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ExD – Introduction 

• Total ExD’s: 13 contracted of which 6 in operation ! 
• First ExD in operation in 2004

• Quarters: 152 persons
• Water Depth: 10,000feet
• Drilling Depth: 37,500feet
• Operating Displacement: 42670te at 20m draft
• Max. Variable Load: 10,000te
• Deck Box Dimensions: 74.4 x 74.4 x 8.6m
• Column Dimensions: 15.9 x 15.9m
• Pontoon Dimensions: 98.8 x 20.12 x 8.54m

• F&G  has studied  on request of Wärtsilä the impact of placing an LLC 
system onto its ExD design

Presenter
Presentation Notes
The Market has shown that the ExD is the preferred semisubmersible design due to the fact that so many are under construction. Sound design based on 60 years of experience, construction schemes that shipyards can identify with and prefer, and high capacities make this rig the world's favorite semi right now. 



LLC INTRODUCTION
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Background – LLC concept

• Reduce Losses in electric propulsion system
 The power losses in the electric propulsion system was earlier estimated to between 8% - 10%, with 

the LLC this is reduced with 2-3%

• Reduce number of transformers
 Supply transformers and their foundations add significant weight and occupy valuable space in the 

vessel. They add complexity to the cooling system and require installation of utilities.

• Centralize electric propulsion system
 Traditional electric propulsion systems comprise a higher number of components distributed 

throughout the vessel which adds to the complexity of utility systems. Component requirements are 
increased as they are installed in traditional machinery spaces.

 Increase redundancy and availability
 With the LLC transformers integrated in the SWB’s the redundancy and black-out prevention is much 

increased

Presenter
Presentation Notes
More safe operation
Centralized location of the vital equipment (in one room) enables easy and secure commissioning, operation, control and maintenance
A significantly reduced short circuit level increases personnel safety, also added safety by arc detection device.
Significant savings in space and weight
No transformers/converters in propulsion area, more cargo room available 
Low voltage system allows a more flexible compact switchboard room 
Less and smaller components saves weight�
Fuel savings
Power feed directly from generators to converters saves fuel. Eliminate transformers losses, 
Total electric losses reduced to 5,5-7%, which is 2-3% lower than competing concepts.�
High redundancy – High availability
Redundancy - AUTRO + switchboard divided into 4 parts, a single switchboard failure reduce propulsion  to 75%, all propellers running
Any fault gives minimum operational consequences�



Space savings for OCV

Transformers and frequency converters are distributed throughout 
the whole ship, requiring utilities and space

Traditional Medium Voltage System



Space savings for OCV

LV -LLC
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Background

• Eliminating propulsion transformers in a 12-pulse system by supplying the power 
directly from the prime mover to the frequency converters

• The rectifying bridges are supplied from the two phase-shifted sides of the LLC 
transformer, providing each 50%  of the required power.

• The main windings of the LLC 
transformer are phase-shifted 
30° in order to cancel 
the 5th and 7th harmonic currents
introduced in the network by the 
rectifying bridges

• An LC-filter combined with a filter
winding in the LLC transformer
secures a Total Harmonic
Distortion (THD) of less than 5%, 
equal to 18 pulse system

• All the harmonic currents are passing through
the transformer, and do not enter the generators
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Wärtsilä LLCTraditional System

Presenter
Presentation Notes
LC-filter: reactance-capacitor filter, only to improve not required to meet 5%THD in worst condition



Background

LLC-unit summary

 Equal to 18 pulse solution, 30° phase 
shifted busses

 THD-level < 5%, single harmonics 
less than 3%

 Short circuit level reduced by approx 
15-20%

 High flexibility with respect to choice 
of generator sub transient reactance

 Integrated 690V/450V transformation 

 690VAC (up to 16MW installed power 
operating with closed bus ties)

 For higher power MV is selected
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Presenter
Presentation Notes
High flexibility with respect to choice of generator sub transient reactance:
- Noise from vfd is divided over 2 swb an in anti-phase and thus cancelling out (at least 85%)
Much lower 
Between 12-17% HD: much lower reactance needed from generators from 14 to 13% more standard generators at lower price or lower voltage. 
 



LLC THD cancellation
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LLC  system asymmetric power generation
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Viking Queen measurements - Losses in LLC system
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Measurements carried out 
with Strain Gauges during 
two sea trials: 

January 2008 and June 2008

Presenter
Presentation Notes
The electric losses from the prime mover to the propeller input  in a Low Loss System, can be visualized as follows:

Generator losses 2,5 -3%
Losses in switchboard and LLC system 1% - 1,5%
Losses in propulsion drive: the frequency converter ca. 1%
Losses in the electric motor 3 – 3,5%

LLC losses: 3kW magnetising losses and 3kW heat losses depending on load: total 3-6kW



MV LLC COMPARISON STUDY
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ExD Arrangement – Base case

• DP3
• 8 gensets in 4 engine rooms
• 4 switchboard rooms
• 8 thrusters, in independent spaces, 2 per quadrant

• Metocean Data of Campos Basin offshore Brazil

• Base load of 1000kW hotel load and 6000kW drilling load
• Well securing mode: a load of 3000kW (incl. fire pumps)

• Comparison is made between MV conventional SWB and MV LLC
• High level FMEA – thruster performance and DP-plot
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FMEA Conventional arrangement

October 2010

• Fire in engine room   2x DG lost, Drilling phase back, all thrusters 100% 
• Loss of main SWBD 2x DG lost and 2x thruster lost
• Loss of transformer 1x thruster lost
• Loss of auxil. SWBD     2x DG lost, Drilling phase back, all thrusters 100% 

• Fire in engine room   2x DG lost, Drilling phase back, all thrusters 100% 
• Loss of main SWBD 2x DG lost and 2x thruster lost
• Loss of transformer 1x thruster lost
• Loss of auxil. SWBD     2x DG lost, Drilling phase back, all thrusters 100% 



DP Power Analyses - Conventional arrangement

• Intact and Damaged DP power assessment is made
• In order to pass: DG power = 4600kW and thruster power = 3900kW

October 2010

F&G Job: 7775 - GENERIC - INTACT
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F&G Job: 7775 - GENERIC - DAMAGE THRUSTERS 4&8

0
10

0
20

0
30

0
40

0
50

0

0
15

30

45

60

75

90

105

120

135

150
165

180
195

210

225

240

255

270

285

300

315

330
345

TOTAL LOAD DEMANDED 
100% of AVAILABLE POW
80% of AVAILABLE POWE

`

DP POWER ASSESSMENT AGAINST SITE SPECIFIC MET-DATA (API RP2SK)

Colinear  from

Wind (m/s)

Current (m/s)

Significant
Wave Height (m)

OMNI

1.2

DP STATUS:

CAMPOS

DAMAG

LOST THRUSTER 4&8

21.0904

6



FMEA LLC ExD

• Fire in engine room     2x DG lost, Drilling phase back, all thrusters 100% 
• Loss of 1 main SWBD room 4 thruster at 60% power or 70% thrust (DP3)
• Loss of LLC transformer      no negative effect on power available

© Wärtsilä     2010 Jeroen van Keep

Presenter
Presentation Notes
In case of DP2 or DP2,5 a loss of 1 main SWB -> loss of 1 DG and 2 thrusters to 60% power or 70% thrust (flood or fire is not considered, so a loss of SWBD room is not considered)



DP Power Analyses LLC

• Intact and Damaged DP power assessment is made
• In order to pass: DG power = 4300kW and thruster power = 3375kW

October 2010

F&G Job: 7775 - LLC - INTACT
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F&G Job: 7775 - WARTSILA LLC DAMAGED SWBD ROOM 4
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Summary

With the same vessel capability, the LLC system will:
• Reduce generator power from 4600kW to 4300kW (- 6,5%)
• Reduce thruster power from 3900kW to 3375kW (-15%)
• Increase payload about 500 ton ( + 5 -7 %)
• Increased redundancy, loss of LLC transformer does not impact functionality
• Increase PMS flexibility, loss of SWB does not result in loss of connected 

thrusters

Additional advantages
• Instant power restoration after black-out is possible because there are no 

propulsion transformers to energize.
• Same voltage level throughout the installation, more design flexibility, enabling 

centralized placement of sensitive equipment
• Space savings in the most crowded area, namely columns and pontoons
• Reduction of fuel requirement and resulting reduced environmental impact
• Increased system stability due to the impedance in the integrated transformers

October 2010

Presenter
Presentation Notes
500t:
Smaller genset: 8x 10t = 80t
Smaller thrusters: 8x 15t = 120 t
Less transormers: 8x 40 = 320t ????
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Questions?

Presenter
Presentation Notes
And so, I will thank the audience for the attention.
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