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Introduction

Respond to needs for Royal Netherlands Navy Design studies

Wondermar:
• Future design and supply scenario

Integrated Design approach

• Key focus: Total Ship System performance

• Concept variations and global assessment 

• Technical & Economical results

• Component specifications, Rule-based, First-principle and 
Dynamics simulations
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Introduction
Respond to needs

Ship owner needs
• Ship costs, design, operation
• Re-use of owner experience
• Costs versus performance insight
• Decision support

Ship yard needs
• Design process, integration, installation
• Transparency, design assessment
• Multiple sourcing, low pricing, price vs. specification

Supplier needs
• Performance requirements, sub-integration
• Relation end user
• Maintenance and operational experience
• Performance vs. specification
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Integrated System Analysis

Total Performance Assessment 

Integrated Systems approach
System Design

System Design

Design
assessment

Product 
information

Performance
simulations

Operational
assessment
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Integrated Systems Approach
Mission

TNO intends to fulfil an integrating role
• Technical
• Facilitating: collaborations  with specialists and market parties

• Improvements design process energy systems
• Integrated (mechanical, electrical en maritime)
• Wide performance insight at the conceptual phase
• Effective concept comparison en variations

• Providing a total performance assessment
• Technical
• Economical

• Developing an integrated system analyses technology
• Extending of functionalities
• Improving information availability
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Total Performance Simulations
Analysis methods of systems

• Operational year profile analysis

• First principle system concept analysis

• First principle dynamical analysis

e.g.: Inland vessel – AES performance on a yearly basis

e.g.: Trailing Suction Hopper Dredger with a dredging pump model

e.g.: Dynamic positioning of an FPSO tanker

Lange Wapper

Dredging International
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Operational year profile analysis 
Example: Inland chemical tanker (diesel-direct)

Energy generators

Propulsion system

Generators

Switch board 440V + 
end users

Switch board 220V + 
end users

1. System design

2. Operational profile

3. Performance analysis

1. System design

2. Operational profile

3. Performance analysis
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1. System design

2. Operational profile

3. Performance analysis

1. System design

2. Operational profile

3. Performance analysis

Power balance

Operational year profile analysis 
Example: Inland chemical tanker (diesel-direct)
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1. System design

2. Operational profile

3. Performance analysis

1. System design

2. Operational profile

3. Performance analysis

Power generators

Operational year profile analysis 
Example: Inland chemical tanker (diesel-direct)

Results: energy flows fuel consumption emissions maintainability maintenance costs
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1. System design

2. Operational profile

3. Performance analysis

1. System design

2. Operational profile

3. Performance analysis

Fuel consumption

Operational year profile analysis 
Example: Inland chemical tanker (diesel-direct)

Results: energy flows fuel consumption emissions maintainability maintenance costs
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1. System design

2. Operational profile

3. Performance analysis

1. System design

2. Operational profile

3. Performance analysis
Emissions

Operational year profile analysis 
Example: Inland chemical tanker (diesel-direct)

Results: energy flows fuel consumption emissions, maintainability, maintenance costs

Maintainability

Maintenance costs
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Operational Year Profile analysis 
Results AES Concept

• Results from GES
• Technical

• Total energy flows through the installation
• Fuel Consumption
• Emissions
• Total mass and volumes
• Fail tree analyses

• Economical
• Costs of the installation
• Maintenance costs of the installation
• Lifetime prediction of some components
• Availability (MTBF, MTTR)
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First principle system concept analysis
Trailing Suction Hopper Dredger with dredging pump model
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First principle system concept analysis
Trailing Suction Hopper Dredger with dredging pump model
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First principle system concept analysis
Trailing Suction Hopper Dredger with dredging pump model

Power balance during the operational 
profile (dredging cycle)

 
Production graph, including system limits
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First principle system concept analysis
Trailing Suction Hopper Dredger with dredging pump model

Results:
• Technical information

• maximum yielding of sand (for every dredging depth)
• Fuel consumption diesel engines (propulsion and pumps)
• Set point of the CPP pitch
• Effects of trailing forces upon suction pipe

• A separate models library
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First principle dynamical analysis
Dynamic positioning of an FPSO tanker

Project description (DP JIP):
• Development of a wave feed forward control system
• System performance comparison between a conventional and a 

wave feed forward dynamic control system

Project scope of TNO:

• Power management
• System design input to IHC Gusto and IZAR
• Technical performance, Energy consumption and costs 

comparison

Wondermar II Workshop  - Bremen, 10 March 2004 20

First principle dynamical analysis 
Dynamic positioning of an FPSO tanker
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Design process & ICT 
Design process

Shape fairing tools

Naval architecture tools

CAD systems

CFD tools

CAD, FEA

CAD systems

Spreadsheets

Spreadsheets

Speed, propulsion

Manoeuvrability

General Arrangement

Capacities

Stability

Structure

Equipment

Energy

Machinery

Weights

Specification

Cost

Main dimensions

Shape

GES

GES

GES

GES
GES

GES
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Design process & ICT 
Process & Information

Process
• System design and assessment (owner, yard)
• Product configurator (owner, yard, supplier)
• Benchmarking of supply products (yard, supplier)

Information
• Information need at a component level
• Standards for information in- and output
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Can we stimulate ICT and process improvements?
We have a need!


