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Integration of systems gives additional benefits DP-capability & fuel consumption
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Early Design " Power Plint\ WARTSILA
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Performance
Power of Integration Important considerations P ] vy “ DP
» Thruster positioning in the vessel =  Weight
» Vessel performance requirements = Size
» Reliability and redundancy = Power needed

= CAPEX and OPEX

\- Transit /
The vessel needs to be designed in such a way that it can do its operation up to a certain weather condition,

so that it is commercially interesting
Already in early design phase it is necessary to be able to build an optimal configuration
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Propulsion Performance WARTSILA
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= Actual Propulsion Performance data used. \\ QX\\\
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- CFD is used as a main tool to calculate the performance of the propulsor S~~~ \ \
- Validation of the performance has been performed both on mode scale \\“:ﬂ"
and with measurement data oo oo 1

= Thruster Performance

- Performance input based on full scale CFD to avoid scale effects. o

- The design of the Wartsila azimuthing thrusters is optimized by using full
scale CFD with a focusing on efficiency
* optimized nozzle
* streamlined housing
* 8° tilted propeller, shaft and nozzle
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Thruster Performance Thruster — hull interaction
Tilted Thrusters

Improved interaction in DP

Jet deflection is obtained with 8° tilted nozzle and propeller.

Jet out of thruster is deflected downwards eliminating
interaction losses with the hull.

8° tilt of propeller and nozzle is optimum to reduce

interaction with the hull : :
Losses without 8°tilt up to 15%

Less interaction with other thrusters (smaller forbidden

zones). Thruster — Thruster interaction

straight units
clear interaction

8° tilted units
limited interaction
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Thruster Performance WARTSILA

Thruster-hull interaction losses Thruster interaction

against a leg and hull

Thruster interaction at
semi-sub

For the DP capability nett thrust is important

Efficiency savings can be large depending on the vessel
type, placement of the thruster, steering angle of the
thruster and type of the thruster

Beam
.y . . Thrust losses
Traditionally, these effects are not taken into account in the Straight: ~50-60% Thrust losses
Tilted: ~5% >50%

standard DP capability calculations.

/ Skeg Thr:JGs:Ter 1 \

In the OPTI-DP™ analysis, the 360 degrees thrust
efficiency is taken into account in the analysis.

To take this into account more accurate solutions and
less surprises are expected.
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Optimum propulsion performance WARTSILA

Reduced hull
interaction
losses

Reduced
Power
Consumption

8° tilt Improved DP

Performance

technology

The less energy will be consumed, the more likely it is that

your vessel will be economically and ecologically future proof.
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OPTI-DP™
OPTIMISED THRUSTER

VESSEL DP
Vessel data PERFORMANCE
Environmental
forces
Thruster
Thruster 360° Thruster : e
Thruster performance interaction f(l)lgﬁ:atlon /,\\\‘
selection / e
mm{ :‘QBD
Failure \/
Modes It is important to take into account the specific behaviour
7Y of a thruster at its position, this is critical to make an

optimal selection of the thruster configuration and sizes.
= An Integral approach is needed
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Case study 1

Shuttle Tanker
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Shuttle Tanker WARTSILA

Different Configurations

Two different configuration based on the specifications of
Petrobras

= Single-screw Shuttle Tanker — propeller directly driven by
a diesel engine

= Twin-screw Shuttle Tanker — Diesel-electric using the
Wartsila Low Loss Concept (LLC or DFE+)

Concept Concept
TT1 3.1 MW 3.1 MW
ST2 3.1 MW 3.1 MW
ST3 3.1 MW 3.1 MW
ST4 2.2 MW 2.2 MW
TT5 2.2 MW -
CP6/FP6 16.3 MW* 7.4 MW*
FP7 - 7.4 MW*

* For DP operation not all power will be used for the main propellers

1

N
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Shuttle Tanker

Low Loss Concept

» The single screw configuration has 4 redundancy groups.

Thruster Type

GenSetA GenSetB GenSetC GetSetD 2-stroke

1

o 1B WN

T
ST
ST
ST
T
Ccp

100%
100%
100%
100%
100%
100%

» The twin screw vessel has 4 redundancy groups
additionally it uses the Low Loss Concept, where in case
of gen-set failure still 50% power is available.

Thruster Type

1

N O ok N

T
ST
ST
ST
T
FP
FP

GenSetA GenSetB GenSetC GenSetD
50% 50%
50% 50%
50% 50%
50% 50%
50% 50%
50% 50%
50% 50%

The DP-capability is evaluated for single failures as well as
a loss of switchboard as well as failure of a switch board
and an additional thruster
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Shuttle Tanker WARTSILA

DP — capability for the different concepts Thrust utilization plot — single failure bow Wind, current and
345 15 wave direction

» DP-capability is similar for both configurations.

75

= For the worst-case failure DP-capability is the same.

an

= Comparing the DP-capability shows that the stern tunnel

thrUSter IS nOt necessary In case Of tWIﬂ-SCI"eW Shuttle-tankflr DP-capability sector for different failure modes

configuration with LLC. %
l H Single-screw 3.1MW in bow
80 ,
70 !/ m Twin-screw 3.1MW in bow without Aft-TT
T !
Q
& /
T 50 /
= | 4
§ 40
(%}
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& 30
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20
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Single-bow Double-bow Single-stern  Main propulsion  Switchboard Switchboard +
1thruster

Failure modes
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Shuttle Tanker

Thruster — Hull interaction Tilt vs conventional

C
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Thruster hull interaction for a retractable thruster in the bow at different steering angles

Ahead

Thrust losses
Straight: 15%
Tilted: 4%

In transit this advantage
remains, making it possible
to use the retractable for

@ additional transit speed
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Beam Astern

Thrust losses Thrust losses
Straight: 14% Straight: 3%
Tilted: 2% Tilted: 1%



Shuttle Tanker

Tilt vs Conventional Retractable Thruster

F : Conventional
100% il Thruster

Tilted

0% Thruster

DP UTILIZATION — RATE TT1 FAILURE MODE
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The plot shows 2 things:

Al
Utilization with Wartsila units is lower, which
means 10% power saving in same condition

B]
The sector is 5 degrees larger which enlarges

the operational envelop for same installed
power.

Enlarges the operational envelop

8-degree tilt Ri?ftlgfae::igﬂ" Improved DP
technology lossas Performance
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Shuttle Tanker WARTSILA
Summary

Changing the standard single-screw configuration to a twin-screw vessel using the low loss concept, gives the following:

10% lower fuel consumption.

Similar DP-capability without the need of a stern tunnel thruster.
Safer operation, by more intuitive propulsion integration.

Cleaner operation: less low load operation, load steps with battery-support

Tilt benefit is recognized, but not a real gamechanger as these thrusters are running at very low powers & low running
hours. Estimated power saving due to tilt is 6%
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Case study 2

Wind Turbine Installation Vessel
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Wind Turbine Installation Vessel
Different type of thrusters

Original design for a wind turbine installation, is equipped
with 8 thruster.

This vessel needs to go in harbor or sailing in shallow
water. In this case the retractable cannot be used. Taking
that into account, one of the applied thrusters is a
retractable-transverse thruster, which is a steerable
thruster that can be retracted to operate as a tunnel
thruster.

Can the design be further optimized looking at:
» Performance

= Weight

= CAPEX
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Wind Turbine Installation Vessel WARTSILA
Retractable Transverse Thruster (1 thrusters for 2 applications)
Retractable Thruster Transverse Thruster
- Operates in one direction. - Need to operates in both
Optimization of propeller direction. This leads to
gives higher efficiency limitations in the blade design
- Small or no closing plate optimization and load
necessary limitations on the gears

Retractable Transverse Thruster

- Needs to operate in both direction
No harmful cavitation in operating modes, propeller is a
challenging compromise between both operations
Retractable function prioritized, incorporated tilt benefit
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Wind Turbine Installation Vessel WARTSILA
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_______________________

CHANGE
Thrusters

TT1
ST9 TT2 .: o

T3: combined retractable transverse thruster

i i

[ Smaller main ] KAdding N\
thrusters Extra tunnel thruster T3

Power Distribution System
* 6.6 kV - Medium Voltage
* 4 Redundancy Groups

8 genets

Power Distribution System Introduce
« 690V - Low Loss Concept 2x compact retractable

* 8 Redundancy Groups T4 &T9
+ 8 gensets A /

CHANGE
Power Distribution System
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Wind Turbine Installation Vessel
Summary

» Low Loss Concept (LLC) gives clear benefits on DP

performance in failure modes

» 9 Thrusters variant provides lower thrust utilization

rate compared to 8 units

Thrust-utilization - DP2-A condition
Switchboard D failure

| | C-9 units | | C-Bunits Conventional - 8 units
o
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VALUE 9 THR + Low Loss Concept

SIMILAR DP window & power utilization (all units intact)
10-15% Lower power utilization in DP failure cases
SAFER DP Operations (Better DP Window)
IMPROVED redundancy

WEIGHT SAVINGS: 155 ton
* Thrusters > 80 ton
 LLC > 75 ton (including cabling)

CAPEX SAVINGS
 Thrusters > 15%
e LLC>20%

IMPROVED transit efficiency
IMPROVED Shallow water maneuvering performance
INCREASED COMMONALITY between thrusters



Summary and Conclusions WARTSILA
= Current DP solutions become more and more complex and can benefit from integrated solutions

= At early design stage it is important to add just enough details without overcomplicating the calculations

= The OPTI-DP™ is developed to take into account 360° thruster performance and efficiencies to lower the risk in
early design phase of the vessel

= Early collaboration with stakeholders is critical to get to the best configuration for efficient / safe DP performance.

» Two example cases show that using an integrated approach at vessel level can lead to considerable gains

It will take more than just technology
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For further information contact:
Petra.Stoltenkamp@wartsila.com
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