually become a real challenge 
for designers and operators. Many of the 
available installations will not suit the 
requirements of the yacht industry. SCR 
developers and engine manufacturers 
need to understand the size of the 
market and the specific issues that the 
industry faces (an articulation of needs), 
and decide if the sectoral demand is 
large enough to justify specific yacht 
type catalysts.

Feature 1 | Mega yachts
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Future IMO exhaust emission regulations will not just affect commercial 
vessels, but will also impact smaller markets such as the yacht market. 
However, the yacht industry is preparing itself for the green challenges that 
lay ahead

Going green for yachts
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In 2009 BMT Nigel Gee started a broad 
literature search looking at different types 
of emission treatment on the market 
such as SCR’s, NOx scrubber systems, 
and lean NOx catalysts to name a few. 
BMT also engaged engine manufacturers 
to understand the likelihood of Tier 
III compliant engine solutions being 
developed. Through this process BMT 
concluded that it wasn’t prudent to rely on 
the manufacturers to deliver a solution and 
that SCR’s were the only robust technology 
that could be relied on to achieve Tier III 
requirements. BMT continue to maintain 
that position with the way that the market 
is positioned in 2012.

BMT Nigel Gee spoke to high-speed 
engine manufactures: “We spoke to engine 
manufactures but they didn’t really want to 
discuss anything in detail, apart from one, 
MTU, who were quite open. The others 
were quite guarded and manufacturers are 
playing their cards close to their chests. But, 
manufacturer’s not talking about potential 
systems for the future is not helpful for 
yacht designers and builders planning for 
the future”, says Shallcross.

The industry is looking at other 
solutions such as gas based/dual fuel 
engines which will help reduce NOx 

emissions, but unlike a ferry which 
travels between two destinations a 
yacht has a wider area of travel and so 
would need global bunkering facilities. 
Additionally there are only a few high 
speed engines on the market that can 
run on dual fuel installations.

He adds that prudent yacht designers 
who are designing vessels now that will 
be built from 2016 on need to leave space 
for extra equipment that may need to 
be installed. Shallcross highlights that 
SCR technology is there with a proven 
land based record (some modern family 
Diesel Cars are even fitted with them) 
and the list of marine installations is 
increasing. “It’s important to recognise 
that the solution has to be customised to 
the engine, factors such as back pressure 
limits, lube oil consumption and ash 
generation need to be considered when 
selecting the equipment”, says Shallcross. 
It’s also important to define the fuel 
grades that the vessel will bunker with. 
Higher sulphur levels have a direct 
impact on the catalyst chemistry. 

The wider systems issues also need to be 
considered, these installations consume 
significant quantities of compressed air 
which are likely to drive changes in the 

vessels systems. Tank volume and systems 
will need to be provided to store and 
deliver the reductant, typically an aqueous 
urea solution, which doesn’t mix well with 
carbon steels. It should also be noted that 
these systems add little attenuation to 
the vessel and designers will still need to 
incorporate traditional silencing methods.

However, even with the technology at 
hand the main challenge for designers 
will be to create the space inside of the 
yacht to install it. “The reductant mixer 
pipe (used to introduce and mix the 
reductant into the exhaust gas stream) 
on an SCR unit is usually longer than an 
engine, but long engine rooms adjacent 
to large tender compartments (a typical 
arrangement on yachts) are challenging 
from a damage stability perspective”, 
says Shallcross. The dual challenges of 
long reductant pipes and maintaining 
serviceability of SCR’s makes the 
arrangement of equipment within engine 
rooms challenging. 

Shallcross says that the regulations 
will be problematic for both the larger 
and smaller yacht market and there is 
unlikely to be any delay to the scheduled 
introduction in 2016 as proven 
technology is already in the field. NA

SeaKing has moved into the yacht 
market after working on projects 
for Svitzer. Neil Mellenchip, group 

business development manager, SeaKing 
says that the yacht market has appeared 
less affected than other markets by the 
recession and is an interesting market, 
particularly for upgrades.

The company was involved in Kogo, 
a four month drydock project where 
SeaKing worked onboard the vessel. 
“This was a terrific contract to work 
on which really showcased the range 
of services we offer to the super yacht 
sector, which is a key growth sector for 
us,” says Mellenchip. 

The company sent six marine 
technicians to work on the Kogo upgrade 

which was a complex and demanding 
job. Work included the installation 
of helicopter landing lights, Earth 
monitoring systems as well as CCTV, 
WiFi and alarm networks. Other new 
equipment installed included an advanced 
DALI lighting system and a Bridge 
Navigational Watch Alarm System.

“We were also responsible for 
upgrading the onboard Crestron control, 
media distribution and entertainment 
network with a brand new KNX system. 
Further work saw modifications to guest 
cabins, bridge wings, air compressors, 
the air handling plant and the ships lift. 
In addition SeaKing was responsible for 
the calibration of the ships combinators,” 
he says.

SeaKing has also carried out work on 
the yacht, Solemar, which involved a refit 
of its fire detection system.

Mellenchip highlights that work within 
the yacht industry is done very much by 
personal recommendation and believes 
that in the future this market will hold a 
lot of potential for the company. SeaKing’s 
main service is that of system integration, 
which includes lighting power, telecoms/
sat comms/radar.

“The complexity of super yacht 
equipment is increasing each year,” 
he says. “It is vital that any electrical 
technicians involved with this sort of 
work have a thorough and complete 
understanding of product application 
and the installation process.” NA

UK-based SeaKing electrical engineering firm has fitted out two yachts

SeaKing enters yachts market
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In 2009 Registro Italiano Navale (RINa) 
launched its GREEN PLUS notation 
which is granted to new vessels that 

make a significant investment in design 
solutions. Those solutions include onboard 
equipment and operational procedures 
which contribute to an improvement in 
environmental performance beyond the 
minimum levels required by international 
regulations on environmental protection.

The goal-based voluntary notation is 
based on an environmental performance 
index which covers all aspects of the vessel’s 
impact on the environment, including 
carbon emissions.

At the time Ugo Salerno, CEO of RINa 
said: “Yacht owners seek the ultimate 
in performance using the most modern 
materials and technological innovations, 
and they are prepared to invest in the 
most innovative green technologies to 
ensure their yachts achieve the highest 
levels of efficiency and the lowest possible 
environmental impact.” He added: “This 
will encourage the introduction of new 
technologies, which RINa experts will 
evaluate on a case by case basis. That is 
where RINa’s GREEN PLUS standards 
come in.”

Today the notation is becoming a 
popular goal for yacht owners and makers 
with two yachts being constructed at Italian 
shipyards being awarded the notation 
this year. Paolo Moretti, general manager 
marine, RINa commented: “The 50m 
yacht Better Place, constructed by Wally 
is the biggest carbon fibre hull and is the 
first of its type to be awarded for green 
classification. This is because it has the 
possibility to sail without engines [using 
sails], but also has electric propulsion.” 
The second yacht being constructed at 
Rossi Navi shipyard has been awarded 
the GREEN PLUS Notation due to the 
environment systems and design features 
that have been installed onboard, such as 
lube oil spillage prevention and optimised 
hull form. 

Moretti says that the market is seeing 
interest in yachts being more fuel 

efficient. “The fuel cost is something to 
think about. When you consider larger 
yachts, it’s for the designer and shipyard 
to make a sustainable design.” He also 
says that with regulations not impacting 
hard until 2015, many designers are not 
thinking this far ahead at the moment for 
yachts. This he noted is due to yachts not 
using heavy fuel oil and using different 
fuels, so that the yacht industry will need 
to comply, but further down the line.

“We are seeing that certain 
nationalities are more concerned about 
the environment. It is different for a yard 
that makes a series of yachts as they take 
charge of the design. It is larger specialist 
yachts, where you see the designer/owner 
have more control over what is being 
installed”, he added.

Safety
Developments of the passenger yacht 
code, has seen the code being revised. 
Moretti says that the base limit of 2000gt 
was already “out of fashion” almost when 
it came into effect, due to some of the 
large yachts that are being constructed 
today. The industry is pressing on 
regulators to keep rules up to date. “It’s a 
good counterpart to create new rules and 

create a big change, which now will make 
them pretty much in line with passenger 
ships”, he said. Shipyards and designers 
now have to involve classification 
societies more in large yacht designs.

What he has also highlighted is that 
this change has also brought about 
interest from suppliers, which are now 
getting involved in the process and are 
getting their products tested to IMO 
standards. Also, suppliers are challenged 
by creating not just safe but aesthetically 
pleasing equipment for mega yachts, 
Moretti highlights that if you are paying 
a large sum of money for a yacht you 
want things to look nice on it. However, 
he points out that: “You start putting 
pressure on manufacturers then they can 
come up with solutions and what we see 
now is that those ideas are starting to 
come through.”

Future developments
The market has seen a slight increase in 
yachts over 30m and there is currently 
a good market for the 40-50m range. 
However, the segment of work vessels 
and pleasure yachts under 30m is 
stagnant. “We are in a period where 
contracts are being signed, but not much 
is being signed at the moment. It has been 
almost three years [since the recession 
hit the market] and now it’s even worse. 
It is going to be a crucial year as shipyard 
order books are drying up and it will be 
a case that either contracts will be signed 
or the yards will close.”

The challenge for the superyacht and 
mega yacht industry in the future is 
whether it will be capable of meeting the 
Tier III emission reduction regulations 
by January 2016. Moretti says that if 
manufactures cannot meet this limit 
then it will impact on yachts of 400gt 
plus, which is a threat.” He added 
that: “The industry is really having to 
follow the regulations now and not just 
consider them. Some designers and 
yards are preparing, moving well in 
advance of the deadline.” NA
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More stringent environmental regulations lay ahead for the shipping industry 
that will also present challenges for the affluent mega yacht industry

RINa grasps the environmental challenge

Paolo Moretti, general manager marine, 
RINa highlights how green regulations will 
impact the mega yacht market
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When HMY Britannia was 
decommissioned a body called 
the Cadland Trust, now named 

The Future Ship Project for the Twenty First 
Century (FSP21), was established to promote a 
vessel to succeed it with a national sail training 
ship. Naval architect Colin Mudie, helped the 
trust design a concept which over the years 
has developed into the 198m barque rigged 
national flagship. 

The basic requirements specified 
a recognisable sailing ship suitable 
for worldwide operation in a 
non-confrontational role. The vessel will 
be able to accommodate 220 students with 
onboard facilities for training and research 
to University levels. This they will do in 
addition to their crewing duties in sailing 
the ship. Mudie highlights the advantages 
that it will give to the trainees: “It will bring 
intercommunication between communities. 
We have heard and seen some wonderful 
experiences from trainees that have taken 
part in previous foreign exchanges.”

As the ship is the biggest sail vessel that will 
have ever been constructed there were some 
difficulties to overcome, as Mudie mentions: 
“The size of the vessel was a challenge as it is 
so big. However, we do have some advantages 
over the previous Victorian style. The 
Victorians were marvellous designers, but 
were restricted by their tools. Today we have 
both [designers and tools].”

An important factor in the design of the 
vessel is how to make the ship sail windward in 
light winds. The development of the necessary 
side force at low hull speeds by the hull form 
is an essential factor which, kept something of 
a limit on ship length. The vessels speed is not 
designed to compete with other modern fast 
ships, but the sail plan is an important part of 
the vessel’s performance. Combining this with 
the need for reliable harbour and close quarter 
handling, with the possibility of azimuth 
thrusters as the power propulsion.

Another interesting feature of the vessel is 
the development of photo-voltaics (solar cells) 
woven into the sail canvas. Mudie says that 
the power could then be stored in batteries 
or hydrogen as a fuel for the diesel generators. 
“The vessel will have twin azimuth thrusters, 
nine diesel-electric engines, with nine 
generators and probably a battery pack to store 
the solar energy, which can supply over a day’s 
needs to power the hotel loads and a sailing 
speed of 24knots in neutral winds”, said Mudie. 
He also highlights that the battery bank is also 
natural sailing ballast.

The interior of the vessel will be made up 
of a box construction that is planned to form 
an internal structure with a cladded skin. This 
will also allow easier refitting of the vessel later 
on. There will also be a structural cohesion 
from the mast plinths down to the battery area 
with a major factor being the use of the Jeffery’s 
tubes through the accommodation area. 
The tubes will contain all the ship’s systems 
engineering and will be maintained from 
within. Individual cabins and other units will 
be able to “plug in” to the Jeffery’s tube allowing 
more space for the layout of the decks. “The 
sail drop has been reduced to 45ft, which has 
allowed more space to be used on deck as well”, 
added Mudie.

Adding to the green technology that has 
been included in the design Mudie also 
noted that the trust has also spoken to the 
UK’s Maritime Coastguard Agency (MCA) 
with regard to the design. He has said that 
the MCA has shown a lot of interest in 
the design as it may help them to improve 
their own regulations. “One area is that 
of bulkheads, we may not use them, but 
instead use watertight boxes”, he said.

As yet the project is in the preliminary 
stages, still waiting for further financial 
backing to get the go ahead. It is hoped 
that the vessel will be constructed in the 
UK, although tenders for the construction 
should it go ahead will be open to all. For 
this the trust has identified three places 
where the assembly may take place. It is 
expected that it will take in the region of 18 
months to construct the vessel.

The vessel’s role would be to provide the 
nation with a ship that will set standards, 
for technical and environmental 
research. The vessel will also be used by 
heads of state, Mudie says that this may 
not be just for UK heads of state. He also 
comments that the vessel will be suitable 
for disaster relief and could even be used 
as a mobile hospital. NA

Feature 1 | Mega yachts

The Naval Architect July/August 2012

Last month saw the Diamond Jubilee of Queen Elizabeth II and with that a new 
Royal flagship design, Future Ship Project for the 21st century (FSP21comes), 
which is claimed to be the largest and most modern square-rigged education 
and adventure training and research sailing ship in the world

Rooted in Victoriana the FSP21 is a ship 
for Elizabethans 

FSP21 could be a replacement for HMY Britannia
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The latest proposal is for a 127m 
motor yacht that would be crewed 
80 Commonwealth members 

and designed to sail as a Commonwealth 
flagship. Maiden believes that a 
Commonwealth flagship would bring huge 
benefits to Commonwealth countries, in 
helping trade and to exhibit their exports, 
and for training and education. He says 
that the usage of the ship by the royal 
family would add prestige but, would take 
second place to the ship’s main focus.

“The principal objective for the new 
yacht is that it should be used primarily 
as a touring ‘Flagship’ for Commonwealth 
member states in the promotion of trade 
and enterprise. The brief for the ship was 
to design a vessel with Britannia ‘DNA’, 
that didn’t have a chopped off stern like 
you see on some vessels today and would 
be leaner and fitter, by that I mean have 
less crew onboard and have more working 
space”, says Maiden.

The ship itself will be a showcase 
for the latest technical innovations 
coupled with imaginative aesthetic 
and artistic contributions drawn from 
Commonwealth countries. Maiden 
highlights that times have changed and 
that a new royal yacht as such is no 
longer in keeping with the mood of the 
country, particularly in these difficult 
economic days.

Having said that, he still believes that 
it is right and proper that The Queen as 
head of the Commonwealth and also head 
of state should have access to a secure 
vessel for state and other official needs in 
home waters and overseas.

The design for the vessel was originally 
drawn up in 1999, the idea at the time was 
that it was to replace Britannia and to be 
a motor yacht. Jonathan Strachan, deputy 
managing director, Burness Corlett Three 
Quays (BCTQ), says that: “The yacht is 
more like a passenger vessel and one of the 
challenges is trying to get a yacht to work 
as a passenger ship.” The vessel will also 

have azipod propulsion to give it better 
manoeuvrability. 

Since the design of the vessel there has 
been a flurry of environmental regulations 
to make vessels more environmentally 
friendly. Strachan notes that at the time 
of the vessel’s design it was not envisaged 
that there would be new environmental 
regulations coming into play. Also, when 
it comes to the energy efficiency design 
index (EEDI) the vessel will not score 
as high as a cruise vessel, that has the 
capacity for more people, but Strachan 
comments that the commonwealth vessel 
has a different purpose. “We can look at 
alternate fuels and environmental systems 
onboard, as we are quite willing and 
capable and the regulations are pushing 
us further in that direction”, he says.

The design of the vessel is still in its 
early stage with a general arrangement 
(GA) plan and hull form that has so far 
been designed. Strachan says that the 
next step: “Is for someone to instruct 
us to get the design priced up. Then it’s 
down to whether the price fits with the 
funding available.” Tenders would go out 
to UK shipyards as well as overseas yards, 
but Strachan highlights that it would be 
good if the vessel could be constructed 
in the UK.

The build cost of the Commonwealth 
Flagship is budgeted at £100 million 

including a contingency allowance 
of £15 million; while the useful life 
of the vessel will be 60 years. Maiden 
says that the cost would not fall on the 
British taxpayer. The major proportion 
of the build cost would be offset by 
Commonwealth members. 

He adds that each Commonwealth 
state has its own particular national 
resource and by contributing ‘in kind’ 
they would each be identified in a 
tangible manner with the objectives of 
the programme. Examples of this is steel 
and component assembly from India, 
timber from Ghana, aluminium from 
Canada, electronics from Singapore, 
fabrics from African states, and hull 
assembly from Britain. NA

Ideas for the replacement of the ‘Royal Yacht’ have not been lacking, as 
another vessel design is laid down on the table by advertising entrepreneur 
Ian Maiden and designed by Jon Bannenberg

For Queen and Commonwealth

Rendering of Commonwealth Flagship

	 	

Length oa:...................................................... 127m

Length bp:..................................................... 107m

Breadth mld:.................................................... 18m

Depth 

	 Main deck:................................................ 7.80m

	 Upper deck:...........................................10.60m

Design draft:.......................................................5m

Crew:....................................................................80

Passengers:..........................................................50

TECHNICAL PARTICULARS
Commonwealth Flagship
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Different from fixed pitch 
propellers (FPPs), controllable 
pitch propel lers  (CPPs) 

are well-known for their advantages 
when utilised at full power in any 
circumstances: accelerating and stopping; 
rapid manoeuvring; dynamic positioning 
(DP); etc. For these reasons, CPPs are 
widely used for multi-purpose vessels 
where their propulsors are often used in 
off-design conditions.

In order to predict the performance of 
a CPP in off-design conditions, people 
have to either carry out dedicated and 
expensive measurements for a specific 
propeller design, such as is often done 
for navy vessels, or rely on the estimated 
values from the existing four-quadrant 
open water data from the B-series, which 
were primarily designed for merchant 
ships with FPP blade forms.

Scarce information is available in 
the public domain for the complete 
two-quadrant open water characteristics 
of CPPs, especially when the propeller 
blades are deflected away from its design 
pitch (Yazaki 1962, Chu et al 1979). In the 
Wageningen series book (Kuiper 1992), 
off-design information is only available for 
two CPPs in ahead and astern conditions, 
one with a design pitch ratio of zero and the 
other of one.

With the booming business in oil 
exploration in recent years, accurate 
prediction of the off-design performance 
of a propulsor becomes more important 
than ever, especially in the requirements 
for DP operations. Dedicated tests for each 
propeller design is unaffordable for most 
of the projects, while the existing limited 
information is far less than enough. There 
is a strong demand for developing a new 
contemporary CPP series with complete 
information of their off-design performance.

In addition to these, a CPP blade has a 
completely different blade form compared 
to an FPP. This is because more practical 
issues need to be considered for a CPP, 

such as the blades must be able to pass 
each other from positive pitch to negative 
pitch; the blade must sit on the blade foot 
between bolt holes; that the blade overhang 
at the blade root is not preferable to prevent 
stress concentration; that the blade tip 
must not touch the inner side of a duct at 
any deflected pitch angles for the ducted 
CPPs; etc.

Within all of these, one important and 
unique thing is the blade spindle torque 
of CPPs (Pronk 1980), where very limited 
information can be found (Chu et al 1979, 
Ito et al 1984). To the knowledge of the 
authors, there is also no CPP series with 
systematic information on the propeller 
blade spindle torque at all possible blade 
pitch settings (from full positive pitch to 
full negative pitch and over the complete 
two quadrants).

With the strong demands from the 
industries and by taking into account 

the fact that CFD calculations are not 
yet accurate enough and needs still to be 
validated against model test results, from 
the beginning of 2011 MARIN started to 
consider, together with the universities 
and the industry, the possibilities 
of developing a new CPP series. In 
September 2011, a Joint Industry Project 
(JIP) was officially launched, which is 
called the Wageningen Propeller C- and 
D-series for both open and ducted CPPs. 
Here the C stands for controllable and the 
D stands for ducted.

Dedicated sensors have been designed 
and manufactured to measure the 
propeller thrust, the torque on the shaft 
and also the blade spindle torque on 
one blade – the key blade. The blade 
transducer is special designed and capable 
to measure the spindle torque on the key 
blade with a negligible disturbance of the 
thrust and torque forces which, provide 

Feature 2 | Propellers & thrusters report

The Naval Architect July/August 2012

Dr. Ir. Jie Dang, senior project manager, Ships Department, MARIN explains 
the development of the latest propeller series from Marin, the Wageningen C 
and D Series

MARIN develops new propeller series 

Figure 1: Propeller shaft thrust and torque sensors and the blade spindle torque sensor
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bending moments on the transducer at 
the same time. All the sensors are shown 
in Figure 1.

Conducting propeller series tests for 
the complete two quadrants, especially at 
different pitch settings for CPPs (typically 
more than 10 pitch settings are needed 
between full positive and full negative 
pitch), is not affordable in the present 
economic situation.

New test technology needs to be 
developed in order to reduce the cost 
significantly. This has been made possible 
by the rapid development of sensor 
technology in the past decades, which 
makes dynamic measurement possible at 
higher frequencies with rapid response. 
This leads to the idea of a quasi-steady 
test technique for propeller open water 
characteristics.

Quasi-steady test techniques have 
already been used for the propulsion tests 
in the towing tank of MARIN for some 
years (Holtrop and Hooijmans 2002). 
However, quasi-steady propeller open 
water tests have never been explored in the 
past. Under support of the Wageningen 
C- and D-series JIP, a pilot study has been 
successfully carried out, which proves that 
the quasi-steady test results are as accurate 
as the conventional steady test results, 
while reducing the test time by a factor of 
eight to 10.

A quasi-steady open water test is, in 
principle, an unsteady model test by 
continuously varying the advance speed 
and/or the rotational rate in order to 
obtain the steady state performance of 
a propeller. For the present study, we 
have proposed the following four test 
runs in order to cover the complete two 
quadrants, as numbered in Table A.

This proposal makes it possible to test 
the complete two-quadrant open water 
characteristics of a propeller in only four 
test runs, using two runs by varying the 
towing speed of the carriage and two runs 
by varying the shaft rotational rate where 
sinusoidal variations are used.

Three hysteresis effects have been 
identified during a quasi-steady test. 
They are the hysteresis effect due to the 
mass and mass moment of inertia of the 
propeller, including also the added mass 
effects; the hysteresis effect due to the 
unsteady hydrodynamic flow around the 
propeller, mainly the vortex shedding to 
the propeller wake, both spanwise and 
also chordwise; and the hysteresis effect 
due to flow separation and re-attachment.

With light material for the propeller 
blades – aluminium and well-control of 
the speed variations, those hysteresis 
ef fects  are either cancel led by 
averaging the sampled values during 
the increasing and decreasing speed, 
or small and negligible.

An example of the quasi-steady 
test results by using a MARIN stock 
aluminium propeller at design pitch is 
shown in Figure 2 where a comparison 
has been made between the quasi-steady 
test results (the solid lines) and the 
conventional steady test results (the dots) 
with their 95% occurrence intervals (the 
+’s above and below the dots).

At present, 24 participants have joined 
the JIP and the JIP remains open for 
participation. The budget made available 
from the new participants will be used 
for extension of the series or for the 
post-process of the data. At this moment 
the series consists of the following 
32 propellers with contemporary CP 

History of the B-series

The Maritime Research Institute 
Netherlands (MARIN), former 
Netherlands Ship Model Basin 
(N.S.M.B.), started to develop 
the well-known Wageningen 
Propeller B-series right from the 
establishment of this institute in 1932 
(Kuiper 1992).
	 The first series was published by 
van Lammeren (1936) and Troost 
(1938 and 1940), followed by a long 
period of further developments and 
expansions of the series over more 
than 40 years. A major review of the 
available data was given by van 
Lammeren et al (1969 and 1970).
	T he B-series had been further 
extended to six and seven bladed 
propellers in the 1970s. A total of 20 
series with more than 120 propellers 
were tested over that period. 
Systematic series have also been 
developed for ducted propellers 
since 1954 (van Manen 1954). A 
major amount of data of the Ka-series 
was published by Oosterveld (1970).
	 In the meantime, other systematic 
propeller series were also developed 
worldwide. However, none of these 
series is as extensive as the B-series, 
which have found widespread 
applications.
	 Besides that the propeller 
characteristics (the thrust and 
the torque) of the series in design 
operation conditions have been 
made available by model tests 
between J=0 and KT=0, four-quadrant 
open water characteristics of some 
of the propellers in the B-series and 
in the Ka ducted propellers series 
were also made available in the 
1980s (MARIN report 1984) for off-
design conditions. Table B provides 
an overview of the propellers in the 
B-series where their 4-quadrant open 
water characteristics are available. 
For the Ka-series, only Ka4-70 
propellers in 19A and 37 ducts have 
been published.

Table A: Quasi-steady test runs for the complete 2-quadrant open water characteristics of 
a controllable pitch propeller

run shaft rotational 
rate

advance speed β range

1 constant +nmax 0 to +Va max to 0 0 o to ~+30o to 0 o

2 0 to +nmax to 0 constant +Va max +90o to ~+30o to 
+90o

3 constant +nmax 0 to -Va max to 0 0 o to ~-30o to 0 o

4 0 to +nmax to 0 constant -Va max -90o to ~ -30o to 
-90o
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automotive liquefied petroleum gas (LPG) 
refueling and takes less than 10minutes. 
The gas installation is safety approved 
by Germanischer Lloyd. Completing the 
target of zero emissions, the hydrogen 
fuel is produced by electrolysis, using 
electricity generated from a windfarm in 
the North Sea.

Hydrogen-diesel 
electric hybrid tug
A hybrid propulsion system using a 
hydrogen-powered fuel cell and diesel-
electric generators is planned by Canadian 
tug owner Seaspan International Ltd of 
Vancouver for introduction in 2012.

Working with Capilano Maritime 
Design Ltd, Lloyd’s Register North 
America Inc, and Ballard Power Systems, 
the design of the new tug is based on an 
azimuth stern drive (ASD) ship-handling 
tug class already in use in Vancouver. 
The tug has two fully azimuthing 
fixed-pitch propeller (FPP) propulsion 
units, each powered by a 1800kW electric 

motor. Three possible sources can 
deliver electrical power together or in 
combination: hydrogen fuel cells, battery 
banks and diesel generator sets. 

Four marinised versions of Ballard 
Power’s standard 150kW (each) 

automotive fuel cell units will operate on 
hydrogen to provide electrical power for 
the drive motors or charge the batteries. 

A shore power connection is available 
for battery charging when the tug is idle. 
The tug will operate entirely on electrical 

Ms PlanetSolar in Hamburg harbour preparing for its circumnavigation. (Credit: Keith 
Henderson).
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blade designs and two standard ducts, 
tested at 12 pitch settings over complete 
two-quadrant for each propeller:

C4-40	 P/D=0.8; 1.0; 1.2; 1.4
C4-55	 P/D=0.8; 1.0; 1.2; 1.4
C4-70	 P/D=0.8; 1.0; 1.2; 1.4
C5-75 	 P/D=1.0; 1.2; 1.4; 1.6
C5-60 	 P/D=1.0; 1.2; 1.4; 1.6
D4-40	 P/D=0.8; 1.0; 1.2; 1.4 in both 	
	 19A and 37 ducts
D4-55	 P/D=0.8; 1.0; 1.2; 1.4 in both 	
	 19A and 37 ducts
D4-70	 P/D=0.8; 1.0; 1.2; 1.4 in both 	
	 19A and 37 ducts

In addition to the propeller thrust and 
torque, the propeller blade spindle torque 
is also provided as systematic data in 
propeller series for the first time. NA
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Figure 2: Comparison of Fourier series fitted 
curves to steady test results with their 95% 
occurrence intervals, sinusoidal variations, 
at design pitch

Table B: Overview of B-series with four-quadrant open water characteristics (pitch ratio 
P/D of the propellers are listed in the table)

AE/A0 
[%]

40 55 65 70 75 80 85 100

Z=3 1.0

Z=4 1.0 1.0 0.5, 0.6, 
0.8 1.0, 
1.2, 1.4

1.0 1.0

Z=5 1.0

Z=6 1.0

Z=7 1.0
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Automation of welding in 
enclosed spaces, such as double 
hull blocks, has been delayed 

when compared the use of robots on 
open blocks, resulting in low usage of 
the robotic system. Furthermore, there is 
room for improvement of welding quality 
and operability in the existing robot 
welding systems.

Various robot welding systems have 
been applied to shipbuilding to improve 
productivity in particular, at indoor stages 
of production such as sub-assembly and 
block-assembly [1]. So far, most of the 
welding robot systems weld fillet joints of 
the flat panels or the open blocks.

The applications of welding robots to 
the closed double hull block or outdoor 
stages are still rare cases. In order to further 
improve the productivity in shipbuilding, 
the application of a welding robot to narrow 
or closed double hull blocks is required and 
further improvements to existing robotic 
welding systems are also necessary. 

With this in mind we are developing 
robotic welding systems based on 
a new concept. The robot welding 
systems of the sub-assembly stage and 
the block-assembly stage have been 
continuously updated, and a portable 
robot welding system with a unique 
concept was developed for the butt joints 
of longitudinal frames in a closed double 
hull in dock.

The development of software, including 
a CAM system, is important for the robot 
welding system. Using a simulation on 
the CAM system, the improvement of 
function and interference avoidance of the 
robot is possible and welding of curved 
joints are also possible by using off-line 
operational capability in the CAM system.

Various types of robot welding 
system have been used based on the 
characteristics of each construction stage. 
Figure 1 & Figure 2 show the typical types 

of welding robot used at the sub-assembly 
stage and the block-assembly stage.

These systems were introduced in Japan 
in the 1980s and they have contributed to a 
remarkable improvement in productivity. 
Still utilised as the main automation 
facility in our shipyards a recent an 
application technology of a welding robot 
for curved blocks has also been developed, 

whose welding sequence is optimised by 
genetic algorithms [2]. Furthermore, a 
robot welding system applicable to the 
double hull block has been developed [3].

Indoor welding
At the sub-assembly stage, gravity 
welding with the use of a stick electrode 
is preferred in Japan because it fits the 

Feature 3 | Shipbuilding Technology

The Naval Architect July/August 2012

The practical application of welding robots in Japanese shipbuilding started 
in the 1980s and it has greatly improved productivity. More than 60 sets of 
welding robots now operate at Universal Shipbuilding. But, there is room for 
improvement write T.Shinohara and Y.Saitoh of Universal Shipbuilding

A weld of difference

Figure 1: Welding robot system with twin 
torch for sub-assembly (Gantry-type)

Figure 2: Welding robot system for block-
assembly (Hanging-type)

Figure 3: New type multi-robot welding system 
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characteristics of welding activity during 
sub-assembly and increases productivity.

More recently, the application of CO2 
arc welding processes has increased at 
this production stage. At this stage, the 
application of a robot welding system 
started at Ariake Shipyard in 1989 and 
at the TSU yard in 1995. Figure 1 shows 
Gantry-type welding robot systems 
installed at Ariake.

The target work of this robot is to weld 
the stiffeners to web-plates. At this stage, 
vertical welding is less than 5% of the 
total weld length and almost all joints are 
fillet welding in a horizontal-flat position. 
Therefore, this welding robot has been 
developed with a twin-torch system in 
order to keep the perfect weld-quality of 
end-corner welding.

Alternatively, the application of 
multi-robot welding systems started in 1995 
at TSU. This system consists of 10 sets of 
welding robots (manipulator). Each robot 
has six degrees of freedom and moves with 
the sliding equipment (external axis). This 
welding robot adopts a rotating arc process 
for high speed welding. The rotating arc 
sensor moves at 50Hz and achieves high 
speed welding at 70cpm [4] [5].

Recently, TSU updated its multi- robot 
welding system (Figure 3) because the 
previous system had an interference problem 
between robots. The arc time ratio of this 
system is reduced by collision occurrences. 
Therefore, the newly developed system 
has been designed to reduce interference. 
Significant features of this multi-robot 
welding system are as follows:
•	Consists of 8 robots (4 pairs )
•	Twin robot type
•	Miniaturisation of the rotating  

arc torch.

This welding system has the same 
capacity to weld as a conventional system 
with eight robots. These welding robots 
are paired with two manipulators as 
shown in Figure 4. Each robot is hung 
by the moving equipment with three 
prismatic joints and one rotary joint. 
Therefore, they can weld fillet joints using 
a twin welding process without interfering 
with one another. This system has adopted 
the high-speed rotating arc torch which is 
miniaturised, making it possible to weld 
small fillet weld joints. The dimensions of 
the rotating arc torch are 142mm in width 
by 320mm in length as shown in Figure 4.

This system generates operational data 
based on the placement of the hull panel 
planned in advance. An add-on for the 
general-purpose CAD creates a hull panel 
layout at the sub-assembly stage. The 
newly developed CAM system reads the 
information in the IGES format for the 
hull panel layout to create the NC data 
automatically as shown in Figure 5.

This CAM system is capable of 
simulation of the off-line operation for 
interference check. Even if one robot stops 
through interference, the other robot is 
able to weld continuously for about 300mm 
as shown in Figure 6. Figure 7 shows 
the example output of the trajectories 
generated by the CAM system. 

The thin lines in the Figure 7 
show the trajectory of the tip of the 
rotating arc torch. Figure 7 (a) is the 
trajectories generated in the longitudinal 
direction in order. Figure 7 (b) is the 
trajectories sub-optimised to minimise 
the travel distance. In this case, the 
running time is reduced by 8.5% for  
this optimisation.

Block Assembly
A welding robot system has been 
applied at the block-assembly stage 
since the 1980s in Japan. The concept 
of the robot system is the cooperation 
with human instead of full automation 
unlike the multi-robot welding system. 
After setting up the welding robot with 
a grid of the hull block by the operator, 
the robot welds automatically as shown 
in Figure 2.

Robotic welding for block-assembly 
is more difficult compared with 
that of sub-assembly, because fitting 
accuracy deteriorates at post-process. 
Fu r t he r more ,  i n  s ome  c as e s , 
conventional welding robots can not 
control torch position in a narrow 
space. Figure 8 shows the typical 
application structure of welding robots 
in the block-assembly stage. The dotted 
lines show the weld line. The authors 
developed a new robot welding system 
equipped with the following:

Figure 7: The trajectory generated by the 
CAM system

Figure 4: Twin robots unit and the Rotating 
arc torch 

Figure 5: Data flow of the CAM for the 
welding robot for Sub-assembly

Figure 6: Different behaviour between 
twin robots
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•	Optimisation of link parameters
•	Correspondence to gap-variation 
•	Off-line simulation.

The welding robot has five degrees 
of freedom and moves with the mobile 

unit that has an ultrasonic sensor to follow 
the longitudinal member as shown in Figure 
9. The arm length of the welding robot 
was optimised at 700mm by the off-line 
simulation. The welding robot can control a 
proper welding position by this optimisation. 

Figure 10 shows the off-line simulation 
for confirming the welding position in 
the work space. In addition, the welding 
robot can adapt to the gap-variation by 
inputting the root gap by operator before 
the operation. The welding conditions for 
the gap-variation are incorporated into a 
CAM system. 

Figure 11 shows the CAM system 
for the welding robot system at the 
block-assembly. The CAM system 
generates the NC data based on the 
structural data at the block-assembly. 
This CAM system is capable of simulation 
of the off-line operation as shown in 
Figure 10. The movement database 
corresponding to the curved weld joint 
was constructed by this simulation facility. 
Figure 12 shows an example of welding 
result including the curved weld joint at 
the block-assembly stage.

Double hull welding
In recent years there has been an increased 
need for more efficient welding in double 
hull spaces. However, a conventional 
welding robot is too big to be carried into 
the confines of a closed structure. Automatic 
welding for butt joints of longitudinal 
frames in double hull tanks in dock are a 
particular problem. These joints require 
high grade welding skills to adapt to the 
root gap-variation. Therefore, the authors 
developed a new type robot welding system 
with the following features: 
•	Miniaturised robot
•	Generating the optimal welding 

conditions
•	Adaptive control for gap-variation.

This system consists of a robot welding 
manipulator, rails on which to travel, an 

Figure 11: Data flow 
of the CAM for the 
welding robot for 
block-assembly

Figure 8: Typical 
application 
structure of welding 
robot in block-
assembly stage

Figure 9: Welding 
robot system for 
block-assembly

Figure 10: Off-line 
simulation for 
block-assembly 
robot

Figure 12: Welding result in the block-
assembly 
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operating box, a robot controller and 
welding equipment. Figure 13 shows 
the welding robot manipulator for 
longitudinal members in the double 
hull in dock. The dimensions of the 
robot are 110mm wide by 435mm long 
and 1,180mm high. The welding robot 
manipulator has three prismatic joints and 
three rotary joints. The robot manipulator 
is composed of a travelling unit, an 
elevating unit and manipulator unit. The 
robot manipulator can be brought into 

or out of the double hull tanks easily by 
decomposing into several parts. This 
welding robot system has the sensing 
capabilities for automatic recognition 
of the groove shape and root gap, and it 
generates the optimal welding conditions 
for the weld joint. 

A simple CAM system for this welding 
robot system generates operational data 
based on the input of the dimensional 
data at the longitudinal space shown in 
Figure 14. 

This simple CAM system is not 
capable of the simulation for off-line 
teaching or interference check, unlike 
the previously discussed CAM system. 
However, using a commercial 3D 
simulator customised for this welding 
robot system, off-line operation of the 
welding robot can be confirmed at real 
time shown in Figure 15. The welding 
robot model on the 3D simulator is 
controlled by the virtual controller, and 
is checked for interference. 

This welding robot system has 
been developed for the butt joints of 
longitudinal faces and longitudinal webs 
in the double hull in dock and butt joints 
of the bottom shell plates. Figure 16 
shows the application status of the robot 
welding in the closed double hull tanks 
in dock. This welding robot system has 
been successfully applied to more than 
10 large tankers and large ore carriers. It 
is contributing to not only productivity-
improvement and product quality 

stabilisation but, also to improve the 
working environment and reducing heavy 
physical workload. NA
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Figure 13: Portable welding robot for 
double hull in dock

Figure 16: Robot welding in the closed double hull in dock 

Figure 14: Data flow of the simple CAM for 
the welding robot for the double hull block

Figure 15: Off-line simulation for the closed 
double hull
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The aircraft industry was the first 
to introduce lightweight materials 
(e.g., aluminium alloys) on a 

widespread scale beginning in the 1920s. 
This continues today with the adoption of 
lightweight composite materials in other 
industries as well.

Less weight, consistent with other 
performance and safety requirements, 
means more useful work can be extracted 
from a unit of fuel or other energy 
source. Weight-reducing technologies 
are critical to the success of new, highly 
efficient energy technologies such as 
hybrid vehicles.

Shipbuilding is the second largest 
consumer of lightweight materials. There 
is a growing demand for lightweight 
metal; aluminium represents the 
second largest metals market in the 
world.  Light, strong, and corrosion-
resistant aluminium is the ideal metal 
for shipbuilding. Metal matrix nano 
composites (MMNC) could prove to be 
the next generation of building materials.

History of aluminium 
in shipbuilding
It was first used for building a steam 
passenger boat in 1891. The boat 
named Le Migron was designed in 
Switzerland and was intended to carry 
eight passengers. This was the first boat 
partially made of aluminium, which 
confirmed that the metal was useful  
in shipbuilding.

Later, The Scottish shipbuilding yard 
Yarrow & Co presented a 58m motor 
torpedo boat made of aluminium. This 
boat named Falcon was manufactured for 
the navy of the Russian Empire. The boat 
reached speeds of 32knots, a record for 
those times.

But, in late the 1890s the cost of 
aluminium was 35% higher than the cost 
of steel, which hampered active use of the 

light metal. Another shortcoming was 
discovered later, corrosion. Although it 
sounds strange today, it turned out that 
the yachts made of aluminium at the 
beginning of the twentieth century were 
exposed to severe corrosion in salt water.

The service life of all these vessels 
turned out to be significantly less than that 
of similar vessels made of steel. Imperfect 
manufacturing processes and a lack of 
understanding of aluminium’s properties 
hampered wide dissemination of this 
metal in shipbuilding. Engineers faced a 
complex problem which they managed to 
solve only a few decades later.

After considerable research from the 
early 1900s, Aluminium Alloy 5083, 
considered the base alloy of shipbuilders, 
was registered by the Aluminium 
Association in 1954. Alloy 5083 initially 
won popularity in shipbuilding thanks 
to such properties as high strength, 
corrosion resistance, good mouldability, 
and excellent welding characteristics.

By the 1960s, improvements in the 
technology, as well as a reduction of the 
cost of aluminium led to the extensive 
use of the light metal in shipbuilding. 
Aluminium was used in manufacturing 
the shells of yachts, superstructure, masts, 
and port infrastructure.

In the 1970s, high-speed passenger 
vessels first appeared in Scandinavia 
- catamarans made of aluminium. 
Being light and quick, they proved 

their profitability and speed advantage, 
and became standard for passenger 
transportation for many years.

Reducing structural weight is an important way to improve ship 
performance. One approach is to develop materials that combine relatively 
low mass (weight) with the requisite strength, flexibility, and other criteria, 
writes Rajeev Manjunatha, naval architect at Axsys Technologies

MMNCs, the lighter side of shipbuilding

Aluminium’s postive 
properties
 
 
•	 High Strength to weight ratio
•	 Density one-third that of steel
•	 Excellent corrosion resistance
•	 Weldable
•	 Ease of forming, bending and 	 	
	 machining
•	 Availability and diversity of 	 	
	 functional semi-finished 	 	
	 products
•	 High thermal and electrical 	 	
	 conductivity
•	 Recyclable
•	 Non-magnetic

The results of which would be the 
following:
•	 Fuel Savings
•	 Increased Range
•	 Increased Payload
•	 Higher Speeds
•	 Manoeuvrability
•	 Stability
•	 Less maintenance
•	 Lower total ownership costs

Table 1

Countries
China Korea Japan

Labour 10% 19% 22%

Steel 30% 27% 26%

Equipment 60% 54% 52%
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Until recently, alloy 5083 virtually had 
no competitors among other aluminium 
alloys until 1995 when aluminium 
alloy 5383, an improved version of 
alloy 5083, was registered. Alloy 5383 
had improved corrosion resistance and 
its impact strength and yield point of 
welded constructions increased by 10% 
and 15% respectively over 5083. These 
improvements potentially allow for a 
considerable reduction in the mass of 
welded vessels. 

In 1999, aluminium-based alloy 
5059 was registered with the American 
Aluminum Association, which was 
called Alustar. This new alloy proved that 
aluminium can be stronger than steel. The 
alloy has the values of ultimate strength 
and a yield point comparable with the 
corresponding values of low-alloy steel 
S235, AlCu4SiMg (AA2014). This alloy 
developed for the shipbuilding industry 
also has considerably improved strength 
characteristics compared to the traditional 
alloy 5083. The yield point before welding 
is increased by 26% and by 28% after 
welding.

Studies continue, and probably, very 
soon scientists will present us with even 
lighter and stronger aluminium alloys, 
which will allow manufacturers to 
create vessels and structures of the new 
generation.

New building price breakdowns 
generally have three major components, 
labour, steel and equipment, see table 1. 
The next generation of composites, is 
however, upon us. Nanotechnology is all 
about being small. After all, the prefix 
“nano” means one billionth of something. 
Nanocomposites are lighter, stiffer, less 
brittle, and more dent- and scratch-
resistant than conventional plastics. Some 
nanocomposites are also more recyclable, 
more flame retardant, less porous, better 
conductors of electricity, and can be 
painted more easily.

The concept
Use of carbon nanotube reinforced 
aluminium as a base shipbuilding material 
could produce a lighter and stronger 
ship. This paper shall concentrate on 
how the composite is fabricated and 
the advantages of its application in 
shipbuilding. 

The reinforcement of metals can 
have many different objectives. The 
reinforcement of light metals opens 
up the possibility of the application of 
these materials in areas where weight 
reduction has the first priority. The 
development objectives for light metal 
composite materials are to improve 
those properties that avoid the use of 
aluminium in commercial shipbuilding. 
•	Increase in yield strength and tensile 

strength at room temperature and 
above while maintaining the minimum 
ductility or toughness

•	Increase in fatigue strength, especially 
at higher temperatures

•	Improvement of thermal shock 
resistance

•	Improvement of corrosion resistance,
•	Increase in Young’s modulus,
•	Reduction of thermal elongation
•	Improve Resistance Stress corrosion 

cracking.

Carbon nanotubes (CNTs)  whose 
tensile strength and thermal and 
electrical conductivity along their axis 
surpass virtually all known materials; it 
also shows an increase in the mechanical 

Properties of CNTs

•	 High Aspect Ratio Structures  
•	 High Mechanical Strength: 	 	
	 Tensile Strength (60 GPa) 
•	 Young Modulus (1 – 5 TPa)
•	 High Electrical Conductivity 	 	
	 (typically 10-6 ohm m)
•	 High Thermal Conductivity (1750 	
	 – 5800 W/mK)
•	 High Current Density (107 – 109 		
	 A/cm2)
•	 Chemical Stability: (not 	 	
	 attacked by strong acids/alkali)

Figure 1 shows:  
(a) The “forests” of CNTs synthesised via chemical vapour deposition (CVD) can be grown 
to macroscopic lengths on the order of millimetres and 
(b) The optical difference between the pristine and aluminium-coated forest.  
(c) This SEM image shows that the top of this CNT forest exists as somewhat of a tangled 
nest and that the CNTs measure between 30–80nm in diameter.  
(d) It can be seen that after sputter coating 1μm of aluminium on the CNTs, they are 
sheathed in 25–30 nm of aluminium. This strongly suggests good interaction (wetting) and 
is promising for the investigation of impregnation with aluminium to create a continuous 
CNT metal matrix composite. Additionally, the morphology of the coating is not smooth 
like the surface of the CNTs. The distinct edges indicate the nucleation of metal crystals 
on the CNTs, further confirming the mobility of the sputtered aluminium

Na Jul-Aug 12 - p49+50+51+52.indd   50 22/06/2012   16:14:56



51The Naval Architect July/August 2012

Fe
a

tu
re

 3

strength and hardness of metal matrix 
composites (MMCs).

Though nanocomposite materials 
exhibit ultra-high-strength, there is often a 
trade-off that results in decreased ductility. 
This may be attributed to currently used 
processing methods that result in the 
formation of voids and defects, as well as 
to the inability of nanostructured grains 
or additives to sustain a high rate of strain 
hardening.

Raw materials
Metal matrices employed in MMNC 
are mainly Al, Mg, Pb, Sn,W and Fe. In 
general, it is the reinforcement that is in 
the nano-range size in these materials.

Marine grade aluminium –including 
sheets, plates, extrusions, forgings and 
castings –are readily available from 
aluminium mills or distributors around 
the world.  

CNTs consist of graphene cylinders 
and are available in two varieties, as 
single walled (SWCNT) and multi walled 
(MWCNT), with about 70% yield in the 
case of SWCNT.  While  SWCNTs  are  
single  graphene  cylinders, MWCNTs  
consist  of  two  or  more  concentric  
cylindrical  sheets  of graphene  around  
a  central  hollow  core. Both types exhibit 
physical characteristics of solids, either 
metallic or semiconducting in nature, 
with microcrystallinity and very high 
aspect ratios of 103.

Processing methods
Despite their nano dimensions, most of 
the processing techniques of  the  three  
types  of  nanocomposite  remain  almost  
the  same  as  in microcomposites. This 
is also true even for CNT-reinforced 
composites. 

MMC manufacturing can be broken 
into three types: solid, liquid, and vapour.

1.	 Solid state methods
2.	 Liquid state methods
3.	 Vapour deposition.

Among several techniques of CNT 
synthesis available today, chemical vapour 
deposition (CVD) is most popular and 
widely used because of its low set-up 
cost, high Production yield, and ease of 
scale-up.

Chemical vapour deposition
Chemical vapour deposition or CVD is 
a generic name for a group of processes 
that involve depositing a solid material 
from a gaseous phase. 

Precursor gases (often diluted in 
carrier gases) are delivered into the 
reaction chamber at approximately 
ambient temperatures. As they pass 
over or come into contact with a heated 
substrate, they react or decompose 
forming a solid phase and are deposited 
onto the substrate. The substrate 
temperature is critical and can influence 
what reactions will take place.

The CVD processing method has 
proven to be very economical and can 
be scaled to bulk production. 

The high price of CNTs can be 
justified by their superior mechanical 
and electrical properties.  In addition 
the development of synthesis techniques 
for CNTs has resulted in a substantial 
reduction in the cost of production of 
CNTs. According to present market 
rates, the cheapest price is US$13,000/kg 
for SWCNT (purity 60%), US$15,000/kg 
for ARC-MWCNT (purity 30-40%), and 
US$400/kg for CVD-MWCNT.

According to many research papers 
and laboratory tests conducted at various 
universities and companies around the 
world it is quite evident that a maximum 
2% weight increase is sufficient to increase 
the characteristics of Aluminium (see 
Table 2). However, this weight percent 
can be reduced by improving the 
quality of CNTs produced and also by 

A graphic illustration of carbon nanotube 
production using chemical vapour 
deposition technique

Description Experimental 
Young’s modulus 
(GPa)

Shear lag Young’s 
modulus (GPa)

Al + 0.5wt% 
MWCNTs

61.92 71.97

Al + 1.0 wt% 
MWCNTs

66.15 74.17

Al + 2.0wt% 
MWCNTs

74.62 81.95

Advantages of CVD 
process:

•	 Very simple and inexpensive 
	 set up
•	 Can be used for a wide range of 	
	 metals and ceramics
•	 Can be used for coatings or 	 	
	 freestanding structures
•	 Fabricates net or near-net 	 	
	 complex shapes
•	 Is self-cleaning—extremely high 	
	 purity deposits (>99.995% purity)
•	 Conforms homogeneously to 	 	
	 contours of substrate surface
•	 Has near-theoretical as-	 	
	 deposited density
•	 Has controllable thickness and 	 	
	 morphology
•	 Forms alloys
•	 Infiltrates fibre preforms and 	 	
	 foam structures
•	 Coats internal passages with 	 	
	 high length-to-diameter ratios
•	 Can simultaneously coat 	 	
	 multiple components
•	 Coats powders

Table 2
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understanding precisely the requirement. 
The less the use of reinforcing CNT the 
lower the total expenses in producing the 
Al nanocomposite. 

In shipbuilding normally the 
requirement of steel will be approximately 
2000 -3000tonnes for ship of 10,000dwt 
depending the design and type of vessel 
whose particulars will be in the range of: 
length = 120 – 150m, breadth = 15 -20m 
and depth = 7 -10m.

As we are assuming aluminium is to 
be used for the entire vessel, in general 
because of its low density and elastic 
modulus, in order to achieve minimal 
stiffness requirements, a section of 
aluminium must be three times thicker 
than its equivalent steel part. i.e. (5mm of 
steel = 15mm of Al). Based on the fact that 
Al costs approximately US$3/kg and steel 
US$0.65/kg, replacing steel with Al in 
higher strength applications dramatically 
increases material costs at a minimal 
reduction in weight. 

In case of using this reinforced Al 
nanocomposite (Al NC), once developed 
to suit the requirement in shipbuilding, 
we can make it possible to maintain the 
same thickness. That is in order to achieve 
minimal stiffness requirements we can 
replace the same thickness of Al NC as of 
steel equivalent.

This dramatically reduces the total 
weight of the ship to one third, and 
using Al for shipbuilding has its own 
advantages. Further advancement in 
technology can present us with a material 
where we could substitute perhaps 
an 8mm plate of Al NC for a 12mm  
steel plate.  

Cost comparisons
Most of the total ownership resides in 
operations, maintenance and sustainment:

Although the acquisition cost for the 
Al NC equivalent ship will be currently 
higher than that for the steel ship, the 
Al NC equivalent ship will have a lower 
total ownership cost.  This is because 
of fuel savings and lower maintenance 
needs.  The Aluminium ship does not 
require painting over its life, except for 
anti-fouling painting. It also has lower 
power machinery to repair, and less 
manning due to decreased onboard 
maintenance by the ship’s crew a 

significantly higher residual value at 
end of life scrapping as well. Because 
the aluminium ship uses less fuel it will 
have a lower carbon footprint, than the  
steel vessel.

The material costs of building a ship 
are only 20-30% of the total cost of the 
ship. Major costs are associated with 
the manufacturing of the ship. Today’s 
advancements in technology allow faster 
and bulk production of CNTs, and also 
scientists are coming up with novel ways 
to produce CNTS. Though the current 
price of CNTs are high there will be a 
further reduction as demand increases. 
The same is in case of aluminium.

The increased mater ia l  and 
manufacturing costs for the proposed 
Al NC hull ship structure can be almost 
counterbalanced by taking advantage of 
the weight benefit of the Al NC in reducing 
either the draft or the block coefficient. 
The reduced displacement reduces the 
required draft or block coefficient for the 
same principal dimensions and draft. Less 
propulsion power is then required for the 
same speed and less fuel is required for 
the same endurance. Al NC ships can go 
faster, carry bigger payloads and travel 
longer ranges while enjoying increased 
stability and better fuel efficiency. 

Repair
Aluminium is no more difficult and 
no more expensive to repair than 
other shipbuilding materials. In fact, 
the repair of aluminium structures is 
relatively straightforward. It requires 
tools and expertise that are similar, if 
not the same, to those used for repairing 
steel ships. Repairs are less difficult 
because aluminium is easier to cut and 
weld than steel.

There are very few restrictions on what 
can be repaired on an aluminium ship, 
and there are numerous repair facilities in 
the around the world with the expertise 
to repair aluminium vessels.  In addition, 
increase in usage of Al has resulted in 
introducing several programmes to train 
workers on how to effectively repair 
aluminium naval structures.

Painting
No need to paint. Only anti fouling painting 
is required in the underwater region of the 

vessel. This in fact reduces an average 
of 8 - 10tonnes of weight for a ship of 
approximately 100 -150m long. It also 
reduces the total cost. Assuming that 
the steel ship requires re-painting every 
five years, savings of US$2 - $5 million/
ship are possible over the life of the Al 
NC vessel.

Recycling
Theoretically Al is 100% recyclable. 
Aluminium has high residual value 
at the end of its life. Nearly 75% of the 
aluminium ever made is still in use today. 
When an aluminium vessel reaches 
the end of its life span, it continues to 
provide tremendous value as a result of 
its high recycling value.

Crew
As the systems and machinery installed 
are smaller compared to steel ships, 
the maintenance required is less and 
so is the manning. Assuming this for a 
total operational period of a vessel this 
significantly contributes in reducing total 
ownership costs.

Conclusions and 
recommendations
There is a huge demand in the market for 
larger ships and this has forced designers 
to search and come up with an alternative 
material to reduce weight while 
maintaining strength. When properly 
designed Aluminium typically reduces 
the weight of structures by approximately 
50% and or more in some cases.

Technological advances have allowed 
aluminium to meet or exceed the 
minimum strength requirement used in 
the shipbuilding industry.

The only current disadvantage is 
the capital costs of ships built with 
aluminium. Although the initial 
investment for an Al NC ship is three 
times higher than a conventionally 
built vessel, a simple theoretical total 
ownership costs analysis made here 
shows that at the end of Ship’s service 
life which is normally 25years, the 
operations and maintenance costs of a 
steel ship along with the acquisition costs 
are equal or exceed the initial investment 
made for ships built of aluminium 
nanocomposites. NA
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A system used by MARIN is 
described here, which seamlessly 
fits in with the usual design 

consultancy. Its basis was laid in the 
EU-funded VIRTUE project. Since then it 
has evolved into a system that is frequently 
applied in practical ship design work, and 
helps to answer many design questions.

Successful CFD-based ship hull form 
optimisation in general hinges on a number 
of issues.
•	A complete definition of constraints (e.g. 

minimum displacement, propeller tip 
clearance, rotation rate, hard points)

•	The definition of the design space; which 
must be a compromise between giving 
maximum freedom and keeping the 
number of parameters limited

•	The computational effort, which for 
hundreds or thousands of detailed RANS 
computations could easily become 
unacceptable

•	The choice of the objectives. Minimum 
fuel consumption and minimum vibration 
and noise are usually primary targets, but 
need to be translated to object functions 
that can be computed

•	A large numerical accuracy of the 
evaluation of the object functions; as 
otherwise the predicted trends are affected 
by numerical errors.

We consider these aspects below.

Setting up the design space
To keep the dimension of the search 
space low, it is important that the 
variations of the hull form can be 
described by relatively few, physically 
relevant and case-specific parameters, 
not by a multitude of general geometric 
parameters. Moreover, for practical 
applications this design space needs 
to be defined quickly and easily. The 
method used is the GMS-Merge tool 
(Hoekstra and Raven, 2003). This 

defines hull form deformations by 
parametric blending of the original 
hull form and a number of variants. 
These are created in the CAD system 
GMS, using any design experience or 
insight in the flow characteristics for 
the original hull. If the basis hull forms 
satisfy the geometric constraints, often 
all variations in the design space do 
so, reducing the need to write out all 
constraints for every design task.

The RANS code
The CFD tool used is PARNASSOS, one 
of MARIN’s in-house RANS codes. This 
is a dedicated code for ship resistance 
and flow computations, which is efficient 
and numerically accurate.  E.g. a double-
body flow computation on a grid with 3 
million cells takes just about five hours 
on a single PC-processor. This permits 
it to run many computations in parallel 
on idle desktop PC’s. In this way, RANS 
computations for as many as 1000 hull 
form variations can be run overnight. 
Grid generation for the design variations 
is fully automatic (van der Ploeg, 2011).

Minimising required power
It is important not to minimise resistance but 
to minimise required power, as the results can 
be different (van der Ploeg and Raven, 2010). 
The first object function to be minimised is:

 
PD = RT × (1-w)   ×       VS

                  1 - t                 ηR×η0

The resistance RT is obtained from a first 
RANS computation, which also provides the 
nominal wake. However, w is the effective 
wake fraction. This is currently estimated 
from the nominal wake using the NOMEFF 
tool (van Gent and Hoekstra, 1985), an 
approximate method based on solving 
linearised Euler equations for a given 
actuator disk. 

To compute the thrust deduction t, a 
second RANS computation is done for 
the same form, with a force distribution 
representing the propeller with a thrust T0, 
reasonably close to that required for self 
propulsion. t then follows from the resistance 
increment. The 3D force field that represents 
the propeller action is here derived from the 
loading distribution computed for a propeller 
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As CFD-based hull form optimisation gradually makes its way into practical 
ship design, there is much development on this subject, but in some cases it is 
still far from being practically applied

CFD-based aft-body optimisation in 
practical ship design

Figure 1: Pareto plot 
for optimisation of 
power and wake 
quality, for the VIRTUE 
tanker (model 
scale). Red: coarse 
grid. Black: fine grid
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behind the original hull; which is more 
realistic than using a simple actuator disk 
model (van der Ploeg, 2012). It is essential 
to estimate the propeller efficiency in open 
water, ηo, as this may vary significantly 
between design variations. This could be 
evaluated by a coupling with a propeller code 
or by incorporating the propeller in the RANS 
computation. However, this would mean that 
one optimises the hull form for the particular 
propeller chosen, instead of optimising both 
in combination. In order to estimate better 
the achievable performance, ηo is obtained 
from the B-series of propellers (Kuiper,1992). 
So far, the thrust, wake fraction, number of 
blades, propeller diameter and revolution 
rate were fixed, while the blade area ratio 
and pitch ratio for each hull form were found 
from the B-series; but other choices are 
possible. The resulting ηo is used to find PD.

Propeller inflow
In practical applications, a second objective is 
often required that has to do with the quality 
of the propeller inflow. Since scale effects are 
significant, usually we do the optimisation 
for full scale. In case of danger of erosive 
cavitation, one would like to prevent strong 
variations of the wake in circumferential 
direction, especially in the top half of the 
propeller plane. For example, an L2-norm of 
the circumferential derivative of the inflow 
velocity can be used. Alternatively, we can 
use a norm of the variation of the local angle 
of attack of the flow on the propeller blades.

A large numerical accuracy of the 
evaluation of these objective functions is 
required, as otherwise the predicted trends 
and optima can be affected. Much attention 
has been given to reduce grid dependence 
and remove dependence on iterative errors 
(van der Ploeg and Raven, 2010).

Optimisation
With the components described, evaluation 
of design variants can be done. The simplest 
approach is a systematic evaluation of designs 
evenly spaced in the design space. This gives 
a good insight in the trends and good clues 
for further refinement. But, if the number 
of basis hull forms that span the design 
space increases this becomes unfeasible. 
Design of Experiments (DoE) techniques 
can be used to reduce the number of RANS 
computations, and still identify trends by 
determining a Response Surface. Actual 
multi-objective optimisation can be done 
by genetic algorithms. All computations 
within one generation can be computed in 
parallel. These techniques have already been 
successfully applied.

Results
Figure 1 shows some results for a tanker 
considered in the VIRTUE project. For several 
hull form variants, the grid dependence of the 
objective functions (power and wake quality) 
has been studied by making computations on 
a coarse grid of 1.7 million cells (red markers 
in the figure), and one of 3.4 million cells 
refined in all directions (black markers). In 
the Pareto plot (Fig. 1), the blue lines connect 
computations for the same hull form. The 
grid dependence of these rather complicated 
objective functions is small, but some change 
of the Pareto front is still observed.

The current use in practical projects is 
to do the optimisation at full scale. As an 
example, we show a result of the optimisation 
of the aft-body of a chemical tanker in the 
STREAMLINE project. Figure 2 compares 
the full-scale wake of an optimised hull form 
and that of the original hull form, showing the 
large reduction of the wake peak. The wake 
object function, in this case the norm of the 

variation of the angle of attack, was reduced 
by 30%, combined with a 1% decrease in PD. 

The efficiency of the tools used, together 
with parallelisation over the PC network, 
appears to be very powerful. It allows doing 
a large number of RANS computations and 
to compute clear Pareto fronts, trends in the 
solutions and scale effects on those trends; 
with rather little setup time and turn-around 
time. The PARNASSOS-EXPLORER system 
thus helps to benefit from CFD-based 
optimisation in practical hull form design 
projects.

Part of the developments formed part of 
the VIRTUE and STREAMLINE projects, 
co-funded by the European Commission 
within the 6th and 7th Framework 
Programme. This support is gratefully 
acknowledged. NA

References
GENT W. van and HOEKSTRA M., (March 
1985). Force field approach for propeller-wake 
interaction, MARIN Report No. 44303-7-SR.

HOEKSTRA M., (1999). Numerical simulation 
of ship stern flows with a space-marching Navier 
Stokes method, Thesis, Technical University of 
Delft.

HOEKSTRA M. and RAVEN H.C., (2003). A 
practical system for hydrodynamic optimization 
of ship hull forms, NAV 2003 Conference, 
Palermo, Italy.

KUIPER, G. (1992). The Wageningen Propeller 
Series. MARIN publication 92-001. Published 
on the occasion of its 60th anniversary.

PLOEG A. van der, (2011), A Comparison 
of Several Strategies to Optimize a Ship’s 
Aft Body, Journal of Ship Production and 
Design,Vol27, No. 4, pp. 202-211.

PLOEG A. van der, (2012), Object Functions 
for optimizing a ship’s aft body, Proceedings 
11th Conference on Computer and IT 
Applications in the Maritime Industries, 
Liège, 16-18 April 2012, pp. 494-507.

PLOEG A. van der and RAVEN H.C., (2010), 
CFD-based Optimization for Minimal Power 
and Wake Field Quality, Proceedings 11th 
International Symposium on Practical Design 
of Ships and other Floating Structures, Rio de 
Janeiro, pp. 92-101.

Figure 2 Left: full-scale wake fields of a chemical tanker, for original form and a variant 
with improved object functions; from STREAMLINE project. Right: body plans of the original 
(red) and optimised (black) hull form

Na Jul-Aug 12 - p54+56.indd   56 22/06/2012   16:37:35



For more information, visit www.rina.org.uk/Super_Yacht

Design, Construction & Operation 
of Super and Mega Yachts

 I would like to offer a paper and attach a synopsis of no more than 250 words by 14 Oct 2012

 I wish to receive details on exhibition space and sponsorship opportunities

 I would like to receive a full programme brochure and registration form

Please return to: Conference Department, RINA, 10 Upper Belgrave Street, London SW1X 8BQ 
by fax on +44 (0)20 7259 5912 or by email: conference@rina.org.uk

 8-9 May 2013, Genoa, Italy

Name:        Position:
Company:
Address:

        Postcode:
Telephone:       Fax:
Email:                   (MY2013)

The Royal Institution of Naval Architects

First Notice & Call for Papers

The Royal Institution of Naval Architects will be returning to Genoa, to host the International Conference 
on Super & Mega Yachts for a third edition. 

Whilst we do not expect the rapid growth that the luxury yacht sector has encountered in the last decade, 
there is no question that the super yacht fleet will continue to grow. Even if the need for a bigger yacht 
seemed to have reached its peak, the complexity of the designs and the new requirements involved in 
custom production require innovative solutions.

RINA welcomes papers on all aspects of large sail and motor yacht design, construction, and operation, 
from designers, researchers, manufacturers, operators, and regulators. Topics may include the following:

• All Aspects of Design – Hull, General Arrangement, Interior, Features etc.
• Operation
• Regulation & Classification
• Powering & Propulsion
• Sea Keeping
• Features, Technologies & Finishes

Super yachts CFP-pantone 418 PC.indd   1 14/06/2012   10:29:04



58

Nowadays optimisation of ship 
hydrodynamics represents one of 
the most challenging design tasks 

due to the complexity of the engineering 
problem considered and the inherent 
multi-objective nature of the problem.

Achieving an optimal solution for a given 
range of design parameters in the shortest 
time possible is, therefore, becoming more 
and more important. In this regard, usage 
of the Open Source Computational Fluid 
Dynamics (CFD) software OPENFOAM 
[1] to perform flow simulations of hull 
hydrodynamics represents a validated and 
efficient method applied to ship design.

Furthermore, working with parametric 
CFD models coupled with design 
optimisation tools like DAKOTA 
[2] represents a further significant 
breakthrough in process design to perform 
geometrical shape optimisation.

The potential of a high number of 
design parameter combinations to be 
evaluated make the optimisation process 
a challenging task and the selection of the 
best optimisation approach a key factor. In 
this context, highly non-linear problems 
like ship hydrodynamics can be addressed 
by using advanced multi-objective design 
optimisation techniques, ranging from 
the well known genetic algorithms [3] 
to the most advanced Response Surface 
Methodology (RSM) [4]. During the 
last decade, these techniques have been 
proved to be robust and efficient when 
applied to complex non linear engineering 
applications such as CFD modelling.

An additional requirement when it 
comes to performing ship hydrodynamic 
optimisation is the stability and robustness 
of the optimal solution found for a 
given range of operating conditions. 
Application of uncertainty quantification 
methods plays an important role in case of 

non-deterministic conditions, allowing the 
designer to look for the optimal solution in 
terms of performance stability.

The ship model considered for this study 
is the US Navy Combatant DTMB 5415, a 
prototype model conceived in 1980 shown in 
Figure 1, although the techniques can also be 
applied to commercial vessels.

Two open-water propellers whose shaft 
is supported by stern tubes and brackets 
are located in the transom stern of the hull. 
In this paper two different CFD application 
cases related to ship hydrodynamics were 
considered, and different fast optimisation 
approaches were examined in order to 
highlight the efficiency of the solution 
proposed applied to the ship design. The first 
application case is focused on the search of 
the optimal design of the rudder geometrical 
shape in terms of drag and lift performance 

for a given range of variability of operating 
conditions, including angle of attack and 
speed. Uncertainty quantification methods 
were used for this purpose and an efficient 
fast robust design approach was employed in 
order to minimise the number of iterations 
required to find the optimal solution.

The second application case refers 
to the design optimisation of the 
bare-hull geometrical model without any 
appendages considered. The objectives 
of the study are the minimisation of the 
ship forward resistance and maximisation 
of the ship displacement by modifying 
the geometrical shape of the bow. In 
this case, a different fast optimisation 
approach based on RSM techniques 
was applied, thus considerably reducing 
the computational time required by the 
optimisation run.

 
Robust design optimisation 
of the rudder 
The first design application case considered 
in this work was the optimisation of the 
geometrical shape of the rudder of the DTMB 
5415. The aim was to keep a high lift-drag 
ratio for a range of different operating 
conditions. More precisely the objective of 
the study was the minimisation of drag and 
the maximisation of lift for various speeds 
and angles of attack. 

The optimisation was performed on the 
2D hydrofoil cross-section of the rudder and 
consisted of two stages. In the first stage, both 
angle of attack and speed were kept fixed at 
their original values, and then the optimal 
shape of the hydrofoil for lift and drag was 
found. In the second stage, the best solutions 
found in the previous step were assessed 
by taking into account the variability of the 
operating conditions (i.e. the angle of attack 
and speed), and at the end of the run the best 
stable solution was found.
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Paolo Geremia, regional manager, Engys, Italy, Thomas Schumacher, head 
of analysis and Eugene de Villiers, General Manager, Engys, UK describe 
the benefits of fast multi-objective design optimisation methods applied to 
hydrodynamics and coupled to CFD models for all vessel designs

Fast robust design optimisation methods 
applied to ship hydrodynamics

“The potential of 
a high number of 
design parameter 
combinations to be 
evaluated make 
the optimisation 
process a 
challenging 
task and the 
selection of the 
best optimisation 
approach a key 
factor.”
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For this purpose, a NACA0015 profi le with 
angle of attack equal to 8degs was chosen as 
baseline cross-section. Th e original profi le 
was made parametric by the superposition 
of a third order parametric Bézier curve for 
both the upper and lower hydrofoil profi le.

Four design variables were considered 
for the defi nition of the parametric curve, 
namely the X and Y position of two control-
points. An automatic hex-dominant 
polyhedral mesh was created automatically 
for each design configuration using an 
enhanced version of the snappyHexMesh 
mesh generator available in OPENFOAM. 
A subsequent RANS CFD analysis using 
the k-ω SST turbulence model available in 
OPENFOAM was setup. For each design 

confi guration, hydrofoil drag and lift  values 
were computed and stored in a text file. 
DAKOTA was used as optimisation soft ware 
and a derivative-free Multi-Objective 
Genetic Algorithm (MOGA) was applied 
to perform the initial optimisation phase. 
Figure 2 highlights the workfl ow managed 
by DAKOTA during the optimisation run.

The MOGA algorithm was set with 
a generation size of 20 individuals and 
asynchronous parallel design evaluations 
were performed by fully exploiting both 
DAKOTA and OPENFOAM license-free 
scalability. After 35 generations, a set of 
optimal solutions was found and three 
diff erent candidate designs were taken for 
the next step, the fi rst point as best solution 

for lift , the second for the resistance and the 
third a compromise solution. 

In the next stage of the optimisation 
phase, the variable operating conditions 
of the rudder were considered to analyse 
the response of the system when changing 
design parameters from nominal operating 
conditions. In order to take into account the 
variability of the operating conditions a UQ 
approach was used, and the stability of the 
optimal solution for a given range of inlet 
velocity Uin and angle attack α was evaluated. 
For this purpose, for each design evaluated a 
perturbation on Uin and α based on a normal 
distribution Uin,α ~ N(μ,σ²) was applied. 

A small perturbation was applied on Uin 
and α using the Polynomial Chaos Expansion 
(PCE) [5] approach for the three diff erent 
optimal solutions obtained in the fi rst stage of 
the optimisation run. A cost-eff ective design 
space sampling was performed for accurate 
prediction of μ and σ of water resistance and 
lift  outputs. For this a 4th order quadrature 
PCE sampling was employed, thus leading to 
16 design evaluations in total for each design 
configuration. The previous compromise 
solution revealed to be a good trade-off  both 
in terms of stability and performance, as 
showed in Table 1.

Bare-hull optimisation 
The second application case presented in 
this work is the shape optimisation of the 
geometry of the bare-hull of the DTMB 
5415 model. A parametric CFD model of the 
bare-hull was coupled with the DAKOTA 
optimisation tool to perform a sensitivity 
analysis followed by an optimisation run to 
maximise displacement while minimising 
the forward water resistance. 

For this purpose, fi rst the available STL 
surfaces were loaded into the open source 
surface morphing tool blender, which 
allowed different hull geometries to be 

Figure 1: Us navy Combatant DTmB 5415 CaD model

Results of 
robustness study 
using PCE method

Figure 2: Rudder shape optimisation workfl ow driven by DAKOTA

Resistance Lift

μ σ μ + 3σ μ σ μ - 3σ

Best Drag 0.863376 0.177527 1.395958 0.888653 0.142788 0.460289

Best Lift 1.034079 0.240473 1.755499 1.056855 0.166644 0.556922

Compromise 0.980506 0.201355 1.584572 1.013078 0.158264 0.538287
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generated by morphing the geometric shape 
of the bow. 

Second, a hex-dominant mesh of 1.5 
million cells with fi ve near-wall extrusion 
layers was created using an enhanced 
version of the snappyHexMesh tool 
available in OPENFOAM; the mesh was 
then employed to defi ne the CFD model 
showed in Figure 3. 

Third, the CFD solutions for 
displacement and resistance were 
employed to perform the sensitivity 
analysis to quantify relationships between 
design variables and output responses. 
For this purpose, DAKOTA’s Design Of 
Experiments (DOE) techniques were used 
to effi  ciently explore the design space and 
to perform the global sensitivity analysis.

Finally, one hundred sample points 
were created using a Latin-Hypercube 
Sampling method and the most signifi cant 
variables for displacement and resistance 
output responses were outlined. Th e 100 
initial CFD sample points were used for 
training a Neural Network RSM to replace 
the CFD models by surrogate models of 
both the resistance and displacement 
output responses. A MOGA optimisation 
run using response surface models 
was then carried out and the total time 
required to run the whole optimisation 
study was reduced to a few seconds. Th e 
layout of the optimal solution was found 
as a compromise between the resistance 
and displacement objectives. The final 
design selected from the Pareto front was 
validated aft erwards using a high-fi delity 
CFD analysis.

Conclusions 
In this work the benefi ts of Open Source 
design optimisation methods applied to 

ship hydrodynamics were highlighted, 
in particular the advantages of using the 
CFD platform OPENFOAM coupled with 
the multi-objective design optimisation 
soft ware DAKOTA. Diff erent approaches 
of geometrical shape parameterisation 
were evaluated for a couple of test cases, 
including minimisation of ship forward 
resistance while maximising displacement, 
as well as design optimisation of rudder 
and other appendages for diff erent speed, 
angle of attack and other operating 
conditions. Combined application of 
efficient PCE techniques and parallel 
computations using OPENFOAM were 
exploited to reduce the computational 
time of the design optimisation 
runs with a limited number of CFD 
simulation runs. Cost-effective RSM 
models were also applied to the model 
response functions for further speed-up 
of time-consuming CFD models 
without penalising the accuracy of the 
solution found. NA
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The Russian shipping company 
Sovcomf lot  ordered two 
multifunctional icebreakers 

(NB 506 & 507) in December 2010 from 
Arctech that are due to be delivered in 2013 
that will supply the Arkutun-Dagi oil and 
gas field. The blocks were put together by 
Vyborg shipyard in Russia, with Arctech 
responsible for the design, procurement, 
construction of some of the blocks, hull 
assembly and outfitting of the vessels.

Both vessels will be similar in 
design, measuring 99.9m in length 
and 21.7m in breadth and they will 
have accommodation spaces for 50 
crew members and special persons and 

195 evacuees, and will be used in year 
round operation. 

The icebreakers will be operating in 
thick drifting ice in temperatures down 
to -35˚C. The vessels will be capable of 
ice management and escorting purposes 
and will be equipped to carry various 
types of cargo and perform operations 
related to oil spill recovery, fire fighting, 
ocean towing as well as stand-by and 
rescue. The icebreaking capability of the 
vessels will be high; the vessels will be 
able to operate independently in 1.7m 
thick ice, and penetrate consolidated 
20m deep ice ridges.

The vessels  have a  specia l ly 
designed stern to navigate in ice and 
diesel-electric machinery, with twin 
azimuthing podded type rudder 
propel ler  units  for  propulsion. 
The power generation station will 
consist of four main diesel generator 
sets with a total power of 18MW. 
The rudder propellers will give the 
vessels better reversing capability and 
manoeuvrability in all ice conditions. 
For manoeuvring and position keeping, 

two bow tunnel thrusters will be fitted. 
Esko Mustamäki, managing director, 
Arctech notes that: “Installed power 
on icebreakers has gone down due 
to the propulsion units that are now  
being installed.”

Energy consumption around the 
globe is increasing and particularly 
in the Arctic, which is pushing the 
construction of ice breakers. “I don’t 
know how many icebreakers in the 
future will be single purpose or 
multipurpose, the question will be 
what to do with the single purpose 
icebreakers in the summer months”, 
comments Mustamäki.

Mustamäki says that in future one 
of the challenges for icebreakers will 
be LNG and the use of it as a fuel. He 
adds that at the moment the same 
problem that of bunkering is faced by 
icebreakers as with other commercial 
vessels. However, he highlights that if 
these ships are working close to natural 
gas liquefaction plants then there 
would be a solution for bunkering LNG 
to icebreakers. NA

Demand in offshore energy has seen increase in construction of icebreakers, 
as Finnish shipyard Arctech gets more orders

Arctic interest drives icebreaker growth

Arctech sees 
orders increase 
for icebreakers as 
Arctic exploration 
increases

	 	 w

Length:........................................................... 99.9m

Length in waterline:..................................... 93.9m

Breadth maximum:..................................... 21.7m

Draught, at design waterline:..................... 7.6m

Deadweight at 

  design draught, abt.: ...........................3950dwt

Installed power:...........................................18MW

Propulsion power:........................................13MW

Speed:.........................................................15knots

Speed at 1.5 m level ice:...........................3knots

Bollard pull:.........................................+128 tonnes

Crew:............................................................24 + 26

Gross tonnage:...........................................7100gt

Cargo deck:.................................................700m²

Range:........................................................ 30 days

Classification: ...............Dual class LR and RMRS

LR Class notation: .............. +100A1 Icebreaker, 

Offshore Tug/Supply Ship, Fire-Fighting Ship 

1 (Total monitor discharge capacity 2400 

m³/h) with water spray, WDL (5,0tons/m² Aft 

to Fr. 68), RD (Brine 2.0t/m³; Mud 2.0t/m³), 

IWS*, Winterisation H (-35) B(-35), 

+LMC, UMS, DP (AM), NAV1, 

OIL RECOVERY, EP, ShipRight 

ACS (B) LR Descriptive class notation: 

COMF – C (3) (DNV), Standby Vessel 

(195) (DNV), Ice Class 

(DNV Icebreaker ICE – 10)

TECHNICAL PARTICULARS

NB 506 & 507
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The Russian training centre 
Arktimorneftegazrazvedka 
(OSJC “AMNGR”) has recently 

been supplied with an offshore crane 
simulator by Transas. The system 
simulates that of a crane that is being 
used on offshore platforms and is 
designed for training of personnel 
operating in the arctic shelf. The 
offshore crane simulator can model 
control systems, hydraulics and crane 
interior arrangements (systems and 
components). The installation of 
the simulator will allow the training 
centre to launch its own offshore crane 
operator course.

Cargo handling on offshore platforms 
is associated with high complexity of 
operations and comes with significant 
risks. Training of crane handling skills 
and especially work in troubleshooting 
mode that are provided by the simulator 
are vital for ensuring safety of offshore 
operations, highlights Transas.

Instructors can introduce faults in 
hydraulics and systems which enables 
trainees to practice troubleshooting. 
At the core of the simulator is its math 
model that provides utmost realism to 
the user.  Arctic harsh conditions impose 
certain restrictions on operations because 
of this special attention has been paid to 

modelling the environment and the model 
interaction (temperature, wind, wave 
etc.), which gives training a realistic edge, 
says Transas. The training can be brought 
one step forward by interconnection of 
navigational simulator and offshore crane 
simulator, allowing for joint training of a 
vessel and offshore oil personnel. NA

Feature 5 | Russia
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The Transas offshore crane simulator will help train personnel to work in a 
challenging environment

Transas’s Russian evolution

Transas installs 
offshore crane 
handling simulator 
at the Russian 
Training Centre

One hundred years is something 
special to recognise says RS. “100 
years of existence is an important 

milestone in the RS activity”, says Mikhail 
Ayvazov, chief executive officer of the 
classification society Russian Maritime 
Register of Shipping (RS). “Each member 
of the staff is contributing to improvements, 
which we planned to implement by 
2013.  These improvements are aimed 
mainly at modernisation of the processes, 
enhancement of communication with 
clients as well as business diversification”, 
Ayvazov notes.

Ayvazov notes that: “In the last year we see 
very good trend with regard to newbuilding 
perspectives. All major newbuilding projects 

of Russian shipyards are supported by 
Russian Government”. For example this year 
sees the start of the construction process of 
a unique oblique icebreaker in Kaliningrad 
shipyard, Yantar.

Adding to this, Baltiysky Zavod, 
St.Petersburg, has received a contract for 
the construction of a new diesel-electric 
icebreaker with 25mWt. Vyborg shipyard 
will also start the construction of the first in 
a series of three 16mWt diesel-electric ships. 

Under the Federal Target Programme on 
ship construction, a new oblique icebreaker 
(project developed by Aker Arctic 
Technology Inc.) will be constructed to RS 
class by Yantar yard in cooperation with 
Arctech Helsinki Shipyard.

The vessel features a patented oblique 
design with asymmetric hull and three 
azimuth propulsors, which allow the 
vessel to operate efficiently ahead, astern 
and obliquely. The vessel can proceed on 
a continuous mode in 1.0m thick level 
ice both ahead and astern and in oblique 
mode it will be able to generate 50m wide 
channel in 0.6m level ice.

The vessel features high manoeuvrability 
during ice operations.  Besides 
icebreaking, the vessel may be used for 
environmental protective purposes. The 
additional functions of the asymmetric 
icebreaker will include fire-fighting and 
rescue operations as well as ability to clear 
oil-spills from the sea. NA

The Russian Maritime Register of Shipping (RS) will be celebrating 100 years 
of service next year, with improvements on the horizon

RS prepares for centenary celebrations
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Sir
Congratulations on a thought provoking 
article (A Titanic Legacy, April 2012). The 
loss of Titanic continues to be headlines but 
surely it cannot have much life left.

Although suffering similar shell damage to 
Titanic, Costa Concordia sank in a different 
manner. One sank bodily the other heeled 
over, the question is, was Titanic better 
designed in that she did not suffer from 
unsymetrical flooding?

I was brought up in the days of 
deterministic calculations; such methods 
give a picture of the results of flooding, 
which probability does not. I am/was a 
simple minded naval architect and when a 
statistician comes along with the phrase one 
chance in x thousands I respond with that 
ONE could occur soonest!!

I attended a bulk carrier conference 
20 years ago the chairman of which 
made the statement that ships must 

be designed to survive any weather 
condition, I asked who would act as 
GOD and define those conditions; he 
replied he and other authorities!!!

The safety of ships is not just a question 
of design the operation is probably more 
important and human error is never far away 
be it in design, building, operation, or repair.

The author is incorrect in stating 
that Queen of Bermuda was withdrawn 
because of coastguard pressure. Queen of 
Bermuda (built 1933) and Ocean Monarch 
(built1951) were withdrawn from service in 
1966 because of increasing trading losses; 
passengers were taking to the air having the 
option of a two to three hour flight instead of 
36 hours at sea. Both ships complied FULLY 
with the IMCO regulations and we had 
good relationship with the coastguard. 
However, it should be remembered that 
the US were very slow to recognise the 
benefit of fire-fighting sprinkler systems, 

they preferred “so-called” fire resistant 
materials overlooking the fact that many 
fires are caused by soft furnishings and 
passenger belongings.

I conclude with further evidence that 
Queen of Bermuda had a thorough refit 
in 1962 being fitted with new boilers, new 
lifeboats and updating crew accommodation 
(a few million pounds down the drain) 
similarly Ocean Monarch had a major refit  
along with a FLUME stabiliser. She was sold 
to a Bulgarian company and renamed Varna.

For the record Hand W were meticulous 
in their damage stability analysis of Queen 
of Bermuda. I learnt a great deal from the 
expertise of messrs Cameron and Campbell 
who in their youth obviously had lessons 
of Titanic drilled into them, they were great 
naval architects.

Yours very faithfully
W.T.CAIRNS 
Fellow RINA.

Sir
I have read with interest Euan Haig’s 
article in the June issue and particularly 
his point in the last paragraph that no 
ship is unsinkable and is unlikely to be 
“uncapsizable”. There is one type of vessel 
that under normal circumstances cannot 
capsize and that is a submarine, due to 
the relative positions of centres of gravity 
and buoyancy. The only conditions under 
which a submarine can “capsize” is if it 
settles on a sloping bottom and it then rolls 
down the slope. This is of course not real 
capsize as there is no loss of stability, but 

the intrusion of an extra upsetting force 
from the sea bottom.

Since I first saw the reports of the loss of 
Concordia I speculated whether the fact that 
the captain beached the ship contributed 
to, or indeed caused, the so called capsize. 
I do not know what the regulations are for 
limiting asymmetric flooding resulting from 
longitudinal watertight subdivision in large 
passenger vessels but, I would expect that 
under any flooding scenario that does not 
immediately sink the ship due to plunging 
it would be expected to stay reasonably 
upright for sufficient time for all lifesaving 

appliances to be successfully launched and 
loaded. If the ship had remained in the 
relatively deep water where the accident 
occurred I wonder if the ship would 
have stayed upright for long enough for a 
successful rescue to be completed; she was 
after all very close to shore support and 
according to reports some considerable 
time elapsed after the accident before she 
was beached. The action of moving her over 
a very uneven bottom on which she was 
bound to settle almost guaranteed that she 
would roll over due to bottom forces.

Dr David Chalmers (Fellow)

After the flood?
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JETS AS. Myravegen 1, 6060 Hareid, Norway. Tel. + 47 70 03 91 00. Fax + 47 70 03 91 01. E-mail: post@jets.no

The patented Vacuumarator™ pump is the most 
compact, effi cient and reliable vacuum generator 
available for vacuum toilet systems. 

www.jetsgroup.com
Sanitary Systems
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Ship Performance Specialists 
ABS is looking for highly motivated and technically qualified engineers to lead or join a ship performance 
specialist team to support new energy efficiency initiatives in shipping. The team will work with clients to 
provide energy efficiency advice in regards to hull and machinery. 

•	 Team members will attend and witness model tests and evaluate the results as part of the Energy 
Efficiency Design Index verification process. 

•	 Team members will provide internal and external training on engineering related to energy efficiency. 

•	 The team will consist of naval architects and machinery engineers located in the ABS engineering 
offices worldwide, mainly in Asia. 

•	 The available positions are at the Principal Engineer, Manager and Director levels depending on the 
candidate’s expertise and experience. 

Requirements: 

•	 Naval architects with at least 10 years of experience in lines design and/or model testing. Expertise in 
hydrodynamics and work experience in a model test facility, shipyard or a design office is desirable. 

•	 Machinery engineers with at least 10 years of experience in ship machinery system design. Expertise  
in performance and condition monitoring and work experience in engine design is desirable. 

Individuals should have good communication skills and experience working with clients. ABS offers a 
competitive compensation and benefits package. ABS maintains a drug-free workplace and performs  
pre-employment substance abuse testing. EOE/AA M/F/D/V

To be considered, submit CV and cover letter to: Careers@eagle.org.

www.eagle.org



Marine Industry careers
Matchtech are currently recruiting for a number of 
Naval Architects throughout the UK and overseas. 

To apply please call us on 01489 898160 or e-mail 
your CV to marine@matchtech.com

Senior Naval Architect - North East, up to £40k
Naval Architect - Glasgow, up to £50k
Naval Architect - Midlands, up to £40k
Chief Design Engineer - Holland, up to £50k
Interior Specialist - Holland, up to £40k
Principal Naval Architect - Rosyth, £30-£40 p/h LTD
Constructive Team Manager - Portsmouth, 
£25.50p/h LTD

www.matchtech.com

       Matchtech Marine & Shipping
       @marine_careers
       Matchtech Marine & Shipping
 

       Matchtech Marine & Shipping

       Matchtech Marine & Shipping
       @marine_careers

Marine Consultant - Offshore Projects 
London - Up to £80K
An established consultancy requires a naval architect
with offshore project experience such a newbuild, survey
or warranty background to join their specialist team.

This is the ideal opportunity for someone seeking variety
through managing and delivering instructions globally
and key involvement with the development & strategy of
this department. Practical project experience is essential.
REF. SH0928501

Naval Architect - North West - Up to £26.5K
An opportunity to work on a number of cutting-edge and
complex projects within the defence sector. To be
eligible for this position you must have a MSc or PhD
qualification with knowledge of engineering standards
and specialized analysis tools. REF. SH0928509

More jobs available online 

Tel: +44 (0)23 8020 8760 
Email: marine-uk@faststream.com 

@faststream www.faststream.com

 

 
Orwell Offshore Orwell Offshore provides a wide range 
of Naval Architectural skills, ranging from stability stud-
ies, ship motions and operability, through to ship structure 
analysis using FEA. The core services which the Company 
provides includes Mooring systems for FPSO/FSO’s, vessel 
conversion engineering, offshore installation engineering 
and general marine consultancy and operations support 
for the marine, oil, gas and renewable energy industries. 

Applications are invited for the following vacancies in both 
the UK and Singapore:

Senior Naval Architects (Permanent or Contract)
Masters or Degree in Naval Architecture.

Senior Structural Engineers (Permanent)
Degree in Marine Engineering.

Graduate Naval Architects
Masters/Degrees in Offshore Engineering.

Senior Designers/Draftsmen (2) 
Offshore/shipyard experience of structures and/or piping.

Applicants should have appropriate permits/visas 
to be allowed to work in each location.

Download application form from: 
www.orwelloffshore.com 

Current CV and application form to: 
enquiries@orwelloffshore.com 

(No agencies please)

 Engineer Level 4:   £27578 - £33884

  
 

Faculty of Engineering and the Environment 
University of Southampton

We are looking for an engineer to join one of the University’s most 
successful consultancy units providing a commercial service to 
industry.  This is an opportunity to become part of a team with a world-
wide reputation for excellence and independence, and will appeal 
particularly to those with an interest in sailing or other marine activities.
Funding assistance for the post is for a fixed term of two years, and it is 
anticipated that there will be an opportunity to transfer to a permanent 
appointment after that period, providing the post is self-financing 
through an increase in the Unit’s consultancy revenue.
Your primary role will be to participate in model testing and other 
experimental projects. Whilst the range of applications may be in any 
field of engineering, the Wolfson Unit specializes in yachts and 
small ships so a good understanding of naval architecture will be 
essential. Another substantial area of activity is in sports science, where 
consultancy and testing assists athletes and development of their 
equipment, particularly in those sports where speed brings success. 
Such projects are unlikely to fill all of your time so you will be 
expected to assist with other activities, such as software development or 
consultancy in other aspects of naval architecture and engineering.
You should have at least a degree in naval architecture and a higher 
level qualification will be an advantage. The work is expected to involve 
a significant amount laboratory and workshop activity, so it will be helpful 
if you can demonstrate a range of practical skills. The appointment will 
be dependent on your skills and expertise in line with the requirements 
of the post.
To apply online, please visit www.jobs.soton.ac.uk.  Alternatively please 
call 023 80592750 for an application form.  When applying online you 
should provide a copy of your CV and a personal statement that shows 
how your education and interests map to the requirements of the job 
and person specifications. The closing date for applications is 27th July. 
Please quote reference number 130812LH on all correspondence.

www.wolfsonunit.com
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Contract Management for Ship 
Construction, Repair & Design

3rd - 5th October 2012

The Royal Institution of Naval Architects is 
pleased to announce another opportunity to 
attend Dr Kenneth Fisher’s highly successful 
three day training programme. The course 
is primarily designed for project managers 
who handle day-to-day relations with other 
parties, people who form contracts and senior 
managers who monitor contract-related 
cash flow for marine related projects. Those 
attending the course will be better able to 
identify the pitfalls and traps experienced 
within the industry, and be more prepared 
to identify all the costs,schedule changes 
and to properly assign responsibilty for 
those changes and effects. This will save 
companies considerable sums in each major 
contract.

For more information please contact:
The Conference Dept, RINA,

 10 Upper Belgrave Street, London SW1X 8BQ.
Tel: +44(0)20 7201 2401  Fax: +44(0)20 7259 5912  

Email: Conference@rina.org.uk
or visit

www.rina.org.uk/contract-management-October2012

Fundamentals May 2012 quarter page.indd   1 11/05/12   14:37:16

Basic Dry Dock Training Course
 

11- 14 September 2012, London, UK

DM Consulting’s Basic Dry Dock Training is a 4-day 
course that covers the fundamentals and calculations of dry 
docking.

The course begins with the basics and safety concerns, and 
progresses through all phases of dry docking: preparation, 
docking, lay period, and undocking. The course ends with a 
discussion of Accidents and Incidents.

It’s designed to be relevant to Dock Masters, Docking 
Officers, Engineers, Naval Architects, Port Engineers and 
others involved in the dry docking of ships and vessels. 
The course is presented through classroom lectures, 
student participation in projects and practical application 
exercises. The course addresses the deck plate level of 
practical operation needed by the dock operator and the 
universally accepted mathematical calculations required to 
carry out operations in accordance with established sound 
engineering practices.

www.rina.org.uk/basic-drydock-2012.html

Basic Drydock (Aus + Sing) quarter page adv.indd   1 17/02/2012   10:46:49
 
 

Marine/Structural 
Engineer

required
 

The successful candidate will 
be a degree-qualified and chartered 

engineer with a least 10 years 
relevant experience in mechanical, 

structural, marine or naval 
architecture disciplines 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Salary £70k+ 
dependent on experience

Specific requirements include:
 • A broad range of experience in the design of various mechanical 
  and structural components.
 • Solid theoretical grounding in strength of materials and fatigue analysis.
 • Proficient in preparation of hand calculations to assess strength 
  and fatigue life of both mechanical and structural components.
 • Proficient in the use of finite element analysis techniques. 
  Familiarity with ANSYS products would be an advantage.
 • Familiar with structural design codes and Class Rules.
 • Familiar with common engineering materials, including welding,  
  heat treatment and non-destructive testing requirements.
 • Extensive practical experience with a solid appreciation of 
  manufacturing, maintenance and corrosion issues.
 • Familiar with inspection and certification requirements.
 • Offshore experience.
 • Ability to liaise effectively with workshop staff.
 • Excellent verbal and written communication skills, with a proveability 
  to effectively express opinions and resolve contentious issues.

 
Duties would include:

 • Design of marine structural components.
 • Design of mechanical components.
 • Design of lifting appliances.
 • Design of modifications to offshore support vessels and Mobile
  Offshore Units, from concept to completion.

Please apply to;
Kenneth Whittaker, Whittaker Engineering Ltd, Hindwells, 

Stonehaven, AB39 3UT 
e-mail: ken@whittakereng.com website: www.whittakereng.com
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Survitec Group Ltd	 24

Thordon Bearings Inc	 17

Valtti	 19

Veth Propulsion BV	 43

Voith Turbo Ltd	 41

Whittaker Engineering Ltd   	 66

Wolfson Unit	 55

Client	 page	 Client	 page   Client              	 page  

A Maritime spin-out company of the
Universities of Glasgow & Strathclyde 

Website: www.maritime-conferences.com/ASRANet/

OUR FORTHCOMING COURSES
Risk Analysis & Structural Reliability 

29-31 August 2012, Glasgow, UK

Offshore Compliant System Design 
17-19 September 2012, Glasgow, UK

Structural Response under Fire & Blast Loading 
26-27 November 2012, Glasgow, UK

Design & Analysis of Submarine Structures 
10-12 December 2012, Glasgow, UK

Structural Integrity Analysis (Fatigue & Fracture) 
17-19 December 2012, Glasgow, UK

Advanced analysis & design 
of offshore structures 

14-16 January 2013, Aberdeen, UK

Design of Pipelines & Risers 
4-6 February 2013, Aberdeen, UK

For more details contact: 
ASRANet Ltd. 

50 Richmond Street, Glasgow G1 1XP, UK 
Phone: +44 141 303 8217 

Fax: +44 141 552 3886 / e-mail: asranet@live.co.uk

 

MARINE COATINGS
RISK MANAGEMENT COURSE 

2nd October 2012, London

The failure of marine coatings can lead to significant in-service 
costs for owners and operators of marine vehicles (ships and 
offshore structures).  A good understanding of the problems 
that can result in coating failure is essential if the risks associated 
with marine coatings are to be avoided or mitigated and coating 
in service performance improved hence reducing operating 
costs through life and the potential for claims.

Marine Coatings – Risk Management is a one-day course for 
all maritime professionals in who are involved in managing 
risk associated with marine coatings - legal advisors, insurance 
claim managers, P&I Club claim advisors, ship superintendents 
and coating professionals and of course naval architects, marine 
engineers.  No previous knowledge of coatings and the processes 
involved is required.

On completion of the course, the maritime professional will be 
familiar with basic coating terminology and risks, understand 
how these risks can be assessed and/or mitigated, and in the 
event of a coating failure understand the basic procedures 
required to assess the cause of the failure and the validity of any 
claim for compensation.

www.rina.org.uk/marine-coatings-course

Marine Coatings Quater page.indd   1 28/02/12   10:03:14
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Please note all prices include postage & packaging

Books

RINA publications

Journals

Published 10 times a year

• Providing up-to-date technical information on commercial ship  
 design, construction and equipment.
• Regular reports on centres of shipbuilding
 activity worldwide.
• Comprehensive, technical descriptions
 of the latest newbuildings.
• News, views, rules &
 regulations, technology,
 CAD/CAM, innovations.

• In depth coverage of all aspects of shiprepair and 
 conversion work and comprehensive technical 
 descriptions of major conversion projects.
• Regular regional surveys on the 
 major shiprepair centres.
• Developments in shipboard and
 shipyard equipment technology.
• Contract news, appointments, industry views, 
 new regulations.

Published Quarterly

• In depth coverage of small craft/small ship design, building & 
 technology.
• Specialist sections include: fast ferries, tugs, salvage & offshore,
 patrol & paramilitary craft, coastal & inland waterway vessels,
 pilot boats, propulsion and transmissions.
• Advances in construction materials, electronics,
 marine equipment.
• Contract news and the latest
 market developments.

Published 6 times a year

2012  SUBSCRIPTION

Period 12 Months 24 Months 36 Months Ref: J6

Inland:  £158      £274 £395
Europe:  £165  £288 £412 
Overseas:  £177   £309 £444

bi-monthly publication

quarterly publication

2012  SUBSCRIPTION

Period 12 Months 24 Months 36 Months Ref: J8

Inland:  £55      £97 £138
Europe:  £61  £106 £154 
Overseas:  £68   £116 £168

2012  SUBSCRIPTION

Period 12 Months 24 Months 36 Months Ref: J7

Inland:  £120      £211 £300
Europe:  £127  £220 £317 
Overseas:  £145   £252 £363

Each month RINA offers up to 70% discount on the normal price of its publications. 
Please visit the website at www.rina.org.uk/bookshop-bargains 

to see this months specials.

GRAND DAME: HOLLAND AMERICA LINE 
& THE S.S. ROTTERDAM
By Stephen M. Payne FRINA 
Stephen Payne, Naval Architect of modern day cruise ships, 
fully describes the Holland America line's flagship, S.S. 
Rotterdam, designed and built over thirty years ago and 
discusses her owners in his above mentioned book. Various 
chapters describe the building of the ship, her construction, 
her technical features, her passenger accommodation, and the 
Holland America line transition from Atlantic ferry to cruise 
ship operators.
Price: UK £10.00 EUR £12.00 OVS £14.00  
(Amazon (UK) price:  NA)   

IMPROVING SHIP OPERATIONAL DESIGN
Compiled By The Nautical Institute Ref: ISOD
This book has been prepared to assist with the feedback 
from the user and is based upon a survey of the Institute’s 
membership and the solutions advocated by experienced 
practitioners. The book is essential reading for all those 
involved in the design process whether in a shipping company, 
independent design office or shipbuilder. Also sea staff will 
understand more fully their essential role in communicating 
with design staff, particularly
when standing by a new building.
Member price: UK £26.50 EUR £29.00 OVS £32.50
Non-member price: UK £28.50 EUR £31.00 OVS £34.50

LAMENTABLE INTELLIGENCE FROM 
THE ADMIRALITY
By Chris Thomas 
HMS Vanguard sank in thick fog in Dublin Bay in September 
1875 rammed by her sister ship. No lives were lost (except 

perhaps that of the Captain's dog) but this one event provides 
valuable insight into naval history of the late nineteenth 
century. Chris Thomas examines what happened, setting it 
in the context of naval life, the social and economic situation 
of officers and ratings. He describes the furore caused by the 
unjust verdict of the Court Martial, vividly illustrating the joys 
and trials of the seagoing life in the Victorian era, and the tragic 
effect on the life of Captain Richard Dawkins and his family.
Price: UK £11.00 EUR £12.00 OVS £13.50  
(Amazon (UK) price:  £12.74) 

SD14: THE FULL STORY
John Lingwood 
The SD14 is almost extinct, and this book is a fitting tribute to 
a much-admired British designed cargo ship. Indeed, it should 
become the definitive history of the SD14 its derivatives. It 
provides a first-hand account of the SD14's conception and 
planning from a member of the design team, with many 
personal insights into the shipbuilding industry of the 1960s. 
Included are full career details of every SD14, the Prinasa-121s, 
the SD15 and the three SD18s: a total of 228 ships built wby 
seven yards in four countries. Every ship is illustrated, usually 
at several stages of its career, 99% in full colour.
Price: UK £29.00 EUR £30.00 OVS £30.50 
(Amazon (UK) price:  £31.00) 
 
SHIPS AND SHIPBUILDERS:
PIONEERS OF SHIP DESIGN AND CONSTRUCTION
By Fred Walker FRINA 
Ships and Shipbuilders describes the lives and work of more 
than 120 great engineers, scientists, shipwrights and naval 
architects who shaped ship design and shipbuilding world wide. 
Told chronologically, such well-known names as Anthony 

Deane, Peter the Great, James Watt, and Isambard Kingdom 
Brunel share space with lesser known characters like the 
luckless Frederic Sauvage, a pioneer of screw propulsion 
who, unable to interest the French navy in his tests in the early 
1830s, was  bankrupted and landed in debtor’s prison. With the 
inclusion of such names as Ben Lexcen, the Australian yacht 
designer who developed the controversial winged keel for the 
1983 America’s Cup, the story is brought right up to date.
Price UK £12.50 EUR £16 OVS £21 
(Amazon (UK) price: £16.58)  
 
THE ROYAL INSTITUTION OF NAVAL ARCHITECTS 
1860-2010
Published to commemorate the 150th anniversary of the 
founding of the Institution, The Royal Institution of Naval 
Architects 1860-2010 provides a history of the Institution as 
reflected in the development of the naval architecture profession 
and the maritime industry over that time.  In the book, members 
give their personal views on the development of their sector 
of the maritime industry and how it will develop in the future.
Price UK £5.50 EUR £6 OVS £7 

WAVES OF CHANGE
By John E Robinson 
Waves of Change is the first in a new series of books 
commissioned by The Nautical Institute to explore Maritime 
Futures. In this remarkable book the author sets out to explain 
how innovative technologies, particularly information systems, 
are impacting on industrial practices.
Price: UK £20.00 EUR £22.00 OVS £24.00  
(Amazon (UK) price:  NA)
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Conference Papers

ORDER FORM
Payment Details:  Payments must be made in pounds sterling to RINA by sterling cheque 
drawn on a UK bank, International Money Order or Credit Card, we accept Visa, Mastercard, or 
AMEX. 

I enclose a cheque for                                                                     payable to RINA.

Please charge my Credit Card No:

Expiry date:                   Security code:             Signature:                                                      

Print name:                                                                                                                            

Name:                                                                                                                                             

Address:                                                                                                                                          

Country:                                                          Postcode:                                                                  

Tel:                                           Fax:                                    Email:                                                                     
Please allow 30 days for dispatch and delivery.  Post to:  

The Marketing Department, RINA, 10 Upper Belgrave Street, London SW1X 8BQ, UK.  

Tel: +44 (0)20 7235 4622 or Fax: +44 (0)20 7259 5912.

Please send me the following:

                                                             REF:NA/July/Aug12

REFERENCE QUANTITY PRICE

TOTAL:

2012 ICSOT Korea: Developments in Fixed and Floating Offshore Structures  Ref: ICSOT12 £130       £110
 The Systems Engineering Conference  Ref: SOD12     £125       £105
 The Environmentally Friendly Ship  Ref: EFS12     £125       £105
 Pacific 2012: International Maritime Conference  Ref: PACIFIC12 - CD ROM only  £125       £105
 Managing Reliability & Maintainability in Maritime Industry Ref: RM12  £125       £105
2011 International Conference on the Education & Professional     £125       £105
 Development of Engineers in the Maritime industry Ref: EDP11
 Developments in Marine CFD  Ref: CFDIN      £125       £105
 Human Factors in Ship Design & Operation  Ref: HF11    £125       £105
 ICCAS 2011: International Conference on Computer Application    £145       £120
 in Shipbuilding Ref: ICCAS11     
 International Conference on Marine Design  Ref: MD11    £125       £105
 Warship 2011: Naval Submarines & UUV's  Ref: WS11     £125       £105
 Design & Operation of Tankers  Ref: TANK11     £125       £105
 Super & Mega Yachts  Ref: SMY11       £125       £105
 Marine CFD  Ref: CFD11         £120       £100
 High Speed Marine Vessels  Ref: HSMV11      £120       £100
 Design & Operation of Passenger Ships Ref: PASS11     £120       £100
 The Damaged Ship Ref: DS11 - CD ROM only     £120       £100
2010 The William Froude Conference Ref: WFA10     £120       £100
 Systems Engineering in Ship & Offshore Design Ref: SOD10 - CD ROM only   £120       £100

Non-Members Members

If the CD ROM  format is required please add CD after the reference number.

Please note all prices include postage & packaging

RINA publications

For a publications catalogue please call the Publications Department on 
+44 (0)20 7235 4622    e-mail: publications@rina.org.uk   or visit our website at http://www.rina.org.uk

For further information on previous editions please contact the Publications department on:  
Tel: +44 (0) 20 7235 4622, Email: publications@rina.org.uk or Website: http://www.rina.org.uk

2012    Members Part Ref: IJME12 Set Ref: ST12 Part A1 Part A2 Part A3 Part A4 Set            
      £14 £14 £14         £14 £39

  Non-Members Part Ref:IJME12 Set Ref: ST112 Part A1 Part A2 Part A3 Part A4 Set
      £21 £21        £21 £21 £71 

International Journal of Maritime Engineering (IJME)

2012   Members Part Ref: IJSCT12 Set Ref: SS12 Part B1 Part B2  Set  
      £14    £14 £26

  Non-Members Part Ref: IJSCT12 Set Ref: SS112 Part B1  Part B2 Set
      £21  £21  £39  

International Journal of Small Craft Technology (IJSCT)
The TransacTions of The royal institution of 

naval architects
 

 

International Journal of 
Small Craft Technology

Untitled-2   1

17/09/2010   09:53:39

The TransacTions of The royal institution of 
naval architects

  

 

International Journal of 

Maritime Engineering
Untitled-1   1

17/09/2010   09:52:52
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August 1-3,2012
NavalShore 2012, international 
conference, Rio de Janerio, Brazil.
www.ubmnavalshore.com.br

August 28-31, 2012
ONS 2012, international conference, 
Stavanger, Norway.
E-mail info@ons.no
www.ons.no

September 4-7, 2012
SMM, international conference, 
Hamburg, Germany.
www.smm-hamburg.de

September 6-7, 2012
Intermodal Africa 2012, international 
conference, Durban, South Africa.
www.transportevents.com

September 11-13, 2012
MAST, international conference, 
Malmö, Sweden.
www.mastconfex.com

September 11-14, 2012
Basic Drydock, course, London, UK.
E-mail: conference@rina.org.uk
www.rina.org.uk/basic-drydock-2012

September 12-13, 2012
IMPA, international conference, 
London, UK.
www.impalondon.com

September 14-23, 2012
Southampton Boat Show, international 
conference, Southampton, UK.
www.southamptonboatshow.com

September 18-19, 2012
FPSO Congress 2012, international 
conference, Singapore.
www.fpsoasia.com

September 26-27, 2012
Marine & Offshore Renewable Energy, 
London, UK.
E-mail: conference@rina.org.uk
www.rina.org.uk/
marineoffshorerenewableenergy

October 2, 2012
Marine coatings – Risk Management, 
course, London, UK.
E-mail: conference@rina.org.uk
www.rina.org.uk/marine-coatings-course

October 2-4, 2012
IBEX, international conference, 
Kentucky, USA.
www.ibexshow.com

October 3-5, 2012
Fundamentals of contract and 
change management for ship 
construction, repair and design, 
London, UK.
e-mail: conference@rina.org.uk
www.rina.org.uk

October 8-11, 2012
Gastech, international conference, 
London, UK.
E-mail info@gastech.co.uk
www.gastech.co.uk

October 17-20, 2012
Marine Batam Expo, international 
conference, Batam, Indonesia.
www.marinebatamexpo.com

October 21-24, 2012
Interferry 2012,  international 
conference, Dubai, UAE.
www.interferry.com

October 22-26, 2012
Euronaval 2012, international 
conference, Paris, France.
www.euronaval.fr

October 24-25, 2012
Marine Heavy Lift & Transport III, 
international conference, London, UK.
E-mail conference@rina.org.uk
www.rina.org.uk/heavylift2012

October 27-29, 2012
Seatrade Med 2012, international 
conference, Marseille, France.
E-mail info@cruiseshippingmiami.com
www.cruiseshippingmiami.com

November 7-8, 2012
ICSOT Indonesia: development in 
ship design and construction, 
Ambon, Indonesia.
E-mail: conference@rina.org.uk
www.rina.org.uk/
icsotindonesia2012

November 13-15, 2012
METS, international conference, 
Amsterdam, The Netherlands.
www.metstrade.com

November 21-23, 2012
INMEX China, international 
conference, Guangzhou, China.
www. maritimeshows.com/china/

November 14-15, 2012
International conference on 
the Education & Professional 
Development of Engineers in the 
Maritime Industry 2012, international 
conference, Southampton, UK.
E-mail conference@rina.org.uk

November 27-28, 2012
Seatrade Middle East, international 
conference, Dubai, UAE.
www.seatrade-middleeast.com

November 27-30, 2012
OSEA 2012, international conference, 
Singapore.
www.osea-asia.com

November 30, 2012
SAFEGUARD Passenger Evacuation 
Seminar, seminar, London, UK.
E-mail: conference@rina.org.uk
www.rina.org.uk/passenger-
evacuation-seminar

December 5-6, 2012 
Historic Ships 2012, international 
conference, London, UK.
E-mail conference@rina.org.uk
www.rina.org.uk/historic_ships_2012

December 5-7, 2012
International Workboat Show, 
international conference, 
New Orleans, USA.
www.workboatshow.com

January 30-31, 2013
Damaged Ship Conference III, 
London, UK.
E-mail: conference@rina.org.uk
www.rina.org.uk/damaged_ship_2013

February 26-28, 2013
Asia Workboat 2013, international 
conference, Singapore.
E-mail: marinfo@baird.com.au
www.bairdmaritime.com

March 11-14, 2013
Cruise Shipping Miami, international 
conference, Miami, USA.
www.cruiseshippingevents.com
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Marine and offshore renewable energy sources have the potential 
to make a significant contribution to the increasing total global 
demand, as well as meeting targets for clean energy. However, the 
demanding environment in which they are found presents great 
technological challenges for those who wish to develop such sources. 

Wave, tidal and offshore wind energy projects involve a wide range 
of disciplines   and expertise.  This conference will bring together the 
industry stakeholders to provide a forum for discussion and a means of 
professional development for those involved with using natural marine 
resources to generate energy.

The conference will cover a wide range of topics:

•   Research, development and testing.
•   Design and construction of renewable energy systems.
•   Installation, maintenance and subsea operations.
•   Transport / lift vessels and associated support infrastructure.
•   Project management and integration.
•   Economics and viability.
•     Marine planning, environmental protection and sustainable development.
•   Regulations, licensing and future directions for development.

www.rina.org.uk/renewable2012

Register before the 26th August 2012 and save £100 in Early Bird discount

	 I wish to receive details on exhibition space and sponsorship opportunities
	 I would like to receive a full programme brochure and registration form

Please return to: Conference Department, RINA, 10 Upper Belgrave Street, London SW1X 8BQ 
by fax on +44 (0)20 7259 5912 or by email: conference@rina.org.uk

Name:								       Position:
Company:
Address:

								        Postcode:
Telephone:							       Fax:
Email:											                         (MORE2012)

26 - 27 September 2012, RINA HQ, London

MARINE & OFFSHORE RENEWABLE ENERGY

Second Notice

The Royal Institution of Naval Architects

MORE SN.indd   1 12/04/2012   17:07:52




	Na Jul-Aug 12 - p1
	NA Jul-Aug 2012 complete.pdf
	Na Jul-Aug 12 - p2.pdf
	Na Jul-Aug 12 - p3
	Na Jul-Aug 12 - p4
	Na Jul-Aug 12 - p5
	Na Jul-Aug 12 - p6
	Na Jul-Aug 12 - p7
	Na Jul-Aug 12 - p8
	Na Jul-Aug 12 - p9
	Na Jul-Aug 12 - p10
	Na Jul-Aug 12 - p11
	Na Jul-Aug 12 - p12
	Na Jul-Aug 12 - p13
	Na Jul-Aug 12 - p14
	Na Jul-Aug 12 - p15
	Na Jul-Aug 12 - p16
	Na Jul-Aug 12 - p17
	Na Jul-Aug 12 - p18
	Na Jul-Aug 12 - p19
	Na Jul-Aug 12 - p20
	Na Jul-Aug 12 - p21
	Na Jul-Aug 12 - p22
	Na Jul-Aug 12 - p23
	Na Jul-Aug 12 - p24
	Na Jul-Aug 12 - p25
	Na Jul-Aug 12 - p26
	Na Jul-Aug 12 - p27
	Na Jul-Aug 12 - p28
	Na Jul-Aug 12 - p29
	Na Jul-Aug 12 - p30
	Na Jul-Aug 12 - p31
	Na Jul-Aug 12 - p32
	Na Jul-Aug 12 - p33
	Na Jul-Aug 12 - p34
	Na Jul-Aug 12 - p35
	Na Jul-Aug 12 - p36
	Na Jul-Aug 12 - p37
	Na Jul-Aug 12 - p38
	Na Jul-Aug 12 - p39
	Na Jul-Aug 12 - p40
	Na Jul-Aug 12 - p41
	Na Jul-Aug 12 - p42
	Na Jul-Aug 12 - p43
	Na Jul-Aug 12 - p44
	Na Jul-Aug 12 - p45
	Na Jul-Aug 12 - p46
	Na Jul-Aug 12 - p47
	Na Jul-Aug 12 - p48
	Na Jul-Aug 12 - p49
	Na Jul-Aug 12 - p50
	Na Jul-Aug 12 - p51
	Na Jul-Aug 12 - p52
	Na Jul-Aug 12 - p53
	Na Jul-Aug 12 - p54
	Na Jul-Aug 12 - p55
	Na Jul-Aug 12 - p56
	Na Jul-Aug 12 - p57
	Na Jul-Aug 12 - p58
	Na Jul-Aug 12 - p59
	Na Jul-Aug 12 - p60
	Na Jul-Aug 12 - p61
	Na Jul-Aug 12 - p62
	Na Jul-Aug 12 - p63
	Na Jul-Aug 12 - p64
	Na Jul-Aug 12 - p65
	Na Jul-Aug 12 - p66
	NA Jul-Aug 12 - p67
	Na Jul-Aug 12 - p68
	Na Jul-Aug 12 - p69
	Na Jul-Aug 12 - p70
	Na Jul-Aug 12 - p71
	Na Jul-Aug 12 - p72



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 550
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Ghent PDF Workgroup - 2005 Specifications version3 \(x1a: 2001 compliant\))
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14173.229 14173.229]
>> setpagedevice




