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Abstract. In this scientific paper we examine meteorological
characteristics of the field “Kashagan” located in the north Caspian Sea, the
types of offshore oil and gas constructers, offshore wind turbine structure
integrated for the middle depths of the Caspian shelf, and the load acting on
them during operation on a shelf.

Dimensional solid 3D model and 3D animation presentation of offshore
wind turbine is built in the program Autodesk Maya 2012. Created the design
scheme of supporting jacket for offshore wind turbine. Jacket designed for the
field in the middle depths of the Caspian Sea. Carried out joint account of
supporting columns and turbine structure on the static load—own weight of
construction and the wind turbine weight of the structure, and the wind load by
finite-elements. Also the calculations studied the stress-strain state of the
structure.

The finite element method are mastered and calculated by using a
software package Autodesk Inventor Professional 2014.

The calculation results can be used in the design of offshore wind
turbine structures for oil and gas platforms. Also, the thesis presents the basic
calculation of the estimated cost of construction and installation works
supporting truss design and offshore wind turbine, its payback period. Sections
health and the environment are considered potential risks to personnel and
possible threats to the environment, and provide measures for their prevention
and reduction.

Key words: Autodesk Maya, Autodesk Inventor, 3D Modelling,
AutoCAD, Wind Turbines.

skskok

Anaarna. byn fFeutbIMH  cTaThst OQQUIOPTBIK KT TypOWHACKHI
KYPBUIBIMBIH 00aay bl TaJIKbUIaiAbI. Byl )KyMBICTBIH MakcaTsl 0(QuIopbIk
XKell TypOWHACHl KOHCTPYKIUSICBIH HETI3NIey/e NaMBITy JKOHE IU3aiiH OOJIBII
TaObUTaAbl. ByJl Makcar >KYMBICTBIH FBUIBIMH KaHAJIBIFbI OOJIBIN TaObLIaIbI.
Hedopmarusi, KbICBIM, Oypally J>KYKTEepiHIH OapiblK Typiepi OoiibIHIIA
ecernTeysep Ky3ere achlpbUIbLIbI.

175



CAY xabapwwicer. 2017/1 (40). SDU bulletin

byn reuteiMu x06anma Kacnmit TeHiziHzme opHanackad “Kamaran” keH
OpPHBIHBIH ~ THJIPOMETEOPOJIOTHSUIBIK ~ CHUIATTaMachl, TEHI3  MyHaii-ra3
KYPBUIBIMAAPBIHBIH ~ TYPJIEpPl JKOHE TEHI3 MyHail-Ta3 1iaTdopMaliapblH Keml
TypOMHaNIaphl apKbLIbI KAMTAMACKI3 €Ty KapacThIPBUIFaH.

Kepnektik  ymin  Autodesk Maya  mporpamMmacblHIa — Keon
TypOMHACBHIHBIH KEHICTIKTEr1 KaTThl jAeHeni 3D mMozaeni KypacThIpbUIIBI KOHE
AHUMAILMSUTBIK BHJICO JKAacalbIHABL. bepinren Tamceipmara cait Autodesk
Inventor Professional 2014 nporpammaceinna Contyctik Kacrnuii Tenizinze
opHanmackan “Kamraran”  KeH OpHBIHA apHaibl »00a OOWBIHIIA MyHal
1aT(opMachliH YHEPTUAMEH KaMTaMachl3 €Ty YILIH KeJl TYpOMHACBIHBIH TipeK
dbepmanblK OaFaHBIHBIH €CENTIK CXEMachl CaJlbIHBIN, OFaH TYHUBIKTAJIFaH
AIIEMEHTTEP SICIH KOJIAAHYBI apKbUIBI ©3 calMarblHa, (hepMaibK OaraHaHBIH
YCTiHT1 OOJIIriHeH TYCETIH CaJIMaFbIHa, IMKIIOHBIK aFbIH )KOHE MY3 KYIITEpiHE
OaiimaHbpICTBl ecenTeynep Kyprisiiren. Inventor 2014 oxylecinme xen
TypOUHACHIHBIH TipeKTi (epMaiblK OaraHbl, 1preTackl MEH TOIBIpaK HETi31
KeIIeH 1 Typae ecentenreH. Ecenrteyrnep HoTHkKenepl OONBIHIIA KYPHUIBIMHBIH
KEepHEYITK-AehopMalusIaHFaH Kyl 3epTTEITeH.

Kiar ce3nep: Autodesk Maya, Autodesk Inventor, 3D Modelling,
AutoCAD, Xen TypOunanapsl.

kskok

AHHoTamusi. B pganHOM  HaydyHOM ~ cTaThe€  PacCMOTPEHBI
THUIPOMETEOPOJIOTMUECKUE XApAaKTEPUCTUKU MecTopoxkaeHus “Kamaran”,
pacnosoxkeHHoe Ha ceBepe Kacnuiickoro Mopsi, TUIIbI MOPCKHUX He(TerazoBbIxX
COOpY)KEHHH, Mopckas BeTpoBas TypOuHa s Kacnuiickoro menspa B
CpeIHUX ThOyOMHaX M HArpy3Kd, JCWCTBYIOLIME HA HUX BO BpeMsd
HKCIUTyaTally Ha Ienbde.

[Toctpoena mnpocTpaHCTBEHHAs TBEPAOTENbHAs MOJENb U CO3JaHa
aHMMAaLMOHHAs TPE3eHTAallMsl BEeTPOBO TypOUHBI B mporpamme Autodesk Maya
2012. Co3mana pacdeTHass cxeMa OIOPHOW (EepMOBON KOJOHHBI BETPOBOM
TypOUHBI, TPOEKTHpyeMOW misi MmecTtopoxkaeHus ‘“Kamaran” B cpenHux
rnyounax Kacnutickoro mops. IIpoBeneH COBMECTHBIN pacdeT OMOpHOMU
KOJIOHH ¥ HAQJABOJAHOM 4YacTH CTPOEHHS Ha CTAaTHUYECKUE HArpy3Kd —
COOCTBEHHBIN BEC COOPY)KCHHS M BEC HAJBOJHOW YaCTU TypOUHBI, U BETPOBOMU
Harpy3kM METOJIOM KOHEYHBIX 3JeMeHTOB. [1o pe3ynbraTam pacueToB H3y4eHO
HaNPSHKEHHO-1e(OPMHUPOBAHHOE COCTOSIHHE KOHCTPYKIMHU. OCcBOEHA METOIMKA
pacuera METOJ0M KOHEUHBIX 3JIE€MEHTOB C HCIIOJIb30BAaHUEM MHPOTPAMMHOTO
koMruiekca Autodesk Inventor Professional 2014. Pe3ynsTaThl pacuera MOTyT
OBITH UCIIOJIB30BAHbI MPH MTPOSKTUPOBAHUN MOPCKUX BETPOBBIX TypOUH.

Taxxke B paboTe MpUBOIUTCA pacueT 0a30BOKW CMETHOM CTOMMOCTH
CTPOUTEIBHO-MOHTXHBIX PabOT OMOpHOHN (PepMOBOI KOJOHHBI U MOPCKOM
BETPOBOI TypOMHBI M CpOKa €ro OKylmaeMOCTH. B paznenax oxpaHbl Tpynaa U
OKpY)XaloIled CpeAbl paccMaTpUBAIOTCS  IMOTCHLUUANbHBIE PUCKHA TS
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NepcoHalia W BO3MOXKHBIE YIpO3bl [UIsl OKpY)Kalolled Cpeibl, a TaKxke
MPUBOIATCS MEPHI MO UX MPEAOTBPALIEHUIO U COKPAIICHUIO.

KiawueBble cjioBa: MNpPOEKTUPOBAHUE, MeECTOpoxiaenue, 3D -
MOJIEIIUPOBaHKE, BETPOBBIC TYPOUHBI.

1. Justification of the choice of the method of calculation tasks

This problem is solved in a linear formulation. In linear problems there
is a direct proportionality between the loads and displacements due to the small
displacements, as well as between strains (effort) and deformations in
accordance with Hooke's law. Therefore for linear problems the best choices
are the principle of superpositionand the independenceof the forces.

In physics a non-linear problem is when there is no direct
proportionality between stress and strain. Material of construction is the subject
to the law of the non-linear deformation. Deformation law can be symmetric or
asymmetric—with a variety of out side resistance to tension and compression.
In geometrical nonlinear problems there is no direct proportionality between
strains and displacements. In practice, the most widely used is the case of large
displacementsat small strains.

This problem cannot be solved by any analytical method. In this regard,
it is advisable to use one of the most effective methods for the approximate
solution of engineering problems—the finite element method (FEM).

For engineering practice the great importance have approximate
methods of calculation, the importance of which is constantly increasing due to
the inability to obtain accurate solutions to complex engineering problems.

Suppose that the state of the system is described by a function. Let this
function is the only solution of a mathematical problem, formulated on the
basis of physical laws. The solution is to find an infinite set of functions, one
that satisfies the task. For complex tasks, rather than to look for the desired
function of an infinite set of features, the problem is simplified. We consider a
family of functions defined by a finite number of parameters. As a rule, among
the functions there is no exact solution of the problem. However, the
appropriate choice of parameters can try to approximately satisfy the equations
of the problem and thereby build an approximate solution. This general
approach is not unique to the FEM, but also for other approximate methods.
Specific to the finite element method is to construct a family of functions
defined by a finite number of parameters[1].

We note several important advantages of FEM

a) The finite element method allows us to construct a convenient
scheme of formation of the system of algebraic equations for the nodal values
of the unknown function. Approximate approximation solutions with simple
polynomial functions and all the necessary operations are performed on the
individual data element. Next, the association of elements which leads to the
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desired system of algebraic equations. This algorithm is a separate element
from the transition to their full range is particularly suitable for physically and
geometrically complex systems.

b) Every single algebraic equation obtained on the basis of FEM
contains a small part of the nodal unknowns of the total number. In other
words, many of the coefficients in the equations of the algebraic system is zero,
which greatly facilitates the solution.

c) The tasks that describe the functions that satisfy the functional
equations, is called the continuum. In contrast, the decision of the so-called
discrete tasks accurately defined by a finite number of parameters which satisfy
the corresponding system of algebraic equations. FEM, as well as other
numerical methods, essentially replacing the continuum approximation to the
discrete problem. In FEM the whole procedure of such replacement has a
simple physical meaning. This allows you to more fully imagine the whole
process of solving the problem, avoid the many possible errors and to properly
assess the results.

d) In addition to the continual problems finite element method is used to
connect the elements and the formation of algebraic equations for solving
discrete problems directly. It extends the scope of application of the method.

Active introduction to the theory and practice of design of computer
technology and the latest information technology also contributes to the wide
application of approximate methods of solutions, including the FEM.

There are software packages that solve engineering problems using
finite elements, such as:

- Autodesk Maya 2012;

- MSC NASTRAN for Windows2006;

- Autodesk Inventor Pro2014;

- SolidWorks2008;

- LIRA 9.6;

- FEM Models etc.

FEM can be solved with a high degree of accuracy virtually any
engineering problem. The solution to this problem is also possible boundary
element method, however, it is limited to in sufficient provision of commercial
programs.

2. Fundamentals of the finite element method

The method of finite elements, substantially lies in its name: the system
being studied (rod or continuum) is divided into a large number of individual
parts of the final sizes (finite element) having the same physic-mechanical
characteristics, as given year. After that exactly or approximately investigate
the stress-strain state of each finite element known methods of structural
mechanics and the theory of elasticity: strength, movement, or a combination
in order to determine, depending on the adopted method of analysis effort or
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movement, or both of them at the points of connection between the finite
elements themselves (nodes). These factors make the unknowns of FEM. To
find the unknown and algebraic equations are solved, usually of a very high
order.

In practical calculations of structures and facilities engineering is
currently the most common version of the finite element method, a method
based on the idea of movement, so will restrict the study only this form of the
method. The Finite Element Method movements was very much geared to the
use of computers, as in the analysis of individual finite elements have to deal
with simple geometric objects such as standard fixed on a path. The matrix of
the system of algebraic equations is symmetric and positive definite band. Such
a system is relatively easy to solve. Using the same example of an embodiment
in the form of a mixed finite element method or force does not always lead to a
system of equations with symmetric positive definite matrices. For their
solutions usually require special more complex algorithms.

When implementing the finite element method in displacements as
unknowns take necessary translational movement, and in some finite element
models and optional angles nodes.

Approach to strength calculations, based on the finite element method
in displacements, is a single rod for both systems, and for continuum: plates,
shells, massive bodies. The difference lies only in the applicable basic types of
finite elements: core, flat triangular and rectangular, similar to the shell, curved
shell and volume.

The core elements can be hinged at the ends, working only in tension
and compression, flexural flat and spatial, and general appearance,
experiencing all kinds of deformation: tension, compression, bending and shear
in two planes, and torsion.

Plane elements can be deformed in the plane (plane problem of
elasticity) or plane (the problem of bending the plate).

Flat shell elements combine both types of deformation: in its own plane
and out of plane, but do not include the mutual influence of these kinds of
deformations. The curved shell elements allow for interaction between the two
types of strains, rather describe the geometry of a given system being studied,
but in the realization they are more cumbersome.Three-dimensional finite
element models have the form of pyramids, prisms, parallelepipeds, or
appropriate curved objects. They are commonly used in the calculation of
massive bodies: dams, piers, arrays, soils, etc., that is where the bulk of the
problem requires a decision by the theory of elasticity.

3. Software systems, Integrated Motion Simulation and Assembly Stress
Analysis
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Autodesk Inventor, developed by software company Autodesk, is 3D
mechanical CAD design software for creating 3D digital prototypes used in the
design, visualization and simulation of products.

Autodesk Inventor uses Shape Manager, their proprietary geometric
modeling kernel. Autodesk Inventor competes directly with SolidWorks and
less directly with Creo Elements/Pro, CATIA, and NX (Unigraphics).

Inventor includes an integrated motion simulation and assembly stress
analysis environment. Users can input driving loads, friction characteristics,
and dynamic components, then run dynamic simulation tests to see how a
product will work under real-world conditions. The simulation tools can help
users optimize strength and weight, identify high-stress areas, identify and
reduce unwanted vibrations, and size motors and actuators to reduce energy
consumption. Finite element analysis (FEA) lets users validate component
design by testing how parts perform under loads (using actual load information
instead of estimates)[2].

Inventor’s Parametric Studies and Optimization technology lets users
modify design parameters from within the assembly stress environment and
compare various design options, then update the 3D model with the optimized
parameters.

4. Functionality, Data Interoperability and Exchange

Layout circuits combine individual parts and assemblies. Users can
check the possibility of assembling an object; add new parts and position, as
well as to correct the interference between the parts of the project.

Molds and tooling. The program automates key aspects of the design of
injection molds under pressure. Users can quickly create and validate the
design of forms and then export them to the Autodesk Moldflow.

Information sheet. Special design environment flat products automate
many aspects of the work. Users can create parts sweep formed shapes, to form
the flanges by 3D-modeling and paste the details of specialized fasteners.

Frame Generator is used to design frames (frames) based on the
standard profiles. The frames are created by placing standard steel sections to
the frame. Formation of the final conditions is simplified thanks to the standard
options for the corner joints and butt joints. Users can create their own profiles
and add them to the library.

Cable and pipeline systems. A framework for creating piping helps to
design them in such a way as to fit into a complex assembly or confined. It
includes a library of standard fittings, pipes and hoses, and provides the
creation of assembly drawings, which are updated as changes to the original
3D-model.

Inventor uses specific file formats for parts (IPT), assemblies (IAM),
and drawing views (IDW or DWG). Files can be imported or exported in DWG
format. Design Web Format (DWF) is Autodesk’s preferred 2D/3D data
interchange and review format[3].
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Inventor includes a Building Information Modeling (BIM) Exchange
tool, used to create and publish simplified 3D representations, intelligent
connection points, and additional information in native file formats for
AutoCAD MEP software. Users can export 3D geometry to AutoCAD
Architecture, Revit-based software, and AutoCAD software, and exchange data
with industrial design software such as Autodesk Alias Design. Inventor is also
used to design mechatronic systems since it is interoperable with electrical
software applications such as AutoCAD Electrical and Eplan.

Inventor can exchange data with applications such as CATIA V5, UGS,
SolidWorks, and Pro/ENGINEER. Inventor supports direct import and export
of CATIA V5, JT 6, JT 7, Parasolid, Granite, UG-NX, SolidWorks, Pro/E, and
SAT files. The Inventor Construction Environment provides fault-tolerant
import of large STEP and IGES data sets.

5. Creating a three-dimensional model of a jacket of wind turbine

On the PC, Autodesk Inventor Professional 2014 was created a solid
model of offshore wind turbine components and constructed the jacket, whichis
shown in Figurel.

Figure 1- Solid model of wind turbine body
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Figure 2 - Solid model of jacket

Figure3- Solid model of constructed wind turbine

Table 1- Main data for 3.6 MW wind turbine (without tower)

Power 3.6 MW
Rotororientation Upwind
Numberofblades 3

Control Variablespeed, collectivepitch
Turbinediameter 126 m
Ratedrotorspeed 0,20 Hz
Bladepassagefrequency 0,59 Hz
Ratedtipspeed 78 m/s
Bladeweight (each) 18,8 ton
Hubweight 53,6 ton
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Rotorweight 110 ton
Nacelleweight 240 ton
Towertopweight 350 ton

Trends in geometric size and rated power capacity of offshore wind
turbines shows the main components of an OWT system, including a typical
monopile foundation, the substructure, transition piece, tower, rotor blades and
nacelle (hub). Modern OWTs are installed with either pitch-regulated blades or
variable rotational speed systems in order to allow optimization of power
production over a wide range of prevailing wind speeds. The rotational speed
of the main rotor shaft is typically between 10 and 20 rpm[4]. The nacelle
contains key electromechanical components of the wind turbine, including the
gearbox and generator. The gearbox may cause efficiency losses for the wind
turbine and is a particular source of noise.

Blade
Nacelle Rator Tower ————
diameter

Work/service

Transit
piece

Hub i . platform ”
Intermediate
platform
Sealevel Nj 1
T Boat landing
Tower
Support External J-tube ——
Work/service structure ) .
platform o-n Scour protection : i
sealevel V|| _ P
Teaoshan Seabed level ’ —
piece : _ . . ~
| Substructure == =i T —
Seabed level

Monopile Monopile ————|

Foundation

Figure 4 - Major components of OWT system.

Recent developments in the design of permanent magnet generators
have made it possible to construct some types of wind turbines without the
requirement for a gearbox. In this case, the rotor is connected directly to a low
speed multi-pole generator that rotates at the same speed, termed a direct-drive
unit. Removing the gearbox removes one of the key components requiring
more maintenance and that is prone to failure. The substructure connects the
transition piece or tower to the foundation at seabed level. Together the tower,
substructure/support structure and foundation maintain the turbine in its correct
operational position. The transition piece provides a means of correcting for
any vertical misalignment of the foundation that may have occurred during its
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installation. In some cases, the foundation can extend to above the water
surface, thereby also serving as a substructure by connecting directly to the
transition piece or tower.

6. The calculation model of supporting of a wind turbine

This manual provides basic conceptual information to help get you
started. It provides examples that introduce you to the capabilities of Stress and
Modal Analysis in Autodesk Inventor Simulation.

Built on the Autodesk Inventor application, Autodesk Inventor
Simulation includes several different modules. The first module included in
this manual is Stress Analysis. It provides functionality for Structural Static
and Modal analysis of mechanical product designs.

This chapter provides basic information about the stress analysis
environment and the workflow processes necessary to analyze loads and
constraints placed on a part or assembly.

Calculation of the wind turbine support on the stress analysis is carried
out in several stages:

- To create three-dimensional model of an wind turbine;

— To create the calculated scheme of the jacket support;

— To put necessary dependences of the jacket’s support. Dependence
of the fixings is enclosed on the bottom of the jacket support;

To set the own weight and distributed load on the deck of an wind
turbine on an axis Z;
— In the conclusion we count the jacket bases owing to what we
receive results on the SSS.
The calculation model ofsupportingrodcolumns andthe foundation of an
wind turbinewas createdin Autodesk Inventor Professional 2012.

Figur .. Calculation Model

The results interpretation phase is where the most critical thinking must
take place. You compare the results (such as the numbers versus color
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contours, movements) with what is expected. You determine if the results
make sense, and explain the results based on engineering principles. If the
results are other than expected, evaluate the analysis conditions and determine
what is causing the discrepancy.

Figure 6 - Dependence of fixings

Conclusion
In this project designed offshore wind turbine with jacket structure by
Autodesk Inventor 2014 and Autodesk Maya 2012.
In carrying out degree project:

— Built dimensional solid model and calculation method selected and
successfully implemented by means of calculation software package Autodesk
Inventor Professional 2014.

— Creation of the methodological basis of the main version of choice of
wind turbines, with enhanced functional responsibility

— Choose the method of calculation and successfully implemented
calculations using the software package Inventor 2014.

— Applied Materials studied courses: "The Finite Element Method in
Structural Mechanics", "Structural Mechanics", "Marine engineering structures
and platforms", "Development of offshore structures" and "Computer Design".

Based on the results of calculation of wind turbine for the oil and gas
platform and jacket can be concluded that the conditions of strength and
stiffness are fully implemented, therefore, you can begin to build the structure.
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