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Summary of Conceptual Approach

1.1 Theoretical Approach

The theoretical approach followed for the prediction of the noise levels aboard the ship has been originally developed by SNAME, as presented in detail in ref. [1]. A simplified version of this approach was developed in NTUA [2],  which forms the basis of the noise prediction model developed in the framework of the S@S project.  

In general, the noise prediction requires the determination of the acoustic and vibrational characteristics of three elements: the noise source, the transmission path and the receiver. 

Figure 1.1 presents the basic steps in the noise prediction procedure. There are two basic interacting paths inherent to the noise transmission aboard the ship: the airborne and the structureborne one. Following the airborne path, noise is transmitted to the receiver via the air and the common boundaries of adjusted spaces. Usually airborne path is a significant factor only within noise source spaces or spaces adjacent to them.


Figure 1.1 : Noise prediction steps [1]

On the other hand, structureborne paths usually carry noise away from the source, as well as to the spaces adjacent to the source areas.

Practical procedures for the control and minimization of the noise levels aboard ships can be found in literature (e.g. [1],[4])

The noise prediction procedure follows the basic path-receiver approach. The basic steps of the procedure are as follows: 

· Calculation of the sound power for each noise source and the corresponding source free vibration levels

· Calculation of the airborne and structureborne transmission losses

· Calculation of the sound pressure levels in each receiver space, taking into account the airborne and structureborne transmissions, the contribution of any noise sources inside each space and the acoustic properties of the surfaces.

· Comparisons of the obtained values against the criteria.

The first step in the procedure is the determination of the sound power and free vibration levels for the various shipboard equipment, using an estimating technique based on empirical values. The amount of airborne and structureborne noise that will be transmitted is depended mainly on the acoustic and vibratory power generated by the source.  A measure of the acoustic power of the source is given by the sound power level Lw, in decibels, referenced to a power of 10-12 Watts. Empirical formulae, presented in [1], for the determination of Lw for each type of the shipboard equipment are used by the model, in order to obtain the sound power level analysed in the standard octave bands. 

The structureborne noise source level of each source is measured by the ‘free’ vibration acceleration level, which is given in dB referenced to 10-3 cm/sec2.  After the calculation of the above levels the model computes the acoustic absorption properties of each room, calculate the transmission losses for the airborne and structureborne paths and combine the individual results, as presented in fig.1.1, in order to obtain the total noise level in the receiver space. 

1.2 General Steps

The model should be used as follows:

· The user should give the main dimensions and the noise limits of each room entered in the analysis in the worksheet Room Data . 

· In the worksheet ‘Room Param.’ the acoustic parameters for each space must be supplied. 

· the specific parameters of each noise source aboard the ship and taken into account in the analysis, should be defined in the worksheet 'Noise Sources’.

· In the worksheet Prop. Data the specific parameters of the propellers relevant to the noise estimation should be entered.

· the description for the airborne noise transmission paths should be specified in the worksheet ‘Airborne Paths’

· In worksheet Bhd_TL  the user should describe the transmission losses in the structural vibrations, due to the bulkhead to deck intersections.

· The main dimensions of the typical panels of each room/space should be given in worksheet ‘Typical Panels’.

· After completed the input phase the user returns to the first worksheet and presses the ‘Compute ‘ button. The program performs the calculations and the predicted noise levels are presented in the last column of the worksheet. The comparison against the noise limits given by the user in the previous column of the worksheet can be easily done. Intermediate results of the program are stored in worksheets Room const., Source Levels, Str_borne levels, Prop. Noise, Source Rooms, Airborne noise, Str_borne Noise and Total Levels.

1.3 Architecture of the Program

The indoor climate model has been implemented in the Excel file S@S_WP2_noise_model_v1_00.xls and coded in Visual Basic. The Excel file contains the VB functions for the implementation of the predictive algorithm and the following eighteen worksheets:

· Room Data :  Where the main dimensions of the rooms/spaces of the ship, which enter in the noise prediction analysis, either because they have noise sources or because they are acoustic receiver spaces, are given. The corresponding noise limits are also given here. 

· Room Param. : In this worksheet the acoustic parameters for each space are given (i.e. surface noise absorption coefficients and correction factors) 

· Noise Sources : where the specific parameters of each noise source are defined.

· Prop. Data : In this worksheet the specific parameters of the propellers relevant to the noise estimation are given.

· Sabine Values : It stores a data base for the sabine absorption coefficients for various materials, commonly used in shipbuilding. The user may alter the values, add elements to the list, based on his experience, or use the values as they are given.

· Source Adjustments : Where a data base for the noise source adjustments of various types of  shipboard equipment is given, together with the corresponding values for the acceleration levels and the transmission losses due to the source mounting systems

· Transm. Losses : It is another database storing typical values for the transmission losses of typical panels used in the shipbuilding.

· BHD_TL : The transmission losses in the structural accelerations due to the deck to bulkhead intersections are given.

· Typical Panels : The main dimensions of typical panels of each room/space are given here.

· Room const. : It is an output worksheet. The calculated values for the room acoustic constants of each space are presented. 

· Source Levels : The noise and acceleration levels coming from each noise source are given here, as computed by the model.

· Str_borne levels : The computed structureborne acceleration levels for each space are presented here

· Prop. Noise : In this worksheet the noise transmitted from the propeller to each space is given. 

· Source Rooms : Where the computed noise levels in the spaces containing noise sources are presented 

· Airborne Paths : The user enters here the description for the airborne noise transmission paths.

· Airborne Noise : The calculated values for the airborne noise transmitted to each space are calculated here.

· Str_borne Noise : The noise levels due to the structureborne noise transmitted to each space are calculated in this worksheet.

· Total Levels : The results for the total noise levels at each compartment are given in this worksheet.

2. Installing the program

The excel workbook ‘S@S_WP2_Noise_model_v1_00.xls’ is self-contained and can be stored in any folder. No additional programs/ files are required .
3. Entering Inputs

The user have to enter the input data of the analysis in worksheets ‘Room Data’ through ‘Typical Panels’ and ‘Airborne Paths’ as described below

3.1 Worksheet ‘Room Data’

Input of the main dimensions of each room/space considered in the analysis. The spaces under consideration are these with noise sources, the receiver spaces and the rooms in contact with the noise sources and affecting the noise transmission. The user should enter values in the cyan part of the worksheet. In the first column the name of the compartment should be specified. The main dimensions and the position of the center of the space are given in the following seven columns. The longitudinal position is measured in meters from the aft perpendicular. The vertical position is measured from the base line, while the transverse position is measured from the center line. In the next column the deck no for each room, measured from the lower deck should be given. Next to this, there is a column for the input of the sound pressure limits. According to the space considered, these may be obtained from [3], or using the specific tool (noise_criteria.exe) developed in the framework of the S@S project.

There is also a button used to start the execution of model, after the user has completed the input of the remaining parameters, described in the following paragraphs.

In the last column of this worksheet, the A-weighted sound pressure levels (dbA) as calculated by the program are given. The comparison of the predictions against criteria is then easy.      

3.2 Worksheet ‘Room Param.’ 

In this worksheet the user gives the parameters for the noise adsorption of each surface of the space. As described in 3.1 above, the spaces are considered as hexahedra.  The areas of each boundary surface are obtained using the lengths entered in worksheet ‘Room Data’.  In addition to them, acoustic absorption occurs  also in non boundary surfaces inside each room. These surfaces  are categorised either as soft or hard [1]. The ratio of each boundary surface (soft or hard) to the total surface of the compartment should be entered in the columns labelled Cfs (for soft) and Cfh (for hard non boundary surfaces).

In the remaining columns the user should give the type of the sabine coefficient of each surface, which should be taken from the worksheet  ‘Sabine Values’. This is a data base, storing common types of acoustic insulations and the corresponding parameters. The values already entered in this worksheet have been taken from [1]. However, the user can alter them, or add to them new types, according to his experience.

3.3 Worksheet ‘Noise Sources’

In the ‘Noise Sources’ worksheet the parameters of the equipment contributing to the noise levels are given.

In the first column the number of the source should be given in ascending order.

The name of each source is entered in the next column.

In the third column the user can select the room containing the source, from those defined in worksheet ‘Room Data’

In the fourth column the user should specify the characteristic group of each noise source: the various types of the equipment aboard the ship are categorised into three main groups. According to each group, the user should give the specific parameters of each noise source, in the columns numbered 1 to 14 in the ‘Noise Source Parameters’ sub table. The specific inputs, according to the group no are described below:

3.3.1 Group 1- Diesel engines

For diesel engines the input presented in the following table is required

	Table 3.3.1 : Parameters for noise source Group 1 : Diesel Engines

	Parameter
	Description

	1
	Engine power (HP)

	2
	Nominal RPM

	3
	Type of the octave band adjustment appropriate for the engine, taken from the database of worksheet ‘Source Adjustments’. Applicable types 1-6

	4
	Type of the adjustment for the engine unmuffled exhaust noise source level. Worksheet ‘Source Adjustments’. Applicable types 7 or 8 

	5
	Type of source adjustment for the diesel engine casing airborne noise. Worksheet ‘Source Adjustments’. Applicable types 9 to 14 

	6
	Type of source adjustment for the transmission loss due to air intake pipes. Worksheet ‘Source Adjustments’. Applicable types 74 to 94

	7
	Type of source adjustment for the transmission loss due to the exhaust pipes. Worksheet ‘Source Adjustments’. Applicable types 74 to 94

	8
	Length to diameter ratio for circular air intake pipes or external surface to cross section for rectangular air intake pipes

	9
	Length to diameter ratio for the exhaust pipes or external surface to cross section for rectangular exhaust pipes

	10
	Engine weight in lb

	11
	Max RPM

	12
	Type of Structureborne noise level adjustment, from Worksheet ‘Source Adjustments’. Applicable type 60

	13
	Type of transfer function for mounting attachment, from Worksheet ‘Source Adjustments’. Applicable types 95 to 114

	14
	Type of transmission loss due to foundation, from Worksheet ‘Source Adjustments’. Applicable types 115, 116


3.3.2 Group 2 - Gas Turbines

For Group 2, Gas Turbines the user must give the following parameters

	Table 3.3.2 : Parameters for noise source Group 2 : Gas Turbines

	Parameter
	Description

	1
	Engine power (HP)

	2
	Compressor RPM

	3
	Compressor blade number

	4
	Type of source adjustment for the transmission loss due to intake pipes. Worksheet ‘Source Adjustments’. Applicable types 74 to 94

	5
	Type of source adjustment for the transmission loss due to the exhaust pipes. Worksheet ‘Source Adjustments’. Applicable types 74 to 94

	6
	Length to diameter ratio for circular air intake pipes or external surface to cross section for rectangular intake pipes

	7
	Length to diameter ratio for the exhaust pipes or external surface to cross section for rectangular exhaust pipes

	8
	Type of Structureborne noise level adjustment, from Worksheet ‘Source Adjustments’. Applicable types 61 to 63

	9
	Type of transfer function for mounting attachment, from Worksheet ‘Source Adjustments’. Applicable types 95 to 114

	10
	Type of transmission loss due to foundation, from Worksheet ‘Source Adjustments’. Applicable types 115, 116

	11
	Type of airborne noise source levels for casing, from Worksheet ‘Source Adjustments’. Applicable types 25,26,28 and 31

	12
	Type of airborne noise source levels for intake, from Worksheet ‘Source Adjustments’. Applicable types 23 and 29

	13
	Type of airborne noise source levels for exhaust, from Worksheet ‘Source Adjustments’. Applicable types 24,27 and 30


3.3.3 Group 3 – Other equipment

Equipments not belonging to the groups 1 and 2 above, is grouped into the following categories:

	Category
	Description

	1
	Gears

	2
	Generator sets, steam driven

	3
	Non reciprocating pumps

	4
	Reciprocating pumps

	5
	Generators

	6
	Electric motors

	7
	Ventilation fans

	8
	HVAC units

	9
	Air compressors


For group 3 the following input should be given by the user

	Table 3.3.3 : Parameters for noise source Group 3 : Other equipment

	Parameter
	Description

	1
	Category number (1 to 9)

	2
	Type of airborne noise source levels, from Worksheet ‘Source Adjustments’. Applicable types 32 to 59

	3
	Type of structureborne noise source levels, from Worksheet ‘Source Adjustments’. Applicable types 64 to 73

	4
	Type of transfer function for mounting attachment, from Worksheet ‘Source Adjustments’. Applicable types 95 to 114

	5
	Type of transmission loss due to foundation, from Worksheet ‘Source Adjustments’. Applicable types 115, 116

	6
	Power (HP), applicable for categories 1,3,6,and 9. For other categories put zero.

	7
	Nominal RPM, applicable for categories 1,3,5,and 6. For other categories put zero.

	8
	Power in kW, applicable for categories 2 and 5. For other categories put zero.

	9
	Air flow (CFM), applicable for categories 7 and 8. For other categories put zero.

	10
	Pump pressure height (psi), applicable for category 4. For other categories put zero.

	11
	Static pressure of fun unit (inches of water), applicable for category 7. For other categories put zero.


3.3.4 Source dimensions

In column 15 of the ‘noise source parameters’ sub table the longitudinal position of the center of the source, measured from Aft perpendicular should be given in meters.

In columns 16 and 17 the length and width of the source are entered.

In column 18 the deck number is entered. 

3.4 Worksheet ‘Prop. Data’

If the vessel is equipped with propeller(s), the user should give in worksheet ‘Prop. Data’ the values for the longitudinal position of the propeller disk, measured in meters from the aft perpendicular, the Lpp length of the vessel, the cruising speed of the vessel in knots, the diameter of the propeller and the cavitation ratio. If the vessel is not equipped with propellers, put zero in the column for diameter.

3.5 Worksheet ‘Sabine Values’

Worksheet ‘Sabine Values’ contains predefined values for the sabine absorption coefficients of room surfaces constructed by various materials. The values were obtained from [1]. The user may use these values (in worksheet ‘Room parameters’ ) , may alter them, or even add new types according to available data. 

3.6 Worksheet ‘Source Adjustments’

Worksheet ‘Source Adjustments’ stores predefined values for the noise source levels and source adjustments for various types of the equipment. These values were taken from [1]. They are used in the definition of the source parameters in the worksheet ‘Source Param.’, as described in section 3.3 previously.

3.7 Worksheet ‘Transm. Losses’

In this worksheet the typical values for the transmission losses for the airborne noise transmission are presented. The user may use the values as they are, for the definition of the airborne paths in worksheet ‘Airborne Paths’, or may add new lines in this data base.

3.8 Worksheet ‘BHD_TL’

The user defines in this worksheet the parameters of the bulkheads and their intersections with the decks, which play significant role in the absorption of the structural vibrations. In the first column the deck number, intersecting the bulkhead is given. In the second column the position of the BHD  measured in meters from the AP should be given. In the third column the transmission loss (in dB) of the vibration acceleration level due to the BHD –Deck intersection should be given. This loss depends on the specific dimensions of the intersecting structures. Typical values may be found in [1].

3.9 Worksheet ‘Typical Panels’

The dimensions of the typical structural panels (length, width and thickness) of the each boundary surface of the rooms should be entered by the user in this worksheet. These values are used for the computation of the noise levels due to the structural vibrations of the boundary surfaces. 

3.10 Worksheet ‘Airborne Paths’

The airborne paths for the transmission of the noise are defined here. The user selects the room  in the ‘from’ column and the room in the ‘to’ labelled column.  Next to them are the columns for the types of the transmission losses (TL) and their increments (DTL)  which correspond to the type definition given in the data base of the worksheet ‘Transm. Losses’ 

4. Running the program

 After entering the input data as described in chapter 3, the model runs by clicking on the red button , in the worksheet ‘Room Data’.

The duration of a calculation is approximately 15 seconds on a Pentium IV computer.

The program reads the data entered in the aforementioned worksheets, performs the calculations, stores intermediate results in the worksheets presented in the following chapter, computes the A-weighted sound pressure level for each room and writes it in the specific column of the worksheet ‘Room Data’. 

5. Understanding the outputs

The main output of the calculations are the sound pressure levels presented in the last column of the worksheet ‘Room Data’. These values should be compared against the limiting values, entered by the user in the previous column.

Intermediate results of the calculations are stored in the following worksheets:

· Worksheet ‘Room const.’ : the calculated room acoustic constants for each octave.

· Worksheet ‘Source Levels’:  the computed sound power levels Lw and the structureborne acceleration levels La for each source are presented in the tables of this worksheet.

· Worksheet ‘Str_borne Levels’: The computed values for the structural acceleration La levels are given for each room. 

· Worksheet ‘Prop. Noise’: the sound pressure levels due to the ship propeller are given.

· Worksheet ‘Source Rooms’: the predicted sound pressure levels of the airborne noise for the room with noise sources inside are presented here.

· Worksheet ‘Airborne Noise’: the sound pressure level due to the airborne transmission are given here.

· Worksheet ‘Str_borne Noise’: the sound pressure levels due to the structureborne noise are presented for each room.

· Worksheet ‘Total Levels’: the sound pressure levels due to both the airborne and structureborne noise are given here, for each octave and for each room. The A-weighted levels are also presented.

6. Troubleshooting

No reported problem so far. 
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