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Aryatech, Inc, based in Houston, Texas and locations in India, are heagda@rin
Rewari, a graduate in Marine Engineering and Naval Archutecand holds a license

of Chief Engineer.

Tarun Rewari has over 30 years of experience in the MarineXfsthore related fields.
After sailing on ships as a Marine Engineer, he worked as agineer and Ship
Surveyor with the Mercantile Marine Dept., Govt. of IndialSequently, he worked as
Deputy General Manager with Reliance shipping in Mumbailofeéd with as

Technical manager with various shipping companies in thiéedrstates.




« He joined Zentech Inc. Houston, an Offshore Design and Esging Consultancy

Company. He was responsible for establishing Zentech Indizine & Offshore
Services Pvt. Ltd. Mumbai as a subsidiary of Zentech, IncAU$e developed it into a
mid size company and held the post of Managing Director fee ffears. During this
period, he performed work for major US Drilling contract@sd Indian Rig owners.
During his tenure with Zentech, he also developed the Shgpdivision which owned

and operated vessels trading worldwide.

« Then from 2003 until 2007, he worked for The American Bure&shbipping in the
corporate office in Houston, Texas in the Safety, Environtv& Security Certification
Group as a ISPS and SQE Lead Auditor & as a Senior Engineereinféichnology
Group and in the Ship Engineering Department.




SACS (Structural Analysis Computer System) is the most [@wmoftware for the

design and analysis of offshore fixed and floating struegur

SACS is an integrated structural analysis software packagd by the commercial

iIndustry & educational institutions world wide.
SACS is the most comprehensive design and analysis packeayedoto both the
offshore and the general structure design industries.

Further details of the software can be seen In the EDI website

http://www.sacs-edi.com.

The latest development of SACS software is in thiel fof Offshore Wind Turbines.




» At present countries are turning to renewable energy seueut carbon emissions
and replace depleting oil supplies. The percentage of @aibmission in UK &

Denmark are given ddK — 10% now and 20% by 2020, Denmark - 20% by 2011

 In India the percentage of Carbon emission would be 24% by)20Rs a result of
this, in the next few years, offshore wind turbines develepmwill increase

dramatically all over the world.

* This new development will generate new problems and new whgesolution will be

needed to solve them.




STRUCTURAL DESIGN
 Indeed, due to offshore locations, new turbines will havéeodesigned to resist to

the harsh marine environment.

 Indeed, the exposure to highly dynamic loads from waves aind wombined with
salty corrosive marine environment will have a strong intgacthe structure of the

turbines, increasing fatigue problems.

e That is why fatigue assessment will become a key-parametestfuctural design of

offshore wind turbines.




« Currently, oil & gas knowledge is applied to assess turbatgfie but more specific and

appropriate methods need to be developed in order to asg@gsefthe more accurately

possible and so to be able to optimize offshore turbine desig

 However, offshore wind turbines behave differently thah&GGas platforms and more

appropriate Fatigue assessment methods need to be dedelope




SACS software plays a vital role in the Fatigue Analysis ohtviurbines.

SACS software uses its Fatigue Pro module to perform the rDétestic Fatigue

Analysis & Spectral Fatigue Analysis of Wind Turbines.

The normal loads acting on the Wind Turbine are environmédogals mainly consisting

of Wind, Wave & Current loads.

The Wind loading of the structure can be represented in tefrasnvind spectrum or by

a time history of the wind velocity.




The wind spectrum will be normally Von Karman, Harris & Kaihs@ectrum.

The rotation of the wind turbine generates aerodynamic aechiamical forces on the

structure which can be represented by a force time history.

The Wind Induced Turbine loads are generally calculatedgusoftwares like GH

Bladed, Flex 5 & FAST out of which FAST is the most prominenéon

FAST is comprehensive simulation software capable of pted) both fatigue loads

and extreme loads for two and three bladed horizontal axas wirbines.

SACS software have combined with FAST software in-ordemrtwioe more updated

& accurate results.




SACS software have combined with FAST software in-orderrtavjgle more updated &

accurate results. As a result of the combination of the alsmfewvare's the following

updations or improvements have been made.

1. Include Multiple Modal Response

2. Include hydrodynamic modeling and wave response

3. Conduct a full dynamic response analysis resulting froavey wind and turbine

forces.




Fatigue time history analysis for the structure is possiblbe following fatigue load
sources are available:

1. Turbine Mechanical and Aerodynamic Force Time History

2. Wind Spectrum or Wind Velocity Time History

3. Wave Spectrum or Wave Surface Profile Time History

For a given wave spectrum, a random Seastate profile can reraged using SACS
software by assuming the random sea to be comprised of anteniumber of waves

with a random phase angle but with heights and periods debgehe spectrum.




Wave loading can be represented either as a wave spectrumerhistory of the

surface profile.

The wave spectrum would be normally Pierson-Moskowitz, $@MP, Hubble, User

defined.

The SEASTATE input should contain a dummy reference wave.

This reference wave is used to generate the hydrodynampepgres of each structural

element.

It is also used to determine the number of load segmentsraxfjon each member to

accurately describe the loading.




Typically, the largest wave that would occur during the @mdSEASTATE should be

used.

The wave direction should be the same as the random wave a&ndréist position

located at the center of the structure.

If random wind or a time history wind is included in the randevave analysis, a

reference wind must be specified in the SEASTATE input or SAfbdel file.

Reference wind load data is specified in the same load cabe asference wave.

The wind direction and mean wind velocity should be inputia teference wind.




» Blade design is critical for optimizing the aerodymc efficiency of the turbine

during light wind conditions.

* The design, however, must also be strong enougitigtand operational loads

including gust loads.




Orcaflex is used extensively in the offshore ol @as industry to predict the loading

and responses of semi-submerged structures wiklitloout mooring lines.

Orcaflex considers the pseudo-static loads thatdoel applied to the wind turbine.

Using Orcaflex software the examination of altérreaconfigurations for the

platform and for the tripod that supports the winbine can be done.




» Orcaflex was used to calculate irregular wavestaol into account slow drift, wind,
waves, and current.
* This was handled in all six degrees of freedom\{agegaw, pitch, roll, sway, and
surge).
* |t also generated a detailed description of loadinghe structure, including:
Frequency domain analysis
Nonlinear time history simulations
Response to first- and second-order forces (slofvairalysis)

Response to large survival waves.




 GH Bladed is a software which is intended primatdysimulate the loading of a wind
turbine under operating and non-operating condstion

* The code also models the control systems that modern turbines have to vary the
pitch angle of the blades.

 Bladed has been modified to include the action@fag on the towers of offshore
installations, and a recent version includes aoldl#i degrees of freedom at the tower
base that can be used to simulate the motion efeatically restrained supporting
platform.

* The parameters of the restraint to the tower base adjusted so that the fundamental

natural frequencies agreed with those of the Gegafiodel.




* The Bladed model is prepared by GH based on theegpties implied in the FAST

software model.

» The lower portions of the model were selected poagent the properties of the

platform and its restraints.

e This is done by using the mass of the platformtapod structure received from STA

together with the specified buoyancy.

* The apparent mass and damping coefficients oftthetare also had to be estimated

to calculate the hydrodynamic forces.




» These characteristics of the model below sea lseet selected by comparing the

natural frequencies of the Bladed model with cqroesling natural frequencies of the

Orcaflex model.

* The latter were obtained by plucking the model abserving the time history of

certain displacements; the former were obtaineah fadinearization module within

Bladed.




« Stewart Technology Associates (STA) is a marine engingecionsultancy firm
specializing in marine and offshore structures.

« At STA, we offer a diverse selection of engineering servicesluding
hydrodynamic analysis, structural design analysis, CEkimngrexpert witness
marine, jack-up analysis and mooring analysis.

 In addition, STA has been interested in helping clients wehewable energy-

particularly from wind farms and wave power systems.




« A main reason for STA accomplishments on wave p@ystems have been due to

Orcina’s Orcaflex engineering software.

» Today organizations worldwide rely on OrcaFlexdowride variety of design and

analysis work including wave power systems.

» Obviously, renewable energy has been a huge foctireimedia over the last few

years and as interest and investment grows iratiees,

« STA continues its focus on assisting clients withdvfarm installations using

liftboats, jack ups and crane barges.

« STA assists clients located around the world wigtlvevpower systems and no matter
what the issue, we can usually overcome challengiosgiacles to achieve practical

solutions.




