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1 1.1



Overview Basic Principles



1.1.1 Hydrostatic analysis Analysis: Balance volume displaced with weight and align CB and CG vectors. (Fixed or free to trim and heel). Parameters: Vessel displacement and centre of gravity. (Weights or draughts.) Modifying factors: Intact, damage, grounding, waveforms. 1.1.2 Digital vessel Hullform (Maxsurf design file) Tanks, Compartments and Non-Buoyant Volumes (weight distribution and damage) Loadcase (weight distribution) Margin Line (criteria evaluation) Downflooding points (criteria evaluation)



1.2



Hydromax



1.2.1 Windows The Design window gives you a perspective, plan, profile or body plan view of the vessel. Tanks, compartments, margin line, down flooding points etc may all be displayed in this view. You should use these views to check that the Hydromax sections have been formed correctly. Input: Compartments, Downflooding points, Margin line, Modulus. These windows are used to input additional data about the design which is not specified in Maxsurf. There are four Loadcase windows; each may be saved separately. These correspond to different loading conditions which need to be analysed; e.g. Departure, arrival, lightship etc. In the loadcase window, you can specify weight items and tank volumes. The Damage window is used to define a number of damage cases to be tested. There is always the Intact case by default. You may then add as many damage cases as you require, and specify which tanks and compartments are damaged in each case. The Results window provides the results of the different analyses in tabular format. You can control the way in which the data is presented (Display | Data Format). Note that changing between the different results tables will change the current analysis mode. The Graph window presents a variety of graphs, and is kept synchronised with the Results window. You may select from the different graphs available for the current analysis type. The Report window contains the results data (and relevant analysis data), which are automatically generated as you do analyses. This can be saved and used as the basis for preparing a stability book for example. The data is saved in rich text format which may be loaded and edited in MS Word. 1.2.2 Menus File: Load, Save, Print etc. the data in the various Hydromax windows. All data may be saved in separate files. This is the preferred method because, although the
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tank data etc. are all appended with the design file, this data will be lost if the design file is opened and saved in Maxsurf. Saving as separate files also allows for more than four load cases to be specified and different tank/compartment definitions to be saved. It also allows these files to be used in other designs. All this information is also saved as a Hydromax Data file by the newest versions of Hydromax (version 9.52 and above), this information is not lost by Maxsurf, and all the data is stored in the same place. Edit: Copy, Paste, table manipulation etc. (Add, Delete). Note that there are other options available within the tables by right clicking the mouse. View: Zoom, Pan and other View options; also Colour and Font options. Analysis: Allows you to specify the analysis mode and the data required for the analysis. Case: Add, Delete and Edit damage cases. Display: Select and modify which data are shown in the various windows. Window: Select the different design views, input tables, results tables, graphs etc. Help: Online help and version information. 1.2.3 Toolbars Some of the more common menu items can be accessed through toolbar buttons. You may select which of the toolbars are displayed, do this by right-clicking in an empty portion of the toolbar area or from the View | Toolbar menu, then select the toolbar you wish to show or hide. Toolbars may be dragged either in the toolbar area, or out of the toolbar area where they become floating toolbars. They may be positioned on any edge of the main window by moving them close to the desired edge; they will then dock to that edge. One of the most useful toolbars is the Analysis toolbar. This allows you to select the current analysis mode, current loadcase, current damage case, and to run and pause the analysis.



The Analysis toolbar contains icons for selecting the current analysis, loadcase and damage case,



The Analysis toolbar also contains icons that execute the following commands: Start Analysis, Stop Analysis, Resume Analysis and Form Compartments. 1.2.4 Preferences A number of Hydromax preferences are saved in the Windows registry. These may be reset, by starting Hydromax with the Shift key held down. The preferences saved include units, colours, the data display format, heel angles for large angle stability, etc. Also saved are the preferred error values used when balancing the hydrostatic and gravitational forces. These may be changed in the Edit | Error Values dialog.
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The ideal calculation precision is the accuracy to which Hydromax will attempt to balance the hull. If this is not achieved within a certain number of iterations and the worst case precision has not been achieved Hydromax will warn you that it has not been able to solve the analysis to the desired accuracy. One of the most common causes of this error message is if the displacement exceeds the total volume of the vessel (i.e. it sinks) or the displacement is very small and the vessel is barely in the water. Problems may also occur if there is a very large trim angle, but this is unlikely.
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2



Analysis



There are a number of different analyses, but all hydrostatic analysis essentially involves balancing the vessel’s weight with the hydrostatic restoring force of the fluid it is floating in according to Archimedes’ principle. There are a number of parameters that are set to define the analysis to be performed (displacement and centre of gravity position); there are also a number of optional modifiers which may be set (damage, wave form, grounding, etc.)



2.1



Loading a design



2.1.1 Check list (see Maxsurf training) Before loading your Maxsurf design into Hydromax there are a few checks that you should perform whilst still in Maxsurf: • Outside arrows (Should all point outside the hull) • Shell thickness and projection direction should be specified if required • Surface types (Hull / Internal Structure) • Defined, unambiguous sections (There can only be one opening in the section at any longitudinal position, otherwise Hydromax will not know how to close the section). • Check that all redundant portions of the surfaces are trimmed away. 2.1.2 Limitations of hullform Unambiguously closed transverse sections (see Hydromax manual, Chapter 2, Hydromax Limitations for further details). 2.1.3 Verifying design After loading the design, check that the sections have formed correctly. It is sometimes helpful to calculate a smaller number of sections (50) to check that they have formed correctly. Then go back and re-load and re-calculate the design with 100 or 200 sections for the hydrostatics analysis. If your model uses trimmed surfaces, be sure to have the Use Trimmed Surfaces box ticked.



2.2



Different analysis types



All of the analyses will account for the current damage, grounding and wave form. 2.2.1 Upright Hydrostatics Used to calculate hydrostatics at a range of draughts at specified fixed trim. Vessel is upright (zero heel). Produces standard hydrostatics data and form data tabulated for each draught. For an example see Appendix A - Hydromax Analysis Tutorial 1. 2.2.2 Large angle stability Calculates righting lever (GZ) curve for range of specified heel angles and evaluates selected stability criteria. Uses the current load and damage case. If you are evaluating criteria, ensure that the heel angles specified provide sufficient range and number of points for the accuracy required. For an example see Appendix A – Hydromax Analysis Tutorial 2. 2.2.3 Equilibrium condition Calculates the vessel's equilibrium position with the current loadcase and damage case; grounding and wave profile may also be included. Useful for examining the effects of different damage scenarios or doing specific simulations. For an example see Appendix A – Hydromax Analysis Tutorial 3.
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2.2.4 Specified condition Calculates hydrostatics for specified displacement and centre of gravity, or fore and aft draughts. Can be useful for specific simulations e.g. obtaining accurate hydrostatic data during an inclining experiment. For an example see Appendix A – Hydromax Analysis Tutorial 4. 2.2.5 KN calculations Calculates KN for a range of displacements and heel angles. Note that different heel angles may be specified than those used in the large angle stability and limiting KG analyses. Produces cross-curves of stability. Calculations may be made either with the vessel free to trim as it heels or with fixed trim. If the vessel is free to trim, the LCG is determined from the intact upright LCG at the specified displacement with zero trim. For an example see Appendix A – Hydromax Analysis Tutorial 5. 2.2.6 Limiting KG Calculates the maximum KG at which the selected criteria pass. The range of heel angles used and the range of displacements may be specified. Note that different heel angles may be specified than those used in the large angle stability and KN analyses. Calculations may be made either with the vessel free to trim as it heels or with fixed trim. If the vessel is free to trim, the LCG is determined from the intact upright LCG at the specified displacement with zero trim. For an example see Appendix A – Hydromax Analysis Tutorial 6. 2.2.7 Longitudinal Strength Calculates the longitudinal loading, shear force and bending moment for the evaluation of hull-girder stresses. For an example of this type of analysis see Appendix A – Hydromax Analysis Tutorial 7. 2.2.8 Tank Calibrations Produces tank calibration tables and graphs. If you require more subdivisions, divide your single tank vertically into a number of smaller tanks. For example a 1m high tank will have calibration subdivisions of 50mm, but if you divide this into 2 500mm high tanks, the calibration subdivisions will be 20mm. You will have to copy the data into a spreadsheet to carry the totals of the lower tanks into the higher tanks. For an example of the Tank Calibration Analysis see Appendix A – Hydromax Analysis Tutorial 8.



2.3



Special analysis: what you can do with Equilibrium and Specified Conditions



2.3.1 Inclining experiment The equilibrium and specified conditions analysis can be very useful for determining accurate hydrostatics for a particular condition; e.g. during an inclining experiment. See Inclining experiment section for further information. 2.3.2 Simulations A variety of simulations may be achieved using the equilibrium analysis to, for example, incrementally flood compartments etc.
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2.4



Stability criteria



Hydromax will evaluate GZ based criteria after a large angle stability analysis has been performed, and equilibrium criteria after an equilibrium analysis. In addition, GZ based criteria are required to perform a limiting KG analysis. Please refer to the chapter on stability criteria in the Hydromax manual for more details.
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Setting analysis data



Before you can start an analysis, there are a number of data that should be reviewed. Some of the analyses may not require all these data to be set.



3.1



General Data



3.1.1 Co-ordinate system Longitudinal (x) positive forward Transverse (y) positive to starboard Vertical (z) positive up Trim positive bow down. 3.1.2 Frame of Reference and Zero Point Defaults to the same as that of the Maxsurf design, but may be changed if necessary. However, it is generally best practice to specify the correct frame of reference in Maxsurf and not change it in any of the other applications. The output measurements such as LCB may be from midships or zero point (Display | Data Format) and may be set/changed at any time.



3.2



Analysis Data (Parameters)



3.2.1 Density Calculations assume that the vessel is floating in the first defined fluid also called "Sea Water"; by default it has a specific gravity of 1.0252 but this may be changed in the Density dialog (Analysis | Density). There are a variety of standard defined fluids; you may change their densities if you so wish. In addition you may define up to 5 custom fluids. 3.2.2 Heel Heel angle ranges and increments may be specified independently for Large Angle Stability, Limiting KG and KN analyses. Ensure that the range of angles covered, and the number of steps, are sufficient for the accuracy required. 3.2.3 Trim The trim is entered as a linear measurement, which is the difference between the trim at the fore and aft perpendiculars; positive is bow down. The position of the perpendiculars may be set in the Frame of Reference dialog (Data | Frame of Reference). The trim angle is given by:



 trim = draught at FP - draught at AP   trim angle, θ = tan  distance between perpendiculars  For most analyses, you may specify a fixed trim or free to trim. If the trim value in the results is always zero, check that the perpendiculars are defined correctly in the Frame of Reference dialog.



8



Hydromax Training



3.2.4 Draft A range of drafts may be specified for the Upright Hydrostatics analysis. 3.2.5 Displacement A range of displacements may be specified for Limiting KG and KN analyses. 3.2.6 Compartment definition Simple tanks are defined by a forward and aft, vertical, transverse plane and then top, bottom, port, starboard limits on these planes. Hence they always have rectangular transverse cross-sections with transverse, vertical planes as their ends. These tanks are always rectangular in body plan view, but may be tapered in both plan and profile views. The tanks are then trimmed to the hull surfaces; tanks may not extend outside the hull surfaces. There are three types of compartment: Tanks may be filled with fluid (or may be damaged/flooded). Compartments may be damaged/flooded. Non Buoyant Volumes are always assumed to be flooded. Compartments of the same type may be linked (i.e. the free surface is in the same plane for all compartments which are linked together). To link compartments (or tanks, or non-buoyant volumes): first define all the compartments; then make sure they are all of the same type (tank, compartment, etc.); give them all the same name; finally type “Linked” or “L” in the Type column. The tanks will be automatically re-sorted, so that the linked ones are grouped together. The simplest way to ensure that tanks you wish to link have the same name and type is to copy from the parent tank and paste into the others. Compartments are used to define watertight areas that may be flooded. It is not necessary to define compartments unless you wish to perform analysis with them flooded. 3.2.6.1 Using boundary surfaces for complex tank shapes More complicated tanks may be created by boundary surfaces. Essentially the boundary surfaces must form closed cross-sections; the same rules as for the Hydromax sections apply. You should try and make boundary surfaces exactly match tank boundaries, especially if there are problems with the tank trimming to the hull surface. Ideally they should be one surface. Two examples are shown below:
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Define as a longitudinal channel section, with edges on centre line:



If necessary, close and taper ends:



3.2.6.2 External tanks External tanks may not be modelled in Hydromax. However, it is normally possible to add "Hull" surfaces in the Maxsurf model, which will enclose the external tanks. The tanks can then be modelled in Hydromax. Note that these "external" surfaces will add to the buoyant volume of the vessel.
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Additional box-shaped hull surfaces used to define deck tanks 3.2.6.3 Longitudinal extents of tank bounding boxes The volumes of tanks are computed by inserting a number of transverse sections between the longitudinal limits specified in the compartment definition window. Where the hull surfaces extend beyond these limits, the tanks will be accurately defined with a large number of sections. However, if the longitudinal extent of the tank is limited by the surfaces rather than the bounding box, it is possible that there will not be sufficient sections to accurately define the tank. Such a situation may arise for the external tanks listed above. In this case, the longitudinal extents of the tank should be specified just inside the longitudinal extents of the surfaces (1mm say). 3.2.6.4 Modelling non-buoyant areas Non-buoyant areas of the hull can normally be modelled with hull surfaces. However, there are occasions when it is more convenient to use non-buoyant volumes. These are permanently flooded compartments. Occasions where it is useful to use non-buoyant volumes include the modelling of bow thruster ducts on very long vessels. If the vessel is very long, and the thruster duct is of small diameter, there may not be sufficient sections to model it accurately (even if you use the maximum of 200 sections for the Hydromax model). In this case you are better off modelling the thruster duct as internal structure and using these surfaces to define a non-buoyant volume. Modelling the thruster duct as a non-buoyant volume has the additional advantage of being able to specify a permeability, and hence account for the thruster.



Bow thruster tube modelled as two non-buoyant volumes
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Propeller tunnels modelled with trimming surfaces Moon pools, water jet ducts and other items may all be modelled in a similar manner. 3.2.6.5 Other issues There are two ways of defining tanks within compartments, see Hydromax manual for further information. Tank definitions can parse station and waterline names e.g. st7-0.1. 3.2.7 Fluid analysis method The fluid in tanks may be accounted for in two ways: 1. Loss of upright GM due to tank free surface (corrected VCG). 2. Modelling the movement of the fluids in the tanks so that the tank free surface is parallel to the external fluid free surface (simulate fluid movement). The second method is more accurate, but requires more complicated calculations to be performed. Note that the VCG is not corrected for free surface effects for this analysis mode. Also the tanks will display the actual position of the fluid once the analysis has been completed. 3.2.8 Loadcase For Equilibrium, Longitudinal Strength and Large Angle Stability analyses. The loadcase is used to specify the volume of fluid in the tanks, and the weights and centres of the various items of the vessel. The total weight and centre of gravity of the vessel will be calculated automatically from this data. In addition, when Longitudinal Strength analysis is selected, it is possible to distribute the weight over a specified length. Note that a triangular or trapezoidal weight distribution is assumed; hence the forward and aft extents of the weights should be chosen so that the longitudinal centre of gravity is between 1/3 and 2/3 of the extent of the distributed weight. For example, if a weight was distributed between 0m and 9m, the centre of gravity must lie in the range of 3m to 6m.
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When carrying out an analysis using free-surface moments, Hydromax uses the standard IMO practice of using the tanks’ worst free surface correction to correct the VCG. It is possible to change the free surface VCG correction by adding a dummy weight, which has no weight and a negative free surface correction:



Note that not all of the analysis types use the loadcase. If you automatically get the loadcase values in a Specified Conditions analysis, the free surface correction will only be included if the fluid analysis method is Use Corrected VCG; if Simulate Fluid Movement is used, the uncorrected VCG will be copied into the specified conditions dialog.



3.3



Analysis Modifiers



3.3.1 Damage definition You may define any number of damage cases (Case | Add Damage Case). For each damage case you may select different combinations of damaged tanks. The default intact case is always defined; if you have permanently defined flooded areas, these should be defined as non-buoyant volumes. Tanks have two permeabilities. The intact permeability is used when computing the volume of cargo or other fluid in the tank in the intact case; the damaged permeability is used to calculate the volume of seawater in the tank when damaged. The damaged permeability is not used for compartments or non-buoyant volumes. Only the intact permeability is used and this is used even if the compartment is damaged. The intact permeability is always used for non-buoyant volumes, which may not be damaged (they are permanently flooded). The design display reflects the currently selected damage case. 3.3.2 Grounding This may be used to specify one or two points of contact. 3.3.3 Wave definition Hydromax can calculate stability data for a horizontal free surface or a free surface defined by a regular sinusoidal or trochoidal wave. This can be useful for calculating hogging or sagging bending moments.



13



Hydromax Training



4



Interaction with MS office



Hydromax is compatible with MS Office, you can use copy and paste from tables, graphs etc. Use keyboard shortcuts to copy and paste data when menu options are not available (or context menus from right click). Copy: Ctrl+Ins, Ctrl+C; Paste: Shift+Ins, Ctrl+V. See spreadsheet for automatically calculating nested tank and compartment boundaries. The automatically generated report may be saved in rich text format and imported into MS Word for further formatting or editing.
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Saving your work



Although all the model data you enter to define tanks, downflooding points loadcases etc. are appended to the end of the Maxsurf file, it is a very good idea to save them all as separate files too. Not only will you be able to use the same compartment definitions, loadcases etc. in other designs, you will also be able to recover this data should you happen to modify the design in Maxsurf. This data is saved by making the appropriate window the current window and selecting save from the File menu. New versions of Hydromax save all this data in a Hydromax Data File as well, so as to prevent data being accidentally lost in Maxsurf. Results may also be saved as text files in the same way.
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Other…



Animate: The hydrostatic motion of a vessel in waves may be animated. Set the wave form up from the Analysis | Waveform menu option. When in the perspective view start an equilibrium analysis. Once the analysis is complete (this may take some time as the iterations step through the various phase angles of the wave), run an animation from the Display | Animate menu option. If the animation is running too fast or slow use the keypad + and - to speed up or slow down the frame refresh rate. Select View From Data: To see the vessel in the orientation which gave the hydrostatic data, highlight the desired column in the appropriate results table and choose Select View From Data from the Display menu. (You can do this with previously analysed data too.)
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7 7.1



Tips and Tricks: Formatting the loadcase



7.1.1 Working with weight items: In some cases you may wish to add blank lines and sub totals to your load case window. This is very easily done; take the following example where there are no tanks:



Use the Edit | Add load command or Ctrl + A to add weight items, the new item will be inserted below the currently selected row. For normal weights, simply type the name of the weight and fill out the rest of the entry as normal. If you wish to have a blank row, it is necessary to make the Item Name column of that row blank. To do this, select the cell above where you wish the blank line to be inserted:



Insert a new item with Ctrl + A, remember that it will be inserted below the current row. The new row will have something like "item: 18" in the Item Name column and other entries in the rest of the columns.



15



Hydromax Training



To make it a blank entry, select the Item Name cell of the newly inserted row:



and press the period (.) key and hit return:



Total rows are done in a similar manner, noting that the Item Name column for that row must start with the word "total" (non-case sensitive): insert an extra row with Ctrl + A where you wish the total row to be placed. Now enter "Total your description" in the Item Name cell. The rest of the row data will be calculated automatically by Hydromax. The total row will sum all the weights and moments of all entries above it, back to the previous total row. In the example shown at the beginning of this tip, it was necessary to add a "dummy" total row under the Lightship margin to prevent the Lightship margin from being included in the crew and stores total.
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7.1.2 Working with compartments, tanks and non-buoyant volumes. The thing to remember is that the tanks appear in the Loadcase window in the same order that they are defined in the Compartment Definition window. Hence if you wish to re-order the tanks in the Loadcase it is necessary to sort the Compartment Definition data. Unless you entered the tanks in the order you required, the simplest way to sort the compartments is with MS Excel. Select all the data in the Compartment Definition window by clicking in the top-left grey cell, and copy the data with the column headings by selecting Edit | Copy with the Shift key depressed or pressing Shift + Ctrl + C



Open MS Excel and paste in the data:



You can now sort the data into the desired order by making sure that all the data is selected then choosing Data | Sort… (in MS Excel) which will bring up the following dialog:



If necessary, click the "Header row" radio button, so that you can specify the sort by column title rather than column letter. Choose options similar to those shown, depending on your requirements. The options listed above will first sort out all the compartments, non-buoyant volumes and tanks, then the tanks will be sorted by fluid type, and within each group all will be sorted into alphabetical order. When you hit okay, your new list should look something like:
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You can ignore the fact that the units row has been sorted to the bottom of the list, all you are interested in is the compartment definition data. Select this data and copy it…



now paste it over the top of the existing data in the Hydromax Compartment Definition window by selecting the top-left white cell:



and then selecting Edit | Paste or pressing Ctrl + V to insert the data.



The compartments have now been successfully re-ordered as desired. Once they are in the correct order in the Compartment Definition window:



the tanks will appear in the same order in the Loadcase window and you can simply add your total items to compute the totals of fuel, water, etc.:



18



Hydromax Training



7.1.3 Things to watch for: The method described above will work without any complications for simple tanks and compartments. However, there are two possible problems, which will occur if any of them are linked or are defined with boundary surfaces. 7.1.3.1 Linked Tanks: If you have linked tanks, before copying data in MS Excel, you should un-link them by simply filling down the parent's Type into the Type of the linked tanks below it:



Select cells, then right-click to bring up the context menu and select Fill Down:



The Compartment definition window should now look like this:
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Now you can proceed as before using MS Excel to sort the tanks into the desired order. After you have pasted the sorted compartment data back into Hydromax, you will need to re-link the tanks by typing Link or L into the relevant Type rows. 7.1.3.2 Boundary Surfaces Boundary surfaces pose more of a problem, since their data is not copied from Hydromax to MS Excel. When you re-paste the sorted data back into Hydromax, the boundary surface data will be lost and you must re-enter it in Hydromax. This problem has been resolved in Hydromax 9.6.
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