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Summary of Conceptual Approach

1.1 Theoretical Approach

The present document represents the user’s guide for the tool that D’Appolonia has developed within T132 “Implementation of Models for Mechanical and Automation failure” with the support of CETENA and METTLE.  The tool has been conceived for the preliminary design phase of High Speed Crafts.  It can evaluate the influence on specific hazards (i.e., collision, grounding and striking) of different parameter configurations related to systems whose failure may lead to these hazards [1].  The tool allows the calculation of failure rates of systems for multiple parameter configurations and the costs associated to each configuration.
This tool has to be used in conjunction with the software “Fault Tree Plus” (Isograph®); the failure rates have to be used as input data in order to calculate the occurrence probability of hazards such as collision, grounding and striking.

1.1.1 Main Assumptions Risk Model

Because of the vastness of parameters that may characterise systems onboard ships, it was very difficult to identify first the most critical ones with respect to the hazards mentioned above and, secondly, to establish hierarchies of importance between them.  Moreover, data related to the reliability of systems components are difficult to find.  Nevertheless, on the base of a literature review, it turned out that the failures of those systems that had been considered critical for the hazards under analysis (e.g., detection equipment, propulsion system, steering system etc.) were extremely low.  Though it is clear that the total loss of some systems onboard can not be excluded a priori, it is practically impossible to provide the quantification of such failures.

Consequently it was decided of using the REDUNDANCY concept as criterion to matching different configurations of parameters.

Moreover, the influence of the human factor was not considered, in the sense that it is supposed that failure are only generated by the system itself and neither by incorrect maintenance nor incorrect use.

1.1.2 Main Assumptions Cost Model

Because of the lack of data relative to the labour and maintenance costs, it was decided to consider them as percentage of the component cost.

General Steps

In order to use the tool it’s necessary a personal computer with Microsoft® Windows Operating System; Microsoft® Excel 97 or above; minimum 486 processor; minimum 640Kb RAM; 12Mb of hard disk space (for installation).

1.2 Architecture of the Program

The tool consists of two Excel linked workbooks, these are:

· Risk_model_controllability_v1(20031117).xls

· Cost_model_controllability_v1(20031117).xls

The former comprises several worksheets but the user will have only to deal only with the “Main” worksheet; the others will be hidden and used to perform the calculations.  The latter uses the data inserted in the first workbook and only consist of the “Cost Model-WP1” worksheet.

Installing the program

In order to install the tool the two Excel files have to be copied to the hard disk.  To guarantee the good functioning of the tool, it’s necessary that the two Excel files are placed in the same directory.

2. Entering Inputs

2.1 Risk Model

The worksheet “Main” of the workbook “Risk_model_controllability_v1(20031117).xls” is composed by several parts that appear as columns, these parts are:

· BASIC EVENTS,

· PARAMETERS,

· RANGE,

· DEFAULT VALUE,

· ACTUAL VALUE,

· MCA WEIGHT,

· MCA RANGE,

· REFERENCE FREQUENCY,

· ACTUAL FREQUENCY, and the

· CHART.

as shown in Figure 1.
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Figure 1: Risk Model - Interface

The column BASIC EVENTS express the systems failures, which are related to the most relevant PARAMETERS considered in the model and, consequently, in the tool; they are listed in the following table:

Basic Event
Parameter

Propulsion System failure
No of Main Engines


No of Diesel Engines


No of Gas Turbines

Steering System failure
No of Steering Waterjet


No of Dedicated Engines

Navigation Equipment failure
VTS


DGPS


ECDIS

Radar failure
3GHz Radar


ATA


ARPA

Int. Communication failure
Emergency System for General Alarm and PA


Talk back System


Paging System

Ext. Communication failure
Redundancy of Safety Information


Emergency system for the VHF


Identification System

Electric System failure
No of Diesel Engines


No of Emergency Diesel Engines

Table 1: Basic Events and Related Parameters

The column RANGE contains the interval of values in which the parameter can vary.

The column DEFAULT VALUE presents the value of each parameter coming from the reference ship (Super SeaCat III).

The following three columns contain the inputs that the user has to insert:

· for each parameter:

· ACTUAL VALUE

· MCA weight
· for each basic event:

· MCA range
These input are described in sub-Chapter 3.2.

For each basic event, the REFERENCE FREQUENCY of occurrence (i.e., the failure rate) of the basic event, when all the parameters are set to the default values, has to be provided by the user.

The ACTUAL FREQUENCY column contains the output values calculated after the insertion of each input.  The output consists of the failures rates calculated with the data inserted from the user.  The relationship between the REFERENCE FREQUENCY and the ACTUAL FREQUENCY is illustrated through the chart in the bottom part of the sheet (see Paragraph 5.1).

2.2 Input of Risk Model

Actual Value

In the column ACTUAL VALUE the user has to insert the quantity or the presence/absence of each component (e.g. The No of Main Engines; presence/absence of the Talk back System).  The value inserted must be within the interval indicated in the column range and must be in accordance to the rules indicated in [1].

MCA Weight

In the column MCA weight the user has to insert the decision factor that assigns a different importance to the different parameters.  The value of each weight must be comprised between 0 and 1, but the amount of all weights can assume any value.  The evaluation of MCA weight is reserved to an expert designer of High Speed Craft.

MCA Range

In the column MCA range the user establishes, for each basic event, the interval of values in which the failure rate probability can be accepted. The evaluation of the MCA range is reserved to an expert designer of High Speed Craft.

2.3 Cost Model

The worksheet “Cost Model-WP1” of the workbook “Cost_model_controllability_v1(20031117).xls” is composed of several columns as shown in Figure 2.
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Figure 2: Cost Model - Interface

The columns Parameter and Description contain the information about the components of the High Speed Crafts.

The column Number contains the information regarding the number of the components, but the user does not have to compile it because the values are retrieved automatically from the risk model (column ACTUAL VALUE within workbook “Risk_model_controllability_v1(20031117).xls”).

The columns Component Unit Cost, Labour Cost (%), Maintenance Cost (%) contain input’s data (see sub-Chapter 3.4), while the remaining columns are output’s data calculated automatically by the tool (see sub-Chapter 5.2).

2.4 Input of Cost Model

Component Unit Cost

In the column Component Unit Cost (€/unit) the user has to insert the cost of each unit of the component (in Euro). The tool automatically calculates the total cost (column Component Cost) associated to the component.

Labour Cost (%)

In the column Labour Cost (%) the user has to insert the percentage that represents the weight of the labour cost over the total cost.  The percentage must be from 0 to 100. The tool automatically calculates the labour cost (column Labour Cost €) associated to the component.

Maintenance Cost (%)

In the column Maintenance Cost (%) the user has to insert the percentage that represents the weight of the maintenance cost over the total cost.  The percentage must be from 0 to 100. The tool automatically calculates the maintenance cost (column Maintenance Cost €) associated to the component.

3. Running the program

3.1 Risk Model

In order to run the risk model, the user has to open the file named “Risk_model_controllability_v1(20031117).xls”.

Then the user has to insert the input into the green area (see sub-Chapter 3.2) and the tool automatically calculates the output represented by the actual frequency (blue column) and the deviation from the default value (chart) (see Figure 1 and Paragraph 5.1).

3.2 Cost Model

In order to run the cost model, the user has to open the file named “Cost_model_controllability_v1(20031117).xls”.

The user has to insert the data regarding the Component Unit Cost, the Percentage of Labour Cost, the Percentage of Maintenance Cost (see sub-Chapter 3.4) and the tool automatically calculates each single cost and the resulting total cost (see sub-Chapter 5.2).

Understanding the outputs

3.3 Risk Model

Actual Frequency

The actual frequency (blue column of Figure 1) represents the rate of occurrence of a failure related to the basic event under analysis.  The unit of measurement is expressed in number of events for year.

Chart

The chart (see Figure 1) shows the deviation between the actual frequency (blue colour) and the reference frequency (yellow colour).

3.4 Cost Model

Depending on the setting of labour and maintenance cost, the tool provides the output consisting in the total cost of the considered configuration.

4. Troubleshooting

The file Cost_model_controllability_v1(20031117).xls doesn’t work.  Make sure that is placed in the same directory of the file Risk_model_controllability_v1(20031117).xls.

5. References
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