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1. Executive Summary Suitable for Publication

This document presents the most significant variables, and their quantitative influence, related to the dynamic stability model created by WP2.

S@S is the acronym for Safety at Speed, a project supported by the European Commission under the Growth Programme of the 5TH Framework Programme. The support is given under the scheme of RTD, Contract No. G3RD-CT-2001-00331.

2. Sensitivity Analysis
2.1 Basis of the Long Term Dynamic Stability Model
The dynamic stability model is based on IMO “Guidance to the Master For Avoiding Dangerous Situations in Following and Quartering Seas” [2]. A detailed description of the model is provided in its user guide [1].
The IMO guidance gives simple rules for defining marginal or dangerous zones from the ship dynamic stability point of view. Four dangerous phenomena are considered:

· Broaching / surf-riding

· Successive waves attack

· Synchronous roll

· Parametric roll

Using these rules, a long term analysis is performed by combining, for a given ship speed, a wave incidence distribution with a wave scatter diagram. As a result, the probabilities per year of being in the different dangerous and marginal zones defined by IMO are obtained.

Then a simplified event tree determines from these probabilities, the probabilities of having:

· No, Minor, Major, Severe and Catastrophic effects on ship,

· No, Minor, Significant, Severe and Catastrophic effects on humans.

This event tree is implemented as a matrix, with the different effects as rows and the different zones as column. The values of the matrix have been determined by expert judgement for SSC3 ship in nominal configuration, that is with steering water jets and with active roll stabilisation.
In case that the steering device is not a water jet but a rudder, the probabilities related to broaching/surf-riding and successive waves attack are multiplied by an aggravating factor.

In case that no roll stabilisation is present, the probabilities of synchronous and parametric roll are multiplied by an aggravating factor.

2.2 Key Parameters
The dynamic stability model input corresponds to:

· Design parameters: length between perpendiculars, roll natural period if known or breadth waterline, draft, transverse metacentric height otherwise which are then used only to calculate the roll natural period, type of steering device, presence of active roll stabilisation system.

· Operational parameters: ship speed, wave incidence distribution, wave scatter diagram, number of operational hours per year.

· Human related parameters: Human Factor Quotient (HFQ) which reflects the level of the crew (0 is poor, 1 is high performing).

From a designer point of view, the key parameters will then be:
· Ship length and type of steering device (water jet or rudder) for broaching/surf-riding and successive waves attack.

· Presence of active roll stabilisation and roll natural period for parametric and synchronous roll; the ship breadth, draught and GMT are used only to calculate the roll natural period (if not given by the operator).

· Human Factor Quotient.

A sensitivity analysis of the model output to these parameters is presented in section 2.3.

As far as operational parameters are concerned, they will all influence the results. However, they are supposed to be fixed when alternative designs are assessed by the designer while using the dynamic stability model. Nevertheless, a sensitivity analysis to the ship speed and to the number of operational hours per year, which can be represented in a very simple way, is also given in section 2.3.

2.3 Sensitivity Analysis to the Key Parameters

The results presented hereafter have been obtained with the model S@S_WP2_Dynamic_stab_v0.06(20040429).
The influence of the variation of each key parameter is assessed by keeping all other parameters to their default (SSC3) values.

2.3.1 Effect of ship length
The effects of ship length variations of (10% and (20% around the default value on ship and humans are represented on figures 1 and 2 respectively.

All the effects probabilities are decreasing when the ship length increases.

For length in the range [default -20% ; default], the most significant phenomena are (in decreasing significance order): dangerous broaching/surf-riding, synchronous roll, successive waves attack.

Then, for larger length values, the synchronous roll probability becomes predominant.
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	Figure 1
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	Figure 2


2.3.2 Effect of the type of steering device
This parameter influences broaching/surf-riding and successive waves attack probabilities only. Consequently it will influence the results when the probabilities of these phenomena are significant.
For the SSC3 default values, changing the steering device from water jets to rudder multiplies the probabilities of all effects by 1.62.

2.3.3 Effect of the absence of active roll stabilisation

This parameter influences synchronous and parametric roll probabilities only. Consequently it will influence the results when the probabilities of these phenomena are significant.

For the SSC3 default values, suppressing active roll stabilisation multiplies the probabilities of all effects by 4.42.

2.3.4 Effect of roll natural period

This parameter influences synchronous and parametric roll probabilities only. Consequently it will influence the results when the probabilities of these phenomena are significant.

The effects of roll natural period variations of (10% and (20% around the default value on ship and humans are represented on figures 3 and 4 respectively.
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	Figure 3
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	Figure 4


All the effects probabilities are increasing when the roll natural period increases.

For all the above natural period variation range, the predominant phenomenon is dangerous broaching/surf-riding. Then depending on the period, the second phenomenon is either parametric roll (-20%, +10%,+20%) or synchronous roll (-10%, 0%). When parametric roll is in second position, synchronous roll is in the third position. Then, successive waves attack always comes just after.
When the roll natural period is not given, the model estimates it using the IMO formula:
TN=2 x (0.373 + 0.023 x B / T - 0.043 x Lpp / 100) x B / (GMT)1/2.
This formula gives easily the influence of individual parameters on the roll natural period and so on the effects on ship and humans using figures 3 and 4.
2.3.5 Effect of Human Factor Quotient
All the effects probabilities are proportional to (1-HFQ)/(1-HFQ0), where HFQ0 is the default HFQ value for SSC3 (i.e. 0.645). The possible range of variation of HFQ is [0 ; 1], so the default effects probabilities may be multiplied by 0 to 2.82, when HFQ goes from 1 down to 0.

2.3.6 Effect of ship speed
This parameter influences the probabilities of all phenomena and so of all the effects on ship and humans. 

These effects on ship and humans are presented for ship speed between 0 and 45 kn on figures 5 and 6 respectively.
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	Figure 5
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	Figure 6


All the effects probabilities have a general slight trend to increase as the ship speed is increased, but local variations are observed. This comes from the fact that the ship speed strongly influences two types of phenomena which are not correlated: phenomena related to instability arising in following seas (broaching, surf-riding and successive waves attack) and phenomena related to the ship roll periodic excitation by waves.

2.3.7 Effect of the number of operational hours per year

All the effects probabilities are proportional to the number of operational hours per year, that is to (op_hours)/(op_hours_0), where op_hours_0 is the default value for SSC3 (i.e. 4000 hrs). The operational hours per year can range from 0 to 8760 (24 hrs x 365 days). This corresponds to multiplying the effects probabilities by 0 to 2.2.
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