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1 Flexcom

Flexcom is a premium structural
analysis software package which
has underpinned the engineering
design on some of the world’s most
demanding  offshore  projects.
Developed by Wood's software
solution specialists, the program is
designed and maintained by
engineers who are immersed in the
offshore energy industry.
Flexcom’s design philosophy is
based on the provision of
advanced computational
techniques to provide confidence
in the engineering design, coupled
with a user-friendly interface which
facilitates optimum productivity.
The software uses an industry-
proven finite element formulation,
incorporating a hybrid beam-
column element with fully coupled
axial, bending and torque forces.
Flexcom is a highly versatile
software package, capable of
simulating risers, mooring lines,
umbilicals, CALM buoys, offloading
lines, pipelines, installation
processes, offshore wind turbines
and wave energy devices. With
over 30 years' experience,
Flexcom has been delivering
advanced engineering solutions to
all the major operators,
contractors, construction
companies, manufacturers, and
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engineering consultants.

BENEFITS OF USING FLEXCOM

¢ Supreme confidence in the engineering design:
Flexcom’'s renowned computational technique is
widely acknowledged as best-in-class

e One stop solution: Flexcom's versatile nature
makes it suitable for use in a variety of scenarios,
ranging from FEED studies, detailed engineering
design, fatigue life assessment, structural
installation and decommissioning

¢ Quality assurance: Mathematical equations are
fully supported within the software, allowing users
to dewelop and \validate template models,
streamlining the QA process. Flexcom’'s keyword
style input also readily lends itself to QA inspection

¢ Advanced visualisation: Powerful visual aids such
as colour contouring of stresses provide the user
with an intuitive visual representation of engineering
data

e Trust and reliability: Flexcom is bolstered by a
premium technical support service, with over 90%
of queries fully resolved within one working day

¢ Cost effective solution: Affordable cost structure
and very flexible licensing options. Plus our user
interface does not require a licence, maximising
the number of licences available for numerical
simulation.
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ADVANCED USER EXPERIENCE

Quick and easy model building via the Line component
and automatic mesh-creation facility

Fully integrated keyword editor facilitates rapid data
specification, with helpful input prompts and command
auto-completion

Parameters and mathematical equations are supported,
effectively providing spreadsheet type functionality
within the Flexcom environment

Streamlined post-processing enables assembly of

results from a large load case matrix into a single
spreadsheet

Enhanced visualisation of engineering data such as
stress contouring and 3D surface plotting

Direct interface to Microsoft Excel, with optional

access to VBA code which enables power users to
develop specialised post-processing tools

User defined plug-ins allow power users to create

inteligent models which automatically adjust to
instantaneous conditions which develop over time
during dynamic simulations

Dedicated video creation studio which allows users to

create customised videos of finite element models and
showcase innovative engineering designs. It's even
possible to create a fuly immersive virtual reality

experience using the Unity Plug-In.
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SIMULATION CAPABILITIES

e Static, quasi-static, time and frequency domain

analysis, plus Fatigue life assessment

¢ Modal analysis, interfacing with Shear7 (enabling
the assessment of fatigue damage caused by

vortex induced vibration)

e Recognised industry leader in finite element
solution techniques. Up to 10 integration points per
element to ensure precise distribution of applied
forces. Third order shape functions used to
predict solution variations within each element

e Several non-linear material models, including
hysteretic bending effects and plastic hardening.

Plus pipe-in-pipe, pipe-on-pipe and multiple riser
bundle configurations

e Fully coupled aero-hydro-structural modelling of
floating offshore wind turbines via coupling with

OpenFAST

e Detailed internal fluid and slug flow models,

including centrifugal, Coriolis and dynamic
pressure effects

e Range of contact modelling options, including
contact surfaces and line clashing

o Wake interference, including Huse and Blevins’

formulations, plus a generic user-defined wake
model

o User defined plug-ins which allow power users to

adjust the constitutive finite element matrices and
directly control the numerical solution at run-time
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e Financial appraisals of Wave Energy Converters

via coupling with ExceedenceFinance, a third

party techno-financial software product.

FURTHER INFORMATION

Refer to Getting Started for
further information on getting to
grips with Flexcom, building your
own models and running your
own simulations. In order to help
novice users to up-skill and
improve their proficiency with
Flexcom, we have compiled a
series of online tutorial videos.

Check out our extensive video
library for illustrations of
Flexcom's modelling capabilities
and broad range of applications.

Learn about our flexible licensing
options and get your hands on a
free trial version of the software.

We have over 2,600 followers on
LinkedIn and we encourage
everyone to sign up. We'll keep
you update with news of latest
releases and new modelling
features as they become
available. You'l also find some
very interesting simulation videos
which are shared on our forum.

Enjoy working with Flexcom!

33
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1.1

PROMOTIONAL VIDEO

e —

Getting Started

MODEL BUILDING

Model building is very straightforward with Flexcom. Slender structures such as risers,
pipelines and mooring lines may be built quickly and easily using the Lines modelling feature,
while the automatic mesh-creation facility readily accommodates mesh sensitivity studies.
Large floating structures (such as FPSOs, semi-subs and drill-ships) are modelled using the
standard Vessel feature (displacement-driven simulation) while smaller floating structures are

treated as Floating Bodies (force-driven simulation). Environmental Parameters, such as

ocean depth and water density, along with a Seabed definition, typically completes the
minimum required model specification.

The Model View continually updates to reflect changes to the model, and provides a preview
of both the overall configuration and the distribution of finite elements.
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Sample Mid-Water Arch Model

DATA ENTRY

Flexcom is designed to simplify the quality assurance process. The keyword style input
readily lends itself to QA inspection by project managers. The integrated Keyword Editor
facilitates rapid data specification, aiding the user with helpful input prompts and command
auto-completion. Any inaccurate specifications are detected by automatic syntax checking
and data validation. Beginner or inexperienced users may prefer to use the Table Editor. Data
is entered in tabular format, with the various rows and columns clearly labelled.

_lJ *INTERMAL FLUID

152 SET=]

133 |- a%93,

-
ee 01l Jumper ]
156

157 [o] *BOUNDARY

5 TYPE=CONSTANT

159 {Seabed End}, 1, 0.0

1e0 {Seaked End}, -2, 0.0
g {Scabed End}, 3,

Keyword Syntax Issues [Statickeys]

(040

bessage Text Line
@ Muzt be a valid set narme or AN, 152
£ Must be an integer between 1 and 6. 160

Helpful Input Prompts and Automatic Data Validation
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Pre-defined input Parameters form an integral part of a typical model specification. Once a
parameter is altered, all dependent parameters are automatically updated, with consequent
savings for model setup effort. Environmental simulation is also seamless, as one

parameterised master template keyword file may be used to generate all the required input

files (e.g. to accommodate a matrix of varying wave periods and headings).
FINITE ELEMENT SOLUTION

Flexcom’'s advanced computational technique provides supreme confidence in the
engineering design. The software uses an industry-proven Finite Element Formulation,
incorporating a hybrid beam-column element with fully coupled axial, bending and torque
forces. Up to 10 integration points are used within each finite element to ensure a precise
distribution of applied forces. Third order shape functions are used to predict solution variable

(e.g. moment, curvature) variations within each element.

Advanced Computational Technique

POST-PROCESSING

Element forces may be presented in traditional plot format, graphically illustrated via colour
contouring, or automatically collated in Microsoft Excel. These versatile post-processing
options deliver tangible benefits for engineering teams, as pertinent results may be extracted

quickly and easily.
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Stress Contouring

ONLINE TUTORIAL VIDEOS

In order to help novice users to up-skill and improve their proficiency with Flexcom, we have

compiled a series of online tutorial videos.
PROGRAM DOCUMENTATION

Flexcom is equipped with a fully integrated documentation system. One centralised help
system encompasses all of the various sub-components, such as data inputs, background
theory, and sample models. It also incorporates extensive cross-referencing for effortless
browsing. The documentation is logically broken up into the following categories:

¢ |nstallation contains information on basic System Requirements and Network Licensing.

¢ User Interface introduces the various concepts behind Flexcom'’s user interface, and
software user-experience in general. It presents detailed information on the various sub-
components, including the concept of a Project Workspace, Model Building (via the
Keyword Editor or Table Editor), Running Analyses (explaining Analysis Jobs and Work
Sequence), and Results Examination (via the powerful Model View and Plotting

features).
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¢ Flexcom's main user interface also incorporates two specific modules, Flexcom
Wind and Flexcom Wave, which are specifically designed to create models for

floating wind turbines and wave energy conversion devices, respectively.
¢ Data Inputs provides a complete reference guide to all data inputs used in Flexcom.

o Theory provides a comprehensive background on the modelling and analytical
capabilities of the software. It includes a section on Flexcom’s industry-proven Finite
Element Formulation, an advanced computational technique which provides supreme

confidence in the engineering design. It also discusses the comprehensive range of
Postprocessing options available in Flexcom.

o Examples describes a set of examples which illustrate some of the range of applications
for which Flexcom may be used. Sample models cover areas such as Top Tensioned

Risers, Steel Catenary Risers, Flexible Risers, Mooring Systems, Offloading Systems,

Pipelines, Hybrid Riser Systems and Installation Analysis.

o References lists all the technical publications referenced throughout the help system.

KNOWLEDGE BASE

In addition to the comprehensive documentation we also host an online Knowledge Base for
Flexcom as well as all of Wood desktop software products.

This web based resource contains answers to frequently asked questions on the use of our
products. It essentially provides best practice advice on how to use the products and
troubleshoot potential issues encountered.

Content is continually added to the Knowledge Base over time and so it represents a valuable
reference for engineers who are actively using our software.

To access the Knowledge Base users are asked to register, via the link, with their company

email address and individual password. We will approve new users as soon as possible after
registration.

Once access has been granted, users are then free to navigate through all the provided
content, search for answers on a particular topic, and vote on the most helpful answers.
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1.2 Tutorial Videos

In order to help novice users to up-skill and improve their proficiency with Flexcom, we have
compiled a series of online tutorial videos. If you are beginning to work with Flexcom for the
very first time, it is recommended that you start at the beginning, and work your way along
through each video in the beginner section (and beyond if you have time). We hope to add
more tutorial videos over time, expanding the range of topics covered, and creating a library
which will be helpful reference for experienced users also. Note that the closing section on
migrating from earlier versions is intended for existing users of the software who have
recently upgraded, or are about to upgrade, to a new version of the software. So if you are a
new user, simply disregard this final section.

BEGINNER LEVEL

1. General Software Overview

2. User Interface |

3. Model Building

4. Unit Systems

5. Parameters and Equations

6. User Interface Il

7. Dynamic Analysis

8. Post-Processing

9. Model View

10. Plotting Module

11. User Interface lll

INTERMEDIATE LEVEL

12.3D Seabed Profile Generator

13. Pre-Processor Scripting |
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https://youtu.be/2soA2d8oke8?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/ufAX18YnQuM?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/FYLxi0aXKPE?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/j1aufSwHApU?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/zlIUBKvIXUw?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/YQOi6MX6NfI?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/ja3D5h4ITuk?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/ZlOc5YKcJ8U?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/nX-eYEYNHmY?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/rryPm08hx-A?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
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14. Pre-Processor Scripting Il

15. Summary Post-Processing & Collation

16. Code Checking

17.Excel Add-in

18. AVI Studio

19. Flexcom Wind (FWTs)

20. Flexcom Wave (WECSs)

ADVANCED LEVEL
21. User-Defined Element
22.User-Solver Variables
23. Custom Post-Processing (VBA)
24. Custom Post-Processing (DARs)
25. Unity Plug-in

MIGRATING FROM OLDER VERSIONS

26. Running Flexcom on the cloud

27.Flexcom 8.10 Highlights

28. Flexcom 8.6 Highlights

29. Flexcom 8.4 Highlights

30. Units Importer

31. Project Importer

32. Auxiliary Body Converter
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https://youtu.be/Y7GsY8UYyb0?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/4F4Kl2veEJk?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/GaVJTnsjSpA?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/Mu1-H8IvpTI?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/_USG93CtvZs
https://youtu.be/MzvJJQSN2ng?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/7C0ZVfAVB4o?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/dIBJU7as_hY?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/qHJ96eqVaRo?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
https://youtu.be/9YpWvMDjW8U?list=PLqpeZ0GKNx6hH2M0cNDl698PLtwu0goM6
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1.3 Video Library

ENGINEERING DESIGN
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These videos provide sample illustrations of Flexcom's modelling capabilities and broad range

of applications.

Offshore production system. This system is
based on a free standing bundled hybrid tower
concept, which is typical of deep water production
systems deployed in West of Africa field
developments. Oil is transferred to the FPSO using
a set of flexible jumpers, and from there to the
CALM buoy via two offloading lines which hang in a
wave type configuration. Both the FPSO and the
CALM buoy are held on station using chain and
steel wire mooring lines. Several flowlines are
located on the seafloor and connected to the
vertical tower using an arrangement of rigid spools.

Although this model is very complex and contains
over 3000 elements, it is very easy to assemble in
Flexcom using the line modelling feature. Flexcom
also provides a high accurate pipe-in-pipe
modelling feature which has underpinned the
engineering design of some of the world's most
complex riser bundle configurations. Flexcom has a
detailed internal flow model, catering for centrifugal,
coriolis and dynamic pressure effects. The internal
fluid contents may also vary over time, in order to
accurately simulate intermittent slug flow.
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Flexible riser system. The model contains 5
flexible risers, which pass over a tethered mid-water
arch in a lazy-S configuration, and is typical of the
shallow water production systems deployed in North
Sea field developments. The mid-water arch itself is
modelled as a rigid frame structure, which supports
an arrangement of contact surfaces. Uplift is
provided by two large buoyancy tanks which keep
the tethers in tension, and help to stabilise the entire
system.  Flexcom’s renowned computational
technique provides high levels of confidence in the
engineering design. Although the time domain
simulation is relatively detailed, including intermittent
contact with curved surfaces, the entire simulation
may be completed in just a few minutes. See
Example C02 - Multi-Line Flexible System for

further information.

Floating Offshore Wind. This is one of the
reference models used in the international research
project OC4. OC4 is sponsored by the International
Energy Agency and coordinated by NREL. It
benchmarks a variety of simulation software for
modelling of offshore wind turbines, both fixed and
floating. Results from the Flexcom model show very
good agreement with published data, in terms of
platform motions, mooring line tensions, tower base
moments, nacelle accelerations etc. Aerodynamic
outputs such as generator power and rotor speed
also show close agreement with other modelling
tools. See Example L01 - OC4 Semi-Submersible

for further information.
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Turret disconnect. This is an operation which is
performed in harsh environments caused by
inclement weather conditions. The model includes a
turret moored FPSO, 6 mooring lines, 2 production
risers, 2 water injection risers, a gas lift line and an
umbilical. The turret itself is modelled as a frame
type structure, with rigid connections linking it to
each of the attached lines. The turret is
disconnected from the FPSO and allowed to sink
into the ocean. Contact with the circular vessel
moonpool is also monitored using an arrangement
of contact surfaces positioned around the turret.
See Example C03 - Turret Disconnect for further

information.

J-Tube pull-in. The J-Tube is a curved conductor
which is rigidly attached to a fixed platform, and
through which a flexible riser is installed. One end
of the flexible is attached to a winching cable which
is inside the J-tube. The winching process is
modelled using Flexcom’'s winch element feature,
which allows paying-out or reeling-in operations to
be simulated. The interaction between the flexible
and J-tube is modelled using Flexcom’s pipe-in-pipe
modelling facility. Sliding connections are used in
this model, with the software continually monitoring
and updating the connected nodes as the analysis
progresses. See Example H02 - J-Tube Pull-In for

further information.

Independent studies have shown a strong
correlation between Flexcom and general purpose
finite element software for this type of analysis.
Furthermore, the authors conclude that the solution
provided by Flexcom offers greater efficiency, both
in terms of ease of model set-up, and significantly
reduced computational times.
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Dropped object. This model contains a flexible
riser arranged in a steep wave configuration, which
is connected to an FPSO. A support vessel is
docked alongside the FPSO, and a freight
container accidentally drops from the crane and

sinks down into the ocean. Contact between the
falling container and the flexible riser is modelled
using Flexcom’s line clashing feature. Clashing is a
complex and highly non-linear phenomenon, so the
use of relatively small time steps is essential, in
order to accurately capture the moment of impact,
and the subsequent structural response. Flexcom
automatically reduces the solution time step in
anticipation of contact, and once the components
have separated after impact, the time step begins to
increase again. This approach facilitates a robust
and accurate contact model, while also ensuring an
efficient simulation. In order to accurately capture
the deformation of the flexible riser, relatively short
elements are used in the contact region. Numerical
damping is typically used to simulate energy
dissipation during the collision. See Example JO1 -
Dropped Object and Recovery for further

information.

Fixed offshore wind. This is one of the reference
models used in the international research project
OC4. OC4 is sponsored by the International Energy
Agency and coordinated by NREL. It benchmarks a

variety of simulation software for modelling of
offshore wind turbines, both fixed and floating.
Results from the Flexcom model show very good
agreement with published data, in terms of shear
forces and bending moments, and structural
deflections in the jacket structure. See Example
LO3 - OC4 Jacket for further information.
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Drilling Riser. This is a deep-water riser, typical of
deepwater exploration systems deployed in regions
such as the Gulf of Mexico. The model simulates an
emergency disconnect scenario, following failure of
the dynamic positioning system on the drillship. In
such situations, the riser is quickly disconnected
from the wellhead to prevent any potential damage.
See Example AO1 - Deepwater Drilling Riser for

further information.

Although Flexcom can provide an approximate
simulation of the disconnect event, a more
comprehensive simulation may be performed using
DeepRiser DeepRiser, which specialises in the
analysis of top-tensioned risers. DeepRiser
provides a detailed hydro-pneumatic tensioner,
which models all the major hydraulic and pneumatic
components. It can model each tensioning cylinder
independently, and can simulate the behaviour of
the anti-recoil control system. It also incorporates
an advanced fluid flow model, based on a finite
volume numerical technique, to model the drilling
mud exiting from the base of the riser.

Pipe Laying. This is a complex installation
procedure, as the pipeline is laid down over a steep
subsea precipice. The winching process is
modelled using Flexcom’'s winch element feature,
which allows paying-out or reeling-in operations to
be simulated. Flexcom possesses a powerful
seabed modelling facility which can handle complex
topographies with ease. The user simply specifies
an arbitrary cloud of data points, and Flexcom’s
triangulation algorithm automatically generates a
continuous seabed profile.
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Although this simulation was performed using
Flexcom, Wood also offer a dedicated installation
software package called PipelLay. PipelLay provides
a comprehensive set of technical features which
are specifically designed for installation analysis,
including rapid generation of fixed and floating
stinger profiles, and a range of options for
modelling rollerbox support contact. PipelLay also
facilitates automatic adjustment of support
elevations to achieve specified curvature limits,
saving time for installation engineers.

Floating hose. This hose is used to offload oil from
a semi-submersible platform to an FPSO. Floating
hose models are exiremely sensitive to wave
loading, as the entire model is located in the water
surface region. Flexcom provides a detailed
buoyancy formulation, which accounts for the
partial submergence of the hose. The submerged
volume of each element is computed based on the
instantaneous water surface elevation and the local
penetration angle. Flexcom also automatically
increases the number of integration points within
every surface piercing element. This ensures a
precise distribution of the applied hydrodynamic
forces. See Example E03 - Floating Hose for

further information.
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Wave energy converter. This device is known as
'DUO, developed by Pure Marine Gen. Its
innovative nature has led to it being shortlisted as a
finalist in the U.S. Department of Energy’s Wave
Energy Prize. Empirical results from model-scale
tank tests have shown a strong correlation with
numerical simulations performed using Flexcom.
The software uses coupled analysis to model
WECs, including high and low frequency wave
forces, added mass, radiation damping, and
viscous drag.

Flexcom can also simulate the power take-off using
a combination of non-linear spring and damper
elements, presenting the designer with key
information regarding power output and energy
generation. According to Dr Paul Brewster, C.T.O.
at Pure Marine Gen, “the advances in simulation
capabilities that Flexcom provides have enabled
the development and validation of DUO, and the
step-change improvements in performance make

wave energy a commercial reality”.

More interesting videos are also available on the Flexcom channel on YouTube.

14 Licensing Options

OVERVIEW

Flexcom has very flexible licensing options, to suit various organisational requirements. There

are actually 5 different methods by which Flexcom may be licensed from Wood :

¢ Ownership
¢ Monthly Rental

¢ Annual Subscription
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e Token-based

e Cloud-based

Flexcom’s user interface does not require any license and so tasks like model building and
post-processing can be done without occupying a license seat. The license is only required
when performing the numerical simulation. This open system is significantly different to most
licensing models on the market and affords great flexibility to the user base. It also
accommodates new or junior team members who wish to gain Flexcom experience while not
utilising a valuable license seat that could otherwise be used for analysis.

LICENSE MODELS
Ownership

A license is purchased outright by the customer so that the software can be used for an
unlimited period. In addition to the initial purchase cost, the customer also pays an annual fee
(beginning in Year 2) in order to receive technical support and software upgrades over time.
This model is typically favoured by organisations where Flexcom is used extensively and
consistently over long periods of time.

Monthly Rental

The customer rents the software on a month-by-month basis. Once the rental period expires,
the software ceases to operate. Rental models can be suitable for well-defined projects of
fixed scope. There is a breakeven point in terms of project duration beyond which it becomes
more economical to opt for full ownership. When upgrading a rental license to full ownership,
a significant discount is available based on a percentage of the total rental fees paid during
the 12 months preceding the purchase date.

Annual Subscription

This model is conceptually similar to a monthly rental, with two notable exceptions. Firstly, the
minimum subscription period is 12 months (as opposed to 1 month) and secondly, the cost of
acquiring a license for 12 months via annual subscription is much lower than the cumulative
total of 12 individual monthly rentals. This model offers an ideal combination of license
flexibility and cost efficiency.

Token-Based
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The token-based license represents a ‘pay-per-use’ model. It facilitates organisations who do
not have enough workload to warrant a monthly rental license and who only need to use
Flexcom on an ad-hoc basis. With this model, users purchase a number of tokens upfront
and these tokens are consumed subsequently as simulations are performed. The rate of
token consumption is dependent on the type of simulation being performed (e.g. dynamic
time domain simulations cost more tokens than static analyses). Token-based licensing is not
recommended for significant or prolonged usage of Flexcom, in which case the monthly
rental, annual subscription or perpetual options (in ascending order of commitment) become
more cost effective. Refer to token-based licenses for further information.

Cloud-Based

A cloud-based license involves the delivery of a software license, plus associated
computational power and storage facilities, over the internet to offer a convenient, immediate
and scalable means of running Flexcom. This ‘software-as-a-service’ (SaaS) model allows
customers to pay for Flexcom exactly when and where required, helping to lower operational
costs and spread out capital investments over time. It can appeal to a broad range of
customer types:

e Companies who use Flexcom intensively can use cloud computing to supplement their
desktop licenses and quickly scale up their computational power to meet busy project
workloads and/or short deadlines.

¢ Companies who tend to rent Flexcom on a project-by-project basis may find the cloud
solution a more practical and cost-effective model than the traditional rental models. If
software hours can be related to engineering hours based on prior experience, detailed
cost estimates can be provided to engineering clients up-front.

e Companies who are gradually phasing out traditional PC/server hardware and migrating
all their systems to the cloud.

Refer to Flexcom-on-the-Cloud for further information on the cloud-based license.

SUMMARY

The following table presents a useful summary of the various license models and should assist
you in selecting the one which best meets your requirements.
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Flexcom
Licens Pros Cons Sample Customer
e Profile
Model
Owners o Software ¢ Significant up- ¢ Organisations
hip operates for an front purchase who use
infinite period cost Flexcom
consistently over
o Most cost e Additional annual several years
effective license fee in order to
model in long receive technical
term support and
program upgrades
Monthl e Low up-front e Software ceases e Ideal for short
y cost to operate after duration
Rental rental period has engineering
* Payments expired projects of fixed
spread evenly scope,
over several e Expensive means especially if
months of licensing if software costs
_ used long term can be included
* Option fo in tenders/bids
upgrade to full
ownership,
including some
level of
discount
Annual e Much lower ¢ Software ceases ¢ Organisations
Subscr entry cost than to operate after who use
iption full ownership annual Flexcom

e Much more
cost-effective
than monthly
rental

subscription
period has
expired

consistently over
several years
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Licens Pros Cons Sample Customer
e Profile
Model
e Ownership model
may work out
slightly cheaper
for very long-term
usage
Token- e Low up-front e Expensive means e Companies who
based cost of licensing if use Flexcom
software is used very
* Usage based regularly and/or occassionally
rather than time intensively
based
e Charges relate
directly to usage
levels
e License period
is very flexible
as tokens do not
expire
Cloud- e Low up-front e Could be e Companies who
based cost considered cost use Flexcom
inefficient if intensively and
¢ Usage based suitable hardware who need to
rather than time is already supplement their
based available on site desktop licenses
and is under- during busy
* Charges relate utilised periods
directly to usage
levels
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1.5

Flexcom
Licens Pros Cons Sample Customer
e Profile
Model

e Harness the
power of cloud

o A detailed cost-
benefit analysis is

o Companies who
are gradually

computing recommended to phasing out
assess whether traditional
* Reduce cloud computing PClserver
dependency on or local hardware hardware in

local hardware

offers the best
value in the long

favour of cloud
solutions

term. Each
organisation is
unique in this
respect and the
ultimate decision
will depend on a
variety of factors

New Features!

WELCOME!

Welcome to Flexcom 2022.1, on general release from August 2022. This release incorporates
several significant new features, including a new truss element that offers enhanced speed
and robustness when modelling structures with low/zero bending stiffness such as mooring
lines, and several enhancements for modelling floating offshore wind turbines. Consistent with
modern software trends, we have adopted a new version numbering system starting from this
version. The major number now reflects the year of release, with minor and maintenance
numbers having the same significance as previously.
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We receive many helpful suggestions from our users and our focus is on delivering new
features in the areas where you need them most. We welcome your continued feedback on
Flexcom, it is an essential part of our software development process. So please feel free to
contact me directly.

Aengus Connolly, Flexcom Product Manager

RECENT SOFTWARE UPGRADES

Flexcom 2022.1August 2022
e Flexcom 8.13 October 2021

e Flexcom 8.12 November 2018 This release was issued to selected
users only to facilitate extended testing.

e Flexcom 8.10 July 2018 Watch Flexcom 8.10 eSeminar

e Flexcom 8.9 December 2017 This release was issued to selected
users only to facilitate extended testing.

e Flexcom 8.7 June 2017 This release was issued to selected
users only to facilitate extended testing.

e Flexcom 8.6 August 2016 Watch Flexcom 8.6 eSeminar

e Flexcom 8.4 July 2015 Watch Flexcom 8.4 eSeminar

RETURNING USERS

If you have used Flexcom in the past, but not recently, you may be interested in a quick
summary of the main structural changes which have been made to the software in recent
years. Refer to Returning Users for further details.

KNOWN SOFTWARE FAULTS
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1.5.1

Our policy is to provide complete transparency to our Flexcom user community regarding any
known software errors or limitations. Refer to Known Software Faults for further information.

All of these issues will be rectified in the next maintenance release of the software. In the
interim however, workarounds are suggested where feasible.

Working from Home & COVID-19

Following the global COVID-19 pandemic, we realise that many engineers are now working
from home part-time. Our objective as software providers in Wood is to enable our customers
to work effectively and successfully from home, continuing to deliver value to their end clients.
Many engineers are already equipped with company laptops, high-speed internet access and
VPN connections to corporate networks. Due to the rapid onset of the virus however, not all
engineers working from home may be equipped with the same high quality hardware/software
as they are accustomed to from their workplace.

If your engineers are currently experiencing any difficulty is using Flexcom from home,
Wood are happy to offer assistance. For example, we can offer web-hosted licenses which

would enable all engineers with an internet connection to run Flexcom from their home
computers, even if they cannot connect to the network license server in the office. These
additional licenses would be supplied free-of-charge in most instances, helping to alleviate
some of the pressure being experienced by your IT departments.

If your remote engineers require high powered computing solutions, we also offer our cloud
computing service. This software-as-a-service model means that your engineers would have

access to high-powered machines on the cloud, with only the most basic requirement of an
internet browser on their local machine. While not completely free-of-charge, we can provide
this service effectively at very competitive rates.

Please contact us if you require any assistance.

1.5.2 Flexcom 2022.1

Consistent with modern software trends, we have adopted a new version numbering system
starting from this version. The major number now reflects the year of release, with minor and
maintenance numbers having the same significance as previously.

Highlights include...
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e Truss Element: The new Truss Element is designed specifically for modelling
structures which have very low levels of structural bending stiffness (such as mooring
chains) and is essentially a simplified version of the standard beam-column element
employed by Flexcom. It has 3 translational degrees of freedom at each node, and
deforms only in the axial direction (it does not deform in bending or torsion). As it does
not solve for nodal rotations, the connection at each node is essentially a pure hinge.
The axial force penalty term is retained making the truss element a 7-DOF hybrid finite
element with two end nodes.

e Wind Field Generator: The Wind Field Generator app allows you to create wind data

files which characterise the wind field as a function of space and time. It acts a user-
friendly interface to the TurbSim software which does not have a Window-based GUI of
its own. It allows you to run batches of TurbSim wind field simulations to generate all the
wind data files required to support your design load cases.

e Flexcom Wind GUI: The architecture of Flexcom Wind, our dedicated wind turbine
model building tool, has been updated. It now operates in a similar manner to our
DeepRiser software, whereby a library of components can be built up over time, and
you can pick and choose the components which you wish to include in any individual
model. We hope to further expand the model building functionality, which is currently
limited to semi-submersible platforms, in the next program release.

e Soil Modelling: Flexcom can now model T-z curves, which are analogous to the P-y
modelling feature which has been available for some time. T-z curves represent the soil-
structure resistance in the axial direction and are a useful addition for the analysis of
top tensioned risers, which typically run through and below the mudline.

e Rotational Damper: A rotational damper element is now available, in addition to the
traditional (translational) damper. It exerts a moment which is inversely proportional to
the relative rotational velocity of its end nodes.

e Display of Element Convected Axes in Model View: You can now view the local
convected axes for each element in the Model View. By way of background, Flexcom
uses a convected coordinate axes technique for modelling finite rotations in three

dimensions. Each element of the finite element discretisation has a convected axis
system associated with it, which moves with the element as it displaces in space.

See the Flexcom 2022.1 Newsletter for full details on all these new features.
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1.5.3 Flexcom 8.13

The content of Flexcom 8.13 is very much guided by user feedback. We received many
helpful suggestions from our users and our focus has been on delivering new features in the
areas where you need them most.

Highlights include...

e Offshore Wind. Aerodynamic modelling features are now available in Flexcom following
successful completion of the software validation process. See Wind Turbine Modelling

and Validation for further information. We’ve also updated our aerodynamic solver
(developed by NREL) from FAST 8.16 to OpenFAST V2.6.0 (May 2021).

¢ Flexcom-on-the-Cloud. Flexcom is now available on the cloud via our AppStream
platform. See Flexcom-on-the-Cloud for further information.

¢ Numerical Solver.
¢ Display of iteration progression in the Model View for non-converged solutions.

¢ Default numerical integration scheme is Generalised-a, controlled via optimised
coefficient for the spectral radius at infinity (p=~). See *TIME STEPPING for a
description of the new inputs.

o Critical Euler load monitored in elements experiencing compression. See
Compression and Buckling for further information.

e Post-processing

¢ Reduced database sizes, by storing data at 1, 2 or 4 points per element. This
option has the potential to greatly reduce the disk space, particularly for large
load case matrices. “DATABASE CONTENT is used to control the number of data
storage points.

¢ 1SO-13628-7 (completion/workover riser systems) now supported. See Code
Checking for further information.

e Seabed reaction forces available. Both time history (*TIMETRACE) and envelope
(*STATISTICS) plots are available.

¢ Nodal reaction forces available in local axis system (see *TIMETRACE). This can
be very useful when checking interface loads in the vessel axis system.
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¢ Flexcom 8.13 informs you about the completion status of all simulations included

in post-processing and results collation.

¢ General improvements to Excel output. Node and element label data is now
included, for ease of reference to any lines used during model building. The
overall layout of data has also been improved for better user experience.

e New Examples. Flexcom 8.13 includes some interesting new examples, including:

¢ Floating Wind: OC4 Semi-sub

e Floating Wind: UMaine VolturnUS-S Semi-sub

e Fixed Wind: OC4 Jacket

e \Wave measurement buoy

¢ Pipe-in-Pipe: VIV Fatigue. Flexcom offers a novel approach to estimate the VIV
response of an inner pipe of a pipe-in-pipe system. See VIV Induced Fatigue of Pipe-

in-Pipe Systems for further information.

e User Experience. Apart from the above, Flexcom 8.13 also provides a series of minor

enhancements which will improve user experience. See Flexcom 8.13 Newsletter for

further details.

1.5.4 Flexcom 8.12

Building on Flexcom 8.7 (which was subsequently superseded by Flexcom 8.10), Flexcom
8.12 delivers additional functionality in the area of floating offshore wind. Specifically it
addresses two key limitations of Flexcom 8.7, namely the ability to model dynamic control

systems and turbulent wind inflow.

e Control Systems: Flexcom now interfaces to the FAST module ServoDyn, providing a
link between a user-generated control dynamic link library (DLL) and solution variables
provided by AeroDyn and Flexcom. Flexcom implements variable rotor speed control by
allowing the user to modify generator torque. When operating above the rated wind
speed, blade pitch control is typically employed to shed additional power. Refer to
Coupling between Flexcom and ServoDyn for further information.
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e Wind Field: Flexcom now interfaces to the FAST module InflowWind, so dynamic and
turbulent wind loading can be specified. InflowWind processes wind inflow data and
supports several wind file formats including uniform, binary TurbSim full-field, binary
Bladed-style full-field and HAWC formatted binary full-field wind files. It also has its own
internal calculated steady wind and supports arbitrary wind directions. Refer to
InflowWind Overview for further information.

1.5.5 Flexcom 8.10

This is a major release of the software which provides a number of significant technological
advancements.

Guided by feedback from our global user base, we are proud to deliver a number of practical
advances in key areas. Flexcom now provides a metal plasticity modelling feature for the first
time. In response to the growing interest in marine renewable energy, we have also extended
Flexcom’s range of modelling capabilities to include floating offshore wind turbines and wave
energy converters.

Highlights include...

o Metal Plasticity: Flexcom 8.10 sees the introduction of a metal plasticity model, capable
of predicting plastic deformation and capturing residual strain, for the first time in
Flexcom. Refer to Linear Elastic with Plastic Hardening material model for further

information.

o User-Defined Element: This new feature allows you to directly change elemental
properties while a simulation is in progress. See User Defined Element for further

information.

e Unity Plug-In: The Unity Plug-In allows users to create more advanced visualisations
than is possible within Flexcom itself. Refer to Unity Plug-In for further information.

e Hydrodynamic Data Importer: Flexcom 8.10 now provides a utility program allows you
to automatically import characteristic data relating to a floating body from a range of
well-known hydrodynamic simulation packages, including WAMIT, ANSYS Agwa and
NEMOH. Refer to Hydrodynamic Data Importer for further information.

e Summary Wave Scatter: This feature estimates simulation results for seastate
combinations which you have not actually simulated using an extrapolation technique on
simulated adjacent seastates. Refer to Summary Wave Scatter for further information.
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e Web Hosted & Token Based Licensing: Flexcom now provides an option to use a
web hosted licensing system.

o New Examples: Flexcom 8.10 includes some interesting new examples, including a
steel pipe installation with plastic deformation, and a marine riser with an internal landing

string deployment.

e User Experience/Miscellaneous: Apart from the above, Flexcom 8.10 also provides a range
of more minor but highly practical additions which contribute to improved user experience. See
here for further details.

1.5.6 Flexcom 8.9

In response to the growing interest in wave energy, Flexcom 8.9 sees the launch of a
dedicated module, Flexcom Wave. Full details on all of the new features is contained in the
Flexcom 8.9.1 Newsletter.

Highlights include...

e New Module: A dedicated Flexcom Wave module is provided with Flexcom 8.9.
Software inputs are defined in engineering terms and logically grouped into familiar
components, such as floating body, mooring and power take-off etc. Refer to Flexcom
Wave for further information.
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e Sample Devices: Flexcom Wave is accompanied by two sample devices: a Floating
Dual-Body Point Absorber and a Submerged Tether-Moored Point Absorber. If you

have a specific device concept which is not currently accommodated by Flexcom
Wave, you can always Migrate to Flexcom itself.

e Design Environment: Flexcom Wave is complemented by ExceedenceFinance, a

financial appraisal product which examines commercial feasibility, to form a fully-
integrated design environment.

» ExceedenceFinance contains databases of metocean data for various
geographical locations around the world, and you can quickly download wave
resource information for your chosen location, and automatically Import from
Exceedence into Flexcom Wave.

» You can also Export to Exceedence, sending the power matrix computed by

Flexcom's detailed engineering model back into ExceedenceFinance, and
perform financial appraisals based on realistic power data for a given wave
energy converter and ambient environment.

e Simulation Results: Flexcom Wave provides you with various options for examining
key parameters typically associated with wave energy converters, such as annual
energy production, electrical power matrix, floating body motions and mooring fairlead

tensions.

e Hydrodynamic Data Importer: This is a very helpful utility program which allows you to
automatically import characteristic data relating to a floating body from a range of well-
known hydrodynamic simulation packages, including WAMIT, ANSYS Agwa and
NEMOH. Refer to Hydrodynamic Data Importer for further information.

1.5.7 Flexcom 8.7

In response to the growing interest in floating offshore wind, Flexcom 8.7 sees the
introduction of a dedicated module, Flexcom Wind. Full details on all of the new features is
contained in the Flexcom 8.7.1 Newsletter.

Highlights include...

o New Module: A dedicated Flexcom Wind module is provided with Flexcom 8.7. Software
inputs are defined in engineering terms and logically grouped into familiar components,
such as turbine, tower, platform and so on. Refer to Flexcom Wind for further information.
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e Aerodynamic Model: A trusted aerodynamic model delivered via a fully integrated coupling
with the industry-recognised FAST software. Refer to Wind Turbine Modelling for further
information.

Floating wind turbine modelled using Flexcom

1.5.8 Flexcom 8.6

The overarching theme of this new version is enhanced user experience. Having listened to
feedback from our global user base, we have focused on providing a range of improvements
in various areas of the program. Full details on all of the new features is contained in the
Flexcom 8.6.1 Newsletter. Rather than following the written documentation, you may prefer to
watch the Tutorial Video on YouTube.

Highlights include...

o User Experience: Flexcom 8.6 provides the best user experience of the entire Flexcom 8
release series, thanks to a highly responsive keyword editor. Refer to Keyword Editor for
further information.
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e 3D Plotting: 3D Plotting is an advanced feature which provides enhanced visualisation of
engineering data. For example, you can plot maximum effective tension as a function of
both wave period and incident wave heading in a 3-dimensional space. Refer to Summary
Collation Plot for further information.

e Model Building: A new feature has been added which allows you to model repeated line
sections quickly and easily. Refer to Modelling Repeating Sub-Sections for further

information.

e User Solver Variables: You can directly augment the global force vector to simulate an
arbitrary time-varying load. It is even possible to directly modify the constitutive finite
element matrices should you have very specialised modelling requirements. Refer to J04 -
User Solver Variables for further information.

e Run-Time Performance: Flexcom 8.6 has shown to be approximately 5% faster on
average than Flexcom 8.4 for time domain simulations.

¢ Pipe-in-Pipe Models: It's now possible to alternate between fixed and sliding connections,

affording you greater modelling options. Refer to Sample Applications for further
information.

e Damper Element: Velocity-dependent damper elements allow you to simulate more
advanced control systems. Refer to Damper Elements for further information.

o Additional Outputs: Additional outputs provide greater transparency regarding internal
computations which are carried out at run time. Refer to *PRINT for further information.

1.5.9 Flexcom 8.4

OVERVIEW

Flexcom 8.4 is another exciting new release in the Flexcom 8 series. This latest version
provides several important new features along with a range of practical additions which
contribute to improved user experience. Full details on all of these new features is contained
in the Flexcom 8.4.1 Newsletter. Rather than following the written documentation, you may

prefer to watch the Tutorial Video on YouTube.

Usability Technical Features Other Items of Note
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Fully integrated unit Powerful 3D seabed Quad-Core Processing

systems modelling facility

Enhanced model view Solution criteria Miscellaneous Features
automation

Flexcom 64-bit version Streamlined interface
with Shear7

New documentation API-2RD code checking

system

Reorganised examples Standard soil models

set

USABILITY

¢ Fully integrated unit systems, including standard Sl and imperial options. Intrinsic
conversion functions even allow you to combine various units, giving you the power and
flexibility to specify inputs any way you choose. Refer to Units Systems for further
information.

[=] Rigid Riser Geometric Properties

Set Mame | E G [N/m®] | Do [m] | Di [m] | rho [kg/m?
Pipe = Z00E+09 <80GPax» <15in& 035 7850
] | Duter Diameter
—| *GEOMETRIC SETS Units: [m]
& OPTION=RICID Must be a number > 0.0
SET=Pipe Evaluated value: 038099

200E+08, <B0GPa», <l15in>, 0.35, 7850

o Enhanced model view, including multiple simultaneous views, saved camera positions,
a measuring tape control, and a new “inspector” feature which allows you to examine
material properties directly from the structural animation. Ranges/extremes may now be
explicitly defined for stress colouring. Refer to Set Number and Layout of Panes,
Element Inspector, Save and Restore Camera Positions, Show Measuring Tape Control

and Control Element Colouring for further information.
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¢ Flexcom 64-bit version, designed specifically for 64-bit operating systems. The latest
version offers improved run-time performance on 64-bit machines. Specifically,
Flexcom 8.4 is approximately 14% faster than Flexcom 8.3.
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¢ New documentation system, fully integrated into the software. It also incorporates
extensive cross-referencing for effortless browsing. The documentation is also available

online at https://flexcom.fea.solutions/index.html.
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¢ Reorganised examples set for ease of access - refer to Examples for further

information. There are also some interesting new examples, including C03 - Turret
Disconnect, EO3 - Floating Hose, G03 - Rigid Spool, H04 - Pipe Laying and JO1 -

65

Dropped Object.

iH

;ﬂ@:ﬂl‘u ﬁiﬁj}ﬁﬂ

TECHNICAL FEATURES

A - Top Tensioned Risers
B - Steel Catenary Risers
C - Flexible Risers

D - Mooring Systems

E - Offloading Systems

F - Pipelines

G - Hybrid Riser Systems
H - Installation Analysis

I - Offshore Structures

J - Specialised Examples

K - Software Tutonals

¢ Powerful 3D seabed modelling facility. Flexcom can handle complex seabed

topographies with ease. You simply specify an arbitrary cloud of data points, and

Flexcom’s triangulation algorithm automatically generates a continuous profile via cubic

spline interpolation. Refer to 3D Seabed Profile for further information, and H04 - Pipe

Laying for a sample model.
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¢ Solution criteria automation — you can now specify a required constraint (such as

maximum bending moment in the touchdown zone), and Flexcom automatically adjust

the model configuration to satisfy the specified criteria. Refer to Solution Criteria for

further information.

[=] Criteria Variable - Vessel Position

Adjust FPS0 -
Vector GlobalY -
[=] Criterion Type

Criterion Type Criterion Monitor | Target Value
Hang-Off Angle - {I-tube_Last} = 18.52

¢ Streamlined interface with Shear7, allowing you to define all the required inputs

through Flexcom, providing a seamless integration of the modal and VIV fatigue analysis

stages. Refer to SHEARY Interface for further information.

A1-DDR-Shear?_chkeywxi X -

SHEARY

Current Probability

Current Profile - Piecewise Linear
Fatigue Data

Folder Options

Name

Restart

5-N Curve

Version

¢ API-2RD code checking, allowing you to automatically check your riser designs

against the very latest codes of practice. Refer to Code Checking for further

information.

¢ Standard soil models tailored towards drilling riser analysis, including sand, soft clay,

stiff clay etc. Refer to Soil Modelling for further information.
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¥ Ocean
[&] Seabed 3
[y Soil Medelling ¥ | 0 User Specified b

£+ Sand Model
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*  Stiff Clay Model

QUAD-CORE PROCESSING

¢ 4-core processing comes as standard with Flexcom 8.4. Effectively this means
that existing Flexcom users who are using standard licence contracts can now
double their processing power at no additional cost.

MISCELLANEOUS FEATURES

Aside from the major new features listed above, Flexcom 8.4 also provides numerous helpful
additions, including...

o Table Editor. Several usability enhancements, including....
o Clearly labelled units
o Prompting for defined items (such as element set names)
o Undo/redo function

o Tables listed in alphabetical order for ease of reference
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e Curve Preview. Any non-linear relationships (e.g. stress-strain curves, P-y curves)
may be previewed and visually inspected within the Flexcom user interface. Refer to

Input Value Graphs for further information.

TROBEE. LR B0 e -

e Curved Guide Surfaces. Contact may now be modelled with both the outer (convex)
or inner (concave) surface of a curved guide surface. This may be useful for
modelling a component such as a diverter housing in a drilling riser analysis. Refer
to Cylindrical Guide Surfaces for further information.

¢ Set Length Timetrace. Element set lengths may now be plotted as a function of
time, which can be very helpful for monitoring winch payout. Refer to * TIMETRACE

for further information.
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¢ Run Root. The new Run Root Analysis option allows you quickly run an analysis,
without having to concern yourself with input file dependencies. The software
automatically runs any preceding analyses in a restart chain, before executing the
required simulation.

#  Run Analysis F5
Run Branch Analysis

k¢ Run Root Analysis b

e CSV Output. The Plotting feature has a facility to export data from individual plots to
Excel or CSV files. When working with a large number of plot files, perhaps through
a script, this export procedure can get tedious. With Flexcom 8.4 you can now
request an additional CSV file to accompany all plot files. Refer to Spreadsheet
Qutput for further information.

o Smart Select. When selecting text in the Keyword Editor, all other instances of that
selected text in the file are also highlighted. This is very useful when inspecting a
model to quickly identify where named items are used. For example, simply select an
element set name to quickly see all the places in the file where that element set is
used. This is also very useful for tracking parameters used in equations. Similarly, all
instances of the search text are highlighted when using Find in the Keyword Editor
(CTRL+F).

C Tenzion lines

HumTensionLines, 8

TensionAngle, =[ 36@8/HunTensionl ines)
TensionHeight) 47

OldFlestangle, 5.297732119

TensionOffeet, =[5lipRingh+TensionHeight® (tan(ra
TensionTop, =[TensionHeight+S1lipRingTop]

¢ Variable-Variable Plots. These plots have been improved for Flexcom 8.4 and it is
now possible to combine any two timetrace plots to create a variable-variable plot
such as tension-angle.
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e 64-bit Excel. The Flexcom Excel Add-in is now compatible with both 32-bit and 64-
bit versions of Microsoft Excel.

1.5.10 Returning Users

If you have used Flexcom in the past, but not recently, here's a quick summary of the main
structural changes which have been made to the software in recent years:

¢ Model Building: Model building is very quick nowadays via the Lines modelling feature

and mesh generation is automatic. There is an integrated Keyword Editor which
facilitates rapid data specification, assisting you with helpful input prompts and
command auto-completion. Any inaccurate specifications are detected by automatic
syntax checking and data validation.

Pre-Processor Scripting: Flexcom supports pre-defined parameters and mathematical

equations, similar to computational products such as Excel and MatLab. Once a
parameter is altered, all dependent parameters are automatically updated, with
consequent savings for model setup effort. You can create highly parameterised models
which can be easily varied subsequently (e.g. one template model could be used to
examine mooring lines of different length or azimuth angle). Environmental simulation is
also straightforward, as one template simulation file can be used to create all the input

files required to simulate an entire wave scatter diagram.

Finite Element Solution: While Flexcom has always used an advanced computational
technique, power users can also use User Defined Elements to directly change

elemental properties while a simulation is in progress. You can also use the simulate
arbitrary loads which are dependent on instantaneous solution conditions using the User
Solver Variables features. Advanced materials models such as Metal Plasticity model
are now available, capable of predicting plastic deformation and capturing residual
strain.
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¢ Animation Module: The Model View has been enhanced considerably in recent
versions, now offering multiple simultaneous views, saved camera positions, a
measuring tape control, and an Element Inspector which allows you to examine material

properties directly from the model view. Stress contouring offers you an intuitive visual

representation of the structural stresses. Flexcom also includes a Unity Plug-In which
may be used to create a fully immersive virtual reality experience from a Flexcom
structural animation.

¢ Post-Processing: Recent versions of Flexcom make it very easy for you to retrieve
solution outputs in a convenient format. The Summary Collation feature allows you to

automatically assemble outputs from a range of load cases into a single spreadsheet.
You can also plot the variation of any summary postprocessing output against any key
driving parameters. For example, you can create a 3D plot of maximum effective tension
as a function of both wave period and incident wave heading. Custom post-processing
is available via an Excel Add-In, VBA code, or custom DLLs.

e General User Experience: Many years ago, user experience with Flexcom was limited
due to an ageing user interface. However since Flexcom 8.1 was introduced in 2011, it
now has a very modern user interface and offer a very positive user experience. The
latest user interface is built using the latest software development technologies, including
.NET Framework and Windows Presentation Foundation. In the past, Flexcom did not
have any intrinsic unit system, with the onus placed on the user to employ a consistent
set of units throughout the model. However since Flexcom 8.4 was introduced in 2015, it
now offers Sl and imperial unit systems. It also has an in-built unit conversion system

which allows the user complete flexibility when defining inputs. For example a length
input may be specified in metres, centimetres, milimetres, feet, inches etc.

A few points in relation to software licensing are noteworthy also:

¢ License Models: Flexcom has very flexible licensing options, including Ownership,
Annual Subscription, Monthly Rental and Token-based license models. Nowadays you

can even harness the power of cloud computing via the Cloud-based license model.

¢ User Interface: Flexcom's front end does not require any license and so tasks like
model building and post-processing can be done without occupying a license seat. This
open system is significantly different to most licensing models on the market and affords
great flexibility to software users.
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e Cost. Flexcom is highly cost-competitive nowadays. Many years ago, Flexcom tended
to be relatively expensive to license, given that it was a pioneering software which
matured more rapidly than its competitors. Nowadays Flexcom's license costs are
comparable to other products in its field. Attractive discount schemes are available in
many instances - please contact us for further information.

1.5.11 Known Software Faults

INTRODUCTION

The article provides information regarding known software faults in the latest version of the
software on general release. Our policy is to provide complete transparency to our Flexcom
user community regarding any known software errors or limitations. All of these issues will be
rectified in the next maintenance release of the software. In the interim however, workarounds
are suggested where feasible. The material should be self-explanatory, but feel free to contact
us directly if you have any further questions.

All issues are classified according to a severity guide, which is as follows.

1. Blocker: A fault that affects all or the majority of areas of application of the program
that cannot be temporarily solved by a workaround.

2. Critical: A fault that affects a widely used area of application of the program that
cannot be temporarily solved by a workaround.

3. Maijor: A fault that affects a lightly used area of application of the program, or one that
represents an unusual combination of input data that cannot be temporarily solved by a
workaround.

4. Minor: A fault that affects any area of application of the program that can be
temporarily solved by a workaround.

5. Trivial: A fault that represents only a very minor inconvenience to the user that does
not ne a workaround.

FAULT LIST
Refer to the following articles for details on known faults in various versions of Flexcom.

e Flexcom 8.10.2
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e Flexcom 8.10.4

e Flexcom 8.13.2

e Flexcom 8.13.3

1.5.11.1 Flexcom 8.10.2

OVERVIEW

73

The following faults are present in Flexcom 8.10.2. More detailed information on each fault is

provided in the following sections.

Issue Sever
ity
1 Hydrostatic pressure and slug flow Critic
al
2 Run-time statistics for rotational velocity and acceleration Minor
3 Crientation of pipe-in-pipe connections Minor
4 Database revision number Minor
5 Line meshing for repeating sub-sections Minor
6 Job execution service fails to start analysis process on Windows Minor
10 due to limited user account privileges
7 Job execution service fails to start analysis process due to blocked Minor
port
8 Analysis job appears paused if Flexcom project is located on a Minor
mapped network drive
9 Sliding Pipe-in-Pipe Connections
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Use of equations in the *P-y keyword Minor
0
1 RAO conversions from WAMIT Minor
1

AVI Studio unaware of nodal displacement scaling option Minor
2

Keyword editor very slow for models which contain a large number Minor
3 of lines

Information messages relate specifically to nodes and elements Minor
4 even if a model has been constructed with Lines

Network licensing client app issues warning messages about Minor
5 unlicensed modules

Equivalent nodes in pipe-in-pipe models
6

User-Defined Wave Spectrum in Frequency Domain Minor
7

DETAILED INFORMATION
Issue 1: Hydrostatic pressure and slug flow

¢ Related Topics: Hydrostatic Pressure, Slug Flow, Buoyancy Forces

e Description: This issue could possibly be viewed as a software improvement rather than
a program fault, in the sense that the software behaviour is consistent with the program

documentation. However, given its potential significance for engineering design, it is

being categorised as a critical issue in order to raise awareness amongst the Flexcom

user community. This issue is quite specific, so a detailed explanation is provided in the

following bullet points.
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The hydrostatic pressure differential due to slugs (e.g. gas) is usually relatively
minor when compared with the hydrostatic pressure associated with the typically
heavier surrounding internal fluid (e.g. cil). In situations where slugs are relatively
short in length, any inaccuracy in the current numerical modelling approach is
minimal. For longer slugs however, the inaccuracy in hydrostatic pressure,
particularly for non-horizontal elements, can lead to incorrect buoyancy forces
being modelled by Flexcom.

Let's consider an extreme case for illustrative purposes. Imagine you are modelling
a vertical pipe which is supported at one end using a fixed boundary condition.
When the pipe is full of internal fluid, the weight of the fluid is correctly modelled,
and the reaction force at the support location is consistent with expectations. Now
imagine that a very long slug is passed through the pipe — sufficiently long that the
pipe becomes fully filled with slug material. In this case, the weight of material within
the pipe remains consistent with the fluid density rather than the slug density.
Naturally the reaction force at the support location is incorrect.

The hydrostatic pressure within an element is based on the internal fluid definition
and any local changes in hydrostatic pressure caused by the presence of slug flow
is neglected by Flexcom 8.10.2 (and all previous versions). The program operation
is consistent with expectations, as the software documentation clearly states that...
“It is important to note that the hydrostatic pressure term is computed solely on
the basis of the internal fluid definition and is unaffected by presence of any slug
flow. It would not be numerically feasible for Flexcom to attempt to compute and
sum up local variations in hydrostatic pressure in consecutive elements for

different fluid densities and different elevations”.

The gravitational and inertial forces for an element containing fluid or slug are

modelled correctly in Flexcom 8.10.2. For any element which is either partially or
wholly filled with a slug, the number of integration points for that particular element
is temporarily increased to the maximum number (which is equal to 10, assuming
the user is not already using this number). The composition of the internal fluid is
then determined on an integration point-by-point basis — each integration point is
assumed to govern a section of the element in the region of that point. This ensures
that the composition of the entrained fluid is accurately quantified, which means
that relatively long elements may still be used without compromising the accuracy of
the slug flow model.
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= Buoyancy forces are modelled in Flexcom using a summation of all the pressure
forces acting on a particular element. In the case of a horizontally aligned element,
the pressure forces acting on the element end faces cancel each other out so there
is no net horizontal force. This means that for a horizontal element, whether it
contains fluid or slug or a mixture of both, the buoyancy forces are modelled
correctly. In the case of a vertically aligned element, the pressure forces acting on
the element faces produce a net vertical force. Where the element is filled with
fluid, the pressure differential correctly simulates the weight of entrained fluid.
However, if the element is slug filled (or partially filled), the effective weight modelled
is incorrect as it remains consistent with the surrounding fluid. In the case of an
element of arbitrary orientation, the degree of inaccuracy is related to its angular
orientation with respect to the horizontal plane.

e Workaround: No feasible workaround exists.

Issue 2: Run-time statistics for rotational velocity and acceleration

¢ Related Topics: Database Files

o Description: If you request the storage of run-time statistics via the *DATABASE
CONTENT keyword, any subsequent results for nodal rotational velocity and
acceleration will be incorrect. Specifically, the values are presented in terms of radians
(e.g. radians/sec) but they are labelled as degrees (e.g. degrees/sec).

e Workaround: You can manually apply a scale factor to convert from radians to degrees,
or simply suppress the storage of run-time statistics and allow the post-processor to
compute the required statistics.

Issue 3: Orientation of pipe-in-pipe connections

¢ Related Topics: Pipe-in-Pipe Contact Modelling
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e Description: The orientation of a pipe-in-pipe connection may be computed incorrectly
if the primary node forms part of an element which does not belong to the primary
element set. A situation where this might occur would be one where a vertical outer
pipe, containing a vertical inner pipe, is also connected to a horizontal pipe via a T-
piece fitting. When determining the local orientation for a pipe-in-pipe connection,
Flexcom searches for an element which contains the primary node. As soon as it finds
such an element, it assumes this to be the primary element, even if there are other more
suitable elements. Although the problem is generally quite rare, it has the potential to
dramatically alter a model, and would not be immediately obvious to a Flexcom user.

¢ Workaround: You can avoid the problem by ensuring that the primary elements (i.e. the
vertical pipe in the hypothetical case mentioned above) are defined before any
additional elements (i.e. the horizontal pipe). Feel free to contact us should you have
any concerns about a particular model you are working on.

Issue 4: Database revision number

» Related Topics: Motion Database File Structure, Database Access Routines, VBA,
Excel-Add-in

¢ Description: All database files created by Flexcom are marked with a database revision
number. This is a unique identifier which denotes the contents and storage format of the
database file. When a new software release adds new information to the database file,
the database revision number is incremented. This ensure that any user-defined custom
post-processing routines remain compatible with database files created by different
versions of Flexcom. When Flexcom 8.10 was released, the motion database file was
extended to include vessel velocity and acceleration terms. Due to an oversight however,
the database revision number was not incremented accordingly. In theory, this means
that any DBM files created by Flexcom 8.10.1 and Flexcom 8.10.2 are incompatible with
user-defined custom post-processing routines. In practical terms however, you are
unlikely to encounter this fault, as it only manifests itself when then vessel velocities and
accelerations (parameter No.20) are explicitly requested for storage under the
*DATABASE CONTENT keyword.

e Workaround: No action is required unless you have explicitly set the Vessel Velocity

and Acceleration storage option to Yes, in which case you should reset it to No.

Issue 5: Line meshing for repeating sub-sections
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¢ Related Topics: Meshing Algorithm, Modelling Repeating Sub-Sections

¢ Description: If