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Introduction
Flotsam uses forces to virtually depress a hull and numerical integration of the volume resulting from that sinking to determine the resultant forces and moments countering the applied forces.  Forces can be applied at any point in or out side of a hull's volume.  Those forces can act in any direction.  For instance... downward forces might be applied at what the designer "considers" the desired center of gravity of the entire boat or at discrete locations (i.e. in each hull of a catamaran).  Other forces may be applied at the center of effort of sails.  These forces may have two components representing heeling and thrust forces.  Currently, Flotsam does not balance the forces in the water plane that would normally be resisted by dynamic drag in the longitudinal and lateral directions.  In other words, it does not predict Hydrodynamic or wave forces.  It does, however, balance the pitch and roll moments in the quasi static case.
Flotsam does not permit editing of hulls.  The hulls are imported into Flotsam using the DXF format that is readily exported via the DelftShip, File / Export / DXF 3D Mesh... option.  It has not been tested with DXF files from any program other than DelftShip.  The program uses numerical integration of the elements provided from DelftShip.  Models exported from DelftShip Highest  setting will result in better accuracy at the expense of solution speed.  However, on modern high-end PC's, even at the highest resolution, analyses tend to converge well under a second.  
Installation

Flotsam has only been checked out on Windows XP and Windows 7.  Hopefully, the standard Windows install program should be recognizable and not require further explanation.  Flotsam requires the 3.5 .NET framework.  If not already installed, it will link you via your Internet connection to Microsoft for downloading and installation of the framework.  
Tutorial Example

For the example, we will be exploring a HarryProa style Proa.  See (http://www.boatdesign.net/forums/multihulls/search-prefect-proa-33468.html) for further details.  The DXF hulls models exported from DelftShip are included in the installation.
Flotsam uses the concept of a Project.  A project can contain an unlimited (let's not go crazy) number of hulls and forces.  These can be enabled and disabled to quickly perform trade studies of multiple hull configurations and refinements with multiple load cases.  
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Start the program via the shortcut provided on your desktop or the Program menu.  You should be greeted with this window.

From the top...

· The menu includes standard Windows file access to former projects, importing DXF files, Flotsam default properties and the About box.  Sorry, no on-line help (yet).

· The tool bar buttons include from left to right...
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Save changes to the currently active project.
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Add Hull - Importing of a DXF file.
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Add Force
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Delete a selected hull or force
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Side view of boat
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Front view of boat
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Top view of boat.  Hmmm... strangely resembles a HarryPro style boat.
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Analyze the current case.

· Below the tool bar, you will find three panes.  

· The upper left pane contains a list of all Hull and Force objects within the Project.  It currently shows the single Project.  This is for future development.  Currently there are no "Project" level configurations... thus the TBD.  Each object has a check box next to it to quickly enable and disable objects for the desired analysis.  This will be discussed later.
· The upper right pane displays and permits editing specific information about the Hull and Force objects.

· The lower pane displays the view of the hull(s).  The orientation of the view is changed by the Side, Front and Top buttons on the toolbar.

Importing DXF Hull Files

DXF files (created from DelftShip and maybe others) can be imported via three methods.  There is a menu option or the Add hull... button.  However, the easiest way is to drag and drop them.  Using Windows Explorer, navigate to your "My Documents\Flotsam" folder.  In there, you should find two sample files for LW.dxf (Leeward hull) and WW.dxf (Windward hull) of the Proa.  These are exports from DelftShip using its Low resolution setting and are quarter models since we are modeling a Proa and it is symmetric from front to back and each hull is symmetric from side to side.
Select both files within Windows Explorer and drag them over Flotsam and drop them.  If you have the Side toolbar button pressed, you should be presented with the following view...
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Try selecting Side, Front and Top view toolbar buttons to get a "total" idea of the two hulls.  You'll quickly note, besides the quarter models, they are also superimposed on each other.  We will correct that next.
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Adjusting Hulls
Using the upper left pane, select the entry named LW.  You should be greeted with upper right pane now showing the Hull Editor with details about the Leeward Hull
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The Hull Editor permits changing...

· Use - This being checked determines whether a hull is used in the current analysis.  This checkbox is duplicated both on the Hull Editor and next to the item.  Try checking and un-checking both boxes and note that the hull changes visibility.

· Hull File - This contains and permits loading the DXF file.  If you import hulls via pressing the menu or toolbar Add Hull... options, this editor will be displayed empty.  Pressing the Browse button (...) permits searching for a DXF file.  
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Making a hull symmetric about the X and Y.  Symmetric X stands for mirroring the hull about X = 0 coordinate.  At this time, check both X and Y.
We will be leaving the leeward hull at the 0, 0, 0 position at the moment.  So we will not be using the X, Y, Z Offsets boxes.

Now select the WW (windward hull) in the upper left pane.  You will now be presented with the same Hull Editor, but with the windward hull's information.  Both Symmetric X and Y are required, since we are dealing with a Proa and have quarter models.  Check these now.  Also, we need to move the windward hull to its proper location.  Enter 22.75 in the Y Offset box.  (for 22.75 feet).  You might want to now click on the Side, Front and Top view toolbar buttons to see the boat in all views.  
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When viewing the Front, you should see the following...
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This concludes the basic configuration of the hulls of our Proa.  Note the navy blues lines.  These two lines will always run through the 0, 0, 0 point.  Since we left the leeward hull on the 0, 0, 0 point, it intersects at the base of the leeward hull.  Next, we need some forces...

Creating Forces
A force editor is added for each force we want to add to the model.  This is done by pressing the Add Force... [image: image14.png]/3



or the menu item.  At this time... add two Force objects.  The following image is after the two forces have been modified.  Here are the steps necessary to get to this view...
· In the left pane, select the first one... labeled Force 1.
· In the right pane (now showing the Force Editor) change the Name to Leeward Weight.  

· Enter the Force of 2500 (representing pounds).  This is the quantity of the force.  We must then describe where to place the force and in what direction.

· The X, Y, Z Offsets are analogous to the offsets of the hulls.  In this example, we will raise the leeward hull's weight by 1 (foot).

· The vector is defaulted to that used for gravity with a -1 on the Z axis.  For this case, we will leave the default.

· In the left pane, select the Force 2 item.  

· In the Force Editor (upper right pane) enter Windward Weight in the Name box.

· Enter 7500 in the Force box.

· And we now need to offset the force to be inside the windward hull by entering 0, 22.75 and 3 in the offset boxes.

· Again, the force is acting down, so we'll take the default gravity vector.

This is what you should see...
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Note the forces are displayed as orange lines (color coded with the Force Editor) with a circle at the point of application.  The line graphically shows which direction the force is acting - Toward the circle and the relative length indicates the relative magnitude in that view.
At this point, you might want to save your work.  Press the Save [image: image16.png]


 button and save the work the Flotsam folder.

Running an Analysis
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Press the Analyze this! or F5 button. [image: image17.png]


  You will be presented with a Flotsam Analysis sheet.  These are spawned off whenever you press this button.  

Some things to note:

· All data needed for the analysis is copied to the analysis sheet.

· You are free to make changes to the editors even if the analysis has not completed.  The analysis sheet will not be affected and will continue to calculate in the background.

· The analyses can be kept open so comparisons can be made between different runs.

From top to bottom, the analysis shows...
· Start time and water density used.
· Hull information, with offsets and symmetry information.

· Forces, with magnitudes, offsets and vector information.

· And... the Results...  including...

· Convergence (criteria) - The convergence on the correct answer and the numerical integration is an approximation and can rarely get an exact solution.  As such, there has to be some point of saying when enough is enough.  The convergence criteria is configured in the Properties dialog described earlier.  In this analysis, we have it set to (1.00, 1.00, 1.00) meaning we shut down the analysis when the applied loads and the buoyancy are within 1.0 pound, 1.0 ft-lb AND 1.0 ft-lb of each other.  Setting this to finer and finer values will add significantly to the analysis time.  

· Number of iterations required for the analysis and the elapsed time.

· How far the hulls have been submerged at the (0, 0, 0) point.

· The maximum depth submerged at any point.

· The Displacement - This is the quantity from the calculations of the submerged portion of the hulls.  This should balance the sum of the downward forces.  Note - Again, Flotsam is an iterative solution.  The answer (10000.822) will be within the convergence criteria relative to the actual total weight of 10000 applied.  The convergence criteria is adjustable.

· Pitch Angle
· Pitch Moment
· Roll Angle
· Roll Moment
Transformed Boat View

You might have notice that the view is now cock-eyed.  It now shows the submerged state of the hulls.  Leave the Analysis Sheet open.
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We will now make our first design decision.  These weights represent the max cruise weight of the boat design.  We'd like it to rest level when on anchor.  Noting that the "Center depth" is the leeward hull's depth and "Max depth" is the windward hulls depth, we'll raise the leeward hull by the difference in the depths...

Raise leeward hull = 1.413 ft - 0.521 ft = 0.892 feet

We can now go back to the LW (leeward hull) and change the Z offset to 0.892.  We also need to move the "Leeward Weight" up by the same amount to 1.892.  And then press the Analyze this! button again.  We get a second analysis sheet open... and sure enough... the boat is pretty much level. (within the convergence).

Note:  When you have multiple Analysis sheets open, you can select any one of them and the view of the model will display the submerged state for that sheet.  Try it by selecting the two sheets (one after another) and note the change of the boat's heel angle.
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Now for an interesting analysis...

All the above could have been done fairly easily with DelftShip and a calculator.  But in the next example, the trial and error method needed would have been painful (Trust me... I know)

We now want to represent a HarryProa under full song.  For this example, we'll assume a 50 foot mast (from top of lee hull) with simple, triangular sails.  As an approximation, we'll assume the COE is a third of the way up and add the hull height above the (0, 0, 0) point.  We get a number...  say 20 feet up.  Pulling some force numbers from a John-Shuttleworth design.  (Hope he doesn't mind:  
http://www.john-shuttleworth.com/Images/Fig10-D50-upwind-loads.jpg) 
We use: 
Heeling Force = 3720 lbs

Driving Force = 634 lbs

If we were into self abuse we could combine these two forces into one and get the angle relative to the hull... or taking the lazy way with Flotsam, we can just add two more forces... both at the 20 foot height.  In these two examples, we now remove the default "gravity vector".  The Heeling Force is pointing in the negative Y direction (from the windward toward the leeward hull).  Since its a Proa, and works both ways, you can take your pick which way to point the force in the X direction.  In both these cases we un-check the Vector based on gravity... option and enter the direction vectors.  Here is the display showing the Heeling Force after it has been filled out.
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Running the analysis button again, you will get the following results...





Note:  The DXF files are NOT stored in the Flotsam project file.   Only references are kept.  The project will not be able to load if the DXF files are deleted.





Note:   The model was generated with Imperial measurements.  And Flotsam has to be set to deal with it.  Yes, it supports metric also.  This is configured under Edit/Properties... menu item.  But for now, you'll need to leave it in Feet, Pounds.








Warning - If you import a half or full model and use a symmetry that is already part of your model, you will be mathematically doubling the volume at the same location.  There will be no other warning.  You will not be able to see anything visually since the elements will overlay each other.





Hint:  The F2, F3 and F4 keys are mapped to these three view buttons.








