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Presentation Structure

 HOLISHIP Background

 WP9 background – The OSV

 Recent developments

 CASE 1 – On theory

 CASE 1 – On practice 

 CASE 1 – Results

- RSM DoE

- Optimization routine

 Arrangement Generation

- NAPA damage stability
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Recent Developments

 Refinement of the CAESES project

 Improved User Interface

 SHIPFLOW resistance estimation via Response Surface Model (RSM)

 NAPA Arrangement generation for damage stability (On-going)
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HOLISHIP Background
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 9 vessels/structures being holistically designed and optimized

 35+ partners

 Check out the book:

- “A Holistic Approach to Ship Design”
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WP9 Background – The OSV
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WP9 Background – The OSV

 Demo Case 1: Hull and propulsor dimensioning tool

- CAESES 

 Demo Case 2: Power system optimization tool

- MPSET

 Demo Case 3: Power system verification tool

- Simulator at NMK Ålesund
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‘’Stakeholders’’ in a power system optimization

Operation

Owner

Yard

Regulations

Equipment

Designer

Power system dimensioning factors

Cost Fuel Maintenance Size / Weight Emissions Sensitivity

Multi-parameter optimization on chosen KPIs
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Output:

IMO469

Max Heel/Trim

Go/No-go

NAPA

Intact Stability

Hull design

CAESES feature

Output:

Hull design

Basic Hydrostatics

Input:

Base hull and 

transformations

Weight Estimations

Output:

Steel weight

Lightship weight

Operational 

VcG/GM0

Input:

Dimensions

Coefficients

Fuel Consumption

Output:

Fuel consumption

Input:

Power consumption

Thruster sizes

Propulsion Dimensioning

Output:

Propulsors

Power fore

Power aft

Input:

Thursters database

DP Thrust

Sailing thrust

Resistance

SHIPFLOW

Output:

Resistance

Sailing 

Thurst/Power

Input:

Hull design

Speed
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Motions

Input:

Hull geometry

Basic Hydrostatics

Crane motion limits

Sea spectrum

Output:

RAOs

Limiting Hs/Tp

Operability

Station-Keeping

Output:

Max Thurst

Input:

RAOs

Thruster config. 

fixed

Thruster location

Windage area

Waterplane shape

Wind and Current SHIPX-SK
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Input:

Hull geometry

CoG

Basic Hydrostatics

Crane info

Lifting weight

CAESES feature
COSSMOS

CAESES feature

SHIPX - VeRes
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01 – Hull Design
On practice
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Import             Monitor            Transform            Monitor           Advance    

 Lackenby

 Main Dimensions

 Design Draught

 Bulb
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02 – Weight Estimations
On practice
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Inputs            Empirical Function           Monitor            Advance

 Area required for cargo

 Area required for accommodation

 Accommodation deck height

 Weight constants based on existing vessels

Outputs:

 VcGs – lightship, equipment and accommodation

 Loading condition

 Operation’s centre of gravity and GMT0            First Constraint
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03 – Intact Stability
On practice
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Inputs             NAPA HYD           Crane Balance Feature           Monitor           Advance

 Simplified Watertight+Buoyant hull (IGES)

 Crane load and position

 Criteria limits

Outputs:

 IMO 469 Pass/Fail              Second Constraint

 Maximum heel/trim
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04 – Motions
On practice
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Inputs             SHIPX VeRes SHIPX VePost Monitor           Advance

 VeRes format sections

 Crane motions criteria

 Roll reduction tanks

 Bilge keels

Outputs:

 Limiting Hs/Tp

 RAOs
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05 – Station Keeping
On practice
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Inputs             SHIPX SK           Monitor           Advance

 VeRes output files

 Projected areas

 Environmental conditions

 Waterline shape

 Propulsion arrangement

Outputs:

 Thrust required for DP

- Each propulsor

- Each heading



KONGSBERG PROPRIETARY  - See Statement of Proprietary informationWORLD CLASS  – Through people, technology and dedication

06 – Resistance
On practice
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Inputs             Shipflow - XPAN         RSM DoE           Monitor           Advance

 Shipflow format sections

 Speed

 Empirical resistance formulation

 Form factor

Outputs:

 Thrust required sailing
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07 – Propulsion Dimensioning
On practice
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Inputs             CAESES Feature          Monitor           Advance

 Thrust required for DP

 Thrust required sailing

 Propulsors catalogue

Outputs:

 Each propulsor 

- Type

- Power

- Thrust

- Price
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08 – Fuel Consumption
On practice
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Inputs             COSSMOS            Monitor 

 Thrust delivered

 Power required

Outputs:

 Fuel Consumption

- 4 different engine types
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RSM DoE

 Response surface model for Shipflow

- Over 500 design variants

 Allows fast obtainment of PD for future design variants

Results
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Optimization Routine

 Requirements for new variants:

- Achieve similar deadweight or higher compared to baseline design

- Achieve GMT0 of 2.5m or higher

- Dropload maximum heel of 12o

 Procedure:

- Sobol start for robustness check

- Large design space

- Ensemble Investigation (permute variables)

- Focused design space

- Refine the region around the potential candidate

- Final design refinement

Results
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Optimization Routine

 Sobol start for robustness check (250 designs)

- Difficult to identify trends

Results
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Optimization Routine

 Sobol start for robustness check (250 designs)

- Difficult to identify trends

- Clusters of propulsors size combination

- Focusing on lowest fuel consumption

Results
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Optimization Routine

 Large design space

- From 120 designs, 79 valid results

- Clusters of propulsors size combination

Results
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Optimization Routine

 Large design space

- From 120 designs, 79 valid results

- Clusters of propulsors size combination

- Easier to identify the impact of design variables

Results
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Optimization Routine

 Focused design space

- Only 1m variation on Beam, 3m on LOA

Results
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Optimization Routine

 Focused design space

- Only 1m variation on Beam, 3m on LOA

- Lower draught trend identified

Results
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Optimization Routine

 Final design refinement

- TSearch Design Engine for each hull deformation (SHIPFLOW)

 Healthy and thorough results review via staging the process

 Multiple designs are possible, depending on the final focus

 Fine tuning of coefficients might be necessary

 Optimised design:

- FOC from 8962 to 6846 tonns/Year (-24.3%)

- Station-keeping highly impact thruster sizes, costs and consumption

- Slightly wider, shorter vessel

- Reduced number of accommodation decks = reduced side windage area

- Beats baseline design due to smaller thrusters possibility

Results
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Arrangement Generation
NAPA Damage Stability
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 Flexible arrangement creation

 NAPA equivalent (user friendliness)
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Arrangement Generation
NAPA Damage Stability
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 Flexible arrangement creation

 NAPA equivalent (user friendliness)

 Transversal bulkheads 

- FFeature:NAPA_BHs
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Arrangement Generation
NAPA Damage Stability
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 Transversal bulkheads

- FFeature:NAPA_BHs

- Auto ordering, naming and numbering

- #Frames positioning system

- Custom manual BHs

- Auto restriction of BH length and/or quantity

Position of the Engine Room - % of LOA

Length Engine Room 
% of LOA

Length 
Collision BH 

% of LOA

Length 
Propulsion Room 

% of LOA

Length 
Aft BH    

% of LOA

Length 
RR tank 

% of LOA

Number of wing 
subdivisionsNumber of additional aft cargo subdivisions Number of additional fore cargo subdivisions

Number of  RR tank 
subdivisions
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Arrangement Generation
NAPA Damage Stability
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 Flexible arrangement creation

 NAPA equivalent (user friendliness)

 Longitudinal bulkheads 

- FFeature:NAPA_LHs
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P1

P2

P3
P4

P5

P6

L1A

L1
Hull Limit at Z= TWD

Hull Inner y-meters offset

L2A

L2

Arrangement Generation
NAPA Damage Stability
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 Longitudinal bulkheads 

- FFeature:NAPA_LHs

- Point based

- As many as you need

- BHs snapping

- Hull clearance/offset snapping
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Arrangement Generation
NAPA Damage Stability
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 Flexible arrangement creation

 NAPA equivalent (user friendliness)

 Deck level bulkheads 

- FFeature:NAPA_THs
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Arrangement Generation
NAPA Damage Stability
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 Deck level bulkheads 

- FFeature:NAPA_THs

- Point based

- As many as you need

- BHs snapping

P1 P2 P3

P4

P5
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Arrangement Generation
NAPA Damage Stability
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 The arrangement - Tank intersections

- Tank merging
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Arrangement Generation
NAPA Damage Stability
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 Resulting geometry: CAESES -> NAPA (via Software connection)
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