Copy No.

I* Defence Research and Recherche et développement

Development Canada  pour la défense Canada

DEFENCE # DEFENSE

Single High Fidelity Geometric Data Sets for
LCM - Model Requirements

D. Brennan

T Koko

K. Mackay

M. Norwood
S. Tobin

E. Teng

J. Wallace
Martec Limited

Martec Limited
Suite 400, 1888 Brunswick St.
Halifax, Nova Scotia B3J 3J8

Martec Technical Report: TR-06-18
Contract Number: W7707-053123/001/HAL
Contract Scientific Authority: D. Stredulinsky 902-426-3100 x352

The scientific or technical validity of this Contract Report is entirely the responsibility of the contractor and the
contents do not necessarily have the approval or endorsement of Defence R&D Canada.

Defence R&D Canada — Atlantic

Contract Report
DRDC Atlantic CR 2006-134
November 2006

I+l

Canadi



This page intentionally left blank.



Single High Fidelity Geometric Data Sets
for LCM — Model Requirements

D. Brennan

T. Koko

K. Mackay

M. Norwood
S. Tobin

E. Teng

J. Wallace
Martec Limited

Martec Limited

1888 Brunswick Street, Suite 400
Halifax, Nova Scotia

B3J 3J8

Martec Technical Report: TR-06-18

Contract number: W7707-053123/001/HAL
Contract Scientific Authority: D. Stredulinsky 902-426-3100 x352

The scientific or technical validity of this Contract Report is entirely the responsibility of the contractor and the
contents do not necessarily have the approval or endorsement of Defence R&D Canada.

Defence R&D Canada — Atlantic

Contract Report

DRDC Atlantic CR 2006-134
November 2006



Author

D. Brennan

Approved by

Contract Scientific Authority

ﬁ(@?};d fo? ’
_ b/

g,/ e :

RP Chair

The scientific or technical validity of this Contract Report is entirely the responsibility

of the contractor and the contents do not necessarily have the approval or endorsement
of Defence R&D Canada.

© Her Majesty the Queen as represented by the Minister of National Defence, 2006

© Samajesté la reine, représentée par le ministre de la Défense nationale, 2006



Abstract

Over the past decade, the ship building industry has begun to develop and use Single Product
Models (SPMs) for improving the management and efficiency of design, analysis and
construction of commercial and naval vessels. SPMs are extensive single 3D CAD data
models incorporating hull structure, propulsion, steering, piping, electrical, HVAC and other
systems, which make up a complete ship. Ship classification societies and navies (most
notably the USN in their DDX project) have ongoing R&D efforts to bring this technology to
its full potential. This work involves leading software providers, including Tribon, Catia and
ShipConstructor who are developing products, training and documentation to facilitate the use
of SPMs by ship builders and design authorities. It is reasonable to expect that future DND
vessels will be designed and built using SPMs.

During this same period of time, DND has had an ongoing R&D effort in developing
computer-aided ship data and analysis programs to improve the efficiency of Life Cycle
Management (LCM - maintenance) of its fleet. Martec Ltd has been extensively involved in
this work, most notably through the DRDC ISSMM (Improved Ship Structures Maintenance
Management) Technology Demonstration Program which successfully demonstrated the
concept of using a CAD-like database of the HALIFAX class along with advanced sea load
and structural analysis methods to determine the effects of structural damage on a vessel’s
ability to undertake intended operations. The ISSMM project, as well as other DND programs
such as the Structural Inspection Database (SID) and the TRIDENT program, which is a
general purpose ship structural analysis tool recently developed further by Martec to address
FELEX issues, provide an extensive set of software tools to address structural LCM issues.

There is strong interest by ship owners and agencies (including DND and ship Classification
societies) and the SPM software producers to extend the SPM applications beyond design and
construction to the LCM of ships. Doing so would eliminate the time consuming and costly
production of separate analysis models required as input to a number of DND’s suite of
lifecycle maintenance analysis tools. This offers significant potential savings in operation and
maintenance costs as well as improved understanding and confidence in vessel safety. The
work proposed under this contract will provide the first steps towards developing a link that
can bridge the gap between these LCM analysis tools and data stored in a SPM database. For
its part, Martec Limited has worked extensively with DRDC Atlantic in both the development
and application of many of these LCM analysis tools, and has recently initiated an in-house
R&D program focused on developing SPM/LCM data exchange links. This corporate
experience has enabled Martec to offer a uniquely qualified and strong team that can meet the
requirements of the proposed R&D effort.

DRDC Atlantic CR 2006-134



Résumé

Au cours de la derniére décennie, I’industrie de la construction des navires a commencé a
développer et a utiliser des modéles de produit uniques (MPU) pour améliorer la gestion et
I’efficacité de la conception, de I’analyse et de la construction de navires de guerre et de
navires commerciaux. Les MPU sont des modeles de données CAD 3D uniques et complets,
incluant la structure de la coque, la propulsion, I’appareil a gouverner, les canalisations, le
matériel électrique, le CVC et d’autres systemes, qui composent la totalité d’un navire. Les
sociétés de classification de navires et les forces navales (tout particulierement I’USN et son
projet DDX) ont entrepris des travaux de R & D pour réaliser le plein potentiel de ces
technologies. Ces travaux impliquent des fournisseurs de logiciel majeurs, notamment Tribon,
Catia et ShipConstructor, qui élaborent des produits, de la formation et de la documentation
pour faciliter I"utilisation des MPU par les constructeurs de navires et les responsables de la
conception. Il est raisonnable de s’attendre a ce que les nouveaux navires du MDN soient
congus et construits en fonction des MPU.

Parallélement, le MDN a aussi entrepris des travaux de R & D pour développer des
programmes informatiques de collecte et d’analyse des données sur les navires afin
d’améliorer I’efficacité de la gestion du cycle de vie du matériel (GCVM — maintenance) de
sa flotte. Martec Ltd a grandement participé a ces travaux, tout particulierement dans le cadre
du programme de démonstration technologigue GAMSN (Gestion améliorée de la
maintenance de la structure des navires) de RDDC, qui a démontré avec succés le concept
d’utilisation d’une base de données de type CAD de la classe HALIFAX conjointement avec
des méthodes évoluées d’analyse structurale et d’analyse des charges en mer pour déterminer
les effets des dommages structuraux sur la capacité d’un navire a mener a bien les opérations
auxquelles il est destiné. Le projet de GAMSN et d’autres programmes du MDN, tels que la
base de données des inspections structurales (BDIS) et le programme TRIDENT, qui est un
outil polyvalent d’analyse structurale générale des navires, dont Martec a récemment
poursuivi le développement pour les besoins du FELEX, fournissent un ensemble complet
d’outils logiciels s’appliquant aux aspects structuraux de la GCVM.

Les propriétaires de navires, les organismes (y compris le MDN et les sociétés de
classification de navires) et les producteurs de logiciels de MPU sont fortement intéressés a
étendre les applications de MPU au-dela de la conception et de la construction, soit a la
GCVM des navires. Il serait ainsi possible d’éliminer la production codlteuse en termes
d’argent et de temps de modéles d’analyse distincts requis comme entrée pour divers
ensembles d’outils d’analyse de maintenance du cycle de vie du matériel du MDN. Il pourrait
en résulter des économies importantes sur les colts de maintenance et d’opération, ainsi
gu’une meilleure compréhension de la sécurité des navires et plus de certitude dans ce
domaine. Les travaux proposés en vertu de ce contrat constitueront les premiéres étapes vers
le développement d’une passerelle entre les outils d’analyse de GCVM et les données
stockées dans une base de données de MPU. Martec Limited a beaucoup travaillé avec RDDC
Atlantique dans le développement et I’application d’un grand nombre de ces outils d’analyse
de GCVM, et a récemment lancé un programme interne de R & D portant essentiellement sur
le développement de liens d’échange de données MPU/GCVM. Cette expérience a permis a
Martec de mettre sur pied une équipe solide et particulierement qualifiée, capable de répondre
aux exigences des travaux de R & D proposes.

ii DRDC Atlantic CR 2006-134



Executive summary

Introduction: Over the past decade, the ship building industry has begun to develop and use
Single Product Models (SPMs) for improving the management and efficiency of design,
analysis and construction of commercial and naval vessels. SPMs are extensive single 3D
CAD data models incorporating hull structure, propulsion, steering, piping, electrical, HVAC
and other systems. During this same period of time, DND has had an ongoing R&D effort in
developing computer-aided ship data and analysis programs to improve the efficiency of Life
Cycle Management (LCM - maintenance) of its fleet. The DRDC ISSMM (Improved Ship
Structures Maintenance Management) Technology Demonstration Program successfully
demonstrated the concept of using a CAD-like database of the HALIFAX class along with
advanced sea load and structural analysis methods to determine the effects of structural
damage on a vessel’s ability to undertake intended operations. There is strong interest by ship
owners and agencies (including DND and ship Classification societies) and the SPM software
producers to extend the SPM applications beyond design and construction to the LCM of
ships.

Principal Results: Data requirements were reviewed for global structural finite element
analysis (FEA), detailed structural FEA, ship hydrodynamics, and the analysis of radar
signature, infrared signature, electric potential signature and cathodic protections, magnetic
signature, acoustic signature and flow noise. A number of CAD/CAM tools including
CADDSS5, Tribon, Foran, CATIA, Intergraph and ShipConstructor were reviewed.

Significance of Results: The work conducted under this contract provides the first steps
towards developing a link that can bridge the gap between LCM analysis tools and data stored
in a SPM database. Doing so would eliminate the time consuming and costly production of
separate analysis models required as input to a number of DND’s suite of lifecycle
maintenance analysis tools. This offers significant potential savings in operation and
maintenance costs as well as improved understanding and confidence in vessel safety.

Future Plans: A DRDC Defence Industrial Research project has recently been awarded to
Martec Limited with the goal of developing a bridge between SPMs and finite element based
structural analysis tools for LCM. A DRDC Atlantic Applied Research Program (ARP)
project “Investigation of LCM through Single Product Models” has also recently started with
the objective of developing a SPM framework facilitating analysis for LCM in the various
technical disciplines of structures, hydrodynamics, signatures, cathodic protection and
material and degradation management. This report will form that starting point of this work
which is anticipated to result in SPMs for use in LCM analysis of existing and future classes
of Canadian naval vessels.

D. Brennan, T. Koko, K. Mackay, M. Norwood, S. Tobin, E. Teng, J. Wallace. 2006.
Single High Fidelity Geometric Data Sets for LCM — Model Requirements. DRDC
Atlantic CR 2006-134. Defence R&D Canada - Atlantic.
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Sommaire

Introduction: Au cours de la derniére décennie, I’industrie de la construction des navires a
commencé a développer et a utiliser des modéles de produit uniques (MPU) pour améliorer la
gestion et I’efficacité de la conception, de I’analyse et de la construction de navires de guerre et de
navires commerciaux. Les MPU sont des modéles de données CAD 3D uniques et complets,
incluant la structure de la coque, la propulsion, I’appareil a gouverner, les canalisations, le matériel
électrique, le CVC et d’autres systemes. Parallelement, le MDN a aussi entrepris des travaux de R
& D pour développer des programmes informatiques de collecte et d’analyse des données sur les
navires afin d’améliorer I’efficacité de la gestion du cycle de vie du matériel (GCVM -
maintenance) de sa flotte. Le programme de démonstration technologique GAMSN (Gestion
améliorée de la maintenance de la structure des navires) de RDDC a démontré avec succes le
concept d’utilisation d’une base de données de type CAD de la classe HALIFAX conjointement
avec des méthodes évoluées d’analyse structurale et d’analyse des charges en mer pour déterminer
les effets des dommages structuraux sur la capacité d’un navire a mener a bien les opérations
auxquelles il est destiné. Les propriétaires de navires, les organismes (y compris le MDN et les
sociétés de classification de navires), et les producteurs de logiciels de MPU sont fortement
intéressés a étendre les applications de MPU au-dela de la conception et de la construction, soit a
la GCVM des navires.

Résultats principaux: Les exigences relatives aux données ont été examinées pour les besoins de
I’analyse structurale générale par éléments finis, de I’analyse structurale détaillée par éléments
finis, de I’hydrodynamique des navires et de I’analyse de la signature radar, de la signature
infrarouge, de la signature de potentiel électrique et des protections cathodiques, de la signature
magnétique, de la signature acoustique et du bruit d’écoulement. Divers outils de CAO/FAO,
notamment CADDSS5, Tribon, Foan, CATIA, Intergraph et ShipConstructor, ont été examinés.

Importance des résultats: Les travaux exécutés en vertu de ce contrat constituent les premiéres
étapes vers le développement d’une passerelle entre les outils d’analyse de GCVM et les données
stockées dans une base de données de MPU. Il serait ainsi possible d’éliminer la production
colteuse en termes d’argent et de temps de modéles d’analyse distincts requis comme entrée pour
divers ensembles d’outils d’analyse de maintenance du cycle de vie du matériel du MDN. Il
pourrait en résulter des économies importantes sur les colits de maintenance et d’opération, ainsi
qu’une meilleure compréhension de la sécurité des navires et plus de certitude dans ce domaine.

Travaux futurs: Un projet de recherche industrielle de défense de RDDC a récemment été
attribué a Martec Limited dans le but d’élaborer une passerelle entre les MPU et des outils
d’analyse structurale fondés sur les éléments finis pour les besoins de la GCVM. De plus, un
projet du Programme de recherches appliquées (PRA) de RDDC Atlantique intitulé « étude de
la GCVM a I’aide de modéles de produit uniques », a récemment été lancé dans le but de
créer un cadre de MPU facilitant I’analyse de la GCVM dans les disciplines techniques des
structures, de I’hydrodynamique, des signatures, de la protection cathodique et de la gestion
du matériel et de la dégradation. Le rapport qui en résultera formera le point de départ de ces
travaux, qui devraient permettre d’utiliser les MPU dans I’analyse de la GCVM des classes
actuelles et futures de vaisseaux de guerre canadiens.

D. Brennan, T. Koko, K. Mackay, M. Norwood, S. Tobin, E. Teng, J. Wallace. 2006.
Ensemble de données géométriques haute fidélité uniques pour la GCVM — Exigences du
modele. RDDC Atlantiaue CR 2006-134. R et D pour la défense Canada - Atlantiaue.
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1. Introduction

A Canadian naval ship must function dependably and with stealth in a wide variety of
operating conditions and over the lifetime of the ship. To do so a number of structural
integrity and operational parameters must be met. In order to ensure that its ships are
operating within acceptable parameters, DND utilizes a number of structural lifecycle
management (LCM) analysis tools. Some of these tools are used to assess the structural
integrity of the ship, while others are used to evaluate the ability of the ship to operate with
stealth. Each tool has its own input data requirements. Assessing fatigue crack initiation and
growth requires extremely fine descriptions of the crack sites that may require description of
connection details, including weld profiles. On the other hand, most signature prediction and
management tools do not require the same level of detail. For example, the acoustic electric
field signature tools employed by DND require only a coarse description of the wetted portion
of a ship hull and some pertinent underwater appendages.

Due to the different modelling requirements of the various LCM tools, a great deal of effort
and expense can be incurred in developing suitable models for each tool, even though the
same ship is being described for each type of analysis.

While data requirements between the various analytical tools vary, all LCM analysis tools
depend on a similar geometric description of the ship. In all cases the basic ship geometry is
the same. The differences are only in the level of detail, the portion of the ship to be modelled
and the data format. A typical Single Product Model (SPM) database should contain most, if
not all, of the geometric data required by DND’s LCM analytical tools.

In order to address the high cost of developing the ship model data required by each of DND’s
current suite of ship structural lifecycle management analysis tools, Martec is proposing to
investigate the feasibility of using a single high-fidelity geometric ship model, such as the
Single Product Model, for some or all DND LCM data requirements. The ultimate goal of
this effort is to develop a link that can bridge the gap between these analysis tools and the data
stored in a SPM database (see Figure 1.1).

The main advantage of such a system is that the SPMs that are delivered as part of new builds,
or developed for existing naval vessels, can be readily incorporated into an improved and
more efficient LCM program that takes advantage of recent DRDC technology advances. This
should significantly reduce the time and cost of using DND’s LCM analytical tools.

A linked system, as shown in Figure 1.1, is practical because the input to DND’s LCM tools
is, for the most part, based on the same overall geometric description of a ship. Martec has
been studying issues related to the exchange of data between SPMs and LCM tools and has
found the STEP protocol appears to provide a robust means to transfer data between SPMs
and engineering analysis tools. The main challenge to be addressed in this, and future research
efforts, is to develop the "Analysis Model Synthesizer" and "Analysis Management Software"
algorithms (see Figure 1.1) that will provide customized data input and output translation for
each of the LCM analysis tools.
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Figure 1.1: Prototype System

1.1 Single Product Management Systems

The tools and techniques used to design ship structures have evolved over the last forty years
from producing blueprints on the drafting board to the digital design of today. As computer
technology became more powerful and less expensive computer-aided-design (CAD) systems
evolved to support the design of complex products. CAD and other related tools empower
designers and engineers to create innovative products more quickly and efficiently.

The design process using CAD systems and other tools often results in a multitude of files that
describe the elements of a product and how they all fit together. In order to manage this data,
software providers developed systems, often referred to as single product model (SPM)
management systems. These systems helped engineers manage their evolving designs, and
share them with their colleagues within the organization. As design tools grew in capabilities,
so too did the desire to support more of the engineering process using data management
technologies. SPM systems began to add simple communication and collaboration
technologies, such as workflow and notification, to let others know about changes in data of
interest, or to include them in the development (or engineering) process. With this increased
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emphasis on engineering process came the requirement to manage other types of intellectual
assets, such as documents and other files that were part of the development process but
developed by tools other than CAD.

During the 1990’s, the single product data management systems continued to expand in scope
and scale. Figure 1.2 shows a partial list of ship specific SPM vendors. Companies
recognized that they could use these systems not just to design their products, but also to
manage the product data over the entire lifecycle from concept through deployment. At the
same time CAD and computer engineering (CAE) technologies grew in complexity and
capabilities.

Less expensive hardware and more powerful tools provided the incentive for many companies
to move from 2D CAD to 3D, which is a prerequisite for many analysis techniques like the
finite element method (FEM). Once limited to mainframe computers these powerful analysis
tools also moved to the desktop putting the full range of CAE at the engineer’s fingertips.

Stage Basic Design Analysis Detailed Design LCM
Software Hullform 3asic Desig_;l Stability Power i Seakeeping FEA Detailed Design Damage : Operational
Martec - Trident WavelLoad ;| Trident

FEA
Aerohydro - Multisurf X X
ARL - Shipconstructor X X X
Autoship Systems - Autos| X X X X
Aveva - Tribon X X X X X
BAI - Strand?7 X
Dassault - Catia X X
Defcar Engineering - X X X X
Defcar
Friendship X X
Formation - Maxsurf ARL ARL X X X ARL
GRC - Paramarine X X X X X X
Napa OY - NAPA X X X X
Nupas - Cadmatic X X
Proteus - Flagship X X GHS Navcad X X ARL
Robert McNeel - Rhino X
Sea Solution X X X X
Sener Group - Foran X X X
Vacanti - Prolines X

Figure 1.2: Ship SPM Software Vendors
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1.2 DND / Martec Lifecycle Management Analysis Tools

Over the past several years, Martec Limited, under contract to DRDC Atlantic, has developed
a series of LCM modeling tools encompassing nine of the thirteen analysis disciplines under
consideration in the proposed research project (see Table 1.1). Of particular relevance is
Martec’s involvement in the IST project. The IST (Improved Ship Structures Maintenance
Management) Technology Development Program successfully demonstrated the concept of
using a CAD-like database of the HALIFAX class along with advanced sea load and
structural analysis methods (which include global finite element analysis, detailed finite
element analysis, fatigue and ultimate strength analysis) to determine the effects of structural
damage on a vessel’s ability to undertake intended operations. The IST project, as well as
other DND programs such as the Structural Inspection Database (SID) and the TRIDENT
program, which is a general purpose ship structural analysis tool recently developed further by
Martec to address FELEX issues, provide an extensive set of software tools to address
structural LCM issues.

Table 1.1: Analysis/Modeling Capabilities of Interest

Analysis/ Modeling Capability
Global structural finite element analysis
Detailed structural finite element analysis
Hydrodynamic analysis

Radar signature

Infrared signature

Electro-Magnetic signature

Cathodic protection

Low frequency acoustic signature

High frequency acoustic signature

10. Flow noise

11. Underwater explosion analysis

12. Above water blast analysis

13.  Ship structural inspection database (SID)

©oN>O~wWNE

In the discussion that follows a brief summary highlighting Martec’s experience in each of
these analysis disciplines is provided.
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2. Model Data Requirements

2.1 Global Structural FEA

211 Technical Background

Typically for the creation of the global finite element model the user requires a complete set
of the structural drawings for the vessel. The drawings must be reviewed at a macroscopic
level with the entire vessel in mind. This is done to enable the engineer to make the necessary
decisions to generate a coarse mesh finite element model of the ship. Plate thickness and
stiffener scantlings can be obtained from the structural drawings. The mass distribution of the
vessel is also required, typically from the vessels weight curve. Numerous weight curves are
required for the different loading scenarios that the vessel will experience over the operation
of the vessel (e.g. deep departure, operational lightship, design sag and design hog).

As with any finite element analysis, the material properties for the vessel are required. The
materials typically seen in ship structures are steel, aluminum and composites.

The structural components that make up a global FEA model drive the fidelity of the model.
For example, if the location of a thickness change on the deck is at 100mm away from a
bulkhead then, for the global model, the thickness change should be modelled at the bulkhead.

Typically, global models consist of stiffened shell (smeared) elements. The advantage of the
stiffened shell element is that the global model will accurately represent the structural
response of the ship on a global scale with a very coarse mesh. As computing power increases
it is possible to have a global model composed of quadrilateral shell and beam elements
instead of stiffened shell elements. The number of nodes and elements would be drastically
increased but the model would have a higher level of detail and therefore more accurately
represent the structure.

2.1.2 Review of Current Practices

Spreadsheet tools or rule based design allow the designer to look at initial sizing of structural
elements at the early design stage. The formulas are based on historical rules. Typically, the
Bernoulli-Euler beam theory is used to compute the component of primary stress or deflection
due to vertical or lateral hull bending loads.

For global finite element model generation and analysis, the tools used at DRDC Atlantic
include ShipMesh, Trident FEA and MAESTRO. To aid in the creation of the FEM, lines of
form and deck plans can be imported into the FEA program. Material properties and thickness
as well as beam scantlings must be input by the user.

For concept and preliminary design, some of the current software tools in use today are
Paramarine, Tribon and the Flagship suite. The data that could be used from the concept
design are the hull form and layout of the ship. The data that could be used from the
preliminary design would be the hull form, layout and global structural scantlings.
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Lloyds RulesCalc could be used early in the design stage to generate the structural scantlings.

CAD systems are used extensively at the production stage of ship design. Some of the popular
programs are CADDSS, ShipConstructor, Rhino, Catia, Foran, Autoship and Intergraph. Most
CAD systems provide only geometric representation of the structure with no material property
data. The material property data is essential for finite element analysis. The Step AP218 is one
method to obtain the necessary information. Another is directly through an API.
ShipConstructor is developing an API so that systems can directly access geometric, material
and descriptive data of the model.

2.1.3 Summary of Data Requirements

The data required for a global finite element analysis are:
e geometry (that is equivalenced to ensure proper connectivity) including section
properties,
e material properties,
mass data, and
e |oads

Of these, it is the geometric, mass and material data that will be imported from a LCM
database.

Geometric Data

For longitudinal strength analysis of a global finite element model in the preliminary design
stage it is necessary to supply geometric and material data for the following structural
components:

¢ All longitudinal elements that are continuous along the ship including
0 decks, longitudinals, girders, bulkheads, hull
e Longitudinal elements that are not continuous should be modelled, paying special
attention to the way the discontinuity is modelled.
Girders (should be modelled with beam elements)
Stiffeners (should be smeared into the plate)
Major transverse bulkheads have to be modelled
Frames (should be modelled with beam elements)
Pillars
Floors

Since girders, stiffeners and frames are either incorporated into adjoining plate elements or are
modelled with beam elements it follows that centreline locations and section properties are
sufficient. Geometric data for all other components would consist of mid-thickness locations
and plate thicknesses.

Using the geometric data from the concept and/or preliminary design software will be

essential for a global model analysis tool. However, the program should also be able to
generate a model of the hull shape from the lines of form.
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Section Properties & Material Data

Plate thickness, stiffener scantlings and structural material properties are all required for the
global finite element analysis.

The most basic structural material d