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Orca3D

Welcome to Orca3D 1.00

Welcome to Orca3D, a comprehensive program that leverages the
power of Rhino for the naval architect.

Orca3dD is a suite of tools, written as a plug-in for Rhinoceros®, providing powerful
naval architectural design and analysis capabilities that are easy to learn and run in a
powerful 3D CAD environment.

A completely new and yet familiar program:

While Orca3D is an entirely new program, you may find it very familiar. First, it has been
designed and written by a group of naval architects that are well known for developing
some of the most common and powerful design tools in the industry. With Orca3D, we
have been able to create a completely new program, using the latest programming tools
and technigues, and the benefit of the experience that can only come from a combined
experience of almost 100 years of software development for the marine industry.

Second, Orca3D has been developed as a plug-in to Rhino, one of the most popular
and widely used 3D modeling programs in the world today, especially in the marine
industry. Simply put, if you are already comfortable running Rhino, you should be able
to be productive with Orca3D immediately.

First class software, backed up by first class support.

Orca3D has been designed and created by a group of naval architects that care about
your experience with the software. Simply put, we feel successful when our software
can leverage your design talents to create better vessels. If you have questions that
can't be answered through this Help or the resources on our website, feel free to
contact us, at support@orca3d.com. We enjoy hearing about your projects, your
application of Orca3D, and your challenges, and will do our best to help.

Orca3D

© 2008 by DRS C3 Systems, Inc., all rights reserved
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2.1

2.2

Latest Updates

Updates and changes to Orca3D will be described here, listed by release number. You can
also read the Release Notes, which are included as part of the installation, to see a
complete history of the releases and changes to Orca3D.

Version 1.0

WIP 4.1 (September 2, 2008)

Release Notes

Orca3D Release Notes

Orca3D is a plug-in for designing and analyzing marine structures in
Rhinoceros. These release notes describe the status and updates included
in the current release of Orca3D.

Orca3D Requirements
e Rhino Version 4, SR 3 or higher

e Hardware: See Rhino hardware requirements (
http://www.rhino3d.com/4/systemrequirements.htm)

e Operating Systems tested: Windows XP , Vista

e Operating Systems not tested: Windows XP 64-bit, 2000

e Operating Systems not supported: Windows ME, 98, 95, NT

e Mac: The Intel Mac with Bootcamp or Parallels has not been tested

e Microsoft .NET Framework 2.0 (the Orca3D installation will install it
if it is not already on your computer)

e Microsoft Report Viewer Redistributable 2008 (the Orca3D
installation will install it if it is not already on your computer)

e Valid license key (without this, Orca3D will operate as a 30-day fully
functional evaluation copy, not required for WIP releases)

WIP Release 4.1 (September 2, 2008)

e Units: Fixed several issues related to units used in hydrostatics and
speed/power calculations.
e Orientation: Fixed a bug in model orientation settings which

© 2008 by DRS C3 Systems, Inc., all rights reserved
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occurred when reading in files saved in earlier WIP releases. This
may show up as nonsensical results in either hydrostatics or
resistance calculations (e.g., LCB=0 when it shouldn't be).

e Formatting: Modified the number format used in the section area
and section girth hydrostatics output.

WIP Release 4 (August 29, 2008)

New Features:

e OrcaOffsetTable: A new command, OrcaOffsetTable, allows users
to create traditional offset tables from a selected set of planar and
3D curves. When the command is run the user is prompted to
include all curves, include Orca3D sections, or to select the curves
to use for the offset table. The command opens Excel (must be
installed on end-user machine for command to work) and generates
the offset table output.

e OrcaPlaningAnalysis: A new command, OrcaPlaningAnalysis,
provides a method to compute the hull resistance and power of a
planing hull model. The command uses the HydroComp Drag
Prediction Library and is based on the Savitsky method for
computing resistance. A propulsive efficiency is entered by the user
to compute propulsive power.

e Licensing: Added Orca menu item to start Orca3D License Manager
as well as shortcuts to the Start menu. Also added current license
status to Orca3D About box.

Enhanced Features:

e OrcaCreatelLinesDrawing: Several enhancements were made to
the Orca3D lines drawing functionality. Instead of having to specify
the page size, dropdown lists of connected printers and available
page sizes are presented. A custom paper size option is still offered.
Portrait and landscape page orientation options have been added as
have options to display/hide the title block, page border and section
labels. Labeling of section curves is a new functionality. For station
curve labeling, the user is provided the option to input station
spacing and a station 0 location. The title block has been enhanced
with more detail and available input. If the user has defined a
“Design Hydrostatics Condition” an option to include principal
characteristics on the drawing based on the hydrostatic properties at
the design condition is included. The body plan view now shows
stations aft of amidships mirrored about centerline as in a traditional
lines drawing. Lines drawing geometry is placed on a unique “Lines
Drawing” layer incorporating date and time of creation. The drawing
border, title block, and section labels are placed on their own

© 2008 by DRS C3 Systems, Inc., all rights reserved
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sub-layers. Finally, if the user tries to create a lines drawing but has
not defined any Orca sections, a warning message is issued.
OrcaCreatePlaningHull: Modified the behavior of this command so
that the hull is created as a single surface (in addition to the
transom and deck). Previously the hull was created as a polysurface
which meant it had to be exploded in order to perform control point
editing.

Hull Assistants: Improved user interface error handling to trap
invalid input. Also changed “Stem” text occurrences to “Bow” to
minimize confusion ("Stem” sometimes looks like “Stern” with
certain fonts).

OrcaDesignHydrostatics: Inform user if no design condition has
been defined when attempting to compute design hydrostatics and
provide option to define the design condition.

OrcaTheater: Modified so that the theater page opens in a
modeless form so that the user can continue to work in Rhino while
the form is open.

OrcaSections: Implemented the capability to import Orca section
definitions from another 3dm file.

Persistence: Improved robustness of logic to read and write
Orca3D document data to 3dm files.

Help and Documentation: Updated existing and created new Help
Videos documenting the use of many of the Orca3D capabilities.
Extended Orca3D Help documentation. Implemented
context-sensitive help in Orca3D forms and added Orca commands
to Rhino command help.

Bug Fixes:

OrcaCreatePlaningHull: Fixed a bug in retrieving/applying Chine
Height at Stem input parameter.

OrcaCreateSailboat: Fixed a bug in sailboat hull assistant in which
a manual change to the beam at transom text box did not cause an
update when leaving the textbox.

OrcaHydrostatics: Improved robustness for large heel angles and
in handling ranges of input conditions. Modified the computation of
LCB/Lwl and LCF/Lwl to be independent of longitudinal location of
origin.

OrcaSections: Fixed a bug in the definition of diagonals which had
been using the transverse coordinate instead of the vertical
coordinate.

Hull Assistants: Fixed a bug in the unit labels for dimension input
which originated when converting Hull Assistants to modeless forms.
Orca Toolbar: Changed the location of the Orca3D toolbar from the

© 2008 by DRS C3 Systems, Inc., all rights reserved
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Orca installation folder to the “Common Application Data” folder.
This was done to allow saving of changes to the toolbar location on
Windows Vista where the standard user does not have permissions
to write to the Orca installation folder. The location of the Command
Application Data folder varies with operating system (typically
“c:\documents and settings\all users\...” on Windows XP and
“c:\program data\...” on Windows Vista).

WIP Release 3 (June 30, 2008)

New Features:

e OrcaProperties: Implemented the line type functionality for
Orca3D control nets, set from the OrcaProperties command.

e OrcaPointsOfInterest: Implemented a new "“Points of Interest”
functionality in Orca3D. Points of Interest are defined via the
OrcaPointsOfInterest command. They are used in any
hydrostatics/stability calculation. The hydrostatics output reports the
distance of the points of interest to the resultant waterplane. Points
of Interest have an activation flag so they can be disabled/enabled
at will. They are persisted with the 3DM file.

e OrcaMove: Implemented a new command, OrcaMove. This
command allows the user to perform complex manipulations of
geometry objects and Orca3D surface control points via a custom
user control. This includes absolute or relative translations in either
Cartesian or polar coordinates. Use of the mouse wheel permits the
user to nudge the selected entities as needed.

e Licensing: Implemented a licensing mechanism within Orca3D. This
mechanism will allow the end user to try out demo/evaluation
versions, to purchase and activate a licensed version, to move a
license from one machine to another, and to perform various other
licensing operations.

Enhanced Features:

e Hull Assistants: Added session persistence to the Orca Hull
Assistants so values entered will be remembered the next time that
assistant is re-opened during the same session.

e Hull Assistants: Add content to Rhino document notes whenever a
user creates a new hull via a Hull Assistant to indicate date of
creation and parameters used.

e Hull Assistants: Implemented modeless forms for Orca3D hull
assistants so that the user can modify the view while working with
the assistant.

e Hull Assistants: Made the Orca3D Hull Assistant commands,

© 2008 by DRS C3 Systems, Inc., all rights reserved
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OrcaCreateSailboat, OrcaCreatePlaningHull, OrcaCreateShipHull
scriptable.

General User Interface: Made numerous text, format, and
behavioral changes to enhance the user experience.
OrcaExportCurves: Added a default part name for IDF export since
some programs will not accept a blank part name.
OrcaHydrostatics: Modified hydrostatics calculations so that
stations are computed on the surfaces selected for hydrostatics,
regardless of what surfaces have Orca3D sections defined. If there
is @ mismatch between surfaces selected for hydrostatics and the
surfaces for which Orca3D sections are defined, a warning message
is issued to the user.

OrcaHydrostatics: Made hydrostatics more robust for unusual
resultant flotation plane attitudes.

OrcaProperties: The user can now specify a logo file to use in
Orca3D hydrostatics output. If the logo file specified cannot be
found, the default Orca3D logo is used.

Bug Fixes:

OrcaHydrostatics: Only compute section properties for those
sections with the “calculation” checkbox set during hydrostatics
calculations.

OrcaHydrostatics: Fixed a bug in computation of section
properties for heeled models.

OrcaProperties: Fixed a bug in the behavior of the Orca Properties
form when switching water density.

Globalization: Fixed a bug which prevented use of Orca3D on
computers with non-US keyboard settings. All Orca3D input should

A\ S /4

use US keyboard settings (decimal separator is “.” and list separator

A\S/4

is™,”) as in Rhino.

WIP Release 2 (May 1, 2008)

New Features:

OrcaHydrostatics: Added an option to insert the resultant flotation
plane in the hydrostatics command. Also added an option to
alternatively transform the model so that z=0 represents the
resultant flotation plane. When either of these options is selected,
Orca3D places points representing CB and CF. It labels and groups
these objects with their associated flotation plane in case multiple
flotation planes are being computed.

Reports: Hydrostatics reporting now uses the Microsoft
ReportViewer control. This control makes for faster reporting and
has a much smaller installation footprint; User formats are

© 2008 by DRS C3 Systems, Inc., all rights reserved
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supported through the use of the MS Express Web Developer with
the appropriate report designer add-in

OrcaSections: A new command to refresh the Orca3D Sections has
been added (OrcaSectionsRecompute). It is assigned to the right
mouse button on the Sections icon.

Real-time Hydrostatics: The ability to see real-time hydrostatics
while editing a surface has been added. This is enabled via the
Design Hydrostatics.

Export Formats: IDF and PIAS formats can now be exported using
the Orca Sections that have been defined.

Enhanced Features:

Installation: The installation program now opens the user’s default
web browser to display the Orca Theater html page, so that
installation is not interrupted. It also now works with a FireFox
browser.

OrcaProperties: The handling of SI, Imperial, and Custom units
has been overhauled. A user can now choose from four pre-defined
Orca3D Unit Preferences: SI-kg, SI-tonne, Imperial-lbs, Imperial-LT.
Further, a user can now choose a Custom units scheme, which
allows the selection of specific units for different categories, e.g.
volume in foot”~3 and area in inch”~2. The Custom settings are
accessed via the Show Units button.

OrcaExportCurves: Default file extensions are now added when
exporting to IDF or PIAS file formats.

OrcaHydrostatics: Through the use of report parameters, the
project, company, and analysis info is shown on all hydrostatics
report pages.

OrcaHydrostatics: BM, GM, LCF, TCF, and VCG values have been
added to the condition summary and the summary has been slightly
restructured.

OrcaHydrostatics: Added button to access Orca3D Properties from
the hydrostatics form

OrcaHydrostatics: Modified the behavior of the Hydrostatics input
dialog so that if Model Sinkage is chosen, Model Heel and Model
Trim are automatically selected and LCG,TCG are disabled; if Weight
is chosen all options are available.

Orca3D Tree: The Orca Tree now supports multiselect.
OrcaSections: Orca Sections may no longer be deleted with Rhino’
s Delete command. They can only be deleted by removing them in
the Orca Sections dialog. They also cannot be edited directly. You
must make a copy if you want a curve that is editable.
OrcaSections: Made all of the layers created for Orca Sections a

© 2008 by DRS C3 Systems, Inc., all rights reserved
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child of the "Orca3D Sections" layer. Removed the option to put all
sections on one layer; the default color of sections is by layer;
right-clicking section(s) and setting color changes the color to By
Object or lets user set it to ByLayer.

OrcaSections: Orca Sections are now given names according to
their type and location.

OrcaSections: The Orca Sections tree now allows multiselect.
OrcaSections: Behavior has been changed so that the Orca
Sections are updated any time a surface is transformed or modified.
Real-time (dynamic) updating still only occurs when editing Orca
Control Points.

Real-time Sections: When moving Orca control points with
Sections updating in real-time, after each move the Sections would
be selected. This has been corrected.

Bug Fixes:

General: Verious speeling errers hav bin fixd.

Orca3D Toolbar: Issues regarding the visibility of the toolbar have
been fixed.

Orca3D Tree: Inserting control points into a surface while the Orca
Tree was on caused an error. This has been fixed.

Orca3D Tree: Fixed an error where the lightbulb indicator in the
Orca Tree would be off for items that were just grouped.

Orca3D Tree: Fixed a bug in the Orca Tree where a layer could
remain highlighted in the tree after an object had been selected in
the graphical window.

OrcaCreatePlaningHull: Planing hull assistant did not allow flat
sheer line. This is now allowed. Corrected in the Sailboat Assistant
as well.

OrcaHydrostatics: Stability calculations at 90 and 180 degrees are
now correct.

OrcaHydrostatics: Corrected waterplane inertia unit labels in
hydrostatics output.

OrcaHydrostatics: Fixed the reporting of section locations in the
Hydrostatics output to reflect the current units.

OrcaHydrostatics: Hydrostatics reports no longer include blank
pages for section and righting arm data if that data is not available.
OrcaHydrostatics: Corrected error in the reporting of TCF.
OrcaHydrostatics: Corrected waterplane area calculation in
English units.

OrcaProperties: Removed zoom extents behavior after OK on
OrcaProperties dialog.

OrcaSections: Error caused when Preview was used in the Sections

© 2008 by DRS C3 Systems, Inc., all rights reserved
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dialog before defining any sections has been fixed.

e OrcaSections: Corrected error that caused the section calculation
checkbox to not remain unchecked.

e OrcaSections: The names of Orca Sections now update in the tree
to reflect a change in units.

e OrcaSections: The options in the Orca Sections dialog are
preserved for each Section type.

e OrcaTree: The Orca Tree was modified so that it no longer slows
way down when large models are loaded.

e Real-time Hydrostatics: The units in real-time hydrostatics would
not reflect the units of a model that was read in while the real-time
hydros window was open. This has been fixed.

e Real-time Sections: Corrected error that when recomputing
sections; locked sections and section layers did not get deleted
when they should have been.

e Real-time Sections: Corrected a problem that caused the
real-time section line types to not be correct.

e Vista OS: Fixed a bug that caused a crash when exiting in the Vista
operating system.

WIP Release 1 (Feb 29, 2008)

The Work-In-Progress (WIP) is intended to begin the process of soliciting
feedback from the user community. While every attempt is made to
release stable code, it does not undergo as thorough a testing process as
a commercial release. After receiving feedback, there may be major
changes in functionality.

© 2008 by DRS C3 Systems, Inc., all rights reserved
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3 Introduction

The topics in this section provide some basic information about Orca3D, what it is for and
what you can do with it.

How to get started

> Check out Latest Updatesm for details on the latest features.

» See Getting helg@ﬁ for details on using this help and getting more information about
Orca3D.

» Then work through the Quick Start Tutorials/ =11 to familiarize yourself with using
Orca3D.

3.1 About Orca3D

Orca3D makes designing any type of vessel a pleasure. All the tools you need are at your
fingertips in a single intuitive environment. Instead of wasting countless hours moving your
model from one program to another, you can focus all your energy on the creative aspects
of your design, so that all your working time is productive time.

= Ifyouwanttogetstarted with Orca3Drightawaygotothe QuickStart
Tutorials| a1,

Intuitive working environment

Orca3D runs as a plug-in to the Rhino program, so you don't need to learn another user
interface and set of terminology. Is it an incredibly powerful 3D modeling system that
includes true naval architectural tools, or a marine design program with amazing 3D
modeling and rendering capabilities? Think of it either way, but the bottom line is that it
will be easier to learn, more productive, and more fun!

Single program, without the need for file transfers

When you design process includes using multiple programs, an amazing amount of
your day can be spent trying to accurately move your model from one program to
another. This time is totally non-productive, and steals from the creative process. If you
still need to import or export data, Rhino and Orca3D support a broad range of file
formats, making the process as quick and painless as possible.

Easily cut stations, buttocks, waterlines, and other sections
through your model

Orca3D adds the capability to Rhino to easily define a table of stations, buttocks,

© 2008 by DRS C3 Systems, Inc., all rights reserved
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waterlines, cant frames, inclines, and diagonals, and immediately see the curves on the
surface(s). Watch the curves update in real time as you modify a surface, or choose to
update them manually, with a single button click, after you have made a series of
changes to your model.

Intact Hydrostatics & Stability

In order to design a meaningful hull, you must be able to compute the intact
hydrostatics, to ensure that you are meeting the basic requirements for displacement
and LCB, as well as the less obvious, but still important, objectives for block coefficient,
prismatic coefficient, initial stability, and many other parameters. With Orca3D, a single
button click will compute and display a complete table of intact hydrostatics and stability
information, with output to the screen, as well as optionally to other formats such as
Microsoft Excel® and Adobe Acrobat®.

= Orca3D usesthesurface modelto compute hydrostatics, and can
handle complex models with arbitrary shapes. Therearenolimitstothe
typesof shapesthat can beanalyzed; monohulls, multihulls,
submersibles, drilling rigs, etc.

Create hull surfaces quickly with Hull Assistants

Hull design in Orca3D is done using NURBS surfaces (see the Rhino Help file for a
complete discussion of NURBS surfaces). Usually the most difficult step in designing a
hull with NURBS is creating the initial 3D shape; after you have that, modifying and
fairing the shape is straightforward. To speed up this process, Orca3D contains a
number of Hull Assistants that allow you to specify a number of basic parameters, and
instantly create a 3D NURBS surface, which can then be modified and faired to reach
your final hull shape. As you modify the parameters, you can see the hull shape change
in real time, as well as seeing the influence on basic hydrostatics properties.

Fair hulls easily and produce lines drawings

Create, modify, and fair hull surfaces with Orca3D. Orca3D takes the mathematical
power of Rhino's NURBS surfaces, and adds the tools necessary to create your hull
shape, while analyzing it for fairness and hydrostatic properties. See the effects of your
modifications in real time, analyze curvature, tweak curvature, and finally, produce a
lines plan drawing, all the while working in the familiar and intuitive Rhino environment.

See also:
Quick Start Tutorialls1)

© 2008 by DRS C3 Systems, Inc., all rights reserved
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3.2  Why Orca3D?

Orca3D is quick, accurate, and written for naval architects by naval
architects!

@ Save time

Orca3D helps you to create and analyze your model more quickly. The time
required to create a basic hull, or compute intact stability, can be measured in just
seconds.

s Save money

By performing more of your work in one program, you can eliminate the time and
cost associated with purchasing and maintaining separate programs.

~a Concentrate on your work

Because Orca3D runs inside Rhino, you don't need to learn a new program. Th
intuitive user interface is transparent and straightforward. You don't need to spend
time transferring models to different programs for analysis; instead, you can
concentrate on your design.

~/ Designing should be fun and creative

You don't need to be bogged down with difficult and finicky file transfers, or need to
be an expert in five different programs. Do it all in Rhino/Orca3D...

3.3  Getting help

Using this help file:

This help is designed to be used on-screen. It is extensively cross-linked so that you can find
more relevant information to any subject from any location. If you prefer reading printed
manuals a PDF version of the entire help is installed in the \Help subdirectory, located in the
directory where you installed Orca3D (by default, C:\Program Files\DRS_ATC\Orca3D). This
may be useful as a reference but you will probably find that the active hyperlinks, cross-
references and active index make the on-screen electronic version of the help much more
useful.

Getting started

Start by studying the Introduction| 171 and Quick Start Tutorials| 1 sections.
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Using the help while you're working

As far as possible the help separates instructions and background information.
This makes it much easier to refer to the "how-to" instructions when you are in a
hurry and need to get your work done.

¢ To learn about something consult the Introduction topic in each section.
e To learn how to do something consult the following topics in each section.

¢ When you're frustrated use the Index and Search functions and check out
the Frequently Asked Questions|19] section.

All sections have extensive links to the other relevant sections so it doesn't really
matter where you start.

Context-sensitive help:

» When appropriate, dialogs have a Help button (Ea) in the upper right corner that
displays the relevant section of the online help.

» By enabling Rhino's Command Help feature, you can see Orca3D help appear
automatically as you use the various functions. From Rhino's Help menu, select

Command Help.

Tutorials:

e See Quick Start Tutorials/s:1in the help for some basic tutorials to get you started with
using Orca3D.

¢ You will find some of the models used in the tutorials in the /Tutorials folder.

Getting a printed user manual:

Please don't try to print the HTML Help version of the help from the Microsoft help
viewer; it would look terrible. You will find a formatted PDF version of the entire
documentation designed for printing in the \Help folder, or on our website:

VEl http://www.orca3d.com/support/support.htm

As mentioned above, however, you will probably find that the on-screen version of the
help is much more useful because of the hyperlinks and cross-references.

See also:

Online information and links| 211
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34 Online information and links

Orca3D Blog and RSS Newsfeed:

News about Orca3D is posted on our website, but you may also receive the latest
news at our blog, and you can automatically receive updates via an RSS feed from
the blog:

VEl http://www.orca3d.blogspot.com/

The Orca3D online users' forum:

Registration for the forum is free. In addition to sections on all aspects of using Orca3D
and related products there are also tutorials, tips and tricks, templates and more.
Discussion is lively and the other users are helpful and supportive.

= Please notethatyou mustregisterif youwantto postintheforum. To
dothis you mustchooseausernameand password.

Forum address:

This address takes you to the main forum portal page:

€ http://www.orca3d.com/forum

Video Tutorials:
A range of video tutorials demonstrating the basics of using Orca3D:

VEl http://www.orca3d.com/support/support videos.htm

Other news groups and forums:

Rhino resources:

%] Rhino Support Newsgroup: news://news.rhino3d.com/rhino

] Rhino Web Support Newsgroup: http://news2.mcneel.com/scripts/dnewsweb.
exe?cmd=xover&group=rhino

{1 Rhino Frequently Asked Questions: http://www.rhino3d.com/fag.htm
@ Rhino Wiki: http://www.rhino3d.com/wiki.htm

] Rhino On-line Training: http://www.rhino3d.tv/
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% Rhino News Blog: http://blog.rhino3d.com/

See also:

Getting help|19)
How to buy Orca3D

You can buy Orca3D directly online worldwide with all three major credit cards. As soon as

your transaction is completed you will be able to downl
working right away.

Direct order link:

V| http://www.orca3d.com/order/order.htm

Orca3D home page:
& http://www.orca3d.com

Email support:
€F support@orca3d.com

Postal mail and fax:

DRS C3 Systems, LLC
Advanced Technology Center
149 Log Canoe Circle
Stevensville, MD 21666 USA
Fax: +1 410-643-5370

oad and install the program and start
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Properties & Units

The Orca3D Document Properties is where Orca3D stores all of the properties that are
available for you to manage.

In the Orca3D Document Properties you can edit several different items.

Information about yourself and your project.
The orientation of the model.

[ )
e The properties of the water the model is supposed to be used in.
e Orca Mesh properties, and control polygon settings
e Orca Units
Toolbar
Menu Orca3D > Properties
Command OrcaProperties

1. Start the command with the toolbar icon, menu selection or keyboard command.

2. The Orca3D Document Properties Dialog Box will appear:

© 2008 by DRS C3 Systems, Inc., all rights reserved



Properties & Units 25

Orca3D Document Properties E@@

Praoject Title Crefault Projec
Cormpany Mare Default Company
Logo File E
todel Orientation Orca Mesh Parameters
+5 iz () Jagged & Faster
Ce ) Smoath & Slower
(%) Custam
Fluid Density Density 0.7
b axirum angle n
Type Seawater v : :
bl awimumm azpect ratio I}
Denzit kag/m™3
Em"'" %M Mivimum edge length 0.0001

Foii b b aximum edge length n

Palygan U Caolor
|:] bdirirmum initial gnd quadz |0
Palygon % Color |§] F1Feme Mesh

Line Type Salid W []Jagged Seams
[] Simple Planes

b ax distance, edge to zurf |0

Orza3l Unite Preferences

Slkg v [ Shaow Urits ..

]9 ][ Cancel ]

3. Type the Project Title and Company Name that you wish Orca3D to use. Both these
items are used for the report generated for hydrostatics and the lines drawing.

4. The line titled Logo File is where the path to the logo file you want used in the
hydrostatics report appears. The file you wish to use must either be in bitmap or JPEG

format.
a. You may type the path to the file into the text box.
b. A more convenient method is to click the button to the right labeled “ ... " and browse

to the location of the logo file.

Model Orientation

5. This feature has not yet been implemented. When complete, you will select the
coordinate that corresponds to "forward" in your model.

6. This feature has not yet been implemented. When complete, you will select the
coordinate that corresponds to "up" in your model.

Fluid Density
7. Select either Seawater, Freshwater, or custom from the drop down menu. Orca will use

this fluid property to calculate the hydrostatics of your model.
a. If you choose either seawater or freshwater, the density is displayed below the
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choice.
b. If you choose custom, you must enter your desired density into the text box with the
indicated units.

Control Polygon
8. Orca3D has its own control polygon system |+, which is similar to the control points
maintained inside Rhino. If these polygons are edited, the hull and sections are updated
in real time. The Control Polygon Section allows you to control their display color and line
type so you can easily distinguish them from typical Rhino control points.
a. The Control Polygons can be turned on and off by either going to (Orca3D > Hull
Design > Orca3D Control Points On) in the menu, typing OrcaPointsOn in the

command line, or clicking the @ icon in the Orca3D toolbar.
b. Two example hulls with Control Polygons on are shown below:

On the hull, the U direction usually designates the longitudinal direction on the
hull, and the V direction generally designates the direction from bottom to top on
the hull.
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9. Click the box to right of Polygon U color to select the color that you wish the U direction
polygons and control points to be displayed in.

10. Click the box to right of Polygon V color to select the color that you wish the V direction
polygons and control points to be displayed in.

11. Select whether you wish the polygons to be drawn with a solid line or a dotted line.

Orca Mesh Parameters
12. Edit the Orca Mesh Parameters to change how Rhino computes the Orca mesh for use
in hydrostatics calculations.
13. You can either choose to have the mesh as jagged and faster, smooth and slower, or
custom.
a. For more information on the properties listed when custom is selected, go to the
Rhino Help and navigate to Rhinoceros Help > Document Properties > Mesh.

Orca3D Units Preferences
14. Select the unit system that you wish Orca3D to use.
a. The Length unit is independent of Orca3D and is managed and maintained by Rhino.
If you wish to change the Length unit, this must be done in Rhino’s settings.
b. A note on tolerance: as with the Length unit, the tolerance value is part of Rhino's
settings. Rhino's Help says the following about setting your tolerance:

"In general, Rhino works best if you choose a unit system whose absolute
tolerance is around 0.01 to 0.001, the "size" of a small feature (like a tiny fillet or
small curve offset distance) is >= 10 x tolerance, and the "size" of the model is <=
100000.

Using an absolute tolerance that is smaller than 0.0001 will noticeably slow some
intersection and fitting processes." (for complete information, see "Document
Properties: Unit Settings in Rhino's Help guide)

This implies that a typical vessel, designed in meters, could have the absolute
tolerance set between 1 millimeter and 1 centimeter (0.001 to 0.01). If your model will
have small features, such as fillets on the order of 1 centimeter in size, the tolerance
should be closer to 0.001. If the vessel is designed in inches, a tolerance of 0.01
would be more reasonable. For a vessel designed in feet, perhaps 0.003 is
appropriate.

15. Select the “Show Units ... ” button to see a more detailed listing of the unit system.
16. If you have any unit system besides custom selected, the following dialog will appear:
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OrcalD Units Preferences

IInits System

M armne [ Ok, ] [ Cancel ]

Mame Syrbal Ta 51
Mass[kilogram] ka 1
Arealmeker™z] m™z 1
Vaolume[meter~3] ™3 1
Inertia[meter4] 4 1
Farce[newton] i 1
‘eight[kilagrams Force] kf 9, 80665
Pressure[pascal] Pa 1
Mornent[ kilograms Force- kaaf-m 9, 80665
Mass[iensit‘:.-' kafm™3
Planeangie[degree] deq 0.0174532975199
Povwer[watk] Wy 1
Speed[meter)second] m/'s 1
Time[second] 5 1

a. You can select the different unit systems at the top and see which units are being
used for each unit type. To the right of the unit is the abbreviation for the unit, and
the conversion factor to Sl units.

17. If you select custom as the Unit System, the dialog box changes as follows:

Orca3D Units Preferences

S=1e

Ihits Spztemn

M arme [ ok || Cancel |
Mame Symbol To 51

== Mass kg 1

= Area m"2 1

== volurne m"3 1

=31 Inertia m 4 1

[== Force M 1

=) Weight kgf 9.80665

[ Pressure Pa 1

[ Mament kgf-m 9.80665

[ MassDensity kg/m™~3 1

[ Planeangle deqg 001745329251
[ Power w 1

[ Speed m/s 1

[ Time s 1

© 2008 by DRS C3 Systems, Inc., all rights reserved



Properties & Units 29

a. The change of the text color to red indicates that the properties are now available to

b. If you select the plus icon next to any unit type, something similar to this will appear:

be changed.
= Mass

[] Y pound mass

[] 7 shg

] 7 agram

Y Kilograrn

] 1 tonne

kg
Ibrm
slug

q

kg
t

1
0.45359237
14.593903
0.001

1

1000

c. To select a different unit for this unit type simply check the box next to the unit. The
abbreviations and conversion to SI are still viewable for your convenience.
d. Customize each unit type at your discretion to fully customize the Unit System.
18. Select OK when finished editing the units.
19. Select OK when finished editing the Orca3D Document Properties.
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5 Quick Start Tutorials

The tutorials in this section provide a quick introduction to using Orca3D. They are
intentionally kept brief so that you can actually start using the program as quickly as
possible. The objective is not to teach you every single detail but to familiarize you with the
basic principles and the way the program works.

For full details on the procedures described in the tutorials please refer to the sections that
cover the individual modules.

5.1 Hull Assistants

This tutorial shows you the basics of creating a new hull in Orca3D using the Hull
Assistants.

Toolbar ?37 'E; L_?'}
Menu Orca3D > Hull Assistants > Planing, Sailboat, or Ship

OrcaCreatePlaningHull
Command| OrcaCreateSailboat

OrcaCreateShipHull

The Hull Assistants are intended to speed the process of creating a 3D surface that you can
modify to create your final hull shape. It's very unlikely that they will automatically create
your final hull form, but they can get you close very quickly. Once the 3D surface is created,
you can modify it using the Orca3D control points, watching the sections and hydrostatics
updating in real-time as you go.

There are three Hull Assistants:

¢ Planing Hull: double chine hull

¢ Sailboat: moderate displacement, round-bilge hull
¢ Ship: large commercial-type ship (no bulb)

1. Begin by selecting one of the Hull Assistants from the Orca3D > Hull Assistants menu,
or from the toolbar (note that the toolbar icons are "flyout" icons; if you click and hold on the
Assistant icon, you will see a new toolbar showing all three Assistant icons). The appropriate
dialog will be shown:
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Sailboat Hull Assistant

Dimensions |Shape [

Length on Deck
Beam on Deck
Deck Height @Bow

Transom Height
Canoe Body Draft
MNumber of Net Rows

-
-

Deck Height @Transom meters

0| e
e

.

Mumber of Net Columns

[ ] Preview Hull
[ ] Preview Sections
[] Preview Hydrostatics

| o« llCan{:el]

Note that there may be more than one tab in the dialog

2. If you'd like to preview the hull as you change the parameters, check the Preview Hull

box.

3. If you'd like to see Sections on the preview, check the Sections box. 21 evenly spaced

stations will be shown.

4. If you'd like to see the Hydrostatics as you preview, check the Preview Hydrostatics box.

5. After all of the parameters are set, click OK.

© 2008 by DRS C3 Systems, Inc., all rights reserved



Quick Start Tutorials 33

AT T LI PRI

&

A
@
I
&
¥
@
=
L%
ok
&
v

T
ot
]

These are identical to the standard Rhino control points, except that sections will
automatically update when the Orca control points are moved. Also, the hydrostatics can
update in real-time as you move Orca control points, if you have selected the Real-Time
Hydrostatics option in the dialog that defines the Design Hydrostatics|+ 1 condition.

See also:

Hull Design| 721
5.2  Hull Modeling

This tutorial shows you the basics of modifying a hull surface in Orca3D using the Orca3D
control F_c%ints. For more detailed instructions and background information see the Hull
Design|1section.

Hull modeling in Orca3D is accomplished using Rhino's NURBS surfaces, and the surfaces
are madified by moving the control points. While you can do this using Rhino's control
points, Orca3D has custom control points that provide more functionality: as they are
moved, the sections are updated in real-time, and if you've checked the "Real-Time
Hydrostatics" box in Define Design Condition [42), the hydrostatics will update in real-time as
well.

Orca3D hull modeling tools include:

e Hull Assistants/a1)
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Section Definition| 351

Design Hydrostatics| 421

Orca Control Points| a1

Orca3D Move Control|s4)

Real-Time Hydrostatics

Corner Continuity tool (to create a smooth forefoot, for example)

Lines Plans

Exporting Curves for other programs (IDF and PIAS)

Orca Control Points

Toolbar (E
Menu| Orca3D > Hull Design > Orca3D Control Points On

Command| OrcaPointsOn

1. Start the command from the toolbar, menu, or command line.
2. Select the surface(s) you wish to edit, and hit Enter.

3. The control points for the surface(s) will be shown. Orca control points, and the lines that
connect them, are drawn differently than the standard Rhino control points. You may control

the color of the lines in the control polygon in the Orca Properties dialog ( “"3'). By default,
control lines in the U direction (longitudinal, in general) are drawn in cyan, and the V
direction (transverse, in general) are drawn in green.

4. Move the control points just as you would the Rhino control points. If you have defined
Orca Sections, they will update in real-time (remember that the smoothness of the real-time
curves is controlled by the smoothness of the Orca Mesh, which can be adjusted in Orca
Properties). If you have checked the Real-Time Hydrostatics box in the Define Design

Condition| 421 dialog, you will also see a window showing the hydrostatics data updating.

Orca3D Move Control

When hulls are modeled by the direct manipulation of control points, it's important to be able
to easily and quickly drag the control points to "sculpt" the shape of the hull. But it is also
important to be able to very precisely place the control points, or make "fine-tuning”
adjustments to tweak the hull shape. The Orca3D Move Control allows you to easily enter
the coordinates of an Orca Control Point/s4] (it will not work on standard Rhino control
points) or other objects in your model. Multiple Orca Control points and/or objects can be
moved together, and the coordinates may either be Absolute (World) or Relative. To make it
easier to precisely set angles (such as a deadrise angle), you may also use a Polar
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coordinate system.

Executing the OrcaMove command displays the control:

Perspective

When you select a point (remember, this command only works on Orca Control Points| a4,
not Rhino control points), a small coordinate gnomon is drawn on the point, and its
coordinates are shown in the X, Y, and Z fields. At this point, you can simply type in values,
or use the up and down spin buttons to move the control point (this applies to moving
objects as well). The spin buttons will change the values by the "Nudge Step" value shown
near the top of the dialog.

The coordinate gnomon indicates the location of the "handle." The handle is the point whose
coordinates are shown in the fields, and normally is just the point that you are moving.
However, you can select multiple control points, and the last point that you select will be the
handle point. When you change the coordinates, the other control points will shift by the
same amount. If you wish to change the handle to another location (it can be any location,
not just another control point), click on the Set button, and select the point graphically, or
type the X, Y, and Z coordinate of the handle in Rhino's command line.

Relative coordinates are useful when you want to know or specify how far to move a point
from its current location. To do this:

1. At the top of the control, click on the Relative radio button.

2. At the bottom of the control, click on the "Float" radio button. With "Float" enabled, the
Local Origin will always match the Handle location.
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3. Click on the control point to be moved, and enter the change in X, Y, and/or Z in the
field or use the spin buttons.

Relative coordinates can also be used to place an Orca Control Point relative to another
control point or object in your model. For example, you might wish for two control points to
have the same Y value. To do this, follow these steps:

1. At the top of the control, click on the Relative radio button.
2. At the bottom of the control, click on the "Specified" radio button, then the Pick button

3. Click on the control point that has the Y value that you want. This is now the Local
Origin (you may also simply enter the X, Y, and Z values of the Local Origin)

4. Select the control point to be moved. Its coordinates relative to the Local Origin will be
displayed. Change the Y value to 0, and hit the Tab key or move the focus to another
field to update the model

In both Absolute and Relative coordinates, you may switch to Polar coordinates in order to
specify the location of a control point or object with a radius and angle. It's important to know
that when using Polar coordinates, you are moving the handle in a plane (XY, YZ, or ZX).
The distance is the distance between the handle and either the Absolute or Relative origin,
projected into the plane where the handle lies, and the angle is the angle between the
handle and the Absolute or Relative origin in that same plane.

Real-Time Hydrostatics

As Orca control points are moved, the program can compute and display various hydrostatic
properties of your hull . To enable this function, open the Design Hydrostatics dialog (
Orca3D > Stability > Define Design Condition), and check the Real-Time Hydrostatics
box. A window showing the values of Displacement, LCB/Lwl (longitudinal center of
buoyancy divided by waterline length), Waterplane Area, and LCF/Lwl (longitudinal center of
flotation divided by waterline length) will be displayed:

0.
FReset
Ranges

£n
&
=]
£n
=)

IR :
%
T

T ML
LT (BT

Displacement LCB/Lwi WP fres  LCFiLwd
kot 2

=)

As the values change, the slider bar will move up and down to show the trend, and colored
"LED's" are displayed to show how far the value is from the original value. The LED's will
change from green to yellow when the value moves 2.5% from the original, and to red at
5%. The sliders can be reset at any time to the current value by clicking on the "Reset
Ranges" button.
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Corner Continuity

One of the characteristics of NURBS surfaces is that they fundamentally have four corners
and four edges. As they are applied to hull design, these four edges usually correspond to
the sheer line, the stem, the bottom profile, and the transom corner. The corners are the
intersections of these four edges. Generally, the corners are discontinuities, with the
exception of the stem-bottom profile corner (forefoot). Here, it's usually the case that a
smooth transition is desired, with at least slope continuity, but preferably with curvature
continuity (which requires a surface that is cubic in both the U and V directions).

Orca3D provides a function to precisely place the corner control point to create this smooth
transition.To create the smooth transition, select the Corner Continuity command from the
Orca3D > Hull Design menu. The first prompt asks which surface the corner wrap should
be applied to, and the second prompt allows you to select which of the four corners should
be smoothly wrapped:

:Select surface for applying corner wrap.:
gSeIecttheoomers towrap ( Cornerl0V0i=No CornerlJ0V1=No Cormerl1vV0=No Cornerl1V1=No )

By clicking on any corner of the surface, its corresponding Corner will toggle between "No"
and "Yes." Once you have selected the desired corner(s), hit Enter to complete the
command. The corner control point will now be precisely located to create continuity at that
corner.

Lines Plans

Using Rhino's Page Layout capability, a traditional three-view lines plan can be created
instantly. All Orca sections are displayed on the lines plan. To create the lines plan, click on
the Lines Plan toolbar icon, or select Lines Plan from the Orca3D > Hull Design menu.

Exporting Curves

Orca3d can export curves to either IDF or PIAS format, for use in other programs. To export
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in either format, select the curves to be exported, and then select Export Curves from the
Orca3D > Hull Design menu. In the Export Filename dialog, select the file type, enter a file
name, and click on Save. A dialog will be shown that allows for controlling the smoothness
of the curves:

IDF Export Options [ B

PIAS Export Options [ [EIX

IDF Partname |w|ain hul

Curve Tesselation Parameters Curve Tesselation Parameters

Maximum Angle Maximum Angle
Cherd Height Chord Height 0.001
Maximum Aspect Ratio ICI Maximum Aspect Ratio
Tolerance ICI Tolerance

Segment Count ICI Segment Count

Minimum Segment Length ICI Minimum Segment Length
Maximum Segment Length ICI Maximum Segment Length

{1111

[ OK ] [Canoel] [ oK ] [Canoel]

See also:

Hull Design| 72}
Sections

This tutorial shows you the basics of creating sections through your model in Orca3D. For
more detailed instructions and background information see the Sections|ss | section.

Orca3D uses Rhino's contour command to compute the sections, but they are treated
differently than standard Rhino curves. Orca3D can control whether the section curves are
displayed at any given time, can update them in real-time as the hull surface is modified,
uses them for computation of the sectional area curve, prismatic and maximum section
coefficient, and will output them to a lines plan.
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The smoothness of the section curves is controlled by Rhino's tolerance values (File/
Properties/Units). However, real-time section smoothness, during the actual editing process,

is controlled by the Orca3D mesh parameters, which can be set in Orca3D Properties (li—il’;“).

Toolbar {4

Menu Orca3D > Hull Design > Sections

Command| OrcaSections

1. Start the command with the toolbar icon, menu selection, or keyboard command.
2. Select the surface(s) to be included

3. The Add Sections dialog will appear:

tF Add Sections

Define Mew Sechons [y Stations

Section Type | Stetions - = Buttocks
[O= Waterines

List Locations feet & Diagonals
Group Definition Do Ecline&
] Spacing feet Star foel Add i et
[] Mumbes End feet
[] Update Biounding Box Angle Degree

Layer Location Layer Mame

(@) All on one layer Section Saction

() Layer by section type

() Each section on its own layer

| Ok | | Cancal J

4. Select the type of Section that you want to add to the list (Stations, Buttocks, etc.)

5. Define the Section locations by List (plane constant), and/or Spacing or Number.
Checking "Update Bounding Box" will automatically fill in the minimum and maximum
dimensions of the selected surface(s) in the direction perpendicular to the Section type in
the Start and End fields.

6. Select the Layer location for the Sections.

7. Click Add to add your Sections to the Sections list. The list of Section locations will be
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shown in the Section tree.
8. Click Preview to see planes in the model representing the Section locations.
9. Repeat for other Section types.
10.You may turn off visibility for one or more Sections, using the check boxes in the tree.
11.You may right click on any Section in the tree to remove it, preview it, or change its color.

12.Right-click on a node (for example, "Stations" to operate on all of the sections of that
type.

13.Click on OK. The Sections will be computed on the selected surface(s). If this surface is
edited using the Orca control points, they will be updated in real-time.

14.The calculation and visibility of the Sections may be temporarily turned off, using the

OrcaShowSection command, or the icon (@).

See also:
Sections| s

Hydrostatics & Stability

This tutorial shows you the basics of computing hydrostatics and stability in any condition in
Orca3D. For more detailed instructions and background information see the Hydrostatics &
Stability 102] section.

Toolbar @

Menu Orca3D > Stability > Compute Hydrostatics & Stability

Command| OrcaHydrostatics

In Orca3D, you may compute hydrostatics and stability at a range of waterplanes, or one or
more combinations of displacement and center of gravity.

1. Start the command through the menu, toolbar, or command line.

2. Select the surface(s) to be included. Be careful to only select surfaces that could
potentially be wet. Do not select interior surfaces, only surfaces that are part of the
"displacer." Hit Enter.

3. The following dialog will appear.
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Hydrostatics & Stability Analysis |:||E|B|
Description Hydrostatics & Stability Anahysis
) \wieight kgt or (%) Model Sinkage o meters
meters or (%) Model Trim 1] deg
meters  or (*) Model Heel o deg
VCG meters

meters
Mirror About Centerplane

Transform Moedel to Resultant Conditicn
[] Compute Righting Arm at these Heel Angles

| Caloulate | [ Cancel || Add Objects... | | Orca3D Units...

Enter the Model Sinkage, Trim, and Heel, or the Weight (displacement) and a combination
of LCG/Trim and TCG/Heel. You may enter a list of values, separated by commas or
ellipses. For example, a list of Model Sinkages might be

1,2,3,4,5
or
12,...5

The spacing implied by the first two numbers will be used until the last number is reached or
exceeded. Note the commas before and after the ellipses.

4. If your model represents only half of the vessel, be sure to check the box entitled "Mirror
About Centerplane."

5. If you'd like to see a planar surface that represents the waterplane in the resulting
condition, check "Add Plane(s) Representing Water Surface." The centers of buoyancy and
flotation will be marked as well.

6. The model can be moved so that the Z=0 plane represents the waterplane. If you'd like to
transform the model, check the "Transform Model to Resultant Condition" box.

7. If you want to see Righting Arm data, check the "Compute Righting Arm at..." box, and
enter a list of heel angles. Note that you will now also have to enter the VCG.

8. If you want full output for each heel angle, check the "Print Full Output..." box. This may
result in a very large report.

9. If you need to add surfaces to those you originally selected, click on "Add Objects," and
select them. Hit Enter, and you will return to the dialog.
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10. Click on OK. The results will be computed and displayed in a new window. Use the
controls at the top of the report to navigate to the various pages in the report. Note that the
report can be printed, or saved in either PDF or Excel format.

See also:
Hydrostatics & Stability [02]

Design Hydrostatics

This tutorial shows you the basics of computing hydrostatics in the "Design” condition in
Orca3D. For more detailed instructions and background information on Orca3D
Hydrostatics in general, see the Hydrostatics & Stability 102l section.

Note: Orca3D computes most of the hydrostatics parameters from the surface mesh, not in
the traditional manner of integrating stations (stations are used for the sectional area curve,
and the prismatic and maximum section coefficients). In general, this leads to more accurate
results, and avoids the possibility of missing or mistreating features in the hull surface, such
as the end of a hull skeg. The accuracy of the calculations, therefore, depends on the
smoothness of the surface mesh (this is true in Rhino for other things; for example the
curvature maps depend on the smoothness of the analysis mesh). To adjust the

smoothness of the Orca3D mesh, use the OrcaProperties command, or the icon (li-'lih), and
set the values in the Orca Mesh Parameters section.

Toolbar s@

M Orca3D > Stability > Define Design Condition
enu
Orca3D > Stability > Compute Design Hydrostatics

OrcaDefineDesignSimulation
Command
OrcaPlayStabilitySimulation

Orca3D can compute hydrostatics and stability in various combinations of waterplanes/
displacement and center of gravity/heel/trim, with a range of heel angles. However, while
you are fairing a hull, you are usually just interested in the hydrostatics at the "design
waterline," or at a particular displacement/center of gravity.

In Orca3D, there is a special Hydrostatics and Stability condition called the "Design"
condition. The intent is to define the Design condition once, and then as you create and
modify the hull, you can compute hydrostatics and stability at that condition with a single
button click. This saves having to go through the dialog to define the condition each time you
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wish to compute the hydrostatics.
To define the Design condition:

1. Select Define Design Condition from the Orca3D > Stability menu.

2. Select the surface(s) to be included in the calculations, and hit Enter. The following dialog
will appear:

Design Hydrostatics

Description | |

) Weight/Center (%} Float Plane

B Flotation Plane Height [0 | feet
I:I fest Flotation Plane Trnim ICI deg

Displacement

[

N
.

T

[
[

feet Flotation Plane Heel E deg

3
)

[ ] Mirror About Centerplane
[] Real-Time Hydrostatics

[ Add Ohbjects. ]

| ok || Cancel |

3. Select which mode you want: Weight/Center, or Flotation Plane.
4. If your model represents just one-half of the vessel, check "Mirror About Centerplane"

5. If you want to see hydrostatic values in real-time as you edit the hull, check the "Real-
Time Hydrostatics" box.

To compute Design hydrostatics:

1. Be sure that you have defined the Design condition, using the steps above. You only need
to do that once, unless you wish to change the surface(s) to be included, or change the
Design condition.

2. Select Compute Design Hydrostatics from the Orca3D > Stability menu, or click on the

(@) icon on the toolbar (the icon is on a flyout toolbar with the Hydrostatics & Stability
icon).

3. After a moment, the hydrostatics report will be displayed.

4. If you checked the "Real-Time Hydrostatics" box, the hydrostatics will be displayed in a
dockable control, as you modify the surface with the Orca3D control points.
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See also:
Hydrostatics & Stability/102)

Points of Interest

Orca3D will track Points of Interest (POI) as the model heels, trims, and sinks during a
hydrostatics and stability calculation, and report each POI's height above the flotation plane.
This feature can be very useful for determining when a downflooding point, such as a vent or
cockpit corner, will become submerged. A POI does not necessarily correspond with a
physical "point" or object in the model; it is simply a location in space, specified by X, Y, and
Z coordinates.

Toolbar

Menu Orca3D > Stability > Points of Interest

Command|OrcaPointsOfInterest

Start the OrcaPointsOfinterest command to display the dialog where they are defined:

*™ Points Of Interest |u_|ﬁ|§|
Active | Mame X ¥ 7
3 15 065
W | Trreom Comer 10 13 085

[ Delete Pointls) | [ Select Point.. |

| ok J[ Concs |

To enter a new POI, click in the Name field and enter a description of the POI. Enter the X,
Y, and Z coordinates of the point. By checking the box in the Active column, you can
determine whether the POI will be tracked and reported in the output. The POI's may be
sorted by Name, X, Y, or Z by clicking on the column header.

If you wish to enter the coordinates of the POI by selecting a point in your model graphically,
click on the "Select Point" button, and click on the appropriate location in your model. You
will then be able to enter the Name for that point.

© 2008 by DRS C3 Systems, Inc., all rights reserved



Quick Start Tutorials 45

5.7

A Hull Design

This tutorial will show the process of creating a new hull shape using Orca3D’s Hull
Assistant and OrcaMove and then analyzing the fairness of the hull using Rhino’s curvature
functions, and finally producing a lines drawing and offset table.

For this example, we will create a 163 foot, single chined, monohull crew boat. The best
starting point for this case will be to use the Planing Hull Assistant. This design assistant is
intended for a double chined hull, but we can make it a single chine by setting the Chine
Width to 0 meters.

Planing Hull Assistant

Length on Deck meters
Beam on Deck meters
Deck Height @Stem meters
Deck Height @Transom meters
Chine Height @Stem meters

Transom Height 4.1 meters
Chine Width I:l meters
Murnber of Net Colurmnns 7

Preview Hull
Preview Sections
Preview Hydrostatics [

ok || cancel |

To get a good feel for our design, we’ll select the Preview Hull check box as well as Preview
Hydrostatics in the Planing Hull Assistant dialog box. The Preview Sections check box
allows you to see 21 evenly spaced stations in the previewed hull.

The dimensions of the vessel are set in the first tab of the Planing Hull Assistant. The deck,
chine and transom heights are measured from the design waterline, which is the 0 Z-plane.

The preview hydrostatics are based on the waterline being located at the Z = 0 plane. If you
wish to increase the draft of your vessel, you will want to increase the transom height. This
height is essentially the draft aft of your vessel.

The Shape and Angles tabs allow you to further customize your hull design by defining
several additional parameters.
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Planing Hull Assistant

Sheer Height

Sheer Height Position
Deck Beam @Transom
Chine Beam @& Transom
Max Beam Position
Forefoot Shape

Bow Rounding

Bow Fullness

Bow Twist

LG

¥t 5

Foo1 5

Preview Hull
Preview Sections
Preview Hydrostatics

Planing Hull Assistant

Dimensions | Shape | Angles |

Stem Rake Angle (deg)
Transom Rake Angle (deg)
Transom Deadrise (deg)
Mid-Deadnse (deg)
Bottom Rocker (deg)

o =

o)

o]

Preview Hull
Preview Sections
Preview Hydrostatics

Our basic hull shape is now defined and ready to be finely tuned using OrcaMove.
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Planview Perspective
Profile Bodyplan

First we will define 21 evenly spaced stations in the hull. To do this we will select all the

surfaces of the hull and click the Orca3D Sections icon w .

Add Sections

Define Mew Sections Wi} Stations
- B o
- Waterlines
List Locations | | meters ] Diagonals
Group Definition Preview -0 Indlines
X ] DE} Cants
[ ] Spacing meters  Stat | | mefers
[Nomber || End [ [ metes [ impon |
[] Update Bounding Box Angle |:| Degree
Layer Location Layer Name
(@) Layer by section type Station |Stat'on |
() Each section on its own layer Buttock |Bu‘ttoc|-c |
[] Delete empty section layers Waterline |Water|ine |
Diagonal |Diagona| |
Incline |Inc|ine |
[ ok ]| [ cancel | Cant Cant |

We can now add stations, buttocks, waterlines, diagonals, inclines, and cants. At this time,
we will just add stations to our hull. The section type is already selected on Stations, so next
we will click the Update Bounding Box checkbox. This will automatically update the Start
and End text boxes with the geometric extents for the section type. We will then click the
Number checkbox and type in “21” into the corresponding text box. We will then click the
Add click box, and notice the stations are updated in the sections tree on the right hand side
of the dialog box. Click OK to continue.
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Add Sections

Define New Sections =-[#= Stations P
e %2 0000t
M. 8.150 ft
List Locations | | feet ) 16.300 ft
Group Definition ] 24.450 ft
j ] 32.600 ft
(] Spacing l:l feet Start l:l feet Add & 40.750 ft
Pldembes [ | = ) 48.900 ft
] 57.050 ft
[ Update Bounding Box Angle [ | Degree [ 65.200 ft
M ] 73.350 ft
Layer Location Layer Name | ] 81.500 E L3
(®) Layer by section type Station |Station ¥l ] 89.650

| 97.800 ft
| 105.950 ft
M| 114.100 ft
M| 122.250 ft
M 130.400 ft
| 138.550 ft
M 146.700 ft
| 154.850 ft
M. 163.000ft

(") Each section on its own layer Buttock |Buﬁock

[ ] Delete empty section layers Walcrline: |Waterline

Diagonal |Diagona|

Incline |Inc|ine

[ OK ] [ Cancel ] Cant |Cant

This same process can be used to add buttocks, waterlines, diagonals, inclines or cants.

Next we will define the Design Condition of our vessel. This will allow us to quickly calculate
hydrostatics and stability reports for the design condition at the click of a button. With this
defined, we can also see real-time hydrostatics while we are modifying the hull shape. To
set the Design Condition, select the Orca3D menu -> Stability -> Define Design Condition.
The prompt will ask you to select the surfaces to analyze. Select the hull surfaces and press
Enter.

Design Hydrostatics

Description | |

() Weight/Center (@) Float Plane

R L I e P

Mirror About Centerplane
Real-Time Hydrostatics

| oK || Cancel || AddObjects . || Points Of Interest . |

The Design Hydrostatics dialog opens and we can now define a description of this condition,
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for example “design waterline.” There are two options to define the model orientation:
providing the displacement and hull centers of gravity or providing the model sinkage, trim
and heel. We will select the float plane option and give the model 0 sinkage, heel and trim.
Since the model is only the half hull, we will select Mirror About Centerplane. We will also
select Real-Time Hydrostatics so we can see how our parameters change when we modify
the hull shape.

To run the design hydrostatics calculations, click and hold over the Compute Hydrostatics &

Stability icon @? and the fly out menu will appear and you can select the Compute Design
Hydrostatics icon.

IR S SESESBNES stabi..

We will now select all the hull surfaces again and turn on the Orca3D Control Points by

clicking the Orca3D Control Points On icon E These points are similar to Rhino Control
Points, but the Orca Sections will automatically update as Orca3D Control Points are moved.

Orca3D Move can be initialized from the Orca3D Move icon iﬂ This will open the Orca3D
Move dialog box on the right hand side of the screen.

Planview Perspective Orca3D Move :

Settings

(@ Absolute () Relative
Nudge Step
Oance (02 |
Angle (Deg) |02

Handle

(@) Cartesian Set

= > - — O Polar

SEERTEREE R AR B T
i ] ] i =k X s

z l0.0000 e

Polar Coordinates
XY Plane

& YZPlane
ZXPlane

Radius  [00000
Angle  [00000

Local Origin

X 0.0000
Y 00000
z 0.0000

Specified | Pick
# Float

Profile Bodyplan |

L

Now instead of creating stations and lofting surfaces through them, we are able to
manipulate a parent hull and have the stations update automatically as the Orca3D control
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points are moved. These points can be moved in relative or absolute, and Cartesian or
polar coordinates.

Points can also be moved one at a time or in groups. Multiple points can be selected by
holding the Shift key and clicking on the desired points, or selecting multiple points using the
mouse select box. The single point you choose, or the last point in the group chosen, will
automatically become the Handle. The handle is the point whose coordinates will fill in the
X, Y, and Z coordinate boxes, and all points will be moved the change in this point’s
coordinates. The handle can also be set to a different location other than one of the chosen
points from the Handle section of the Orca3D Move dialog box.

If Relative movement is selected, the Cartesian Coordinates values will be automatically set
to 0 and the selected points will be moved the defined dX, dY, and dZ values from the
handle.

Sattings
() Abaclute  |(®) Relative

Mudge Step
Cistance |IZI.2

Age®eg) 02|
Handle

® Canesion

() Palar

Canesian Coordingles
dx foonoo 2
d 0.0000 =
£ o 3

Falar Coordinates
X Plame
YZ Plane
£ Plana

Radius

Angle

Local Crigin
X

Y
£
(") Specified Pick

(®) Float
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Fle Edt View Curve Surface Soid Mesh Dimension Transform Tools Analyze Render Orca3D Help
: Select surfaces, polysurfaces, and meshes to analyze.. Press Enter when done:
H < v

(x]
plasoocCe %50

407 0601 3663 0607
Reset
[z Perspective

d I Real time Hydrostatics

Nudge Step
Distance 0.

A~
oic bz |
Do LCB/Lwi LCF/Lwl :
& Dispacement I Rl il Angle (Deg)
Foan’) Handle
PP © Cartesian
o/@/ () Polar
g “/ Cartesian Coordinates
2 x
NF v
% z
Rin:
T du Polar Coordinates.
X XY Plane
A © YZPlone
& 2XPlane
r| amar.
e Fodus
Profile
Local Origin
v
:
Specified | Pick |

© Float

:[V]End Near Point Mid [ ]Cen Int [Jrep []Tan Quad [Jknot [JProject [l STrack [] Disable ‘
CPane _ x-3.42 y-8.52 20.00 0.00 M Lines Drawing - 08/21.._Snap__Ortho _Planar_ Osmap __Record History

Imagine we plan to install an azimuthing thruster or water jets and want a relatively flat area
in the aft portion of the hull bottom. We can use OrcaMove to manipulate control points in
the desired region and “flatten” out the hull bottom.

In order to do this, we’ll select the Orca control points in the aft hull bottom section and move
them in the negative Z direction and the positive Y direction. Notice how the stations update
as the hull surface updates. This same process can be used for any part of the hull to
broaden the bow or increase/decrease the deadrise, for example.
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Fie Edt View Curve Surface Soid Mesh Dimension Transform Tools Analyze Render Orca3D Help
< Command options ( Visibility=Show ): enter

- Command options ( Visibiliy=Show ) _ )
‘Command: EETE]

DeE80XR0-~N 3L 0P H=4Cr 008000 5,0
SOV EIS SRR 2%

Orca3D Move -
Setiings

3; (@ Absolute () Relative
S Nudge Step
= Bt
5 oo 0
) Handle
o © Coresion
0/ O Polar
K/ Cartesian Coordinates
x
< ” E
- z 49806 :j{
R
” Polar Coordinates.
/| XY Plane
13 ©YZPlane
2XPlane

Radius ~ [0.0000

:[V]End Near Point. Mid []cen Int [JPerp []Tan Quad [ ]Knot (] Project [l STrack (] Disable
CPlane x268.34 _ y-21.04 _ 20.00 0.00 MLines Drawing - 08/21... _Snap _ Ortho _Planar_Osnap __Record History

Once the hull is modeled as desired, the fairness of the hull can be evaluated using Rhino’s
curvature analysis functions. The first method is to plot a curvature graph for selected
curves and surfaces. To do this, type the command: CurvatureGraph and press Enter. You
can now select hull or section curves and curvature graphs will be plotted for each selected
object. The dialog box that opens with this command allows you to adjust the length,
frequency, color and u- and v-direction display of the curvature indicators plotted by the
function.
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File Edt View Curve Surface Soid Mesh Dimension Transform Tools Analyze Render OrcasD Help

Select objects for curvature graph display: a
 Select objects for curvature graph display. Press Enter when done: v
‘Command:

CEEIXR0~0 P PP 0PPH=4> 9288000@ Y856
G EHPS[NBLE RS

i Planview

Perspective

QERI O RBFDOHIVAY #
E §%Le kRGO JIN G

Profile Bodyplan [

Add Objects
Remove Objects

[ End Near Point Mid [ ]Cen Int [JrPerp [Tan Quad []Knot [ JProject [l STrack (] Disable ‘
CPlane_ x 6.85 y-4818  20.00 0.00 MLines Drawing - 08/21..._Snap _ Ortho _Plnar_Osnap __Record History

The Curvature Graph dialog box also allows you to add and remove objects to have their
curvature plot turned on or off. To do this, select an object(s) and click either Add Objects
or Remove Objects.

The second method for analyzing the fairness of the hull is a Curvature Analysis of the
surfaces. This function can be run by typing the command: CurvatureAnalysis. You will be
prompted to select the surface to analyze. We will select the hull surface and press Enter.
The dialog box will open and allow you to choose between Gaussian, Mean, Min Radius or
Max Radius. The Gaussian curvature is a product of the two principal curvatures and the
Mean curvature is the average of the two principal curvatures. A positive Gaussian
curvature means the surface is bowl-like and a negative Gaussian curvature means the
surface is saddle-like. The Max Radius option is useful for flat spot detection and the Min
Radius option can determine if the surface has any points where the surface bends too
tightly. For additional help with the Rhino curvature analysis functions, please see the Rhino
Help File.
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Fie Edt View Curve Surface Soid Mesh Dimenson Transform Tools Analyze Render OrcasD Help

:Autosaving file as C-\Documents and Settings'All L \ppl D 0\AL Hull Tutorial_f 3dm -
* Autosave completed -
‘Command: Curvalure =]
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:[W]End Near Point Mid [ ]cen Int [JPerp []Tan Quad []Knot [JProject [l STrack (] Disable
CPane x17.26  y4208  20.00 0.00 MiLnes Drawing - 08/21... Smap Ortho Plnar Osnap  Record History

The hull can now be used to analyze additional hydrostatic conditions, create righting arm
curves, create a lines drawing or create an offset table.

The righting arm and immersed area curves can be created by clicking the Hydrostatics &

Stability icon Q . To access this icon, you may need to click and hold on the Design
Hydrostatics icon and this option will appear on the fly out toolbar. This will open a dialog
box similar to the design hydrostatics window. The model can be defined again by either
weight and centers of gravity or by a float plane. You may enter several values in each text
box to create a number of model orientations. For this example, we’'ll use the float plane
option, but now set the model sinkage to 0.75 feet. Again, we want to click the Mirror About
Centerplane since we only have a half hull. We now have a few more options available. We
can add a plane to represent the water surface or transform the model to the resultant
condition based on our defined model orientation.

We will click the Compute Righting Arm at these Heel Angles box and input our desired heel
angles in the corresponding text box. We are interested in angles 0 to 180 degrees in 10
degree increments so we can enter this as a comma separated list. When this box is
selected, you must also enter a VCG. Click Calculate to create the hydrostatics and stability
report.
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Hydrostatics & Stability Analysis ?
Description |Hydrostatics & Stability Analysis |
() Weight I:I kgf or (@) Model Sinkage meters

[vea 12 | meters |
[0184953545779]  meters

Mirror About Centerplane
[ ] Add Plane(s) Representing Water Surface

[ ] Transform Madel to Resultant Condition

Compute Righting Arm at these Heel Angles |D.'| 0...180 |
[] Print Full Qutput for Heeled Conditions

I Calculate H Cancel ” Add Objects. .. H Points of Interest. .. H Orca3D Units...

The hydrostatics and stability report provides your model dimensions, volumetric values, hull
form coefficients and static stability parameters. The report also provides an immersed area
and wetted girth plot (if stations are defined):

Station Data

140
120
i
T 100
Q]
- 80
c F/
© 60
(4]
o 40 |
< —m— ImmersedArea [ ¢—9o oo ¢
20 —e— Wetted Girth
W | e s e | e
o o Q O Q O QO O Q O o O Q0 o Qo Qo o Qo
o W o o w o ww oWy o 6w o mwowowo W
©C - O F O~ OO0Cc N ®mWnL© oo N WMo
W W <t N O 0 O W oMM — DM~ 0N 00 NN O W o < N
~ N O T T O O MO0 —N®®H N O
™ - - - - T ™ =T
Location

And a righting arm curve:
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Heel Angle (deg)

To create a table of offsets in Microsoft Excel, right-click on the Lines Drawing icon ==,
This will bring up the option to Include all Curves, Include Orca3D Curves Only, or Select
Curves to include.

Ma

| v Include al Curves
Include Crca3D Curves Only
Select Curves to include

Including all curves will select all defined section curves, and any additional curves created
in Rhino. For instance, you could create a curve along the chine and its offsets would then
be included in the table. For this example we will create a chine curve. In order to do this,
choose Curve from the Rhino File menu, then Curve from Objects -> Extract Isocurve. This
will prompt you to choose the surface to extract the curve from. Select the hull surface and
then select the isocurve that represents the chine and press Enter. You can now open the
Bl
Orca Tree by clicking on the Orca3D Tree icon 2. This will show you the different layers
in your model as well as the Orca3D sections you have defined. We will rename our new
curve “chine.”
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Fle Edt View Curve Surface Soid Mesh Dimension Transform Tools Analyze Render Orca3D Help
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For a more detailed offset table, we will add buttocks and waterlines to our model using the
same technique as we did to add sections. Highlight the hull surfaces and click the Orca3D

Sections icon a . We will now add buttocks spaced at 2 feet apart using the automatically
updated bounds and click Add.

Add Sections

Define New Sections [ Stations
Section Type 15 Buttods
) . = Waterlines
List Locations | | feet [Ji= Diagonals

Group Definition [z Inclines

[v] Spacing feet Start D feet Add D cants
[JNumber || End feet import

Update Bounding Box Angle | | Degree

2

Layer Location Layer Name

(®) Layer by section type Station |Stah'on
() Each section on its own layer Buttock |Bu‘tLock
[ ] Delete empty sectian layers Waterline |Water|ine

Diagonal |Diagona|

Incline |Inc|ine

[ ok ] [ cancel | Cant |Cant
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We will also add waterlines at -2,-1,0,1, and 2 feet. This can be entered as a comma
separated list: -2,-1,...,2 in the List Locations text box and Orca will automatically add
waterlines at the desired locations. Click Add.

Add Sections

Define New Sections M= Stations
.1 0.000 ft
List Locations | -21...2 | fest @] 2.000 ft
Group Definition L1 4.000 ft
_ ] 6.000 ft
[OSpacing [ | feet Stert [6.806965] feet Add ) 8.000 ft
[] Number l:l End I:I feet 1] 10.000 ft
] 12.000 ft
[#/] Update Bounding Box Angle |:| Degree ] 14.000 ft
1 16.000 ft
Layer Location Layer Name gg \gaterlin]es
i Stati Station fagonals
(@) Layer by section type ation | | [ Indines
(") Each section on its own layer Buttock |Bun0ck | [t Cants
[] Delete empty section layers Wt |Water|ine |
Diageonal |Diagona\ |
Incline |Incline |
oK ] [ cance Cant (Cant |

Back in the Orca Tree we now can see our stations, buttocks, waterlines and chine curve.
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Orca3D Tree s B4
Layers
Name
+#-I0 Default v ]
[ Layer 01 el |
= Lavyer 02 vl
[ Layer 03 vdl
= Laver 04 vl
[ Layer 05 =)
== Orca3D Sections =] |
=] Buttock vdl

| ] Buttock 00.000 ft ol |
.| Buttock 02.000 ft olsy |
| Buttock 04.000 ft ol |
|| Buttock 06.000 ft olsy |
.| Buttock 08.000 ft ol |
|| Buttock 10.000 ft olsy |
.| Buttock 12.000 ft ol |
|| Buttock 14.000 ft olsy |
|| Buttock 16.000 ft =) |
= |7 Station olsy |
] station 008.150ft Y7l
] Station 016.300ft  @dl
| station 024.450 ft Yo7l
] Station 032.600ft  9dl
| station 040.750 ft Yo7l
] Station 048.900ft  @dl
|| Station 057.050ft 9ol
|| Station 065.200ft VoIl
|| Station 073.350ft Yol
|| station 081.500ft VoIl
|| Station 089.650ft Yol
|| station 097.800ft Yol
|| Station 105.950ft  @dl
] station 114.100ft Yo7l
|| Station 122.250ft  9dl
] station 130.400ft Yol
|| Station 138.550ft  @dl
|| station 146.700ft Yol
|| Station 154.850ft  @dl
] station 163.000ft Yo7l
|| station 163.000ft Wil
== Waterline ol |
] waterline 0.000ft @dl
] Waterline 1.000 ft ol |
| waterline -1.000 ft ~ @dl
] Waterline 2.000 ft Yol
| waterine -2.000 ft Yl

P e s

We are now ready to create our offset table. We will right-click on the Lines Drawing icon

Exg

L—g and select Include all Curves from the fly out menu. This will automatically include all
the station, buttock, waterline and chine curves in the offset table. Before the table opens, a
dialog box will open giving a summary of the selected curves.
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Orca3D Offset Table |X|

MNumber of stations selected: 21
Number of buttocks selected: 9
Mumber of waterlines selected: 5
Mumber of 3D curves selected: 1

Create Excel Offset Table?

Yes | | \[o]

Select Yes and a Microsoft Excel file will open with two tabs: Buttock Heights and WL
Half-Breadths. The WL Half-Breadths tab will provide the transverse offsets for each station
at each waterline and the 3D curve we named “chine.”

iE] Fle Edt View Insert Format Toos Data Window ACT! Hep Type a qu hep |
DEERASRIVE SDA- S0 o8 2|0 -0 R v s c|[B]z u EEFEES % 0 b8 b-A
A1l - # TABLE OF OFFSETS
- T e e |
1 TABLE OF OFFSETS
2
I File Name: New Hull Tutorial 3dm
4 |units: Feet
_5 |Absolute Tolerance: 0.01
6
7 WATERLINE HALF-BREADTHS
| & | ine Waterline i i i
9 |station| -2.000  -1.000 0.000 1.000 2.000 chine | Station
10| 8.150 0.528 1418 2363 3422 2548 8.150
11 16.300 3.504 4.645 5715 6.523 7308 5.420| 16.300
12 | 24.450 6.106 7.364 8.033 8686 9326 7.137| 24.450
13 | 32.600 8277 8.867 9.446 10.016 10577 8.279] 32.600
14 | 40.750 9.345 9.878 10406 10928 11446 9.095| 40.750
15 | 48.900 10.144 10.646 11.145 11.641 12.134  9.748| 48.900
16 | 57.050 10.789 11.269 11.746 12.220 12,693 10.315| 57.050
17 | 65.200 11298 11.758  12.217 12674  13.129 10.804| 65.200
18 | 73.350 11.688 12.133 12.576 13.017 13.457 11.220| 73.350
19 | 81.500 11.988 12.418 12.847 13.274 13.700 11.575| 81.500
20 | 89.650 12.233 12.650 13.064 13.477 13.889 11.888| 89.650
97.800 12.449 12.850 13.249 13.647 14.043 12.177| 97.800
105.950( 12647  13.031  13.413 13794  14.173 12.449|105.950
114.100 12.838 13.203 13.566 13.928 14.288 12.711] 114.100
122.250 13.031 13.376 13.719 14.060 14.400 12.971] 122.250
130.400( 13.235  13.550| 13.880  14.199  14.517 13.238)130.400
138.550 13.203 13.758 14.054 14349 14,642 13.513] 138.550
146.700 13.216 13.973 14.242 14.510 14.777 13.798| 146.700
154.850( 13307 14207  14.446 14684  14.921 14.093|154.850
163.000 13.514 14.462 14 667 14.872 15.077 14.400| 163.000
163.000 13.514 14.462 14 667 14.872 15.077 14.400| 163.000
0.000 0.000 0.000 0.000 0.000

‘u|u‘u‘u‘w‘u‘u‘u u‘w‘m‘m‘m‘m‘m‘m‘m‘m‘m‘
(e o s e 2 e s = 3 e s s st 2 e =2

‘B‘A‘A‘b
slslz]s

IS
S
<

» M\ Buttock Heights ' WL Half-Breadths / < %

The Buttock Heights tab will provide the vertical intersections of the buttock curves with the
station curves at the deck and hull bottom locations. The vertical intersection of the chine
curve at each station is also included.
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Al - # TABLE OF OFFSET
s R e e+ T w | o T P T o T AT 5 T 7T 0T v T w T x T vT 2T a [

1 TABLE OF OFFSETS
[ |Fite Name: New Hull Tuterial 3dm
|4 |units: Feet
|5 |Absolute Tolerance: o

i BUTTOCK HEIGHTS
1.8 ] Buttock Buttock Buttock Buttock Buttock Buttock Buttock Buttock Buttock
| 3 |Station 0.000 2000 4000 6.000 8000 10.000 12000 14.000 16.000 chine || Station
| 10 | 8150 -1 0623 283 4452 E.561 1.9| 8.150
(RN 7.006 7.006 7.008 7.006 7.008

16.300 5700 3445 1556 0350 2907 BEF7 -0.355) 16.300

(1] 7O 7008 7003 7008 7009 7008
| 14 | 24.450 -653% 4347 -3446 2070 -0049 3078 6415 -1333] 24.450
|15 | 7.01 7011 7.011 7.01 7.01 7.01 7011
| 16| 32.600 -6803 5532 4343 =329 -2.145 o0sr2 4538 -1939] 32.600
L7 | 7.01 7011 7.01 7.0m 7.01 7.01 7011
| 18 | 40.750 6750 B756 4800 -3871 2958 0769 3081 -2464)) 40.750
[RER 7.003 7.009 7.009 7.003 7.003 7.003 7.009
| 20 | 48.900 -6590 5809 5034 4253 3477 2086 1728 5839 -2.784)) 48.900
[at] 70N 7003 7003 7003 7003 7003 7003 7.003
| 22 | 57.050 B4 5783 542 4434 -3804 3097 0535 4791 -2383) 57.050
|23 ] 6333 6933 £.933 6333 6.933 6333 6933 £.933
| 24 | 65.200 -6234 570 <5962 4588 -3982 3338 0472 3925 -3067|| 65.200
| 25 | E379 £.973 E.879 E379 £.979 E379 £.973 E.879
| 26 | 73.350 6086 5607 5128 -4E12 -4055 3448 -1299 3241 -20850) 73.350
| 27| E.961 E.961 .96 E.961 £.967 E.961 E.961 .96
| 28 | 81.500 5878 5491 5064 -4591 4085 3476 1974 2708 -2.958) 81.500
[2] 65% 6938 5998 696 693 69% 693 698
| 30 | 89.650 -5700 5372 -4933 4557 4053 3468 2560 2.21m -2/826( 89.650
3] £.91 E.311 6311 6.1 6311 £.91 E.311 6311
| 32 | 97.800 -5522 5255 -4926 4526 -4042 3457 <2746 1832 -2 676 97.800
| 33 £.880 £.880 E.880 £.880 £.880 £.880 £.880 E.880
| 34 |105.950 5339 5134 4856 4492 4028 3442 2706 1545 -2516/[ 105.950
| 35| 6845 £.845 E.845 6845 £.845 6845 £.845 E.845
| 36 | 114100 5150 5003 4774 4447 4007 3426 -2BEB 1199 -2.347) M4.100
[#] 6007 6607 GODF GG 6907 GGO07 607 407
| 38 |122.250 -4951  -4855 4672 4383 -3970 3402 -2636 0824 6764 2773 122.250
|33 6764 6.764 E.764 6764 6.764 6764 6.764 E.764
| 40 |130.400 -4733  -4683  -4533 4288 -3909 3386 2609 0376 B718  -1333) 130.400
|| E713. E713 E.713 ET713. E.713 E713. E713 E.713 ET713.
| 42 |138.550 -450 4482 4386 4775 3835 3327 2582 -0.182 BE70 1824 138.550
| 43 EE70 E.E70 EE70 EE70 E.670 EE70 E.E70 EE70 EE70
| 44 |146.700 -4263 4286 -4226 4083 3770 3306 -2B00 0900 BBV -1645) 146.700
[45 | G67  GET  GET  GEN  GEF  BEW BB 66T GEW
| 45 |154.850 -393¢ 4073 4070 3967 -3734 3325 2656 -1544 B561  -1475) 154.850
| 47| B.561 B.561 B.561 B.561 B.561 B.561 B.561 B.561 B.561
| 48 |163.000 -3700 -3851  -3924 3838 3742 3405 2788 1647 6500  -1301) 163.000
EER E500 £.500 E.500 E500 £.500 E500 £.500 E.500 E500

50 |163.000 E500 -3851 3924 3898 3742 3405 2788 1647 E500  -1301) 163.000
|51} £.500 E.500 6500 £.500 £.500 £.500 E.500
[=]
[=2]
[5t]
[=]
[
[=]
[=] v

4+ » ¥ \Buttock Heights / WL Half-Breadths /' A 2

Ready NUM

To create the lines drawing, click the Create Lines Drawing icon

. All the defined

sections will be automatically found and included in the lines drawing.

Orca3D Lines Drawing

)

Page Properties Station Numbering
Printer |\\C3S—ATC—FSD‘I\HF' LaserJet3050 PCLG-1 b4 | Station O Location (Relative to Ongin)
Page Size |Letter w | Station Spacing
Units O Landscape (@) Portrait Hull Direction
] Custom Page Size (@) Positive X = Aft () Positive X = Fwd
Display Barder Display Section Labels Title Block Information
Display TitleBlock | Display Principal Characteristics | Author |
Lt | 05| Right | 05| Bottom | 05| Top | 05| R Shest
Layout Scale Bottom Left
Ui (el (@) Fit to Page () Custom Scale
LA l:l _ Bottom Right
Height l:l I:I inches/feet
I oK l l Cancel l

The Orca3D Lines Drawing dialog box will open allowing you to customize your lines
drawing. A message will appear if you do not have a design condition defined. If the
condition is defined, you have the option of displaying the principal characteristics in the
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lines drawing if desired.

Fle Edt View Curve Surface Soid Mesh Dimenson Transform Tools Analyze Render Orca3D Help

: Command: _OrcaDefineDesignSimulation -l
atel aving

: Command: _OrcaCreateLinesDrawin a2
‘Command: EETET

DoEE8FXRN0~N PR H=4Cr0 88000 T45,Q G ERESNRR A=Y

NG Lines Drawing - 08126/2008 12:40:47

PH#JP&&WD&@V@?
E ¥§%ALe bRV IO G -

14 4 » 1\ Perspective £ Plnview [ Profie { Bodyplan ) Lines Drawing - 08/26/2008 12:40:47
:[JEnd Near Point Md [JCen [Jint [JpPerp [JTan []Quad Knot (] Project (M) STrack ] Disable \

CPane x10515 y-0335  20.000 MLines Drawing - 08/26.. Snap Ortho Plnar Osmap  Record Hitory

The Lines Drawing is created on a new tab within the Rhino window. The Principal
Characteristics will be included in the lines drawing if the design condition is defined and the
option is selected in the Lines Drawing dialog box. The section labels and title block can be
modified if desired.

Note: the lines drawing does not update as the hull is modified, and therefore if changes are
made, a new Lines Drawing must be created to incorporate these changes.

For additional assistance, please see the Orca3D Online videos or visit the online forum at
www.orca3d.com/forum.
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The Orca3D Tree

The Orca3D Tree is a utility that improves upon the default layers utility in Rhino. In addition
to the typical layer capabilities of visibility, locking and changing the color, it allows you to:

See which objects reside in each layer

Renaming objects

Move objects from layer to layer

Hide all objects or layers except the object(s) or layer(s) selected

Toolbar E[r=)

Menu Orca3D > Orca3D Tree

Command OrcaShowTree (Press Enter Twice)

1. Start the command with the toolbar icon, menu selection or keyboard command.

2. The Orca3D Tree Dialog Box will appear docked on the right side of the screen:

Top Perspective Orcad3D Tree ssissssnssssrzmmnnnan B
Lapers
Mame = it
[ Default Vo'l
olE Layer 01 ol=Y |
[ Layer 02 [IsY |
B Layer 03 vl
[ Layer 04 sy |
LB Layer 05 vdd
@[~ Lines Drawing - .. v [ ]
[z~ [ Orca3D Sections ey |
#-[71 Buttock Yo'l
(|5 Station sy |
-1 watetline Yo'l

e e e e

3. Decide which function of the Orca3D Tree you wish to perform and find the instructions
below.

Show all Objects in a Layer

4. Decide which layer you wish to see more details of and click the plus icon to the left of
the layer name.

5. The Orca3D Tree Dialog Box will change to look like this:
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Qrca3D Tree s:ssssssssssssssssnsassnes B

Layers
[ame

- - EOT OCN

|| surface Vo

_] surface ot

|| surface Vo

[ Lawer 01 sy |

=1 Lawer 02 Yool

|1 Lawer 03 Yool

[ Laver 04 =) |

|1 Lawer 05 Yol

+-[73 Lines Drawing - ... v B

= Orca3l Sections ey |

+-I7) Buttack s |

+-[C7) Station s |

+- 5 Waterline =) |

For this use the Default layer was expanded. We can now see that there are three
objects located in the Default layer, all surfaces.
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Perspective

Qrcai3D Tree tisssszssssarssesscasssas B9
Lavers
Mame e
= [ Default =) |
----- Il surface Vi
| surface Ve
‘o Y surface Ve
IE] Layer o1 Q d-\.
|31 Layer 02 QIf.
E] Layer 03 Q d-\.
51 Layer 04 Yo'l
E] Layer s Q d“D
#-51 Lines Drawing - ... v [ |
=77 Crea3D Sections Yo'l
#-[C3 Buttock Yo'l
-3 Station Yo'l
#-[C3 Waterline Yo'l

7. If you select one of the objects in the Orca3D Tree, the same object will be selected in
the viewports you have opened. Conversely, selecting objects in the viewports will also

select them in the tree.

Renaming Objects using the Orca3D Tree

8. Decide which object you wish to rename. Then slow double left-click on the name in the
Orca3D Tree. Next type whatever you wish to rename the object to. Finally Press Enter

to finish renaming the object.
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Oreaspres eeermrrrierecccccererereerni B OrcasD Tree smmsizssasssisssasasnnanas B3 OrcasD Tree s:mmssssssssanasssnnanas B
Layers Layers
ame Mame Mame
= Default Yol = Default YOl = Default =y |
Yir'® Yri'e | Saiboat Hull e
Y 'Sarface e | surface gie 1 surface e
| surface g® || surface gie ] surface e
= Layer 0t Yo'l (51 Laver 01 ey | 51 Layer 01 ey |
=1 Laver 02 Yol [ Laver 02 ey | =1 Laver 02 ey |
[ Laver 03 Yool [ Laver 03 ey | £ Laver 03 ey |
51 Laver 04 Yl (£ Layer 04 sy | £ Layer 04 ey |
[ Laver 0S Yo (51 Laver 05 Y’ (£ Laver 05 Il
4|71 Lines Drawing - ... v B +-[7 Lines Drawing - ... v [ | +-[ Lines Drawing - ... [ |
= OrcaiD Sections ey | - Orca3D Sections sy | = Orca3D Sections ey |
+-=) Buttock YOl +- [ Buttock Yo'l #-[5) Buttock ey |
+-[7=) Station ey | +- [ Station sy | H-[3 Skakion ey |
-0 Waterline YR +- 7 Wakerling sy | H- 5 Watetling ey |

Moving Objects from Layer to Layer

9. First, decide which object you would like to move.

10. Next, select that object and left-click and hold. Then move the mouse to hover over the
layer which you wish to move the object to, and release the left mouse button.

OrcadD Tree :ssssrssssssssszssasassasas 9

HEEEBINED e e e R
Layers Lapers
[ame e
T Default Yol = Drefault e |
_____ I} Sailboak Hul Wore I Az O
..... | surface Vo' Y surface e
...... | surface Vd'= = [ Layer 01 oI |
[ Lavyer 01 Yool Sailboat Hull e
I Layer 02 =) ) Layer 02 =) |
|51 Layer 03 ey | ) Laver 03 =) |
I Lawer 04 =] | 31 Layer 04 s |
[ Layer 05 =l [C=1 Layer 05 =il
+-[7 Lines Drawing - ... v B +- Lines Drawing - ... [ |
= Orca3l Sections YO = Orca3h Sections e |
+[[71 Buktack YO +-[7 Butkack, ey |
+[[7) Skation YO +-|[7=) Station ey |
+--[C5 Waterline Yo'l +-[2) Waterline Yool

Hiding Objects
11. Decide which objects you wish to stay visible. Then select them all and right-click. The
following menu will appear:
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Qrca3D Tree s:ssssssssssssssssnsassnes B
Layers
[ame
= Default ey |
| surface VE =
surface Vo
= Layer 01 sy |
Set vieu;l part m g g:
71 Layer 03 sy |
71 Laver 04 =) |
1 Lawer 05 Yol
+-[77 Lines Drawing - ... " [ |
= Orca3l Sections s |
+-I7) Buttack s |
+-[C7) Station s |
+- 5 Waterline =) |

12. Left-click the option “set view part” and everything but the objects you have selected will
become invisible.

13. To return everything to normal, simply click the lightbulb icons next to the objects you
wish to make visible again.

14. To hide the docked Orca3D Tree dialog box simply either click the toolbar icon, type the
command, or navigate to it on the menu.

Understanding Orca3D Tree

The objects that Orca3D creates and are visible in the Orca3D Tree include the hull
surfaces, section curves, and lines drawing curves and objects. As you can see from above,
the hull surfaces are placed into whatever the current layer is at their time of creation. On
the other hand, the Orca3D sections and Lines Drawing curves and objects are placed into
their own layers that are created by Orca3D.

The Add Section Dialog creates a new Orca3D Sections layer when it creates the sections.
Within this layer are layers for each type of section such as buttock, station, etc. Then within
each of these layers the individual section curve objects are placed. An example of how
section curve objects are placed into layers is shown below:
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Orcaih Tree (%]
Layers
Mame

= Default W |

| surface it

| surface it

+- ] Layer 01 ?ﬂl

1 Laver 02 Yool

1 Laver 03 Yool

1 Laver 04 i ﬂl

1 Layer 05 Yool

= i0rca3D Sections Cowdl

= Buttack ul |

| Buttock 0.000m WS

| Buttock 0.375m Wil

| Buttock 0.750m Wil

______ | Buttack 1.125m W7l

+-[73) Station vl
+-[1 Waterline Wl

Note: It is not possible to edit the section curves’ properties like display color
and name here. These properties are controlled by Orca3D and can be edited
in the Add Sections dialog.

The Orca3D Lines Drawing command uses a similar method that the Add Sections
command uses. The Lines drawing creates a new layer called Lines Drawing [date] [time],
where date and time are the current date and time at the creation of the lines drawing.
Within this layer are three or four sub layers that all contain objects that correspond to their
layer names. The actual section curves used in the lines drawing are stored in the top most
parent layer. An example of the Lines Drawing layer in the Orca3D Tree is shown below:

Orcall Tree E
Layers

b

Mame
1 Layer 03
1 Laver 04
1 Layer 05
= Lines Drawing - 08/... +'
+-[ 71 Border
+-[71 Section Labels
+-[ 1 Title Block.
| Buttock 0,000 m
| Buttock 0,000 m
Butkock 0,000 m
Butkock 0,000 m
uktock 0,375 m
Butkock 0,375 m
Butkock 0,375 m
| Butbock 0,375 m

Ll el e el e ol ol ol ol oL o ek ok o
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7.1

Hull Design

This section describes the most common basic tasks you will use when designing hulls with
Orca3D. It is designed as a "How-To" guide. You can use the table of contents as an index.
Although it is organized roughly in the order that you would perform the tasks you don't need
to begin at the beginning and work your way through. Every topic contains comprehensive
links to background information and other relevant subjects so you can just pick out the task
you need to perform and begin.

See also:

Introduction/17)
Quick Start Tutorialls1)
FAQ-Hull Design & Fairinq%

Introduction

By itself, Rhino is a very powerful surface modeling system, and can be used to design and
fair hullforms. However, with the addition of a few new tools, it can be even more productive.
Orca3D enhances and leverages Rhino's capabilities.

There are two basic approaches to modeling hulls in Rhino:

1. Draw a series of curves (stations), and loft a surface through them. This approach has the
advantage of creating a shape very quickly, and being assured that the surface passes
through the desired station shapes. However, usually the surface that is created is greatly
overdefined, and subject to unfairnesses which can be very difficult to remove. This
approach is more useful for other surfaces found in marine vessels, such as portions of
the superstructure.

2. Create a surface with a relatively low number of control points, and move those control
points to "stretch" and "sculpt” the surface into the desired shape. Sections can be
computed on the surface, to give the designer a better idea of the actual shape. This
approach has the advantage of producing fair surfaces, but it can be more difficult to
guarantee that the surface passes through a given point or points in space. In general,
fairness is more important than passing exactly through a given point, so this approach is
more effective (an exception to this might be trying to match the offsets of an existing hull
for stability calculations, where fairness is not as important as matching the offsets
exactly).

Orca3dD is primarily focused on the second approach, known as "direct surface
manipulation.” Tools are provided to:

e Quickly generate a starting point (Hull Assistants Fﬁ)

e Define stations, buttocks, waterlines, and other curves on the surface (Sections@)

¢ Display the sections in real time as the surface is modified (Orca Control Pointsgﬁ)
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¢ Display the hydrostatics in real time as the surface is modified (Design Hydrostatics @)

¢ Easily move control points to exact locations (OrcaMove Hﬁ)

o Handle the transition of the surface as it wraps from the stem around the forefoot to the
bottom, with slope and curvature continuity (Corner Continuity@)

e Create 3-View Lines Drawings| 7]

e Create Tables of Offsets | ss)

e Export!ss]section curves

Note that the Orca3D tools can be used on any type of surface, no matter how it was
generated.

7.2  Hull_Assistants

The Hull Assistants are intended to speed the process of creating a 3D surface that you can
modify to create your final hull shape. It's very unlikely that they will automatically create
your final hull form, but they can get you close very quickly. Once the 3D surface is created,
you can modify it using the Orca3D control points, watching the sections and hydrostatics
updating in real-time as you go.

For complete information on the Hull Assistants, please see the Hull Assistants| a1 topic in
the Quick Start Tutorial section.

7.3 Corner Continuity

Toolbar n/a
Menu| Orca3D > Hull Design > Corner Continuity

Command| OrcaWrapCorner

One of the characteristics of NURBS surfaces is that they fundamentally have four corners
and four edges. As they are applied to hull design, these four edges usually correspond to
the sheer line, the stem, the bottom profile, and the transom edge. The corners are the
intersections of these four edges. Generally, the corners are discontinuities, with the
exception of the stem-bottom profile corner (forefoot). Here, it's usually the case that a
smooth transition is desired, with at least slope continuity, but preferably with curvature
continuity (which requires a surface that is cubic in both the U and V directions).

=2 Note: The Corner Continuity command requires that the surface have the same degree
in both directions.
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Orca3D provides a function to precisely place the corner control point to create this smooth
transition. The next figure shows the Orca control polygon:

Profile

A closer look at the forefoot shows the control point that is the corner of the surface:
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Profile

To demonstrate the function, the corner control point has been moved, deliberately creating
a discontinuity in the joint between the stem and the bottom profile:

Profile

To re-create the smooth transition, select the Corner Continuity command from the
Orca3D > Hull Design menu. The first prompt asks which surface the corner wrap should
be applied to, and the second prompt allows you to select which of the four corners should
be smoothly wrapped:

:Select surface for applying corner wrap.:
gs:electmeoomerﬁ towrap ( CormerlJ0Vo=No Cornerl0V1=No CornerU1V0=No Cornerl1V1=No )

By clicking on any corner of the surface, its corresponding Corner will toggle between "No"
and "Yes." Once you have selected the desired corner(s), hit Enter to complete the
command. The corner control point will now be precisely located to create continuity at that
corner.
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7.4

Profile

If your surface is cubic (degree 3) in both directions, the corner will have curvature
continuity. If it is quadratic (degree 2), it will have slope continuity.

Lines Drawings

A lines drawing is a way for you to communicate your three dimensional model created in
Orca3D into a two dimensional format for others to view.

The Orca3D Lines Drawing command creates a new Page View within your Rhino file. The
Page View contains 3 views of your model, one containing stations, one containing buttocks,
and one containing waterlines. (For more information on Layout views in Rhino, see Rhino's
documentation on the Layout command.)

Orca3D's Lines Drawing command contains options to add section labels, a border, a title
block, and principal characteristics. These objects are all added into separate layers so you
can turn their visibility on and off with ease.

Toolbar —
B=
Menu Orca3D > Hull Design > Lines Drawing
Command OrcaCreateLinesDrawing
Notes:
¢ Make sure that you have created sections of your model using the OrcaSections
command.

e If you wish principal characteristics to be included, make sure that you have defined a
Design Condition[ 41 in the Stability section of Orca3D.
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e When printing, if you wish your lines drawing to be printed correctly on the indicated
paper size make sure to select the printing scale as 1:1, and set the output color to
display colors.

e |f you wish station annotations to contain station locations instead of station numbers,
simply enter the most forward point of your hull for the Station O location, and type 1 as
the station separation.

1. Start the command with the toolbar icon, menu selection or keyboard command.

a.

b.

If the following dialog box appears, then you have not created sections using

OrcaSections. Please create sections| s before using the OrcaCreateLinesDrawing
command.

Onca3dD Command Information F5"__<|

i Mo Orca3l sections are currently defined.
Define Orca3D sections before creating a lines drawing.

If this dialog box appears, then you have not defined a Design Condition. You may
still continue to create the lines drawing, but if you wish to include principal
characteristics in your drawing, you must first define the Design Condition [42),

Principal Characteristics Warning

‘S No Design Condition Defined.
< Principal Characteristics will not be available in the Lines Drawing.

If this dialog box appears, then there was an error computing your Design Condition.
You may still continue to create the lines drawing, but if you wish to include principal
characteristics in your drawing, you must first define the Design Condition@%
correctly.
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Hydrostatics Warning

2ne or more hydrostatics computations Failed,
. An attempt will be made ko display the hydrostatics results,

2. The Orca3D Lines Drawing dialog box will appear:

Orca3D Lines Drawing

Fage Properties Station Mumbering
Printer |Default Prirter w | Station 0 Location [Relative to Onging I:l
Page Size | Letter v | Station Spacing
I pits () Landscape (%) Portrait ElE ection
[ Custom Page Size (%) Positive ¥ = &ft () Positive ¥ = Fwd
Dizplay Border Dizplay Section Labelz Title Black Information
Display TitleBlock ~ [] Display Principal Characteristics Authar | |
Margirs D ate 0B/04/2008

Lett | 05| Right [ 05] Botam [ 05| Top Drowing sheet [ 1] f

Layout Scale Battam Left
Ur?ltS: gz (¥ Fitto Page () Custom Scale
Wwidth I:I : Bottom Right
Height |:| I:I inchesfeet
[ ok || Cancel |

Page Properties

Nookw

9.

Select the printer that has the paper size you wish to use.

Select the Page size that you wish your lines drawing to be created on.

Select the units for the page size.

Select whether you wish the page to be in landscape or portrait format.

If you wish to enter a custom page size, select the checkbox.

a. If selected, enter your custom page size in the lower left; this is in the units selected
previously.

Check any of the next four check boxes depending on what you wish to be visible on the

lines drawing.

Edit the paper margins. They are in the units you selected above.

Layout Scale
10. Select either Fit to Page, or Custom Scale. Fit to Page will fit the three views of your
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model as best it can onto the paper size you have selected, whereas Custom Scale uses
a scale of your choice.
a. If you chose Custom Scale, enter the scale you wish to use in decimal format.

Station Numbering

11. Type the location of Station O relative to the origin. This uses the units that your model is
in, not the page units.

12. Type the station spacing in the model units. The stations will be labeled with station
numbers according to these values.

Hull Direction
13. Select whether the positive X direction is Aft or Forward.

Title Block Information
14. If you selected “Display Title Block” in the Page Properties section, you can edit the
specifics of the title block here.
a. Fillin all of the named items with the appropriate information.
b. The bottom left and bottom right items are to be used at your discretion. They can be
filled with whatever information you want within your title block.

15. Select OK

16. Your lines drawing is created using the information you provided.
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You may turn off visibility, lock, or delete the layers as you wish to better manage your lines
drawing.

The Layout and the Layer will be labeled with the time and date that the Lines Drawing was
created. The drawing will be up to date with the model as of that time. Any further changes
to the model are not reflected automatically in the Lines Drawing. You will need to create a
new Lines Drawing if you modify your model.

In case the section labels overlap or you wish them to be in a different location, they can be
easily moved. First select the section label you wish to move and zoom all the way in as
follows:

Then turn the Rhino control points on by selecting the section label and either navigating the
menu to ( Edit > Control Points > Control Points On) , typing PointsOn in the command line,

or left-clicking the ¥ icon.
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Next, select the right two control points, and move them wherever you wish the section label

to be moved to.
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To Finish, deselect the control points and turn them off by navigating the menu to ( Edit >
Control Points > Control Points Off), typing PointsOff in the command line, or right-clicking

the L icon.
7.5 Offset Tables

Although most vessels are built with numeric methods, sometimes a traditional table of
offset is still required. Orca3D can produce a table in Excel showing buttock heights,
waterline half-breadths, and 3D curve (sheer, chine, etc.) intersections with tables.

Toolbar == .

BIE (right-click)
Menu Orca3D > Hull Design > Offset Table
Command OrcaOffsetTable

Note: You must have Excel installed for this function to work.

The first step to creating a table of offsets is to create the curves that will be included. These
can be created with the Orca Sections command, or any other curve creation routines in
Rhino. In particular, you may wish to define curves for:

¢ the sheerline by using Rhino's DupEdge command (in the menu, select Curve > Curve
from Objects > Duplicate Edge). You should give the curve a name, using Rhino's
Properties command, as in this example:
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PrOperties tresssssssisssaisiniaia.s d
" [obeat v
Ohiject type CLnve
Mamea Sheerline
Layer . Default W
Diisplay Color [ By Layer
Linetype By Layer W
Prirt Color Oy By Layer W
Print Width By Layer w

Render Mesh Settings
Custom Mesh [

lsocurve Density

¢ If your hull has chines that are surface edges, follow the same procedure. If the chines are
in the interior of the surface, use Rhino's ExtractlsoCurve command (in the menu, select
Curve > Curve from Objects > Extract Isocurve) to create a curve that matches your
chines.

Start the OrcaOffsetTable command from the command line, the menu, or by right-clicking
on the icon. You will immediately see the prompt asking what type of curves to include in the
offset table:

v Include all Curves

== Include Orca3D Curves Only ——
I~ Select Curves to include i 5
|
|

¢ Include all Curves: All of the curves in your model will be included. They are tested to
see if they are planar, and lie in a station, buttock, or waterline plane. If they do not, they
are treated as "3D curves." If you have named the curves, their names will be shown in the
output. If not, they will simply be labeled "3D Curve."

¢ Include Orca3D Curves Only: This will select all stations, buttocks, waterlines, diagonals,
cants, and inclines that were defined in the Orca Sections| s dialog.

e Select Curves to include: You will be prompted to select the curves that you would like to
have included. Hit Enter when you are finished selecting.

No matter which method you use, the program must be able to find at least one station, and
at least one buttock, waterline, or 3D curve. Note: The number of buttocks plus 3D curves
and number of waterlines plus 3D curves must not exceed 24.
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A dialog will appear with the number of curves of each type that have been found:

Orca3D Offset Ta...

Mumber of stations selected: 11
Number of buttocks selected: 5
Number of waterlines selected: 5
Mumber of 30 curves selected: 1

Create Excel Offset Table?

Yes | | Mo

Click on Yes to create the table. An instance of Excel will be opened, and the data filled in
the worksheets:

Al —— & WATERLINE HALF-BREADTHS
Mame Box[ B [ € T "D T E T F ] G | H

1 WATERLINE HALF-BREADTHS
2| Waterline Waterline Waterline Waterline Waterline
_3 | Station 0. 250 0.000 0.250 0.500 0.750 SheerLine Station
4 | 0.500 0.050 0164 0.230 0.262 0280 0500
B 1.500 0. 1638 0575 06568 0.706 0.724 0733 1.500

& 2.500 0.7 0910 0993 1.033 1.053 1.062 2.500

T 3.500 0.963 1148 1224 1.263 1.280 1 286 3500

8 4.500 1124 1.300 1374 1407 1419 1423 4,500

] 5500 119 1.373 1.447 1477 1.486 1 48T 500
10 6.500 1.168 1.378 1.461 1.492 1499 1.499 6.500
Rl 1.500 1.047 1336 1.437 1473 1.480 1480 1.500
2] 8.500 0.591 1241 1.387 1.437 1.446 1.445 8.500
13 5.500 1.027 1.300 1.377 1.391 1.389 9,500

If multiple intersections are found on a single station, there will be two rows for that station. If
there is more than one curve that describes a particular station, there will be two entries in
the offset table. If possible, you should join all of the curves that are at a single station
location.

© 2008 by DRS C3 Systems, Inc., all rights reserved



86 Orca3D

Al = & BUTTOCK HEIGHTS -
S R e R T e T e
1 BUTTOCK HEIGHTS
2 Buttock Buttock Buttock Butiock Buttock
| 3 |Station 0250 0500 0750  1.000  1.250 SheerLine Station
4| 0500 0636 0986  0.500
5 | 0.935
6| 1500 0238 -0.103 0962  1.500
7 0962 0962
] 2.500 00370 0337 i b 0281 0941 2.500
9 0.941 0941 0941 0941
10 3.500 0451 0434 376 .25 0393 0.924 3.500
11 0924 0924 0.924 0924 0924
12 4,500 0494 0481 4.443 ) 345 <094 0910 4,500
13 0910 0910 0.910 0910 0910
14 5.500 =0.494 0484 f.452 .36 «0.190 0.900 5.500
15 0.000) 0900 0900 0900 0900
16| 6500 0454 D445 0416 0ME5 0178 0894 6500
17 0834 0834 0834 084 Q&od
1@ 7500 0378 0369 HM0 02711 0106 0891 7.500
19 0831 0831 0891 0834 089
20| 8500 D267 0258 0228 0160  0.009 0892 8500
21 0832 0892 0892 0832 0892
| 22 | 5.500 0119 0,109 <0.081 0012 0172 0.896 9.500
i D896 089 0896 0895 089
24 100000 -0.030 0021 0007 0.078 0280 0.900  10.000
25 0900 0900 0800 0900  0.900 0.900

7.6  Exporting Curves

Toolbar| n/a

Menu| Orca3D > Hull Design > Export Curves

Command| OrcaExportCurves

Orca3D can export Section curves to these formats:

IDF: IMSA Definition Format--The IDF specification allows for a number of different types of
entities (sections, points, surfaces, meshes, etc.). This interface exports only sections as
polylines. See below! s for the IDF specification for Sections.

PIAS: This interface exports stations only in a format suitable for use in the SARC Pias
software. It is a very simple format that may be of use in other programs as well:
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-Number of Curves
-Longitudinal Location of the curve
-Number of points in the curve
-Half Breadth, Height, Breakpoint Indicator

-Next curve...

To export in either format, select the curves to be exported, and then select Export Curves
from the Orca3D > Hull Design menu. In the Export Filename dialog, select the file type,
enter a file name, and click on Save. A dialog will be shown that allows for controlling the

smoothness of the curves:
- OX

IDF Partname [ Main hul |

IDF Export Options

PIAS Export Options [ [EIX

Curve Tesselation Parameters

Maximum Angle
Chord Height

Maximum Aspect Ratio ICI
Tolerance ICI
Segment Count ICI
Mimmum Segment Length ICI
Maximum Segment Length ICI

O SR Concel..

Curve Tesselation Parameters

Maximum Angle
Chard Height 0.001

Maximum Aspect Ratio ICI
Tolerance ICI
Segment Count ICI
Minimum Segment Length I:I
Maximum Segment Length ICI

[ Ok | [ Cancel |

The values on these two dialogs are defined as follows:
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Maximum
Angle

Maximum angle (in radians) between unit tangents at adjacent vertices.

Chord Height

Maximum permitted value of (distance chord midpoint to curve) / (length of
chord)

Maximum
Aspect Ratio

If <1.0, the parameter is ignored. If 1 <= Maximum Aspect Ratio < sqrt(2),
it is treated as if Maximum Aspect Ratio = sqrt(2). This parameter controls
the maximum permitted value of (length of longest chord) / (length of
shortest chord)

Tolerance If Tolerance = 0, the parameter is ignored. This parameter controls the
maximum permitted value of the distance from the curve to the polyline.

Segment If non-zero, the curve will be broken into this number of equally spaced

Count chords

Minimum This parameter controls the minimum permitted edge length.

Segment

Length

Maximum This parameter controls the maximum permitted edge length.

Segment

Length

INTERFACE DEFINITION FILE (.IDF)

The IMSA IDF is intended to be a neutral file format for exchange of hull description data
between marine programs, without the generality or complexity of standards such as IGES
and DXF, and without the specific traits of a particular program's native format.

The file is designed to be easily human-readable. Compactness is sometimes sacrificed for

this goal.

GENERAL FORM

$IDF
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3.03

$ENTITY

entity type

$VESSEL NAME

identifier for this vessel

$DATA SOURCE

name of program that wrote the file
$DATE

date

$TIME

time

SUNITS

units

$COORDINATE SYSTEM
coordinates of a point one unit forward,starboard,down (""coordinate gnomon™)
e.g. for FAST YACHT 1,1,1
$COMMENTS

comments

comments

$GEOMETRY

(data format specific to geometry type from here down)

$END ENTITY

Current Entity Types (only the Sections entity is currently supported by Orca3D, and the
following specification is only for this entity type):

Entity Type Description
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SECTIONS Sectional Data (Stations, Buttocks, WIs, 3d curves)

MESH Surface Mesh data
NURBS NURBS Surface data
HYDRO Hull Parameter data
AREA Sectional Area Data

General Comments

This standard contains only one interface file. This file can contain one or more entities,
where each entity is a specific data type (e.g. hull sectional data, NURBS surface data, etc.).
This avoids having many different files, and allows new entities to be added as necessary. It
also means that one file can contain different types of data for a single ship (sectional data,
surface data, etc.), thus avoiding many files describing the same ship.

The file will be a simple ASCI|I file, so that it will be transportable across different hardware
platforms, as well as being easily human-readable. While this does not result in the most
compact format, it does result in a format that is easy to produce, read, add to, and modify.

Data for each line item are to be separated by commas. Comments may be added on any line
following an exclamation mark (!). End of line sequence is to be appropriate to the operating
system. Text strings may be up to 79 characters long, and are limited to ASCII characters 1
through 127.

Units

Units must be specified as either: S1 or User Defined. If User Defined, then the following
lines must be given:

# of user units/meter

# of user units/square meter
# of user units/cubic meter
# of user units/kg

Some entities may not require all of the conversion factors, and the entity's definition will
specify which should be included.

Coordinate System

Since different programs use different coordinate systems (e.g. some have positive X aft,
some have positive X forward, some use Z for the longitudinal coordinate, etc.), the
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coordinates of a fixed point in space is required. This point is one unit forward of the origin,
one unit to starboard, and one unit down from the origin. Then, as data is read in from the file,
by multiplying the data by the given vector and by your own vector, the sign will be correct.
All data in the formats is given in the order longitudinal, athwartships, and height. Not all
entities will have a coordinate system associated with them. If not, the entity definition will
leave this section out.

Data Tags

Data tags (e.g. SENTITY), while not absolutely required in a fixed format file, make the file
easily human-readable, and can simplify the computer-reading process. Import programs that
are searching for a particular ENTITY type, can search the file for the string "SENTITY", and
then read the next line to see if the type is correct, and go on from there.

Data tags (items preceded with $) must have the $ in column 1, i.e. no white space is allowed
before a data tag. Leading white space (tabs, spaces) is allowed on lines containing data.
Blank lines are allowed between data and the next data tag.

Any data that is shown in the entity definitions is required; if not known, dummy data should
be substituted.

Where entities allow for more than one body or surface, it is subdivided into parts (each part
may represent a body or surface, or a group of bodies).

Entity #1: Sectional Data (SECTIONS)
Note: Indenting is for clarity only; not used in actual data file.

$IDF

3.01

$ENTITY

SECTIONS

$VESSEL NAME
Identifier for this vessel
$DATA SOURCE
program that wrote the file

$DATE
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mm/dd/yy

$TIME

hh:mm:ss

SUNITS

This line must be either S1 or User Defined

If User Defined, then the following line(s) must be specified:

# of user units/meter

$COORDINATE SYSTEM

coordinates of a point one unit forward,starboard,down (""coordinate gnomon™)
e.g. for FAST YACHT 1,1,1

$COMMENTS

This is a comment about the ship about to be described. Can be any # of 79 character lines.
$GEOMETRY

n (number of parts or bodies)

part 1

part n

where each part format is:
$SPART

part name

m (number of curves)

curve 1

curve m
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where each curve format is:
$CURVE
curve name

Curve type (station, buttock, waterline, cant, incline, diagonal) diagonal, general plane,
three-D)

J=integer number of points on curve

point 1

point |

where points are coordinate triplets (long'l, trans ,vert), breakpoint indicator (unknown, fair,
knuckle)

for example: 10.15, 3.25, 1.50, fair
$END ENTITY
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8 Sections

This section describes the most common basic tasks you will use when computing sections
with Orca3D. It is designed as a "How-To" guide. You can use the table of contents as an
index. Although it is organized roughly in the order that you would perform the tasks you
don't need to begin at the beginning and work your way through. Every topic contains
comprehensive links to background information and other relevant subjects so you can just
pick out the task you need to perform and begin.

See also:

Introduction/17)
Quick Start Tutorialls1)

8.1 Introduction

Toolbar

Menu| Orca3D > Hull Design > Sections

Command|OrcaSections

The term "Sections" refers to planar curves such as stations, buttocks, and waterlines, that
are computed as the intersection of a plane with one or more surfaces. Orca3D uses
Rhino's contour command to compute the curves. The Section curves are just like any other
Rhino curves, except that they "know" that they were derived from a surface, and if you use
Orca3D's real-time section updating| e}, they will update as the surface is modified. If you
select a Section and look at its properties, next to Object Type it will display "Orca3D
section.”

Orca3D provides an interface to quickly define a list of station, buttock, waterline, diagonal,
cant, and incline locations. This list is maintained and stored with your model, and sections
will be computed at these locations through the surface(s) that you have selected.

When you define sections, they are associated with one or more surfaces. They will only be
computed through the surfaces that you select when you begin the command. If you wish to
have sections through a different set of surfaces, simply select those surfaces, run the
Orcasections command again, and click OK.

Important Points to Remember

1. Because the Section curves will change if the surface is changed, you should copy any of
them that you want to use for a different part of your drawing.

2. Because Sections are associated with a surface, they cannot be directly edited or deleted.
They will only change shape if the underlying surface is modified, and the only method of
deleting a Section curve is to remove it from the section list in the Sections dialog.
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8.2

3. If you mirror a surface that has sections defined, but you do not select the Orca3D
sections as objects to be mirrored, the mirrored surface will not have Orca3D sections. In
order to see Orca3D Sections on the mirrored surface, you must select the mirrored surface
along with the original surface, and update the Sections (right-click on the Sections icon).

4. If you mirror Orca3D sections, either by themselves or along with their parent surface, the
mirrored sections will be Rhino curve object, and not Orca3D sections. They can be moved,
edited, and deleted like any other Rhino curves, and will not update as the surface is
modified.

Defining Section Locations

The first step to getting sections, of course, is to define their locations. Orca3D provides an
interface to quickly define a list of station, buttock, waterline, diagonal, cant, and incline
locations. This list is maintained and stored with your model, and sections will be computed
through the surface(s) that you have selected, at these locations.

Toolbar

Menu| Orca3D > Hull Design > Sections

Command|OrcaSections

1. Start the command with the toolbar icon, menu selection, or keyboard command.

2. Select the surface(s) to be included (or you may preselect the surfaces prior to starting
the command)

3. The Add Sections dialog will appear:
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tF Add Sections EI@EI

Define Mew Sechons [ Stations
Section Type | Siations A [ Buttocks
[O= Waterlines
Group Definition [ Inclines
[O= Cants
[] Specing feet Start feat Add
[] Numbes End fesat
[ Update Bounding Box Angle Degres
Layer Location Layer Mame

{®) All on one layer Section Section

() Layer by section type

() Each section on its own layer

Ok . Cancel

4. Select the type of Section that you want to add to the list (Stations, Buttocks, Waterlines,
Diagonals, Inclines, or Cants)

5. Define the Section locations by List (plane constant), and/or Spacing or Number.
Checking "Update Bounding Box" will automatically fill in the minimum and maximum
dimensions of the selected surface(s) in the direction perpendicular to the Section type in
the Start and End fields.

6. Select the Layer location for the Sections.

7. Click Add to add your Sections to the Sections list. The list of Section locations will be
shown in the Section tree.

8. Click Preview to see planes in the model representing the Section locations.

9. Repeat for other Section types.

10.You may turn off visibility for one or more Sections, using the check boxes in the tree.
11.You may right click on any Section in the tree to remove it, preview it, or change its color.

12.Right-click on a node (for example, "Stations" to operate on all of the sections of that
type.

13.Click on OK. The Sections will be computed on the selected surface(s). If this surface is
edited using the Orca control points, they will be updated in real-time.

14.The calculation and visibility of all of the Sections may be temporarily turned off, using

the OrcaShowSection command, or the icon (@). Individual Sections or groups of
Sections may be turned off with the checkbox in the Sections tree. When turned off, the
Sections will not be computed or displayed, and will not be included in analyses (such as
the sectional area curve in Hydrostatics).
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8.3

You may also define your section locations by importing the section list from another Rhino
model. Click on the Import button, and navigate to the desired model. If the units of the
imported section list are different from the current model, they are converted into the current
model units. For example, if the station spacing in the imported model was one foot, and the
current model is in meters, the station spacing would be 0.3048 meters. You must select the
Layer Location for imported sections; that information is not imported from the other model.

Deleting Sections

Because Sections are associated with a surface, they cannot be directly edited or deleted.
They will only change shape if the underlying surface is modified, and the only method of
deleting a Section curve is to remove it from the setctions list in the Sections dialog.

To remove a Section, select the surface(s) which are to be included in the calculation of

Sections. Open the Section dialog ( , Orca3D > Hull Design > Sections, or
OrcaSections), right-click on the sectlon to be removed, and select Remove (you may right-
click on a section type, such as Station, to delete all of the stations).

Add Sections

Define New Sections . [¥][=> Stations

- ~[v]| 7 0.000 meters

ian T Stations »

Seig s | : 1.016 meters

ListLocations | | meters ; 2052 mek e
: 3.048 meters

Group Definition L 3 ;

meters Add 1 Remove

[[] Spacing meters Start
[] Number End meters Previeulnr
Set Color
]

Degres : | |

[] Update Baunding Bax Angle

=2-¥E Buttu:u:k.s
Layer Location Layer Name : 0.000 meters
! 0.510 meters
(*) Layer by section typs Station |5tatiu:un _ 1,018 meters
! 1,529 meters
=-[¥][=r Waterlines
! -0.538 meters

() Each section on its own layer Buttock | Buttock

[] Delete empty section layers ] ot
Infaterline Waterine | . 0096 metere
Diagonal |Diag0na| | : 0.487 meters
k 1.000 meters
Incline ||nc:line | --[JE=5 Diaganals
[t Inclines
0K ] [ Cancel Cant |'::E""t | —[JC3 Cants
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8.4  Refreshing Sections

Toolbar f# (right-click)

Menu| Orca3D > Hull Design > Sections

Command| OrcaSectionsRecompute

Sections are updated automatically when you modify a surface using the Orca control
points. However, some other modifications may cause the sections to become out of synch
with the surface(s). To refresh the sections, right click on the Sections icon on the toolbar, or
enter the command OrcaSectionsRecompute. Orca3D remembers which surfaces were
used when the sections were defined, and the sections will be recomputed through those
surfaces.

8.5 Using Real Time Sections

Orca3D can compute and draw the sections in real-time as a surface is modified. This is
only true if you are using Orca Control Points, rather than Rhino's standard control points.

The first step is to define sections 96, After that, simply use the Orca Control Points when
editing the surface(s).

Orca Control Points

Toolbar @
Menu| Orca3D > Hull Design > Orca3D Control Points On

Command| OrcaPointsOn

1. Start the command from the toolbar, menu, or command line.
2. Select the surface(s) you wish to edit, and hit Enter.

3. The control points for the surface(s) will be shown. Orca control points, and the lines that
connect them, are drawn differently than the standard Rhino control points. You may control

the color of the lines in the control polygon in the Orca Properties dialog (D@)_ By default,
control lines in the U direction (longitudinal, in general) are drawn in cyan, and the V
direction (transverse, in general) are drawn in green.

4. Move the control points just as you would the Rhino control points. If you have defined
Orca Sections, they will update in real-time (remember that the smoothness of the real-time
curves is controlled by the smoothness of the Orca Mesh, which can be adjusted in Orca
Properties). If you have checked the Real-Time Hydrostatics box in the Define Design
Condition| «2 1 dialog, you will also see a window showing the hydrostatics data updating.
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Planview Perspective

Profile Bodyplan

Orca Control Points turned on

Perspective

Moving an Orca control point with real-time section updating
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9.1

Hydrostatics & Stability

This section describes the most common basic tasks you will use when computing
hydrostatics and stability with Orca3D. It is designed as a "How-To" guide. You can use the
table of contents as an index. Although it is organized roughly in the order that you would
perform the tasks you don't need to begin at the beginning and work your way through.
Every topic contains comprehensive links to background information and other relevant
subjects so you can just pick out the task you need to perform and begin.

See also:

Introduction/17)
Quick Start Tutorialls1)
FAQ-Hydrostatics & Stability/141]

Introduction

Orca3D performs hydrostatics and intact stability calculations on any combination of one or
more Rhino surfaces and meshes. The flotation condition to be analyzed can be specified in
two basic manners:

Input Type Other Input Result
Fixed Flotation Plane Trim angle, Heel angle Displacement and Center of
Buoyancy
Fixed Weight Trim angle or LCG, Heel angle | Equilibrium Flotation Plane
or TCG

With both approaches, there is the option of analyzing stability over a range of heel angles,
and a complete report of the hydrostatics and stability data is produced.

The process of computing hydrostatics and stability can be summarized as follows:

1. Define any Points of Interest| s (points on the model whose height above the
waterline are tracked as the model heels, trims, and sinks)

2. Select the surface(s) and/or mesh(es) to be included
3. Define the flotation condition(s) to be analyzed
4. Review the report

If you are computing hydrostatics in the context of designing a hull, where you need to see
results frequently and rapidly, but always with the same flotation condition (at the design
waterline, for example), Orca3D provides a special case of the hydrostatics command,
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called "Design Hydrostatics." In this case, the Design Condition is defined once (i.e. the
flotation plane or the weight/CG), and then the analysis can be run with a single button click,
without having to define the flotation condition each time.

=2 Note: It is assumed that the model's centerplane is at the Y=0 plane. Incorrect results
will be reported otherwise.

=» Note: Orca3D computes most of the hydrostatics parameters from the surface mesh,
not in the traditional manner of integrating stations (stations are used for the sectional area
curve, and the prismatic and maximum section coefficients). In general, this leads to more
accurate results, and avoids the possibility of missing or mistreating features in the hull
surface, such as the end of a hull skeg. The accuracy of the calculations, therefore, depends
on the smoothness of the surface mesh (this is true in Rhino for other things; for example
the curvature maps depend on the smoothness of the analysis mesh). To adjust the

smoothness of the Orca3D mesh, use the OrcaProperties command, or the icon ( ‘”’3'), and
set the values in the Orca Mesh Parameters section. Also, please visit the Mesh Density
Accuracies s section of the Verification and Testing]ss) chapter, to see how various mesh
settings affect the accuracy of the results.

9.2 The Model

Unlike traditional hydrostatics and stability software, Orca3D computes most of the
parameters using a mesh that is generated from the surface(s), or simply a mesh model. In
general, this leads to more accurate results, and doesn't rely on a station model of the hull
that can easily miss features in the shape of the hull due to discontinuities, such as the end
of a skeg.

Requirements
The requirements for a model are:
¢ May be composed of surfaces, polysurface, meshes, or any combination of these;

¢ While the model does not need to be completely sealed (“watertight"), any gaps in the
model will decrease accuracy;

¢ Any naked edges should not become submerged; for example, if the model does not
have a deck, it will not run at heel angles at which the deck edge would become
submerged;

e The normal direction for ALL of the surfaces and mesh must point into the water. See
below for information on how to check this, and change it if necessary;

¢ The surfaces and meshes being analyzed should only represent the outside shell of
the vessel (hull, deck, superstructure, etc.), and not the interior surfaces (bulkheads,
interior furniture, etc.);

o Be aware that interior surfaces, such as a cockpit, that are intersected by the
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waterplane and form a well, will be treated as if the well that is formed is filled with
water, up to the waterplane. See the explanation of well surfaces below. All selected
geometry that is completely or partially below the waterplane, will be treated as if that
portion of the geometry below the waterplane is wet.

Orca3D computes most of the hydrostatic data from a surface mesh, not with the traditional
approach of integrating stations. The user has control over the density of this mesh, just as
you do with Rhino's display or analysis mesh. If the mesh is too coarse, your values will be
low. If they are too high, it will slow down the computations without adding appreciable
accuracy. The settings may be adjusted using the OrcaProperties| 21 command. You should
experiment with different settings, and study their effect on your results. As you increase the
density of the mesh, you will reach a point of diminishing returns in terms of increased
accuracy versus computation time.

Normal Direction

Surfaces in Rhino have the concept of an "inside" and an "outside." The outside should be
the side in contact with the water; if not, the volume of that surface will be computed to be
negative. If your model consists of multiple surfaces (not joined), and some of them have the
outside direction incorrect, they will deduct from the total. There are two ways to visualize
the outside direction of a surface; first, you can select the Direction command from Rhino's
Analyze menu. Arrows will be drawn in the outward direction, and so should point into the
water (note that for surfaces such as bow thruster tunnels, this means that the arrows will be
pointing into the interior of the cylinder). If you find a surface whose direction is incorrect,
use the Flip option in the Direction command to flip it to the correct direction.

Perspective

Incorrect Direction on the hull surface
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Perspective

Direction corrected with the Flip option

If you have many surfaces, this can become tedious; a more effective way to quickly see the
directions of the surfaces is to use Rhino's Backface Settings. Select the Perspective
viewport, and change to a shaded rendering. Right-click on the viewport title (Perspective),
and select Display Options from the menu. Go to Rhino Options/Appearance/Advanced
Settings/Shaded, and select Shaded. For the Backface Settings option, select "Single Color
for all backfaces," and then select a color that stands out in your model. Now, as you rotate
the model, you can quickly visualize the backface (inside) of each of your surfaces. You can
now use the Flip command to flip the direction of any surfaces that are incorrect. In the
example below, the surface color is set to green, and the backface color is set to red.

Perspective

Incorrect Direction on the transom surface
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Perspective

Direction corrected with the Flip option

Well Surfaces

All selected geometry that is completely or partially below the waterplane, will be treated as if
that portion of the geometry below the waterplane is wet. This issue, which occurs with any
hydrostatics program, will occur when the model includes surfaces that are below the
waterplane, but would normally be dry. In the following barge-like example, because the
interior of the barge has been modeled, there is potential for error:
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Planview Perspective

In the case of WL 1, which is below the inside deck of the barge, the results will be fine.
However, if hydrostatics are run at WL2, the results will be as if the interior of the barge
were flooded up to WL2.

Note that this can occur not just in the upright condition, but also in a heeled condition. For
example, beginning at WL1 for this barge at 0 degrees of heel would be fine; however, at
some heel angle the waterplane is likely to intersect the inside deck, and cause it to be
considered flooded.

In cases like this, it is best to select only the outside surfaces of the model when running
hydrostatics.

9.3 Defining the Flotation Condition(s)
Orca3D provides a lot flexibility when running hydrostatics and stability analyses. Analyses

can be run assuming that you know the displacement (weight), or assuming that you know
the waterplane. The flotation condition can be specified with the following combinations:

Weight, LCG, TCG

© 2008 by DRS C3 Systems, Inc., all rights reserved



108 Orca3D

Weight, LCG, Heel
Weight, Trim, TCG
Weight, Trim, Heel
Model Sinkage , Trim, Heel

Definition of Terms

Following are the required inputs for an analysis, which define the flotation plane. More than
one flotation condition can be specified, by listing values in each input field.

Weight: the overall weight of the vessel, in the units shown

LCG: the longitudinal center of gravity of the vessel, in the current length units, from the
world origin

TCG: the transverse center of gravity of the vessel, in the current length units, from the
world origin

VCG: the vertical center of gravity of the vessel, in the current length units, from the world
origin (this is required in order to run a stability analysis at one or more heel angles)

Trim: the trim angle of the vessel, in degrees from the horizontal plane in the world
coordinates. A right-hand coordinate system is used, so that if positive X is aft, positive Y to
starboard, and positive Z is up, a positive trim angle is bow up

Heel: the heel angle of the vessel, in degrees from the horizontal plane in the world
coordinates. A right-hand coordinate system is used, so that if positive X is aft, positive Y to
starboard, and positive Z is up, a positive heel angle is to port

Model Sinkage: the distance along the vertical axis from the world origin to the waterplane,
in the current length units
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Hydrostatics & Stability Analysis

Description Hydrostatics & Stability Anahysis
) \wleight gt or (%) Model Sinkage 1] meters
meters or (*) Model Trim 1] deg
meters or (*) Model Heel o deg
VCG 1] meters

meters
Mirror About Centerplane
[] &dd Flane(s) Representing Water Surface
[] Transform Model to Resultant Condition
Compute Righting Arm at these Heel Angles 05...60
[ ] Print Full Output for Heeled Conditions

Calculate ] [ Cancel ] [,f'.dd Objects... ] [ OrcalD Units...

Optional Inputs
Description: This field will be included in the output for the analysis

Mirror About Centerplane: checking this box assumes that you have modeled half of a
symmetric hull, and wish the program to assume the mirror image. Note that hulls that are
not centered at Y=0 will give incorrect results; therefore a symmetric catamaran hull model,
where only one side of each hull has been modeled, should be moved to the centerplane
before analyzing it.

Add Plane(s) Representing Water Surface: checking this option will insert a planar
surface to represent each equilibrium flotation condition, and will include markers
representing the centers of buoyancy and flotation

Transform Model to Resultant Condition: This option will cause the model to be moved
(only that portion of the Rhino model that was selected for the hydrostatics calculation). The
model is first heeled about the world longitudinal axis, then trimmed about the world
transverse axis, then sunk along the world vertical axis.

Compute Righting Arm at these Heel Angles: When selected, you may enter a list of heel
angles to be analyzed, separated by commas. A list of evenly spaced values may be
entered in the format a, b, ...,c where a is the first angle, c is the final angle, and
intermediate angles will be included at a spacing of (b-a).

Print Full Output for Heeled Conditions: By default, the output does not include a
complete table of hydrostatic data at each heeled condition. Checking this box will cause the
complete hydrostatic data to be included in the report for each heel angle.

Add Objects: Clicking this button allows the addition of other surfaces or meshes to the
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selected set for analysis

Orca3D Units: To change any units except for the length unit (which is a Rhino unit and
must be changed in the Rhino Properties dialog), click on the Orca3D Units button. The
Orca3D Properties dialog is shown, with units information at the bottom:

Orca3D Document Properties :||E|g|
Project Title [Defaut Project] |

Company Name |Defauh Compary |

Maodel Orientation Orca Mesh Parameters

+Xig | & () Jagged & Faster

' Zis ") Smooth & Slower
{®) Custom

Fluid Density D2

Maximum angle
Tope

Maximum aspect ratio

0
0
: D
Density [10255 | Minimum edge length  |0.0001
D
0

Maximum edge length
Max distance, edge to surf
Palygon U Color

:] Minimum initial grid guads D
Palygon W Color E] [] Refine Mech

Cortral Pohygon

Line Type ] Jagged Seams
[ ] Simple Planes
Orcadl Units Preferences
S| ka w | [_Show Units
| ok || Cancel |

You may choose from four pre-defined Orca3D Unit Preferences: Sl-kg, Sl-tonne,
Imperial-Ibs, Imperial-LT, or you may choose a Custom units scheme, which allows the
selection of specific units for different categories, e.g. volume in foot"3 and area in inch”2.
The Custom settings are accessed via the Show Units button. Once in the Orca3D Units
dialog, select "Custom" as the Units Sytem. Each of the unit types displays its current value,
and may be expanded in the tree to show the selection of options.
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™ Orca3D Units Preferences

Units System

e

CEX

[ OK

| | Cancel |

Mame

) Mass

= Area

= vaolume

= Inertia

[C) WarpingConstant

=) Force

= Weight
kilopounds forze
pounds force
long ton force
ounce force
kilogramsforce
kilonewton
millinewton
meganewton
newton
ton force

essure

oment

assDensity

angfngle

ower

peed

» ]O00O00O0FO00O0C

23 ==

588
0o oo Do

=
E|
m

Symboaol
kg
m"~2
m"3
m"4
m™&6

kof
kips
Ibf

Itf
ouncef
kaof

kN

mh
MM

M

tf

Pa
kgf-m
kg/m~3
deg

w
m/s

5

To 51

Pk | k| k| k| k| e

9.80665
4448.221628251
4448221628251
9364.016384
0.27801385
9.80665

1000

0.001

1000000

1

3306.65

1

9.80665

1
0.01745329251
1

1

1

9.4  Design Hydrostatics

111

Orca3D can compute hydrostatics and stability in various combinations of waterplanes/
displacement and center of gravity/heel/trim, with a range of heel angles. However, while

you are fairing a hull, you are usually just interested in the hydrostatics at the "design
waterline," or at a particular displacement/center of gravity.

In Orca3D, there is a special Hydrostatics and Stability condition called the "Design"

condition. The intent is to define the Design condition once, and then as you create and
modify the hull, you can compute hydrostatics and stability at that condition with a single

button click. This saves having to go through the dialog to define the condition each time you

wish to compute the hydrostatics.

For complete information, please see the Design Hydrostatics| <2 topic in the Quick Start

Tutorials section.
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9.5

Output

Before the hydrostatic and stability calculations are performed, the model will be first be
heeled about the world longitudinal axis (if necessary), then trimmed about the world
transverse axis (if necessary), and finally sunk along the vertical world coordinate with
positive sinkage defined in the negative vertical direction (if necessary) depending on the
flotation condition(s) defined. For more detailed information on defining the flotation
condition(s) see the Defining the Flotation Condition(s) 7] section.

Vertical

=
=
= =

—

0

e
———.
e

| ——
[———

|

The following are the calculated values provided in the hydrostatics and stability report and
are provided for each flotation condition defined.

Load Condition Parameters

The following inputs define the flotation condition(s) by either weight or model sinkage and
model trim or LCG and model heel or TCG.

Weight: the overall weight of the model in the specified fluid density, in the units shown
Model Sinkage: the distance along the vertical axis from the world origin to the waterplane,

in the units shown. Positive sinkage is defined in the negative vertical direction of the world
coordinates.
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B Original Hull
C Transformed Hull

Figure 1.4 Model Positive Sinkage of 0.5 Meters

Model Trim: the trim angle of the vessel, in degrees from the horizontal plane in the world
coordinates. A right-hand coordinate system is used, so that if positive X is aft, positive Y to

starboard, and positive Z is up, a positive trim angle is bow up.

B Original Hull
T Transformed Hull

Figure 1.3 Model Trimmed Positive 3.5 Degrees
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LCG: the longitudinal center of gravity of the vessel, in the units shown, measured from the
world origin

Model Heel: the heel angle of the vessel, in degrees from the horizontal plane in the world
coordinates. A right-hand coordinate system is used, so that if positive X is aft, positive Y to
starboard, and positive Z is up, a positive heel angle is to port.

B Original Hull
OO0 Transformed Hull

Figure 1.2 Model Heeled Positive 30 Degrees

TCG: the transverse center of gravity of the vessel, in the units shown measured from the
world origin
Resulting Model Attitude and Hydrostatic Properties

The resulting model orientation and calculated hydrostatic properties for each defined
flotation condition(s).

Sinkage: the distance, in the units shown, the vessel waterplane has moved from the world
origin in the vertical direction resulting from the defined flotation condition. Positive sinkage
is defined in the negative vertical direction.

Trim: the resultant trim angle, in degrees, of the vessel from the horizontal plane in the
world coordinates resulting from the defined flotation condition.

Heel: the resultant heel angle, in degrees, of the vessel from the horizontal plane in the
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world coordinates resulting from the defined flotation condition.

Ax: the maximum underwater sectional area calculated using Orca sections, in the units
shown. If no Orca sections are specified, this value will be 0.

Displacement: the overall weight of the vessel, in the units shown, as defined in the input or
calculated from the defined flotation condition.

LCB: the longitudinal center of buoyancy of the resultant model orientation in the units
shown from the world origin.

TCB: the transverse center of buoyancy of the resultant model orientation in the units shown
from the world origin.

VCB: the vertical center of buoyancy of the resultant model orientation in the units shown
from the world origin.

Wet Area: the area, in the units shown, of the underwater surfaces selected for the
hydrostatic & stability analysis.

Awp: the area, in the units shown, of the waterplane of the resultant model orientation.

LCF: the longitudinal center of flotation of the resultant model orientation in the units shown
from the world origin.

TCF: the transverse center of flotation of the resultant model orientation in the units shown
from the world origin.

VCF: the vertical center of flotation of the resultant model orientation in the units shown from
the world origin.

BMt: the transverse metacentric radius in the units shown of the resultant model orientation
BMI: the longitudinal metacentric radius in the units shown of the resultant model orientation
GMt: the transverse metacentric height in the units shown of the resultant model orientation
GMI: the longitudinal metacentric height in the units shown of the resultant model orientation

Cb: the block coefficient of the resultant model orientation due to the defined flotation
condition

Cp: the prismatic coefficient of the resultant model orientation. If no Orca sections are
defined, this will be 0.

Cwp: the waterplane coefficient of the resultant model orientation.

Cx: the maximum section coefficient of the resultant model orientation interpolated using
section data. If no Orca sections are defined, this will be 0.

Cws: the wetted surface coefficient of the resultant model orientation.
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Cvp: the vertical prismatic coefficient of the resultant model orientation.
Volumetric Properties

The displacements and centers, in the units shown, plotted for each draft(s) defined from the
load condition(s).

Area Properties

The areas and centers, in the units shown, plotted for each draft(s) defined from the load
condition(s).

Hull Form Coefficients
The hull form coefficients plotted for each draft(s) defined from the load condition(s).
Surface Meshing Parameters

These values define the mesh settings for the model. They can be changed in the Orca3D
Document Properties dialog box.

Density: Rhino uses a formula to control how close the polygon edges are to the original
surface. Values between 0 and 1. Larger values result in a mesh with a higher polygon
count. The default value in Orca3D is 0.7.

Maximum Angle: the maximum allowable change between the surface normal at any point
and the mesh vertex. The default value in Orca3D is 0.7.

Maximum Aspect Ratio: surfaces are initially tessellated with a regular quadrangle mesh
and then that mesh is refined. The initial quad mesh is constructed so that on average, the
maximum aspect ratio of the quads is less than or equal to the maximum aspect ratio. The
default value in Orca3D is 0 which turns this option off.

Minimum Initial Grid Quads: the number of quadrangles per surface in the initial mesh
grid. The default value in Orca3D is 0 which turns this option off.

Refine Mesh: after its initial meshing, Rhino uses a recursive process to refine the mesh
until it meets the criteria defined by maximum angle, minimum edge length, maximum edge
length, and maximum distance, edge to surface options. The default value in Orca3D is
false.

Minimum Edge Length: if any edge is shorter than the minimum edge length, no further
division of the mesh faces occurs. The default value in Orca3D is 0.0001 units.

Maximum Edge Length: polygons are further divided until all polygon edges are shorter
than this value. The default value in Orca3D is 0, which turns off this option.

Max Distance, Edge to Surf: polygons divide until the distance from a polygon edge
midpoint to the NURBS surface is smaller than this value. The default value in Orca3D is 0,
which turns off this option.
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Jagged Seams: all surfaces mesh independently and Rhino does not stitch the edges of
joined surfaces edges together. The default value in Orca3D is false, which means
watertight meshes are created.

Simple Planes: all planar surfaces are meshed by meshing the surface edges and then
filling the area bounded by the edges with triangles. If simple planes is true, the settings,
except jagged seams, are ignored for planar surfaces and the planar surface is meshed with
as few polygons as possible. The default fault in Orca 3D is false.

Load Condition Parameters

The load condition parameters and resultant model attitude are shown again for each load
condition. Here the fluid type and fluid density are displayed in the units shown.

Overall Dimensions

The overall vessel dimensions of length, beam, and depth are displayed in the units shown
as well as the ratios of length overall to beam overall and beam overall to depth.

Waterline Dimensions

The vessel waterline dimensions at the defined load conditions in the units shown. The
ratios of waterline length to waterline beam, waterline beam to draft, and depth to draft are
shown as well. Note that the dimensions are the maximum dimensions; if your vessel is a
catamaran, the Waterline Beam will be the distance from the outer edge of the port hull to
the outer edge of the starboard hull.

Volumetric Values

The parameters defining the underwater volume of the vessel in the defined load condition.
These include the vessel displacement, underwater volume, the centers of buoyancy, and
wetted surface area. The ratio of LCB to LWL is measured from the bow; a value less than
0.5 means that the LCB is forward of the midpoint of LWL.

Waterplane Values

The parameters defining the waterplane of the vessel in the defined load condition. These
include the waterplane area and centers of flotation of the vessel. The ratio of LCF to LWL is
measured from the bow; a value less than 0.5 means that the LCF is forward of the midpoint
of LWL.

Sectional Parameters

The maximum cross sectional area, in the units shown, is defined with its location measured
from the world origin in the units shown. If no Orca stations are defined, these values will be
0.

Hull Form Coefficients

The hull form coefficients are shown for the defined load condition.
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Static Stability Parameters

The static stability parameters are shown for the defined load condition including the
transverse and longitudinal area moments of inertia in the units shown.

Station Data

If Orca stations are defined, a plot of the immersed area and wetted girth versus station
location is displayed. A table of station location, measured from the world origin, immersed

area and wetted girth is shown.

Stability Curve

If the “Compute Righting Arm at these Heel Angles” box is checked in the Hydrostatics &
Stability Analysis dialog, a stability curve will be plotted for righting arm versus heel angle. A
table of trim angle, righting arm and righting moment, in the units shown, is displayed for

each defined heel angle.
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10

Speed/Power Analysis

Orca3D contains methods from the HydroComp Drag Prediction Library for predicting the
resistance of hulls.

The HydroComp Drag Prediction Library v2 is a calculation engine for the prediction of bare-
hull drag. Two prediction methods are available - Savitsky (planing hulls) and Holtrop
(displacement or semi-displacement hulls).

The methodology employed in the library for the prediction of bare-hull drag must initially be
determined in the context of the vessel's principal hull form. Marine craft follow a number of
different physical principles to support and move the mass of the hull through the water.
Each vessel's basic motion is useful in defining the technique that is most appropriate to
predict its bare-hull resistance.

A vessel can typically be categorized by the way the hull is vertically supported while in
motion (lift), which in turn points to a particular methodology for the lateral resistance to
motion (drag). If a hull's lift is entirely supported by hydrostatic buoyant forces and its drag is
horizontal, it has traditionally been known as a "displacement" hull. For the purposes of drag

prediction, however, we call it a CT-based hull (due to the numerical calculation formats). A
craft principally supported by hydrodynamic bottom pressures is called a Planing hull. Hulls

operating in an intermediate regime are traditionally known as "semi-displacement”, "semi-
planing" or "pre-planing".

Resistance methodologies for the two principal categories — C-I--based (for displacement

and semi-displacement hulls) and Planing — have seen much development over the years,
but the most useful approaches generally fall into one of two forms — a geosim drag
coefficient (CT) method for CT-based hulls, and an equilibrium state Planing hull technique.

It is important to mention that both of these methodologies have evolved over the years,
particularly with respect to the prediction of viscous (frictional) drag and model-to-ship
correlations. As techniques change, however, it is common to see older corrections
improperly applied to newer techniques, and the accuracy of the results has suffered. In
other words, all parts of the process must be compatible to be successful. With this in mind,
the drag prediction methods in the library reflect contemporary thought, as well as
corrections and improvements to the behavior and accuracy of the methods.

Copyright © 2008 HydroComp, Inc. All rights reserved.
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10.1
10.1.1

Planing Hull Savitsky Prediction

Introduction

Planing hull drag prediction using the Savitsky method

Planing is a hydrodynamic state where a hull is dynamically supported by pressures that are
developed by the forward motion of the vessel. Before addressing the state of planing, let's
consider what a boat needs to do before getting up on plane.

At rest, a hull is supported by buoyancy. The static water pressure surrounding the hull holds
it in place. This hydrostatic state is completely a function of the hull's volumetric shape.

When a boat begins to move, however, it forces water around and under the hull and it is no
longer in a hydrostatic state. It is now in hydrodynamic motion. As a boat moves at low
speeds, the water typically follows flow lines that return more-or-less to their original position
behind the hull. This is traditionally called the displacement hull mode.

The boat accelerates as a we give it more throttle into what is called the semi-displacement
or pre-planing modes. In this mode it will also tend to sink a bit and trim up by the bow due
to suction forces at the stern. The boat is now approaching the hump, that point where the
sinkage and trim are greatest.

The trim that is inherent in this mode gives us the critical piece that allows for planing to
occur. The suction that previously pulled the stern down now turns to a pressure as the boat
runs faster and faster. The pressure - caused by the motion of the hull through the water at
a particular angle of attack (its trim) - begins to lift the hull and typically reduce the trim
somewhat. The final state of lift and trim is a complex equilibrium of forces and moments.
The boat will remain in this state so long as nothing changes its speed, trim or weight
distribution. The boat is now fully planing, or on plane.

Components of planing hull drag

The planing hull equilibrium described above shows us that trim and lift are interrelated. Trim
affects lift, and it also affects drag. In fact, trim determines drag, as we will see below.

(Note: This describes the drag on the hull only. A boat in service will have additional drags
due to appendages, seas, and shallow water. It might also have devices such as trim tabs
that will also affect drag. These are not treated here.)

Planing hull drag is made up of four principle components:

Pressure + Friction + Spray + Windage
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Windage drag is the air resistance of the exposed hull that is driven through the air. It has
the tendency to increase trim. More windage area means more drag and also more trim.

Spray drag, sometimes called whisker spray, is the drag of the hull driving through the mass
of the spray that is produced ahead of the boat. Evaluating the effect of spray is complicated
and is often neglected, as well-designed spray rails or strakes can be effective in moving the
spray away from the hull rather than leaving it in front of the hull. Like windage drag, spray
drag would contribute to greater drag and trim.

This leaves Pressure drag and Friction drag as the two parts of our planing drag analysis.
The planing hull analysis that is used here is a modified version of the well-known Savitsky
prediction method.

Savitsky prediction method

The Savitsky method poses the bare-hull planing drag as

Bare-hull drag = Pressure + Friction = L tan(t) + Cr %2 p S V2/ cos(t)

where,
L = lift on the planing bottom (nominally the boat weight)
T = dynamic trim angle

C. = frictional drag coefficient across the wetted planing surface

p = mass density of the water
S = wetted planing surface area at the particular dynamic trim angle

V = mean water velocity across the wetted planing surface

The Savitsky prediction calculations solve for all of the above variables at a given trim angle.
The prediction, therefore, must solve for the proper trim angle so that the equilibrium is
maintained.

This implementation of a Savitsky prediction includes the effect of the boat's CG location (as
it is about this point where the equilibrium is centered), as well as the thrust line vector. For
example, a thrust line that is pointed above the CG will tend to lower trim, while a vector
below the CG will bring the bow up.

One important consideration when using the Savitsky method is that it was developed for
prismatic hulls, meaning that the hull is a prism of a pure wedge shape. These hulls had
linear sections from keel to chine with constant deadrise (no warp), and no strakes or rails.
HydroComp has developed and implemented a number of modifications to the Savitsky
method for warped hulls, as well as for hulls of non-linear sections with strakes and rails.

© 2008 by DRS C3 Systems, Inc., all rights reserved


http://www.hydrocompinc.com

Speed/Power Analysis 123

Evaluating drag at pre-planing speeds

The methodology described above is for a boat past the hump and settled into its fully
planing hydrodynamic mode. The calculations employ a version of the Blount/Fox pre-
planing hump speed correction to better model the shape of the drag curve at pre-planing
speeds.

Differences in Savitsky methods

You must not expect that all calculations built upon the basic Savitsky formula to produce
the same prediction results. Some reasons for this are:

e Use of an equilibrium trim analysis. Some predictions do not consider the effect of
the lift and drag components on trim. For example, if the thrust line vector is assumed
to pass through the CG (which Savitsky called the simple case), the predicted trim and
drag will not account for this.

¢ Definition of deadrise angle. Unfortunately, there is no standard rule for the
calculation of appropriate deadrise angle. Differences in how the deadrise is calculated
produce differences in the prediction results.

¢ Definition of the chine beam. The outer chine beam defines the shape of the wetted
planing surface. A different beam gives a different result.

¢ Variable deadrise. Warped hulls of varying deadrise need a dynamic calculation of a
suitable effective deadrise.

This implementation of the Savitsky prediction accounts for all of these variables.

Drag reduction analysis

This planing hull analysis also provides design feedback. Four hydrodynamically significant
hull parameters - deadrise, LCG, thrust line shaft angle, and chine beam - are evaluated for
their effect on drag. A sensitivity index number provides a measure of the significance of the
parameter on drag. By reviewing the indices, you can see a measure of the parameter's
influence on drag and then use this information to optimize your designs.

References

The following are three important references about the Savitsky prediction methodology.
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e Savitsky, D., "Hydrodynamic Design of Planing Hulls", SNAME Marine Technology, Oct
1964.

e Savitsky, D. & Brown, P.W., "Procedures for the Hydrodynamic Evaluation of Planing
Hulls in Smooth and Rough Water", SNAME Marine Technology, Oct 1976.

e Blount D.L. and Fox, D.L., "Small-Craft Power Prediction”, SNAME Marine Technology,
January 1976.

About effective power

Effective power is a function of resistance. It is simply resistance converted to power units
by multiplying by the boat’s speed.

Effective power = Resistance * Speed

Effective power is NOT engine power, as only a fraction of the engine’s rotational energy
can be converted into thrust at the propeller. Between engine power (at the engine) and
effective power (at the hull) are a number of places where energy is lost. These losses can
be defined by individual efficiencies:

Transmission efficiency = 96% to 98% (gear friction and heat)
Shafting efficiency = 97% to 98% (bearing friction and shaft torsion)
Hull efficiency = 90% to 100% (pressure regions affecting the hull)
Propeller efficiency = 50% to 70% (hydrodynamic losses)

Multiplying these together gives us the ratio of effective-to-engine power. This figure is
known as the Overall Propulsive Coefficient, or OPC. OPC varies with hull type, speed
range and propeller style, and is typically in the range of 50% to 65%. Some applications
can push the OPC to 70%, while heavily loaded, slower hulls can see OPC reduced to 40%
or less.

Estimating engine power

As we can see from the effective-to-engine power figures of 50% to 65%, your engine power
is likely to be in the range of twice your effective power — sometime more. To estimate
engine power, you can use the following table to find a multiplier to estimate engine power
from the predicted effective power.

First, remember that the predicted effective power is for the bare hull only. You will need to
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10.1.2

add an appropriate service margin for additional hull roughness, appendages, windage, and
seas. So, match service margin and OPC to find an engine power multiplier.

Table of engine-to-effective power multipliers
Service margin

0%  10% 20% 30%
50% 2.00 220 240 2.60

55% 182 200 218 2.36
60% 166 183 2.00 2.17
65% 154 169 1.8 2.00

OPC

Please note, however, that a reliable estimate of service margin and OPC requires a
thorough propulsion analysis, which is beyond the scope of these calculations. Before
selecting an engine for your design, we strongly recommend that you prepare a proper
propulsion analysis, either by consulting with an experienced professional or with
comprehensive propulsion analysis software.

Copyright © 2008 HydroComp, Inc. All rights reserved.

Model Requirements

It is critical to satisfy various requirements for the model when running the Planing Hull
Savitsky Prediction. These are:

MUST ONLY represent the planing surface up to the chine; a hull surface that
includes the topsides can be split at the chine by selecting the surface, then
selecting the Surface menu > Surface Edit Tools > Split at Isocurve, finally
selecting the curve representing the chine and press Enter

MUST ONLY represent half of the hull

MUST have a transverse coordinate of 0 on the centerline (for example, a multi hull
ship must be positioned so that the centerline is at Y=0)

MUST be oriented with forward in the negative X-direction and up in the positive
Z-direction

MUST have a surface normal direction pointing outward into the water. The
surface normal direction can be verified by selecting the surface, then selecting
Direction from the Rhino Analyze menu.
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Perspective

10.1.3 Computing Resistance

Toolbar

Menu

Orca3D > Speed/Power > Planing Analysis

Command | OrcaPlaningAnalysis

Orca3D can compute the bare hull resistance of a planing hull for a user-defined range of
speeds. The total predicted resistance, total effective power, and total propulsive power can
then be calculated using a user-defined design margin and propulsive efficiency.

The process of computing the drag on a planing hull surface can be summarized as follows:

1. Select the planing surface or polysurface for the analysis. Note: the selected
surface or polysurface:

MUST ONLY represent the planing surface up to the chine; a hull surface
that includes the topsides can be split at the chine by selecting the surface,
then selecting the Surface menu > Surface Edit Tools > Split at Isocurve,
finally selecting the curve representing the chine and press Enter

MUST ONLY represent half of the hull

MUST have a transverse coordinate of 0 on the centerline (for example, a multi
hull ship must be positioned so that the centerline is at Y=0)

MUST be oriented with forward in the negative X-direction and up in the
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positive Z-direction

- MUST have a surface normal direction pointing outward into the water. The
surface normal direction can be verified by selecting the surface, then selecting
Direction from the Rhino Analyze menu.

Perspective

2. Type the command: OrcaPlaningAnalysis, select Planing Analysis from the Orca3D
menu, or select the Planing Hull Analysis icon from the Orca3D toolbar to initialize
the planing analysis.

3. Input the following values into the Orca Planing Analysis dialog box:
- Mass and geometry properties.
- Range of vessel speeds.
- Margins and efficiencies.

4. Select the OK button and the results will be displayed in report form in a separate
window.

IMPORTANT: Select ONLY the planing surface to be included in the analysis. The
program will use all surfaces selected in its calculations of deadrise angle, lift
coefficient, effective beam, etc. If any other surfaces are selected, you will receive
incorrect results.

Splitting a Surface

A hull surface can be split at a specific curve, for instance the chine line, using Rhino
surface edit tools. To split a surface, select the surface to be split, then select the Surface
Menu > Surface Edit Tools > Split at Isocurve. Finally, select the curve to split the surface at
and press Enter.
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Note: the design condition must be redefined once the surface is split in order to use the
calculated design condition values in the input dialog box.

Input Dialog

Once the planing analysis is started from the command line, Orca3D Menu, or Orca3D
toolbar and the planing surface is selected, the Orca Planing Analysis dialog box will open.

# Orca Planing Analysis

Mass and Geometry

Weight (113352 | kef

LOG (from arigin) [5.375 T Eidiad s

VCG (from origin) | m
Propeller LCE (from arigin) ..... m
Propeller VCE (from arigin) - ------------ m
Speeds
Minimum Speed | mi's
Maximum Speed m/s
Margins and Efficiencies
Resistance Design Margin |5 %

Propulsive Efficiency 55

Mass and Geometry
Weight: the weight of the vessel at the desired condition, in the units specified.

LCG (from origin): the longitudinal center of gravity of the vessel measured from the
world origin in the units specified.

VCG (from origin): the vertical center of gravity of the vessel measured from the
world origin in the units specified.

Note: the weight, LCG, and VCG can be automatically filled in by Orca3D if a design
condition is specified after the planing surface is split (if necessary) from the hull
surface by clicking the From Design Condition box.

Propeller LCE (from origin): the longitudinal center of effort of the propeller
measured from the world origin in the units specified.
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Propeller VCE (from origin): the vertical center of effort of the propeller measured
from the world origin in the units specified.

Shaft angle to baseline: the angle from the propeller shaft to the baseline,
measured in the units specified.

Note: these values can be specified on the model by clicking the corresponding
Select... button next to each input box.

Speeds

Enter the minimum speed, maximum speed, increment speed, and design speed of
the vessel in the units specified for this analysis.

Note: the analysis will only give results for speeds providing a volumetric Froude
number greater than 1.0.

Margins and Efficiencies
Resistance Design Margin: the margin added to the bare hull resistance to
calculate total resistance and effective power. This margin can be used to account
for appendages, wind, waves, shallow water, etc.
Propulsive Efficiency: the ratio of effective power to propulsive power. This

efficiency can be used to account for losses in the propeller, shafting, transmission,
etc and will thus determine the true definition of total propulsive power.

10.1.4 Output

After clicking OK in the Planing Analysis dialog box, a separate report window will open with
the planing hull analysis results providing the following output values:

Prediction Parameters

Method: an enhanced version of the Savitsky general case method for resistance
calculations of a planing hull.

SpeedCheck: Confirmation that your range of speeds is within the valid minimum
and maximum values, based on FnBch (Froude number, based on effective planing
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beam).

HullCheck: This is a summary of the checks on the parameters of deadrise angle,
LCG location, and lift coefficient. If any of these are outside of the valid range, it will
be flagged here. Each of these parameters is listed individually below in the
Parameter Check section.

DesignMarginPercent: the user-defined margin used to account for the differences
in the current model and the final design. This can also be used to account for loss
of efficiency due to wind, waves, appendages, shallow water, etc.

DesignSpeed: the user-defined “operational” speed of the vessel. This speed is
used in the drag reduction sensitivity analysis.

WaterType: the type of water used in the planing analysis. This can be changed in
the Orca3D Properties dialog box.

WaterDensity: the density of the water used in the planing analysis in the units
specified. This can be changed in the Orca3D Properties dialog box.

WaterViscosity: the viscosity of the water used in the planing analysis in the units
specified.

Propulsive Efficiency: the user-defined propulsive efficiency used in the analysis.

Vessel Data

This section provides calculated and user-defined values defining the planing surface
and vessel being analyzed.

MaxPlaningLength: the calculated overall length of the planing surface.
MaxPlaningBeam: the calculated overall beam of the planing surface.
DisplacementBare: the user-defined bare hull displacement in the units specified.

LCGFwdTransom: the user-defined longitudinal center of gravity measured from the
transom in the units specified.

VCGAboveBL: the user-defined vertical center of gravity measured from the
baseline in the units specified.

ShaftAngle: the user-defined propeller shaft angle in degrees relative to the
baseline.

LCEFwdTransom: the longitudinal center of effort of the propeller measured from
the transom in the units specified.

VCEAboveBL: the vertical center of effort of the propeller measured from the
baseline in the units specified.
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Parameter Check

This section verifies the following calculated parameters are within a defined range to
ensure accurate results.

LCGPerBch: the ratio of the longitudinal center of gravity forward of the transom to
the maximum planing beam.

FnBchMax: the maximum calculated Froude number based on the maximum
planing beam at the design speed.

DeadriseMidLen: the angle of deadrise at the mid-length of the planing surface.

CLBmax: the maximum value of the lift coefficient for the wetted planing area at the
design speed.

Results Tables
The two tables provide the following results for each of the user-defined speeds:

Fnv: the volumetric Froude number for the corresponding speed defined as Fnv =
Speed/(g*DisplacedVolume? )¥2

Trim (deg): the predicted trim of the vessel at the corresponding speed.
Rbare (N): the predicted bare hull resistance at the corresponding speed.

Rtotal (N): the total predicted resistance including the user-defined design margin at
the corresponding speed.

PEtotal (W): the calculated total effective power of the vessel including the design
margin at the corresponding speed.

PPtotal (W): the calculated total propulsive power of the vessel dependent on the
user-defined propulsive efficiency. For example:

Propulsive Efficiency Input Propulsive Power

Output
Quasi-propulsive efficiency Delivered Power
Overall efficiency including gearing Brake Power
losses

PPtotal is defined as the total effective power divided by the propulsive efficiency and
will be representative of the power defined by the propulsive efficiency input.

FnBch: the Froude number calculated using the effective planing beam at the
corresponding speed.
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Eff Planing Beam: the calculated effective planing beam of the wetted planing area.

Eff Deadrise (deg): the calculated effective angle of deadrise of the wetted planing
area.

Rbare/W: the ratio of the predicted bare hull resistance to the bare hull weight at the
corresponding speed.

Porpoising: the projected porpoising stability of the vessel: Stable, Unstable or
Check.

Prediction Check: at each speed the predicted condition of the vessel is checked
against known valid ranges for the Savitsky method. The output is either OK, or
specifies “Check=" followed by the number 1 through 4. The report provides the
definition of each type of warning under the Prediction Checks section. We caution
against using results where a prediction warning is found.

Sensitivity Analysis

The report provides a sensitivity analysis to reduce drag performed at the design
speed. A sensitivity index with a higher value has a greater influence on drag. A
value greater than 1.0 is considered significant. The third column of the table
indicates if the value should be increased or decreased to reduce drag.

Results Plots

The last page of the report provides plots of bare and total hull resistance versus
speed, total effective power and total propulsive power versus speed, and trim angle
versus speed.

Ct-based Holtrop Prediction

Introduction

CT-based drag prediction using the Holtrop method

At low speeds (pre-planing), a vessel is principally supported by buoyancy, with no
significant sinkage or trimming. As the boat moves, the water typically follows flow lines that
return more-or-less to their original position behind the hull. This is traditionally called the
displacement hull mode.

The drag of a boat in this mode is considered to be fully horizontal and opposite to the
direction of motion. Two principal types of drag make up the total - viscous (surface friction)
and wave-making (mass movement). The viscous drag relates to the characteristics of the
form of surface area, including its boundary layer thickness, surface roughness, and water
viscosity. The wave-making drag, on the other hand, most directly relates to volumetric
shape and the energy lost by moving a mass of the water away from where it started and
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back again. Each must be addressed to fully describe the total bare-hull drag.

Components of CT-based drag analysis

One of the basic tenets of hydrodynamics is that the drag of a vessel immersed in a fluid is
related to the dynamic pressure surrounding the body. This pressure is defined by the well
known Bernoulli equation, which is the foundation of a system of coefficients used to define
resistance in a non-dimensional form. By adding a term representing the square of the ship
dimension (the wetted surface area), pressure is converted into drag (a force) and the
equation looks like:

Cr=Ry/%pSV2

where,

CT = resistance coefficient
RT = resistance

p = mass density of water
S = wetted surface

V = ship velocity

The initial use of this methodology is very old. In the latter-1800s, William Froude used this
relationship to establish the fundamentals of correlating resistance between ships, and
eventually from models to ships. This technique is only truly appropriate when comparing
hulls that are geosims (i.e., geometrically similar).

However, the above relationship made resistance non-dimensional, and Froude added a
relationship for what he called the corresponding speed [Froude, 1888], which he deemed
was what controlled the wave-making system. In this methodology, ship speed corresponds
to the square root of its length. A non-dimensional coefficient for this corresponding speed
now bears his name — the Froude number.

The first usage of these coefficients plotted the coefficient of total resistance (CT) versus

Froude number. Froude ultimately determined that the total resistance must be divided into a
viscous component and a wave-making component, since the viscous component is a
function of speed, water viscosity and wetted surface, while the wave-making component
depends principally upon speed, water density and displacement. The component terms for
these two parts were frictional (CF) and residuary (CR) — so named to represent all

resistance over-and-above frictional. This system has been the root of all for C-I--based
prediction methods for over 100 years.
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Contemporary updates to the Froude methodology

The division of the total drag into frictional and residuary is known as a two-dimensional
analysis, since the viscous component is solely made up of skin friction (on the 2D wetted
surface). The corresponding residuary resistance includes not only the wave-making system
energies, but also eddy and viscous energy losses due to the hull form. Research
throughout the latter-1900's has suggested that the two-dimensional analysis does not
adequately reflect the contribution of hull shape to viscous drag.

In answer to this deficiency, a contemporary derivative of the 2D analysis shifts the viscous
drag effects of the hull shape (CFORM) to the total viscous drag (CV), isolating the true

wave-making drag (CW) component. This is called a three-dimensional analysis.

In the three-dimensional scheme put forth by the ITTC in 1978, the viscous coefficient (CV)
is defined as Cy = (1+k) Ck where the term 1+k is the "form factor" that accounts for the
three-dimensional effects. Therefore, the form coefficient (CFORM) is then defined as C
FORM™ k * Ck. This format is the organizational basis used by the Holtrop prediction
method.

Holtrop prediction method

The Holtrop method follows the ITTC-1978 approach to pose the bare-hull drag as

Bare-hull drag = Viscous + Wave-making

The wave-making drag is derived from a speed-dependent relationship using the Havelock
wave shape as its foundation. The basis for the use of the Havelock theory is currently out of
favor, as a speed-dependent analysis like Havelock has trouble matching the typical humps
and hollows of the drag curve below the principal wave-making hump (which generally
occurs at a Froude number near 0.4).

Corrections and additions for bulbous bows and immersed transom sterns were eventually
added to this Havelock theory wave-making drag, resulting in the current Holtrop method, as

Bare-hull drag = Viscous + Wave-making + Bulb pressure + Transom pressure

One important consideration when using the Holtrop method is that it was developed with a
particular set of hull data. Hulls that are outside of the scope of the data set can lead to
predictions that are significantly incorrect. HydroComp has developed and implemented a
number of modifications to the published Holtrop method to help insure that results are as
well-behaved and accurate as possible.

Differences in Holtrop methods
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You must not expect that all calculations built upon the published Holtrop formula will
produce the same prediction results. Some reasons for this are:

e Form factor. The C-I--based methodology uses wetted surface to describe the size of

the vessel. The true dynamic wetted surface would be the most precise approach (as is
used in the planing analysis, for example), but the measurement of the wetted surface
on a moving model is not easy, so the at-rest wetted surface is typically used as the
datum value. This can lead to a somewhat incorrect contribution of the various applied
resistance components, and in turn to inaccurate extrapolation of the model results to
full scale, particularly at higher speeds. This version includes a speed-dependent form
factor correction to address this problem. The correction applies a slight increase in
form drag at Fn of about 0.3 and the correction diminishes at about 0.6 Fn. This is
consistent with observations from high-speed testing.

o Estimated data. The Holtrop method uses data for which there may be no standard
quantifiable definition of measurement, such as half-angle of entrance and stern
coefficient. HydroComp has conducted studies to establish standards that do provide a
consistent measure for the parameter.

¢ Boundary constraints. Certain Holtrop method calculation coefficients and
parameters can introduce significant errors for particular combinations of hull data,
and may be quite sensitive to combinations of hull parameters. Many years of internal
review and re-analysis have gone in to the development of checks to insure that these
coefficients are well-behaved. This means that, in some cases, upper or lower
constraints may be applied to the coefficient or parameter, and the result may be
different from the published formula without these checks.

¢ Publication differences and errors. There are five different published technical
reports over an eleven-year period presenting the different evolutions of the Holtrop
prediction method. The principal source is the 1984 publication, although the 1982
publication (Holtrop & Mennen) is also frequently cited. The formula are different
between publications, so of course the prediction results will also be different. The
references have also been reprinted in other books and journals, and it has been found
that some of these are printed incorrectly.

This implementation of the Holtrop prediction method accounts for all of the above.
Drag reduction analysis

This CT-based analysis also provides design feedback. Four hydrodynamically significant

hull parameters - maximum section area, waterplane area, immersed transom area, and
LCB - are evaluated for their effect on drag. A sensitivity index number provides a measure
of the significance of the parameter on drag. By reviewing the indices, you can see a
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measure of the parameter's influence on drag and then use this information to optimize your
designs.

References

The following are important references about the Holtrop prediction method and CT-based
analysis.

¢ Holtrop, J., "A Statistical Re-Analysis of Resistance and Propulsion Data", International
Shipbuilding Progress, Vol. 31, No. 363, November 1984.

e Holtrop, J. and Mennen, G.G.J., "An Approximate Power Prediction Method",
International Shipbuilding Progress, Vol. 29, No. 335, July 1982.

o ITTC, Proceedings of the 15th ITTC, The Hague, The Netherlands, published by the
Netherlands Ship Model Basin, Wageningen, 1978.

About effective power

Effective power is a function of resistance. It is simply resistance converted to power units
by multiplying by the boat’s speed.

Effective power = Resistance * Speed

Effective power is NOT engine power, as only a fraction of the engine’s rotational energy
can be converted into thrust at the propeller. Between engine power (at the engine) and
effective power (at the hull) are a number of places where energy is lost. These losses can
be defined by individual efficiencies:

Transmission efficiency = 96% to 98% (gear friction and heat)
Shafting efficiency = 97% to 98% (bearing friction and shaft torsion)
Hull efficiency = 90% to 100% (pressure regions affecting the hull)
Propeller efficiency = 50% to 70% (hydrodynamic losses)

Multiplying these together gives us the ratio of effective-to-engine power. This figure is
known as the Overall Propulsive Coefficient, or OPC. OPC varies with hull type, speed
range and propeller style, and is typically in the range of 50% to 65%. Some applications
can push the OPC to 70%, while heavily loaded, slower hulls can see OPC reduced to 40%
or less.
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Estimating engine power

As we can see from the effective-to-engine power figures of 50% to 65%, your engine power
is likely to be in the range of twice your effective power — sometime more. To estimate
engine power, you can use the following table to find a multiplier to estimate engine power
from the predicted effective power.

First, remember that the predicted effective power is for the bare hull only. You will need to
add an appropriate service margin for additional hull roughness, appendages, windage, and
seas. So, match service margin and OPC to find an engine power multiplier.

Table of engine-to-effective power multipliers
Service margin

0%  10% 20% 30%
50% 2.00 220 240 260

55% 182 200 218 2.36
60% 166 1.83 2.00 2.17
65% 154 169 1.8 2.00

OPC

Please note, however, that a reliable estimate of service margin and OPC requires a
thorough propulsion analysis, which is beyond the scope of these calculations. Before
selecting an engine for your design, we strongly recommend that you prepare a proper
propulsion analysis, either by consulting with an experienced professional or with
comprehensive propulsion analysis software.

Copyright © 2008 HydroComp, Inc. All rights reserved.

10.2.2 Model Requirements

10.2.3 Computing Resistance

10.2.4 Output
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11  Frequently Asked Questions

This section covers some problems that are frequently encountered by users of Orca3D.
The questions are organized by category and where necessary links are provided to relevant
sections of the help.

11.1 General Questions

e What are the requirements to run Orca3D? /135

e Why is Rhino required? /135

e Where can I get help with questions or problems? /135

:“!'-) What are the requirements to run Orca3D?
Orca3D is a plug-in for Rhino. You must have Rhino installed prior to installing
Orca3D. If you do not, please download Rhino from the Rhino web site and install it

before installing Orca3D. Specific requirements:

¢ Rhino Version 4, SR 3 or higher

e Hardware: See Rhino hardware requirements

e Operating Systems tested: Windows XP, Vista

¢ Operating Systems not tested: Windows 2000, 64-bit XP

e Operating Systems not supported: Windows ME, 98, 95, NT

¢ Mac: The Intel Mac with Bootcamp or Parallels has not been tested

¢ Microsoft .NET (the Orca3D installation will install it if it is not already on your
computer)

¢ Valid license key (without this, Orca3D will operate as a 30-day fully functional
evaluation copy)

»i, Why is Rhino required?

Orca3D is written as a plug-in to Rhino, to complement Rhino's already exceptional
modeling capabilities. This gives the user the best of both worlds; a powerful,
easy-to-use, and well-known CAD system, enhanced with marine-specific functions.

+1, Where can | get help with questions or problems?

There are a number of resources for assistance; please see our website Support
page for details. If you cannot find an answer to your question there, please send an
email to support@orca3d.com.

»Return to Top 139k
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11.2

Licensing Questions

e My trial period has ended. How do I get a license? /145

e Why won't some of the Orca3D functions work on my computer? /145

¢ I want to move my copy of Orca3D to another computer. How do I

transfer the license? /149

¢ My computer has crashed, was lost/stolen, or I no longer have access to

it. How do I transfer the license to a new computer? /149

My trial period has ended. How do | get a license?

The trial period is a 15-day, fully-functional evaluation license. If you feel that you
need more time to evaluate the software before purchasing, please contact us. If
you're ready to purchase, please visit our Order web page.

Why won't some of the Orca3D functions work on my computer?

Orca3D is licensed by module; you will not be able to run a function that belongs to a
module that you have not purchased. If you would like to purchase another module,
please visit our Order web page.

| want to move my copy of Orca3D to another computer. How do |
transfer the license?

Refer to the section entitled "Moving a License to Another Computer@".

My computer has crashed, was lost/stolen, or | no longer have access to
it. How do | transfer the license to a new computer?

Contact us with details of the situation, and we will enable your license for another
activation.

»Return to Top [148%

11.3 Hull Design & Fairing

e When I edit control points, why don't the sections update? [14h

e In the Hull Assistant, why do some input values create crazy shapes?

141y
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48 When | edit control points, why don't the sections update?

The sections will not update unless you use Orca3D's custom control points. Turning
the standard Rhino control points on and editing will change the shape of the surface,
but you'll need to update the sections manually, using the Orca3D Sections command.

38 In the Hull Assistant, why do some input values create crazy shapes?

The equations that are used to generate the 3D hull shapes degenerate with certain
conditions, such as various values being set to O.

»Return to Top[145«

11.4 Hydrostatics & Stability

I get an error when I try to run hydrostatics. Why can't I get
results? [14h

Why is the displacement value too low? [14h

Why is the displacement value negative? 14>

Why aren't the Cp (prismatic coefficient) and Cx (maximum section
coefficient) reported? (142

Why is there a spike in the sectional area curve? /145

‘:“E‘-I/II get an error when | try to run hydrostatics. Why can't | get results?
This usually results from Orca3D not being able to find an equilibrium. Often the cause
is a surface edge becoming submerged, such as the deck edge when the vessel heels.
If this is the case, add a deck (or other surface) to your model to seal it. If you do not
expect an open edge to become submerged, you should check your VCG to be sure
that it is correct.

48 Why is the displacement value too low?
Possible reasons for this include:

¢ If you have modeled only half of the hull, but not checked the "Mirror About the
Centerplane" box, your values will be half of what they should be.

¢ Orca3D computes most of the hydrostatic data from a surface mesh, not with the
traditional approach of integrating stations. The user has control over the density of
this mesh, just as you do with Rhino's display or analysis mesh. If the mesh is too
coarse, your values will be low. If they are too high, it will slow down the computations
without adding appreciable accuracy. The settings may be adjusted using the
OrcaProperties command. You should experiment with different settings, and see
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their effect on your results. As you increase the density of the mesh, you will reach a
point of diminishing returns.

¢ Surfaces in Rhino have the concept of an "inside" and an "outside." The outside
should be the side in contact with the water; if not, the volume of that surface will be
computed to be negative. If your model consists of multiple surfaces (not joined), and
some of them have the outside direction incorrect, they will deduct from the total.
There are two ways to visualize the outside direction of a surface; first, you can select
the Direction command from Rhino's Analyze menu. Arrows will be drawn in the
outward direction, and so should point into the water (note that for surfaces such as
bow thruster tunnels, this means that the arrows will be pointing into the interior of the
cylinder). If you find a surface whose direction is incorrect, use the Flip option in the
Direction command to flip it to the correct direction. If you have many surfaces, this
can become tedious; a more effective way to quickly see the directions of the
surfaces is to use Rhino's Backface Settings. Select the Perspective viewport, and
change to a shaded rendering. Right-click on the viewport title (Perspective), and
select Display Options from the menu. Go to Rhino Options/Appearance/Advanced
Settings/Shaded, and select Shaded. For the Backface Settings option, select "Single
Color for all backfaces," and then select a color that stands out in your model. Now,
as you rotate the model, you can quickly visualize the backface (inside) of each of
your surfaces. You can now use the Flip command to flip the direction of any
surfaces that are incorrect.

38 Why is the displacement value negative?

Surfaces in Rhino have the concept of an "inside" and an "outside." The outside should
be the side in contact with the water; if not, the volume of that surface will be computed
to be negative. If your model consists of multiple surfaces (not joined), and some of
them have the outside direction incorrect, they will deduct from the total. There are two
ways to visualize the outside direction of a surface; first, you can select the Direction
command from Rhino's Analyze menu. Arrows will be drawn in the outward direction,
and so should point into the water (note that for surfaces such as bow thruster tunnels,
this means that the arrows will be pointing into the interior of the cylinder). If you find a
surface whose direction is incorrect, use the Flip option in the Direction command to flip
it to the correct direction. If you have many surfaces, this can become tedious; a more
effective way to quickly see the directions of the surfaces is to use Rhino's Backface
Settings. Select the Perspective viewport, and change to a shaded rendering.
Right-click on the viewport title (Perspective), and select Display Options from the
menu. Go to Rhino Options/Appearance/Advanced Settings/Shaded, and select
Shaded. For the Backface Settings option, select "Single Color for all backfaces," and
then select a color that stands out in your model. Now, as you rotate the model, you
can quickly visualize the backface (inside) of each of your surfaces. You can now use
the Flip command to flip the direction of any surfaces that are incorrect.

» 1, Why aren't the Cp (prismatic coefficient) and Cx (maximum section
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coefficient) reported?

Although Orca3D uses a mesh to compute most of the hydrostatics, certain quantities
can only be computed from stations. These include the prismatic and maximum section
coefficients, and of course the sectional area curve. Orca3D uses the stations that are
defined in the OrcaSection command to compute these quantities. In order to get
accurate values, you should be careful to use a reasonable number and distribution of
stations. The ends of the hull, and any areas of distinct section change should be
captured in order to get an accurate sectional area curve, and you should have stations
near the station of maximum sectional area in order to get an accurate Cp and Cx (note
that you don't need to find it exactly; Orca3D will interpolate, using a quadratic function
over three stations, to find the maximum).

E)Why is there a spike in the sectional area curve?

¢ If you have two surfaces joined in a station plane that coincides exactly with one of
the station locations that you have defined, Orca3D will compute stations on both
surfaces, so the sectional area there will be double what it should be. One case
where this can happen is with a hull that has a planar, vertical transom, and the
transom surface is modeled. Simply move the station location slightly forward or aft,
so it doesn't coincide with the joint between the two surfaces.

¢ Incorrect sectional area data can also result from including non-wetted surfaces in
your selection when you compute hydrostatics. For example, if you have modeled
interior surfaces, and include them in the calculations, Orca3D will include their areas
in the sectional area curve (as well as their volumes, so your displacement, and all of
the other hydrostatics values will be incorrect).

¢ If you have a loose absolute tolerance setting, equal to or greater than your section
spacing, Orca3D will not be able to distinguish successive stations from one another,
resulting in incorrect values.

¢ Check to be sure that you have correctly specified whether to "Mirror About the
Centerplane" when setting up your hydrostatics calculation. If you have modeled the
entire hull (port and starboard halves), and you check the "Mirror About the
Centerplane" box, your sectional area values (and displacement) will be double the
correct values.

»Return to Top |14Tk
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12  Licensing

Orca3D uses a software-based tool to manage your license. This prevents unauthorized use
of the software, but is as flexible as possible to allow you to quickly and easily license your
copy of Orca3d, modify your license (to add modules, for example), and move your license
easily to another computer.

Orca3D includes a utility to allow you to manage licenses installed on your PC. When
Orca3dD is installed, you can run the Orca3D License Manager:

# Orca3D License Manager

Activate  Uniock  De-actvete  Move boense to mew FC Remove  Help Bt

@ L@y s

Intemet EhonsEnal Inkernat Marualy Hemove E‘:"“;ﬁ
Activake Licerss Dok bvate: Marat LiCansa Liciree i

2 Product Activation

Flezge lake & besw momenis bo &chvate pour product now. Mo personal dats i senl durg
Achvabon [Fhelps prevent Begal coppng of the: solfmare and belps ensune you have

o gueranni Copy of i 5ol

Thiz product will stbempl ko ume fhe Intemel duarg activation. [F you heve a fresssl or progy
server ths may pewent this process. |F prompbed B unblock. ‘acirate s’ please do soor wou
vl mezed Bo undock, this product va Bre plrone wing the "Unlock! bation sbove.

Plasscos b o pacds B 10-chip! boareon code prorvdead n s bos balowy snd chok 'acinals’

Licanss Code BA000-000041 -1 TEE 24 ] |

(217 ] I

The License Manager utility allows you to control your license using both offline and
activation methods.

With this utility you can:

1. Check the status of a license;

2. Activate via the Internet, via two methods to suit your setup;
3. Call or E-mail your license to get an Unlocking Code;
4

. De-Activate and Re-Activate your PC via the Internet when moving Orca3D from one
computer to another;

5. Manually move licenses to a new computer using removable storage such as floppies,
USB Flash/Zip Drives, Mapped Network Drives, etc.;

6. Produce an Installation ID that will be used by us to allow for the changing and/or
updating of the license parameters on your computer;
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12.1

7. Permanently remove a license and receive a code to prove it.

To start the License Manager, click on the Windows START button and navigate to the
Orca3D folder, then click on the License Manager Ultility.

See also:
FAO-Licensing /40!
The "Short Version"

Orca3D's licensing system is very flexible, and there may come a time when you need to
move, upgrade, or return a license. But for the most part, you just want to install, purchase,
and license the software, and get on with your work. The following describes the simple
process of doing just that. If you need more detail or cannot activate automatically via the
internet, please read through the remainder of this chapter.

Here are the steps (note that Steps 1 and 2 are reversible):
Step 1: Download and Install the Software

Step 2: Purchase the Software, Receive a License Code (sometimes called a License
Number)

Step 3: Activate the Software
And, with a bit more detail:
Step 1: Download and Install the Software

You may download the software from our website: www.orca3d.com. You must install
Rhino first. Next, run the Orca3D installation program, and follow the on-screen prompts.
When you next run Rhino, you will see a message telling you that you are running
Orca3D in "Evaluation mode." You may click "No" to begin using and evaluating Orca3D.
Before your 15 day evaluation period is up, you should purchase a license (assuming of
course, that the software meets your needs).

Orca3d Evaluation I

i Orca3D is running in Evaluation mode.
\\;) You have 14 days left

Would you like to Activate Orca3D now?

Yes Mo

Step 2: Purchase the Software, Receive a License Code

You may purchase the software on the order page of our website: www.orca3d.com/
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order/order.htm, or through a reseller. You will receive an 18-digit License Code. Do not
lose this code.

Step 3: Activate the Software

Start Rhino, and in the Orca3D Evaluation message, click "Yes." The License Manager
dialog will be shown:

# Orca3D License Manager

Activate Unlock De-actvate  Move bicense to new FC Remove  Help Bt
e ————

@l P @ F @& &

Intemet EhonsEnal Inkernat Marualy Hemove 'é"“m
Activake Licerss Dok bvate: Marat LiCansa Liciree uppart

2 Product Activation

Flezge lake & besw momenis bo &chvate pour product now. Mo personal dats i senl durg
Actieaton |thelp prevert degal copyng of thes solfmare and helps snsune pou hae
o gueranni Copy of i 5ol

Thiz product will stbempl ko ume fhe Intemel duarg activation. [F you heve a fresssl or progy
server ths may pewent this process. |F prompbed B unblock. ‘acirate s’ please do soor wou
vl rezed Bo undock, this product va Hre plhone wang the Undock! baution sbove.

Plausias mnbei o pacle e 1 B-chopt beereos code prorded n B bos below snd chek 'scinats’

LicsraaCode | 220000-000041-17E624 i

(217 ]

Select "Internet Activate," and then type or paste your License Code into the field at the
bottom of the dialog. Click on "Activate." You will see the following message, and you
are finished with the Licensing process. You are given the option to register your license,
which makes it easier to help you with any license issues that you may have in the
future.
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# OrcaiD License Manager

& Pro 2
Flezge take a fesy mome Product Successfully Activatad!
Actvaton || el preve Do you wish bo regester?

a genne copy of the Sol

Thiz product wll slisag
servey s may prewvent thy
vl remed bo unlock. s pe ]

Mo |
Flease e or pasie B

Licenss Code: IFA00-000041-17EE2E ﬂ

(]

12.2 Licensing Orca3D

After Orca3D has been installed, it will initially run in Evaluation mode, giving you 15 days to
try the software before you decide to purchase. Each time Rhino is started, the Orca3D
plug-in is loaded, and it checks for a valid license.

If a license is found, nothing is displayed and you will be ready to work in Rhino. Note that
you can check the status of your Orca3D license by selecting About in the Orca3D menu.

If you are still in your 15-day evaluation period, you will see a screen showing the number of
days remaining in the evaluation period, and asking if you want to continue the evaluation or
activate the software.

Orca3d Evaluation

1 Orca3D is running in Evaluation mode.
\() You have 14 days left

Would you like to Activate Orca3D now?

Yes Mo

To activate Orca3D, you must purchase a license, at which point you will receive a "License
Code"(sometimes called a "License Number"). You can activate the software either by
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clicking on "Yes" in the dialog above, or by clicking on the Windows START button and
navigating to the Orca3D folder, then clicking on the License Manager Utility. The License
Manager Utility may also be started from the Orca menu, but note that any changes made to
your license will not be effective until you close and re-start Rhino.

There are four methods that you may use to activate your license:

1. Automatic Activation via the Internet: [us] This is the easiest and most common method.
Use this method when you are activating the software from the same computer on which the
software is installed, the computer is connected to the Internet, and you don't have a proxy
server or firewall that would prevent this from working.

2. Automatic Activation with a Proxy Server: [is1] If you have a Proxy Server, you will use
this method. You may require assistance from your IT department.

3. Manual Activation using the Internet:[ss2 If the computer on which Orca3D is installed is
not connected to the Internet, or has a firewall that prevents the activation from being
completed, you can log into a special website that will provide an unlocking code.

4. Manual Activation using Email/Phone:[iss] This method is similar to the previous one,
except that after you provide your information to us via phone or email, and we provide the
unlocking code.

12.2.1 Automatic Activation via the Internet

To use Automatic Activation, you must be working on the computer where Orca3D is
installed, and you must not have a Proxy Server. You must have already installed Orca3D
on this computer.

You can start Automatic Activation either by clicking "Yes" on the Orca3D activation notice
that appears at the startup of Rhino, or by clicking on the Windows START button and
navigating to the Orca3D folder, then clicking on the License Manager Utility. The License
Manager Utility may also be started from the Orca menu, but note that any changes made to
your license will not be effective until you close and re-start Rhino.

Select the "Internet Activate" icon, and then enter your 18 digit License Code from the order
email into the box provided. Click Activate.
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# Orca3D License Manager
Activate  Unlock  De-actvete  Move boense to new FC - Remove  Help  Exit

'@'J'@&&z’ﬂ

Intemet Irkernet Sroacd
Activake | [s-activate m Licansa Lum Fuppart

2 Product Activation

Flezge lake & besw momenis bo &chvate pour product now. Mo personal dats i senl durg
Actieaton |thelp prevert degal copyng of thes solfmare and helps snsune pou hae

i gending copp of H S olisang

Thiz product will stbempl ko ume fhe Intemel duarg activation. [F you heve a fresssl or progy
server ths may pewent this process. |F prompbed B unblock. aciroste. e’ please do so o wou
will ez B uniock thiz product via e phone wing e Uniock baton shoee.

Plasis mntsi of pacls B 1 Bt beeros coda pitraded in s bos balow and chek, 'atireale’

Licanss Code: 200000-000041-17E624 ﬂ

After a moment, you should see the following screen:

# Orca3D License Manager

& Pro| 2

Fleage lake g fow momen Product Successfully Acthvated!

Activation || el preve o weish bo mﬁ
a genunt copy of [he Sol e

Thiz product wl ssagt
server o may prevent thy ]
vl rezed tor unlock: thes py | = |

Fleaee erher or pasle b

Licenss Code: FRA00-000041 -1 FEE24 ﬂ

You are given the option to register your license, which makes it easier to help you with any
license issues that you may have in the future.

To check on the status of your Orca3D license, select About from the Orca3D menu in
Rhino.
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12.2.2 Automatic Activation with a Proxy Server

If you use a proxy server to access the Internet, you can set these parameters in the
License Manager to allow you Activate. This process is identical to "Automatic Activation via
the Internet/ies]," except that you must first enter your proxy server settings as described
below.

To do this, click on the ‘Help’ menu on the toolbar and choose “Advanced” from the drop
down menu (as below).

# Orca3D License Manager
Activate  Unock  De-activete  Move boense to new FC Remaove

Licerse Manager Help

f . @ About License Manager
Adhanced

Imteprest Phons Enl Irikernet Marually
Activate Liceres Dot et M License Lok

2 Product Activation

Flezge lake & besw momenis bo &chvate pour product now. Mo personal dats i senl durg
Actieaton |thelp prevert degal copyng of thes solfmare and helps snsune pou hae

o gueranni Copy of i 5ol

Thiz product will stbempl ko ume fhe Intemel duarg activation. [F you heve a fresssl or progy
server ths may pewent this process. |F prompbed B unblock. ‘acirate s’ please do soor wou
vl rezed Bo undock, this product va Hre plhone wang the Undock! baution sbove.

Plausias mnbei o pacde e 1 B-chopt bcereos code proraded n B bos below snd chok 'scinats’

LicsraaCode | 220000-000041-17E624 ]
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You will then need to enter your proxy server settings into the Dialog boxes provided. Click
the “Use a proxy server..” check box and then complete the details in the two fields from
your proxy server settings. You may need to contact your IT Dept. for these.
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Proxy Settings
[ % [+ Llze a proxy server to activate and deactivate
Prosy Server name or address Part
Inkernet
Activake |
2k | Cancel |
Then, continue with the Activation as you would in "Automatic Activation via the Internet/is)."
12.2.3 Manual Activation using the Internet

Many users can'’t activate using the Automatic Activation process, as they have restricted
access to the Internet due to a firewall, or they prefer not to license your PC this way. In
order to assist these people we also provide a self-service website to gain “unlocking keys.”

The steps for Manual Activation are as follows:

1. Visit http://www.unlockingcodes.com. Select the desired language, and the following
screen will be shown (note that the "License Number" is the same as a "License Code"):

Walcomse o the Unlockeyy Kay Cantid

L

Ty

F A

8 y
oy

a v

Entés your |mstallation 1D and 1Be Licenss Number you

recarend with pow prochect.  Chek on the Continee butlon below to display your Unlocking Mey. BE
SURE TO WRITE DO%WH THE UNLOCKING KEY. & will be avtomatically deleted afer you closs the
nd screen. WARMING: Do not attergt to enter random license numbees,  H you enter several imalkid

bcange rumbars. this wab sibe will stop accepting data from your Intamet account

Unlacking Key Cantar

Instalation 10
License Mumiber

Conbirue

This Actration Serdce ks managed by Halgsirgn. Copyright 2006 Malpeiron. AN rights resered

—

PR -TECTOR ™
L

In order for you to license your program, an Installation ID and License Number will need to
be provided by you as in the dialog box below. You will get the Installation ID by running the

License Manager Utility.
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2. Start the License Manager utility by selecting "Activate" at startup, or by clicking on the
Windows START button and navigating to the Orca3D folder, then clicking on the License
Manager Utility. The License Manager Utility may also be started from the Orca menu, but
note that any changes made to your license will not be effective until you close and re-start
Rhino.

Select "Phone/Email License."

# Orca3D License Manager
Activate Unlock  De-actvete  Move boense to mew FC Remove  Help  Exit

@@ & & &
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Your Installation ID will be displayed. Click on the Copy button next to the Installation ID, and
paste it into the Installation ID field in the Unlocking Key Center web page. Type in the
License Number that you were given when you purchased Orca3D.
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Welcome 1o the Unlocking Key Center.  Enter your Installation 1D and e License Number you
recarved with yow prodiect.  Chck on the Continue button below to display your Undocking Key. BE
SURE TO WRITE DH)4YN THE UNLOCKING KEY. & will be automatically deleted aber you close the
nd screen, WARMING: Do not atterng? to enter random license numbers.  H you onter several imalkd
Ecange rumbars. this web sibe will sfop accapting data from your Intemet account

Unlocking Key Center

Instakabion 0| 7éei-4138-4573
License Mumier | FO000H000041-17 6624

This Actwation Senice i managed by falpsiren. Copynght 2006 Nalpeiron. ASl rights reserad

-
PR -TECTOR™

Upon successful input of both Installation ID and License Number, click the Continue button
to access the final screen.

Your Uniocking Key s 48808

Wirite down this Codel You CANNOT get it again.

This shows the Unlocking Key for input into the dialog box back in the License Manager,
below:
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# Orca3D License Manager
Activate Unlock  De-actvate  Move bicense to new FC Remove  Help Bt

Intemet EhonsEnal Inkernat Marualy Hemove g’“w
Activake Liceress [s-activate Mo LCanss Licerse uppart

' Phone and Email License

Horussl ko=nsing allows pou ho call'e-mel pow STATLIS:
PL detail: in ordes bo get an Unlocking Ky’ i

Tia it ona vl v e Trshalislion K e i NEEnRE

The nighl. Eﬁm}wl‘mnmnﬁsmﬂbﬂ.

you vl receive an Uniocking Key' i retun Insialation I

Fleae pastefende thiz rurmbes to the night

e chck the Tretal Licanse” dhon kv bt ng (=
The Status' should changs o Lxerped’, Unkocking Kiim

| al

Enter the Unlocking Key in the Dialog Box and click the "Install License button. Upon
successful entry of the unlocking key, you will be able to use Orca3D.

You may check the status of your Orca3D license at any time by selecting About from the
Orca3D menu in Rhino.

# Orca3D License Manager
Activate  Unlock  De-actvate  Mgve kionse to new FC - Remove  Help  Exit

Intemet Fhons Enel fribernet Marually Hemoys B
Activake Liceres D-actvabe Mo License Licerse uppart

Marugsl komnsing sliows pou ‘
FC detads in crdesbo get anY - o
R s
I :

you el receive an Uriocking Product Successiily Acthvatedt

Do your wish to ragestar?

Plecsr pasteferde i rambl
e chek W Tredall Licwnes”

The Status' should changs ©
Yes | ho |

Insial Licenss
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Obviously, the Activation Service will check the use of License Numbers to prevent
copying! If the license number has already been used, you will see the following screen:

THIS LICEMSE NUMBER HAS ALREADY BEEEN
USED. CONTACT THE PROGRAM'S PUBLISHER.

Try Again

12.2.4 Manual Activation using email/phone

If you prefer to activate over the phone or via email, please follow the steps described below.
You will need to provide us with your License Code (given to you when you purchased your
Orca3D license), and an Installation 1D, which uniquely identifies the computer where you
have installed the software.

1. Start the License Manager utility by selecting "Activate" at startup, or by clicking on the
Windows START button and navigating to the Orca3D folder, then clicking on the License
Manager Utility. The License Manager Utility may also be started from the Orca menu, but
note that any changes made to your license will not be effective until you close and re-start
Rhino.

Select "Phone/Email License."

# Orca3D License Manager
Activate Unlock  De-actvate  Move bicense to new FC Remove  Help Bt

|| @ &F & &

Intemet EhonsEnal Inkernat Marualy Hemove g’“m
Activake re Dok bvate: Marat LiCansa Liciree uppart

2" Phone and Email License

Horussl ko=nsing allows pou ho call'e-mel pow STATLIS:
PL detail: in ordes bo get an Unlocking Ky’ £
T o i o vl vt . Tt K b No License
the righl. Drce pou have gheen Shis mambe,

you vl receive an Uniocking Key' in netun Insialation I
Fleae pastefende thiz rurmbes to the night
el chck: e Trasal Licanse’ baton Bekowy i 3]
The Status' should changs o Lxerped’, Unkocking Kiim
| al
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Your Installation ID will be displayed. You can now call or email us with the following
information:

e The License Code we sent with your order and;
¢ The Installation ID from the utility.

We will provide you with a simple 16 digit Unlocking Key; you just input this into the
unlocking key field and then click “Install License”.

If you are getting the number by phone and typing it in by hand, you may separate the
Unlocking Key into 4 groups of 4 digits each, separated by either a space or a — or just enter
in the number as one long string of digits. Then click the Install License button. If you
receive it by email, the easiest thing to do is to copy and paste it.

NOTE: You will be notified if you enter an invalid Unlocking Key and the Installation 1D
will immediately change afterwards.

# Orca3D License Manager

Activate  Unock  De-activete  Move boense to mew FC - Remove  Help Bt

@|d|@ & & &

Intemet EhonsEnal | Inkernat Marualy Hemove E‘:"“;ﬁ
Activake Lcerse | Dok bvate: Marat LiCansa Liciree i

' Phone and Email License

Horussl ko=nsing allows pou ho call'e-mel pow
PC details i crdes bo qﬂ'-sn Ll ndorceing Koz STATUS

T chin it ypcna vl oo B Tt allation 1D 4o Licensed

the righl. Drce pou have gheen Shis mambe,

you vaill receivs an Unlocking Fey' in netusn Instgation IC:

Pl pasteferd this rombes bo the nghl S —— -
vl bk he Trestaldl Licenss” brtfon :.-Fm |T45'H13945?3 | |
The Status' should changs o Loerped. {Ikeeking Ko

Please note the change of “STATUS"” showing the product as Licensed - A useful reference
point. You may also check the status of your Orca3D license by selecting About from the
Orca3D menu in Rhino.

12.3 Moving a License to Another Computer

The license for Orca3D may be moved from one computer to another, by either of two
methods:
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¢ Via a storage medium Esﬁ, such as a USB flash drive, floppy disk, LAN Server, external
hard drive, etc.

e Via the internet|iez), by temporarily returning your license to our license server, and then
activating on the new computer.

Both methods are easy and reliable, but it's important to follow the steps closely.

12.3.1 Moving a license using removeable media

If you are upgrading or wish to use the software on another PC you will need to move your
license from the installed PC to a storage medium, which could be a USB flash drive, a
floppy disk, a LAN Server, intranet mapped drives, portable hard drives or Zip type drives.
Then you install Orca3D on the new PC and transfer the stored license to that PC. At that
point the original PC will no longer be licensed.

It is important to follow these steps closely, in the order given below. Also, you MUST be
running the same version of Orca3D on both computers. Otherwise, the transfer will fail and
you will lose your license.

To manually move your license:
¢ Install Orca3D on your new PC; this will also install the License Manager Program

¢ Run License Manager on your new computer. The License Manager Utility may be
started from the Orca3D menu in Rhino, or by clicking on the Windows START button,
then selecting the License Manager from the Orca3D menu.

¢ Insert the drive media in the applicable drive and note the drive letter.
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# Orca3D License Manager

Activate  Unlock  De-actvete  Move boense to mew FC Remove  Help  Exit

Interest Phons Enel Irikernst
Aclivate Liceress Da-actbeaph:

s )

#: Move a License

“Fous G miove you license manually o res FC | No License
using & USE fash dive o Bopps with s ulili.

1. Select media on HEW PL, Intisize it

Fasi, wou st ratad ta grogiam bo the NEW

FC. Irput in poua meda. biowmss arad celact |an|l| H Iretaize: Media |
and then Tritslize’ i with the bution to the ight

Second, rebam othe ORIGHAL PC Biowse and | oot mecas on ORIGINAL L. mave
Talact th macha and oy’ the bcerus I Biowse | H Mo o Mesdis |
Third, at the ME'/ PT, selact the medis sgsin i

wnd Mows' thes boence fiom the medis 1o e PC 3 Select madcks on NEW FL. Movs fos

Biowse | H Move from biecis |

o Select the drive letter with your media in it by clicking the Browse button.
e Orca3D License Manager [ X

-

Croasd
Activate Support
(L) My Documents
‘ﬂ Mﬂl 2§y Compuier
e % Local Disk (1)
[ E CWD-AUA Drinve (D<) j—
“T'ous can magvs pou icen =3 :
using a IS8 Aash dive o B Removsble Disk (E:)
- Pdrive on "ol ) bz il
Fiast, pou mist irctal the [ S et on 'c Ss-abc-s01 (T:)
FL. [rput in tour mada, i 5 Pub on 'cls-sacfs0 T (2} =
v Ly i [ Control Pane!
smmw&EH m?nvmmﬂm move
B A e Recyde Bin
ek v ¥ Mediz
Dk =
o nce 5
Lok J[ con= |
Wahs
-.—_J

e The prompt box will display your PC drives. (as above)
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# Orca3D License Manager
Activate Unlock De-actvate  Move bicense to new FC Remaove  Help Bt

Inteprest Phons Enel frkernet Marually | Hemoys
Activati Licieas [ ed O | Mo Licangst | Liciarrg:
"
¥: Move a License
fious can move wour icense manually o s res FC | Mo License

using a LS8 Hash dive o Soppy with ths u
o " 1. Select media on HEW PC, Indisize it

=] s ]

2 Geleci meds on DRIGINAL PC. move

Bmﬂs:l H Move o Medis |

3 Selec! mads on NEW FL. Mova hons
(]
ﬂmﬂs:l H Hmﬁmpdal

Fasd, oot vt ireitiall e progeam to i ME'W!
FC. Irput in poua meda. biowmss arad celact
and then Tritslize’ i with the bution to the right

Second, ietum lo e DRIGINAL PC Baowse and
ikt o mischa arsd Tiore’ i bodrk o it

Third, at the ME'/ PT, selact the medis sgsin
and Move’ the foense from the medis io e FC

s )
Suppait

e Click on Initialize Media for License Transfer to the media.

Then go back to the original PC:

¢ Run License Manager on the computer which already contains the license.
¢ If your media is removable (USB flash drive, etc.), install it on the original computer.
o Select the drive letter of your Initialized media by clicking the Browse button.

¢ Click on Move To Media button (as below)
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# Orca3D License Manager
Activate Unlock  De-actvate  Move bicense to new FC Remove  Help Bt

Imteprest Phons Enl frikernst | Marwally | Hemoys
Activate Liceres Daa-aectivabe | Mo L oangs | [

#: Move a License

“T'ous can movs o icense manually o nes PG | Urlsded Licanse
using a LIS fash dive o Boppy with this utilip

1. Select media on REW' FC, Intislize it
Fasi, wou st ratad e grogiam o the NEW

o

FLC. Irput in poa meda. biowmss arad celact |Bronu| H Iretaize: Media |
and then Tritslize’ i with the bution (o the right

Second, im0 the DRIGIAL P Biowse and | pesmmmmnt 2 o0 OESIAL P Tove
skt o mecka and o’ i bosrs o it Bmﬂs:l H e |I
Third, ¢ the ME'/ PC, selact the medis sgsin

and Move’ the boense from the medis Io e FC 3 Selec! madks on NEW FT. Mova o

Biowse | H Move from biecis |
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Then go back to the new PC:

¢ Insert the media into the new computer and select the media drive by clicking the

Browse button.
¢ Click on the Move from Media button.

# Orca3D License Manager

Activate Uniock  De-actvete  Move boense to mew FC Remove  Help  Exit

| il
Actvate Liceres: Dup-aect b | Moo Licangs | Licesrms

#; Move a License

'ous can move wour icense manually o s res FC | Ursded License
usng & USE fash dive o Soppsy wath this: utiliae

1. Select msdis on REW FC. Intisize it
Fasi, you it ratal tha progiam bo the NEW

)

P Irpast in ycea madha. biosss e select |Bronu| H Irubaalize: Mesda |

and then Tritisiee’ i with the bufion to e ight

Bnond, riumy i he DRIEIMAL PC. Bawas and | e o DRSS L Bl e
bt e minchan sl e’ s boaros | L

ros " s mE ﬂlm:l H Move by Medis |

Third, &t the NEW PC. selsct the medis agsin

and Move' the bcense from the medis 1o e PO 3 Select meds on NEW FT. Move s

Browne | H Move from Mecis |

© 2008 by DRS C3 Systems, Inc., all rights reserved




162 Orca3D

You are finished. Orca3D is now licensed on your new computer. If the status does not read
"Unlimited License," close the License Manager and re-start it to refresh the status.

Another way to move your Licenselis2] from PC to PC is to return it to the Web Activation
Server and then activate it on the new computer later.

12.3.2 Moving a license using the Internet

Moving a license can be accomplished via the Internet, simply by returning the license from
the original computer, and then installing Orca3D on the new computer and activating it.
When you return the license, our license server records that fact, and will allow another
activation to take place.

To access this function you will need to run the “Internet De-Activate” Utility in the License
Manager. The License Manager Utility may be started from the Orca3D menu in Rhino, or
by clicking on the Windows START button, then selecting the License Manager from the
Orca3D menu.

Note: Do NOT use "Remove License," as this will permanently kill your license.

Intemet Fhons|Emai [nbernst Manualy Eamge ':"“3':'1
Aictivake License De-activate Move License License Suppor

) Internet De-Activation

DleActregian allors pond 10 sehan po s koands 1o the servet bod doiage and e-upe  Thes slows
wina o iy and sasly moes B boenas 1o an @termate machne. |1 pou plan 1o kesp ung the
rrea; oy bt vwesh o re-bormat using 'Winkdows: thees i3 o need bo move e loense

Orice de-actvated pour program sl Fo onger iun on fis mackine bl pou e-activale o rstal
e Softwaain O & i machme and rn e SOTAHOR Eocess on B i one

Thes product vwill ghsmpl io v the Interel duing de-scivaon, || pou bave 5 iesall o prose
parves bhiz may prevvend fhis process. IF promphed fo unbiock, "scivets, exe’ please do 5o

Lecaress Nusber IBA0N00-000040-1 PEE2d -

This function will allow you ‘store’ your license for future use or when you wish to move to
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another PC. You re-enter your License Number in the field and click the “De-Activate button.
Once you have done this you can then re-use the same number in a new installation, using
any of the Activation options. The PC which you have used this function on will now no
longer be licensed.

@ & @ g Q& @

Intemaet Pmr-rlEmal R Crcadd
Hictivate .:e-a:wa:e Mm'r ot License Suppont

W Int

DeActreambon sbows §
o bo cuackly and eas
ezt bigd wath b na-

&y

License Successfully Returned! “I‘I:-
&

Orce de-achvated
Hhe softwaie on & new

Thes product wall afies
Y a-lhecma-:.-pmerd

Licerwe Number | 3890000000471 766524 4

| Drodcivae |

When you have returned a license successfully you get the above screen.

Your “license number” will be saved locally and will appear in the license number box should
you wish to re-activate on this PC.

If you now wish to move Orca3D to a new PC, just simply install it on the new computer and
re-use the license number you have ‘returned’ to the server and go through the activation
process again.

12.4 Removing a License

If for some reason it is necessary to remove your license from a computer and prove that
you have done so, you can use the "Remove License" function in the License Manager.
This will generate a "Proof of Removal Code" that we can use to verify that you have
removed the license.
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# Orca3D License Manager
Activate Unlock De-actvate  Move bicense to new FC Remaove  Help Bt

Imteprest Phons Enl Irikernet Marwally
Activate Licies

‘Y Remove a License

f'oas ar remove pow boerse and prove wos
haree iesncreed i by smoply r.icl-:ng e
Hurrrem Licones’ button Balowy, “Vou sl b alle

STATUS

i chack ihat pons have nemaved Bha bosrdgs by Unkmited Licarze
checking the Stahs' nfomaon bos io the sght.
Thazn sered bioth the: trakalabion ID° and He I =
Prool of reroval code’ io Hoe serdos bo o
That iha biarros bas been samoraed T
wWAAMIMG: Do not use s funchon bo by o
move bo 8 rew PO g it vall deshoy the ficense L [
3
Ramove License

¢ Run the License Manager. The License Manager Utility may be started from the Orca3D
menu in Rhino, or by clicking on the Windows START button, then selecting the License

Manager from the Orca3D menu.
¢ Click on Remove License button

e When asked if you are sure, click Yes

¢ Contact us with the Installation ID (See green box above) that is displayed and the Proof

of Removal Code (See red box above).

¢ We will confirm that your License has been successfully removed.
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13

13.1

Verification and Testing

The following manual provides Orca3D hydrostatic and stability results for several primitive
shapes with varying mesh densities and drafts. The values are compared to known, analytic
calculations to verify the accuracy of Orca3D’s calculations. The shapes used are a cube, a
sphere, a horizontally oriented cylinder, a cone, and a vertically orientated cylinder.

The cube’s simple shape and flat surfaces allows Orca3D to accurately calculate hydrostatic
and stability properties at lower mesh densities

Hydrostatic and stability calculations using the sphere, vertical cylinder, cone, and horizontal
cylinder are accurate within 1% error for mesh densities between 0.5 and 1.0. There is a
noticeable accuracy improvement for the sphere calculations between mesh densities of 0.6
and 0.7, whereas noticeable differences in accuracy for the vertical cylinder, cone, and
horizontal cylinder occur between mesh densities of 0.7 and 0.8. These accuracy
differences are documented in the tables below and in graphical form in the mesh density
accuracies section.

These same primitive shapes were also tested for free float conditions. Each shape was
given three input weights and the results were compared to analytic calculations.

Righting arm curves were verified for the sphere and the horizontal cylinder. As expected,
the righting arm remained zero when the VCG of each object was at its centroid and
followed a sine curve when it was placed elsewhere.

Primitive Shapes and Mesh Densities

The following presents the results for the primitive shapes at mesh densities between 0.5
and 1.0. The shapes were also compared to analytic results for sinkage levels of +/- 1.0
meter at a mesh density of 0.7.

2.1 Cube Results

The cube is 10 meters in length with its vertical center on the horizontal construction plane.

Water Density | 0.5 Mesh %% 0.6 Mesh %% 0.7 Mesh %

5 m draft 1025.9 kg/m*3 Density Error Density Error|  Density Error
Analytic Orca3D Orca3D Orca3D

Displaced Volume| 500000 m*3 500|m*3 | 0.000 500| me 3| 0.000 500| m*3| 0.000

WCB -2500|m -2.500({m 0.000( -2.500{m |0.000| -2500|m |0.000

ﬁ,ﬁj:me”t OF | g33330|mra | 833.3|mea|0.000| 833.3|malo.000| 833.3|mnd| 0.000
W aterplane Area | 100.000{m*2 | 100.00]m*2 | 0.000] 100.00{rm2[0.000] 100.00[m*2[0.000
lmmersed Area 50000 m~2 50.0[mt2 | 0.000 0.0\ mt2|0.000 50.0[m*2) 0.000
W etted Surface | 300.000{m*2 | 300.00/m*2 | 0.000] 300.00[m2[0.000] 300.00{m*2[0.000
\Wetted Girth 20.000]m 20.00lm | 0.000] 2000[m |0.000] 20.00[m |0.000
BM 1.667|m 1667|m |0020] 1667|m |0.020] 1667|m |0020

Table 2.1.1 Cube Mesh Density 0.5-0.7 Results
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Water Density | 0.8 Mesh | % | 09Mesh | % | 10Mesh | %
5 m drait 1025.9 Kgfmr3 Density Error Density Error Density Error
Analytic Orca3D Orca3D Orca3D
Displaced Volume| 500.000/m*3| __ s00[m*3[0000]  soo[lm*3[c.000]  s00/m*3]0.000
\VCB 2500lm | -2500lm |0.000] -2500[m |0.000] -2500[m |0.000
ﬁ,lfrati;”'1ment o | g33.330|ma| 833.3lmaloooo| 833.3|ma|o.oo0| 833 3|mealoooo
W aterplane Area | _100.000]m*2 | 100.00]m"2|0.000] 100.00{m"2[0.000] 100.00[m"2|0.000
|mmersed Area s0000]m2 | s00|lm2[oo00]  s00/me2[0000]  50.0[m2[0.000
Wetted Surface | 300.000]m*2 | 300.00/m*2|0.000] 300.00{m*2[0.000] 300 00[m2|0.000
W etted Girth 20.000]m 20.00/m |0000] 2000/m |oo000] 2000[m |0.000
BM 1.667|m 1667|m |0020] 1667|m |0020] 1.667|m |0.020

Table 2.1.2 Cube Mesh Density 0.8-1.0 Results

Water
Density Mesh
Model Sinkage [1025.9 Density %
=-1.0m kg/m~3 0.7 Error
Analy Orca
tic 3D
Displaced 400.0 | m» m”»
Volume 00|3 400 3 0.000
-3.00 -3.00
VCB Olm O|m |0.000
Area Moment of | 833.3|m" 833.3 m~ 0.004
Inertia 33|4 14 '
100.0{ m~ | 100.0| m~
Waterplane Area 00]2 0]2 [0.000
40.00 [ m» mA
Immersed Area 0]2 40.012 10.000
260.0| m~ | 260.0 | m~
Wetted Surface 00]2 0]2 ]0.000
18.00
Wetted Girth O|m |18.00|m |0.000
BM 2.083|m |2.083|m [0.016
Table 2.1.3 Cube Negative Sinkage Results
Water
Density
Model Sinkage |1025.9 Mesh %
=1.0m kg/m”3 Density 0.7 | Error
Analyt Orca3
ic D
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Displaced 600.00 | m™ 600 m” | 0.00

Volume 0|3 3 0
0.00

VCB -2.000lm | -2.000lm |0
Area Moment 833.33|m» 833.3 m” | 0.00

of Inertia 314 14 |4
Waterplane 100.00 | m~ m” | 0.00

Area 02 100.0012 |O
m”" m” | 0.00

Immersed Area| 60.000| 2 60.0]2 |O
Wetted 340.00 | m» m” | 0.00

Surface 0|2 340.00] 2 0
0.00

Wetted Girth 22.000|m 22.00|m |0
0.00

BM 1.389|m 1.389|m |8

Table 2.1.4 Cube Positive Sinkage Results

2.2 Sphere Results

The sphere is 10 meters in diameter with its center on the horizontal construction plane.

Water Density [ 0.5 Mesh %o 0.6 Mesh Yo 0.7 Mesh %

5 m draft 1025.9 ko/mr3 Density Error Density Error | Dengity Error
Analytic Orca3D Orca3D Orca3D

Displaced Volume| 261.799|m"3 2607 Im3 (04200 2607 |mh3 0420 261.5[m*3{0.114

VCB -1.875|m -1.874{m 0.053| -1.874|m |0.053] 1.875/m |0.000

ﬁﬁamem OF | s00874|mea | 489.3|mea|0321| 489.3|mra|0.321| 490.5|mea|0.076
Waterplane Area | 78.540|m'2 | 78.41|m'2 | 0.165] 78.41|m2|0.165] 78.51|m"2|0.038
Immersed Area | 39.270[m2 | 39.3|m"2 | 0077] _ 39.3|m2[0077] _ 39.3[m2{0077
Wetted Surface | 157.080[m"2 | 156.76|m*2 | 0.203] 156.76|m 2] 0.203] 157.00[m*2[0.051
W etted Girth 15.708]m 15.71)m | 0013] 1571|m |0013] 1571|m |0013
BM 1.875/m 1876]m | 0053] 1876/m |0053] 1875/m |0.000

Table 2.2.1 Sphere Mesh Density 0.5-0.7 Results
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Water Density | 0.8 Mesh | % | 09Mesh | % | 10Mesh | %
5 m draft 10259 kg/m*3 | Density |Error| Density |Error| Density |Error
Analytic Orca3D Orca3D Orca3D
Displaced Volume| 261.799m"3| 261.5(m*3(0114]| 261.5/m30114] 261 7|m*3[0.038
VCB 1875lm | -1.875/m |0000] -1.875|m |0.000] -1.875/m |0.000
ﬁ,{:r?jammem o | 400874/ma| 490.5|ma|0076| 490.5\mealo.076| 490.8/meal0.015
Walerplane Area | 78.540|m*2 | 78.61|m"2|0.038] 7851|m"2|0.038] 78.53|m"2|0.012
|mmersed Area 39270|m2 | 393|m2l0077]  393lme2[0077]  39.3(me2[0077
Wetted Surface | 157.080]m*2 | 157.00|m*2|0.051] 157.00{m"2[0.051] 157 06[m"2[0.012
W etted Girth 15.708|m 15.71lm |0013] 1571|m |0.013| 1571|m |0.013
BM 1875m 1875/m |0000] 1875m |0000| 1.875m |0.000

Table 2.2.2 Sphere Mesh Density 0.8-1.0 Results

Model Sinkage Water Density Mesh Density %
=-1.0m 1025.9 kg/m"3 0.7 Error
Analytic Orca3D
Displaced Volume | 184.307| m"3 181.4| m"3| 1.577
VCB -2.455[m -2.454 | m 0.022
Area Momentof | 452.389|mr | 451.6[m~4 | 0.174
Inertia
Waterplane Area 75.398 | m"2 75.33| m”2 | 0.090
Immersed Area 29.337 | m"2 29.3[m”2 | 0.126
Wetted Surface 125.664 | m"2 125.59 | m”~2 | 0.059
Wetted Girth 13.694 | m 13.69|m 0.032
BM 2.455|m 2.453|m 0.063

Table 2.2.3 Sphere Negative Sinkage Results

Model Sinkage Water Density Mesh Density %

=1.0m 1025.9 kg/m"3 0.7 Error
Analytic Orca3D

Displaced Volume | 339.292| m"3 339 m"3| 0.086

VCB -1.333|m -1.333|m 0.025

Area Momentof | 457389 |mr4 | 451.7|mn4 | 0.152

Inertia

Waterplane Area 75.398 | m"2 75.34|1 m"2 | 0.077

Immersed Area 49.203 | m"2 49.2 | m"2 | 0.006

Wetted Surface 188.496 | m"2 188.41| m”~2 | 0.045
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Wetted Girth

17.722

m

17.72({m

0.009

BM

1.333

m

1.333|m

0.025

Table 2.2.4 Sphere Positive Sinkage Results

2.3 Vertical Cylinder Results

The vertical cylinder is 8 meters in diameter and 12 meters in length. The horizontal
construction plane intersects the cylinder so that is has a 4 meter draft at O sinkage.

Water Density| 0.5 Mesh %% 0.6 Mesh % 0.7 Mesh %o
4 m draft 1025.9 kg/m*3 Density Error Density Error Density Error

Analytic Orca3D Orca3D Orca3D
Displaced Volume| 201.062| m"3 2007 (m 3 [0180) 2007 |mh3|0180[ 2007 |mr3| 0180
VCB -2000|m -2.000|m 0000 -2000|m (0000 -2000{m |[0.000
ﬁ‘,ﬁ.;’mem oF | 201062|ma | 200.4|mea|0320| 200.4|malo329| 200.4|med| 0329
Waterplane Area 50265 mn2 5018[(m*2 (0170 S018|me2|0170 5018 mr2 0170
lmmersed Area 32.000[m*2 22.0(m"2 | 0.000 22.0[m"2| 0.000 32.0[m*2) 0.000
Welled Surface 150,796\ m2 | 15067 |\m"2 | 0.084 | 15067 |mh 2| 0.084| 150 67 |m"2| 0.084
W eited Girth 16000 m 16.00|m 0.000 16.00{m |0.000] 16.00\m |0.000
B 1.000(m 0.995(m 0200 0998 |\m |0200] 099 |\m |[0.200

Table 2.3.1 Vertical Cylinder Mesh Density 0.5-0.7 Results

Water Density | 0.8 Mesh % 0.9 Mesh %o 1.0 Mesh %o
4 m draft 1025.9 kg/m*3 Density Error Density Error Density Error

Analytic Orca3D Orca3D Orca3D
Digplaced Volume| 201.062|m"3 201 M3 0.031 200 | ma3 [ 0.031 201 M3 0.031
VCB -2 .000[m -2 000(m 0000 -2.000{m Q0.000]| -2000m 0.000
ﬁ,ﬁaﬁ’mem o | 201.062|ma| 2009|maloos1| 2009|maloos1| 2009|mma| 0081
Waterplane Area 50 265\ mn2 S50.24\mr2| 0.051 50.25/ma2 [ 0.031 S50.25[mr2|0.031
lmmersed Area 32.000[{m"2 J32.0\m*2|0.000 32.0/m*2[0.000 J32.0|m*2[0.000
Welled Surface 150 796 |\m"2 | 150.76[(m*2[0.024| 15077 |\m*2|0.018] 150.77[m*2| 0.018
W etted Girth 16.000(m 16.00({m [0.000 16.00(m 0.000 16.00lm | 0.000
B 1.000|m 1.000|m 0.000 1.000|m 0.000 1.000{m 0.000

Table 2.3.2 Vertical Cylinder Mesh Density 0.8-1.0 Results

Model Sinkage Water Density Mesh Density %
=-1.0m 1025.9 kg/m"3 0.7 Error
Analytic Orca3D
Displaced Volume | 150.796| m"3 150.6 | m"3| 0.130
VCB -2.500m -2.500 | m 0.000
Area Momentof | 201.062|mr | 200.4|m~4 | 0.329
Inertia
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Waterplane Area 50.265 | m"2 50.18{ m"2 [ 0.170
Immersed Area 24.000 | m"2 24.0 [ m”~2 | 0.000
Wetted Surface 125.664 | m"2 125.55[m”2 | 0.090
Wetted Girth 14.000 [ m 14.00 | m 0.000
BM 1.333| m 1.331|m 0.175

Table 2.3.3 Vertical Cylinder Negative Sinkage Results

Model Sinkage

Water Density

Mesh Density

%

=1.0m 1025.9 kg/m"3 0.7 Error
Analytic Orca3D

Displaced Volume | 251.327| m"3 250.9( m"3| 0.170
VCB -1.500 | m -1.500 | m 0.000
Area Momentof | 201 062 | mn4 200.4 | m~4 | 0.329
Inertia
Waterplane Area 50.265 | m"2 50.18{ m"2 [ 0.170
Immersed Area 40.000 | m"2 40.0 (m”2 | 0.000
Wetted Surface 175.929 | m"2 175.80 [ m~2 | 0.073
Wetted Girth 18.000 | m 18.00 | m 0.000
BM 0.800|m 0.799 | m 0.125

Table 2.3.4 Vertical Cylinder Positive Sinkage Results
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2.4 Cone Results

The cone has a base diameter of 7 meters and a height of 7 meters. The cone is orientated
tip down and the horizontal construction plane intersects giving it a draft of 5 meters with O

sinkage.
Water Density | 0.5 Mesh %% 0.6 Mesh % 0.7 Mesh %
5 m draft 10259 kg/m*3 Density Error |  Density Error | Density | Error
Analytic Orca3D Orca3D Orca3D
Displaced Volume| 32 725|mt3 327 |\m*3 | 0076 32.7|m3|0.076 32 7(m*3| 0076
VCB -1.250|m -1.25|m 0000 -1.25(m [0.000[ -1.25/m |0.000
freaMomentor | 3peso|ma | 206|mea|0260|  30.6|m4{0.260|  30.6|m4|0.260
Waterplane Area | 19.635|m*2 19.6/m*2 [ 0.178 19.6|mr2[0.178 196|m"2[ 0178
Immersed Area 12 500| m"2 12.5\m*2 [ 0.000 12 5(mr2|0.000 12 5|m*2| 0.000
Wetted Surface 43.905/m2 43.88[m2 | 0057 4385\ m2[0057] 43.88 m2|0.057
W etted Girth 11.180|m 11.18|m 0.003] 11.18[m [0.003] 11.18/m |0.003
BM 0.938|m 0.936[m 0160 0.936[m |[0160[ 0936/m |0160
Table 2.4.1 Cone Mesh Density 0.5-0.7 Results
Water Density | 0.8 Mesh % 0.9 Mesh % 1.0 Mesh %
5 m drait 1025.9 kg/m*3 Density Error Density Error Density Error
Analytic Orca3dD Orca3D Orca3D
Displaced Volume 32.725\m"3 32.7|m"3| 0.076 327 m*3[0.076 327 m*3[0.076
VCB -1.250|m -1.25/m  [0000] -1.25m  |0.000] -1.25/m [0.000
ﬁg,?jamme”t o | 306s0|ma| 307ma{ooes| 307/malooss| 307{malooes
W aterplane Area 19.635/m*2 | 1963m"2|0025| 1963|m"2|0025] 1963/m"2{0025
lmmersed Area 12.500|m»2 12.5/m"2|0.000 12.5[m*2|0.000 12 5(m"2|0.000
Wetted Surface 43.905|mn2 43.9/m*2|0.012 43.9/m2[0.012 439 m2[0.012
W etted Girth 11.180|m 11.18[m |0003] 1118[m [0003] 4118/m [0003
B 0.938|m 0.937m [0053] 0937 Im (00531 0937m 0053
Table 2.4.2 Cone Mesh Density 0.8-1.0 Results
Model Sinkage Water Density Mesh Density %
=-1.0m 1025.9 kg/m"3 0.7 Error
Analytic Orca3D
Displaced Volume 16.755| m"3 16.7| m"3| 0.329
VCB -2.000(m -2.000(m 0.000
Area Moment of 12.566 | m™4 12.5|mr4 | 0.528
Inertia
Waterplane Area 12.566 | m"2 12.55|m”2 | 0.130
Immersed Area 8.000 [ m"2 8.0/ m”~2 | 0.000
Wetted Surface 28.099 | m"2 28.08 [ m"2 | 0.069
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Wetted Girth 8.944 | m 8.94|m 0.048

BM 0.750 | m 0.749|m | 0.133
Table 2.4.3 Cone Negative Sinkage Results

Model Sinkage Water Density Mesh Density %

=1.0m 1025.9 kg/m"3 0.7 Error
Analytic Orca3D

Displaced Volume 56.549 | m"3 56.5| m"3| 0.086

VCB -0.500m -0.500 | m 0.000

Area Moment of 63.617 | mr4 63.4|m~4 | 0.341

Inertia

Waterplane Area 28.274 | m"2 28.23(m"2 | 0.157

Immersed Area 18.000 | m~2 18.0| m~2 | 0.000
Wetted Surface 63.223 | m"2 63.18| m"2 | 0.069
Wetted Girth 13.416m 13.42|m 0.027
BM 1.125|m 1.123|m 0.178

Table 2.4.4 Cone Positive Sinkage Results
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2.5 Horizontal Cylinder Results

The horizontal cylinder has a 6 meter diameter and a 10 meter length. It is orientated on its
side with the horizontal construction plane intersecting it giving a 3 meter draft with 0

sinkage.
Water Density | 0.5 Mesh % 0.6 Mesh %o 0.7 Mesh %
3 m draft 1025.9 kg/m* 3 Density Error |  Density Error | Density [ Error
Analytic Orca3D Orca3D Orca3D
Displaced Volume| 141.372|m*3 1M A m* 310192 14 1) m 30192 1411 |m*3[0.192
WCB -1.273m -1.272(m 0097 1.272[m |0.097] 1.272|m 0097
Transwerse Area
Moment of Inertia 180.000] m~4 179.2|1m*4 | 0.444 180(mr4|0.000 180 (m*4| 0.000
Longitudinal Area
Moment of Inertia 500.000| m~4 499 3|m*4 | 0.140 500| mr4| 0.000 500 m~4| 0.000
Waterplane Area | 60.000| m"2 599 m*2 | 0150 60.0|m*2)0.000 60.0)m*2| 0.000
lmmersed Area 14137 | m"2 14.1|m*2 | 0.263 141 [ m2| 0263 14.1|m*2[ 0.263
Wetted Surface 122522 m*2 | 122 M |m*2 [0.092] 122 44| mh2| 0.067 | 122 44|m*2| 0.067
Wetted Girth 9425 m 9.42[m 0.051 942|m |0.051 942/m |0051
BMT 1.273|m 1.270|m 0254 1.275[m |0136] 1.275|m (0138
BML 3537m 3.539(m 0063 3543[m |0176] 3543|m (0176
Table 2.5.1 Horizontal Cylinder Mesh Density 0.5-0.7 Results
Water Density | 0.8 Mesh %o 0.9 Mesh %o 1.0 Mesh %o
3 m draft 1025.9 kg/m 3 Density Error Density Error Density Error
Analytic Orca3D Orca3D Orca3D
Displaced Volume| 141.372\m*3| 141 3|m*3| 0.051 141 3 |m*3| 0.051 141.3[m*3| 0.051
VCB -1.273[m 1273 [m 0019 1273 |m  [0018] 1.273|m [0.018
Transverse Area
Moment of Inertia 160.000(m*4 180({m*4| 0.000 180({m~4| 0.000 180{m*4| 0.000
Longiudinal Area | £y gop|mes | s00|me4|0.000|  500|me4|0.000|  500|me4|0.000
Moment of Inertia
W aterplane Ares 60.000|m*2 60.0)m*2| 0.000 60.0/m*2[0.000 600l m*2| 0.000
Immersed Area 14137 | m2 141 (m*2] 0.263 141 (mr2|0.263 14.1{m*2| 0.263
VWelted Surface 122.522\m*2 | 122.49|\m*2|0.026| 122.5/m*2|0.018| 122 5/m*2| 0.018
W etted Girth 9.425|m 942im |0.051 942im [0.051 942\m [0.051
BMT 1.273(m 1.27dim  |0060] 1.274im (0060 1.274/m [0060
BML 3.637[m 3.639(m 10063 3538/m (0035 3538/m (0035

Table 2.5.2 Horizontal Cylinder Mesh Density 0.8-1.0 Results

Model Sinkage Water Density Mesh Density %
=-1.0m 1025.9 kg/m"3 0.7 Error
Analytic Orca3D
Displaced Volume 82.502| m"3 82.3| m"3| 0.245
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VCB -1.828 | m -1.827(m 0.078

Transverse Are:_:\ 150.849 | m™4 150.3| m™4 | 0.364
Moment of Inertia

Longitudinal Area | = 471 405|mra | 470.9|m~4 | 0.107
Moment of Inertia

Waterplane Area 56.569 | m"2 56.50(m"2 | 0.121

Immersed Area 8.250 | m"2 8.2 m"2 | 0.609
Wetted Surface 90.358 | m"2 90.27 [m”2 | 0.097
Wetted Girth 7.386|m 7.39(m 0.057
BMT 1.8284|m 1.826| m 0.133
BML 5.7139| m 5719 m 0.090

Table 2.5.3 Horizontal Cylinder Negative Sinkage Results

Model Sinkage Water Density Mesh Density %

=1.0m 1025.9 kg/m”"3 0.7 Error
Analytic Orca3D

Displaced Volume | 200.241| m"3 200 m"3| 0.120

VCB -0.753|m -0.752 | m 0.178

Transverse Are‘?‘ 150.849 | m™4 150.3(m”™4 | 0.364
Moment of Inertia

Longitudinal Area 471.405 | m™4 470.9| m~4 | 0.107
Moment of Inertia

Waterplane Area 56.569 | m"2 56.50 | m"2 | 0.121

Immersed Area 20.024 | m"2 20.0( m”~2 | 0.120
Wetted Surface 154.686 | m"2 154.61 | m”2 | 0.049
Wetted Girth 11.464 [m 11.46 | m 0.033
BMT 0.7533| m 0.752m 0.178
BML 2.3542 | m 2.355|m 0.035

Table 2.5.4 Horizontal Cylinder Positive Sinkage Results

13.2 Free Float Verification

3 Free Float Verification

In order to verify the free float calculation option in Orca3D, hydrostatic and stability
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properties were calculated by inputting weights at known drafts and verifying the results with
analytic calculations. The comparisons for each shape are shown in the following
subsections.

3.1 Cube Free Float Results

The 10 meter cube was verified using the following three input weights:

Input 512,95
Water weight: 0.0 kg
Density:
1025.9 Analyt Orca3 %
kg/m"3 ic D Error
Draft 5.000| m 5.000| m 0.000
Displaced 500.00 | m* m”»
volume ol3 500.0 3 0.000
VCB -2.500lm | -2.500|m 0.000
Area Moment | 833.33| m” m»
of Inertia o] ) 833.3 4 0.004
Waterplane |100.00 | m* m”»
Area ol2 100.00 > 0.000
Immersed m”? m”»
Area 50.000] 2 50.0]2 0.000
Wetted 300.00| m” m”»
Surface 0|2 ]300.00|2 0.000
Wetted Girth | 20.000| m 20.00| m 0.000
BM 1.667|m 1.667|m 0.020

Table 3.1.1 Cube Free Float Results Weight |

Input 410,36
Water weight: 0.0 kg
Density:
1025.9 Analyt Orca3 %
kg/m"3 ic D Error
Draft 4.000[m 4.000[m 0.000
Displaced 400.00 | m* m”
volume ol3 400.0 3 0.000
VCB -3.000|m | -3.000|m 0.000
Area Moment | 833.33| m* m”
of Inertia 314 8333 4 0.004
Waterplane |100.00| m» m”?
Area ol2 100.00 > 0.000
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Immersed m” m”
Area 40.000] 2 40.0]2 0.000
Wetted 260.00 | m» mA
Surface 0]2 260.00| 2 0.000

Wetted Girth | 18.000| m 18.00| m 0.000

BM 2.083|m 2.083|m 0.016

Table 3.1.2 Cube Free Float Results Weight I1

Input 615,54
Water weight: 0.0 kg
Density:
1025.9 Analyt %
kg/m"3 ic Orca3D Error
Draft 6.000|m 6.000|m 0.000
Displaced 600.00 | m~ m”»
volume ol3 600.0 3 0.000
VCB -2.000| m -2.000|m 0.000
Area A A
Moment of | 83333 M [ g333]™" | 0.004
Inerti 314 4
nertia
Waterplane | 100.00|m” m”?
Area ol2 100.00 2 0.000
Immersed m” m”?
Area 60.000| 2 60.012 0.000
Wetted 340.00 | m» m”?
Surface 0|2 340.00|2 0.000
Wetted Girth | 22.000| m 22.00|m 0.000
BM 1.389|m 1.389|m 0.008

Table 3.1.3 Cube Free Float Results Weight 111
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3.2 Sphere Free Float Results

The 10 meter diameter sphere was verified using the following three input weights:

Input 268,58
Water weight: 0.0 kg
Density:
1025.9 Analyt Orca3 %
kg/m"3 ic D Error
Draft 5.000|m 5.003|m 0.060
Displaced 261.79| m~ m”»
volume ol 3 261.8 3 0.000
VCB -1.875|m | -1.873|m 0.107
Area Moment | 490.87 | m# m”
of Inertia 414 490.4 4 0.097
Waterplane m”? m”»
Area 78.540 > 78.51 > 0.038
Immersed m» mn
Area 39.270] 2 39.3]2 0.077
Wetted 157.08 | m» m»
Surface 02 157.11|2 0.019
Wetted Girth | 15.708| m 15.72|m 0.077
BM 1.875|m 1.873|m 0.107

Table 3.2.1 Sphere Free Float Results Weight |

Input 189,08
Water weight: 0.3 kg
Density:
1025.9 Analyt Orca3 %
kg/m"3 ic D Error
Draft 4.000|m 4.003|m 0.075
Displaced 184.30 | m» m”
volume 713 184.3 3 0.004
VCB -2.455|m | -2.453|m 0.063
Area Moment | 452.38 | m* m”»
of Inertia 94 451.8 4 0.130
Waterplane m”? m”?
Area 75.398 > 75.35 > 0.064
Immersed m» m~»
Area 29.337]2 29.412 0.215
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Wetted 125.66 | m~” m”
Surface 412 125.67]|2 0.005
Wetted Girth | 13.694 | m 13.70|m 0.041
BM 2.455|m 2.451|m 0.144
Table 3.2.2 Sphere Free Float Results Weight 11
Input 348,07
Water weight: 9.7 kg
Density:
1025.9 Analyt Orca3 %
kg/m”3 ic D Error
Draft 6.000| m 6.004|m 0.067
Displaced 339.29| m» m”?
Volume AE 339.3 3 0.002
VCB -1.333|m -1.331|m 0.175
Area Moment | 452.38 | m” mh
of Inertia 914 451.4 4 0.219
waterplane {75 sqg M | 7530 | ™ | 0104
Area 2 2
Immersed m” m”"
Area 49.203| 2 4932 | 9197
Wetted 188.49 | m~ m”"
Surface 6|2 |1s85a|2 | 0024
Wetted Girth |17.722|m 17.73|m 0.048
BM 1.333|m 1.330|m 0.250

Table 3.2.3 Sphere Free Float Results Weight 111

© 2008 by DRS C3 Systems, Inc., all rights reserved



180 Orca3D

3.3 Vertical Cylinder Free Float Results

The 8 meter diameter, 12 meter high vertical cylinder was verified using the following three
input weights:

Input 206,26
Water weight: 9.4 |kg
Density:
1025.9 Analyt Orca3 %
kg/m”3 ic D Error
Draft 4.000|m 4.007|m 0.175
Displaced 201.06 | m~ m”?
volume 5|3 201.1 3 0.019
VCB -2.000| m -1.997|m 0.150
Area Moment | 201.06 | m” mh
of Inertia 214 200.4 4 0.329
Waterplane {5 555 (M | 50 18| ™ | 0.170
Area 2 2
Immersed m” m”"
Area 32.000] 2 32.0|2 0.000
Wetted 150.79 | m~” m”"
Surface 6]2 150.84| 2 0.029
Wetted Girth | 16.000| m 16.01|m 0.063
BM 1.000| m 0.997 | m 0.300

Table 3.3.1 Vertical Cylinder Free Float Results Weight |

Input 154,70
Water weight: 2.1 kg
Density:
1025.9 Analyt Orca3 %
kg/m"3 ic D Error
Draft 3.000| m 3.005| m 0.167
Displaced 150.79 | m» m”?
volume 6l3 150.8 3 0.002
VCB -2.500|m -2.498|m 0.080
Area Moment | 201.06 | m” m”
of Inertia 214 200.4 4 0.329
Waterplane | 55 5651 M" | 50 18| ™" | 0.170
Area 2 2
Immersed m” m”
Area 24.000| 2 24.0]12 0.000
Wetted 125.66|m~ | 125.67| m”~ | 0.005
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Surface 412 2

Wetted Girth | 14.000| m 14.01|m 0.071

BM 1.333|m 1.329|m 0.325

Table 3.3.2 Vertical Cylinder Free Float Results Weight 11

Input 257,83
Water weight: 6.8 kg
Density:
1025.9 Analyt Orca3 %
kg/m"3 ic D Error
Draft 5.000|m 5.008| m 0.160
Displaced 251.32 m~ m”»
volume 713 251.3 3 0.011
VCB -1.500m | -1.496|m 0.267
Area Moment | 201.06 | m” m”
of Inertia 214 2004 4 0.329
Waterplane m”? m”»
Area 50.265 > 50.18 > 0.170
Immersed m» m»
Area 40.000] 2 40.1|2 0.250
Wetted 175.92| m» m»
Surface 912 176.00] 2 0.040
Wetted Girth | 18.000| m 18.02|m 0.111
BM 0.800|m 0.797|m 0.375

Table 3.3.3 Vertical Cylinder Free Float Results Weight 111
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3.4 Cone Free Float Results

The 7 meter base diameter, 7 meter high cone was verified using the following three input

weights:
Input 33,572

Water weight: 5 kg
Density:
1025.9 Analyt Orca3 %
kg/m”3 ic D Error
Draft 5.000| m 5.003|m 0.060
Displaced m” m”?
volume 32.725 3 32.7 3 0.076
VCB -1.250| m -1.248|m 0.160

N N
Area Moment | 5 gan ™M™ [ 30.6|™" | 0.260
of Inertia 4 4

N N
Wwaterplane 1 gas (M| 19 62| ™ | 0.076
Area 2 2
Immersed m” m”"
Area 12.500] 2 12.5]12 0.000
Wetted m” m”"
Surface 43.905]2 43.9212 0.034
Wetted Girth ]111.180|m 11.19|m 0.086
BM 0.938|m 0.936| m 0.160

Table 3.4.1 Cone Free Float Results Weight |

Input 17,189
Water weight: 1 kg
Density:
1025.9 Analyt Orca3 %
kg/m"3 ic D Error
Draft 4,000l m 4.002| m 0.050
Displaced m”? m”?
Volume 16.755 3 16.8 3 0.268
VCB -2.000| m -1.998| m 0.100
Area Moment | ;5 gge|M™ |45 gfM™ ] 960
of Inertia 4 4
Waterplane |15 5ea| M| 15 56| ™| 0.051
Area 2 2
Immersed m” m”
Area 8.000|2 golz2 | 0000
Wetted 28.009|mr | 28.11|mn| 0038
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Surface 2 2

Wetted Girth 8.944|m 8.95| m 0.064

BM 0.750|m 0.749|m 0.133

Table 3.4.2 Cone Free Float Results Weight 11

Input 58,013
Water weight: 3 kg
Density:
1025.9 Analyt Orca3 %
kg/m"3 ic D Error
Draft 6.000| m 6.003|m 0.050
Displaced m”? m”»
Volume 56.549 3 56.5 3 0.086
VCB -0.500|m | -0.498|m 0.400
Area Moment m” mh
of Inertia 63.617 4 63.5 4 0.184
Waterplane m”? m”»
Area 28.274 2 28.26 5 0.051
Immersed mA m”
Area 18.000| 2 1802 | 0000
Wetted mA m”
Surface 63.2232 | 63.25]2 | 0042
Wetted Girth |13.416|m 13.42|m 0.027
BM 1.125|m 1.124|m 0.089

Table 3.4.3 Cone Free Float Test Results Weight 111
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3.5 Horizontal Cylinder Free Float Results

The 6 meter diameter, 10 meter length horizontal cylinder was verified using the following
three input weights:

Input 145,03
Water weight: 3.2 kg
Density:
1025.9 Analyt Orca3 %
kg/m”3 ic D Error
Draft 3.000|m 3.004|m 0.133
Displaced 141.37 | m» m”?
Volume ol 3 141.4 3 0.020
VCB -1.273|m -1.27|m 0.254
Transverse
Area Moment 180'08 Ln,\ 180.0 TA 0.000
of Inertia
Longitudinal
Area Moment 500'08 Ln,\ 500.0 TA 0.000
of Inertia
Waterplane m”? m”»
Area 60.000 > 60.00 > 0.000
Immersed mA m~
Area 14.137| 2 142[2 | 0444
Wetted 122.52 | m» m”
Surface 2|2 |12256]2 | 0031
Wetted Girth 9.425|m 9.43|m 0.055
BMT 1.273|m 1.273|m 0.019
BML 3.537|m 3.537|m 0.006
Table 3.5.1 Horizontal Cylinder Free Float Results Weight |
Input 84,638
Water weight: 8 kg
Density:
1025.9 Analyt Orca3 %
kg/m”3 ic D Error
Draft 2.000|m 2.003|m 0.150
Displaced m~ m”
volume 82.502 3 825 3 0.002
VCB -1.828| m -1.826| m 0.133
Transverse
Area Moment 150841 m" 150.5 m” 0.232
: 914 4
of Inertia
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Longitudinal A A

Area Moment | #7149 M | 4710/ ™* | 0.086
. 514 4

of Inertia

Waterplane m”? m”?

Area 56.569 5 56.53 5 0.068

Immersed m” m”

Area 8.250|2 g3|2 | 0604

Wetted mA mA

Surface 903582 | 9037[2 | 0018

Wetted Girth 7.386] m 7.39m 0.057

BMT 1.828]m 1.824m 0.242

BML 5714lm 5711m 0.067

Table 3.5.2 Horizontal Cylinder Free Float Results Weight 11

Input 205,42
Water weight: 7.5 kg
Density:
1025.9 Analyt Orca3 %
kg/m"3 ic D Error
Draft 4.000| m 4.005|m 0.125
Displaced 200.24 | m~ m”»
Volume 113 200.2 3 0.021
VCB -0.753|m -0.751m 0.443
Transverse
Area Moment 150'83 Z‘A 150.0 TA 0.563
of Inertia
Longitudinal A A
Area Moment 471'4g ™| a705[7"| 0.192
of Inertia
Waterplane |56 560 M" | 5647 ™| 0.174
Area 2 2
Immersed m” m”"
Area 20.024|2 2012 | 9379
Wetted 154.68 | m~” m”"
Surface 6|2 |1s477|2 | 0054
Wetted Girth |11.464|m 11.47|m 0.054
BMT 0.753|m 0.749|m 0.576
BML 2.354|m 2.35|m 0.178

Table 3.5.3 Horizontal Cylinder Free Float Results Weight I11
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13.3 Mesh Density Accuracies

4 Mesh Density Accuracies

The following plots show the reduction in percent error for the verified parameters as the
Orca3D mesh density is increased. The cube is not included in the plots since the accuracy
is not affected by lower mesh densities.

Percent Error vs. Mesh Density
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X—X%H X
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Orca3D Mesh Density

Figure 4.1 Sphere Mesh Density Accuracy
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Percent Error vs. Mesh Density

Vertical Cylinder
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Figure 4.2 Vertical Cylinder Mesh Density Accuracy
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Percent Error vs. Mesh Density
Horizontal Cylinder
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Figure 4.4 Horizontal Cylinder Density Accuracy

13.4 Righting Arm Curves

5 Righting Arm Curves

Orca3D righting arm calculations were verified using the sphere and horizontal cylinder from
previous sections. When the VCG was located at the centroid of the shape, it was verified
that the righting arm curve remained O for heel angles of 0-90 degrees. For VCGs not at the
centroid, the following plots were produced from Orca3D data. As expected, the righting
arm curve followed a sine curve.
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Righting Arm Curve for 10m D Sphere T = 5m VCG = -1.0m
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Figure 5.1 Righting Arm Curve for 10m D Sphere VCG =-1.0m
Righting Arm Curve for 10m D Sphere T = 5m, VCG = -3.0m
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Figure 5.2 Righting Arm Curve for 10m D Sphere VCG = -3.0m
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Righting Arm Curve Horizontal 6m Diameter Cylinder T = 3m, VCG = -1m
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Figure 5.3 Righting Arm Curve for 6m D Horizontal Cylinder VCG =-1.0m

Righting Arm Curve Horizontal 6m Diameter Cylinder T = 3m, VCG = -2m
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Figure 5.4 Righting Arm Curve for 6m D Horizontal Cylinder VCG =-2.0m

© 2008 by DRS C3 Systems, Inc., all rights reserved






192

Orca3D

14

OrcaCommandReference

Click on the links below to go to more information on the commands.

OrcaAbout: Displays a dialog with version information, as well as the status of your license.

OrcaCreateLinesDrawing (76

OrcaCreatePlaningHull | s1)

OrcaCreateSailboat] s
OrcaCreateShipHull| a1

OrcaDefineDesianimuIation@

OrcaExportCurves| ss)
OrcaHelp! 6"
OrcaHydrostatics|102)
OrcaMove| )

OrcaMovie: Displays a list of instructional videos, with links to those files on our web site.
OrcaOffsetTable

OrcaPlaningAnalysis

OrcaPlayStabilitySimulation

OrcaPointsOfinterest| 4

OrcaPointsOn =]

OrcaProperties| 24

OrcaSections/ s )

OrcaSectionsRecompute [o9)

OrcaShowSection: This command is used to hide or show the Orca3D sections.
OrcaShowTree: This command toggles the Orca Tree control on or off.

OrcaWrapCorner! 73]
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