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Chapter 15
Parametric Optimization of TIG
Welding Process on Mechanical
Properties of 316L Stainless Steel
Using RSM

Subhas Chandra Moi, Asish Bandyopadhyay and Pradip Kumar Pal

Nomenclature

A Welding current (A)
B Welding speed (cm/min)
C Gas flow rate (l/min)
AISI American Iron and Steel Institute
ANOVA Analysis of variance
DF Degree of freedom
GFR Gas flow rate
PE Percentage elongation
RSM Response surface methodology
TIG Tungsten inert gas
UTS Ultimate tensile strength

15.1 Introduction

Austenitic stainless steel is an important material and very frequently used in
industries like automobile, thermal power plant, nuclear power plant, chemical and
pharmaceutical industries due to its superior corrosion resistance, high strength,
high ductility, formability and weldability. Out of 300 series grade of austenitic
stainless steels, AISI 316L is an extra low carbon version of austenitic
chromium-nickel stainless steel [1]. It contains molybdenum materials that improve
corrosion resistance, strength at elevated temperatures and improve resistance to
pitting from chloride ion solutions. The extra low carbon content in 316L austenitic
stainless steels minimizes harmful carbide precipitation due to welding. Some
equipment of above said industries is manufactured by fabrication (welding).
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Abstract 

A coupled numerical analysis has been carried out for the structural responses and motion behavior of a classical 
spar structure subjected to irregular waves. Four catenary mooring lines restrain the motion of the floating body by 
the generation of tension due to change in their nonlinear profile. The floating structure is modeled as a hollow thin 
cylinder, defined by a point mass at the center of gravity, draft, diameter, etc. The surface of spar is discretized with 
hydrodynamic pressure panels while mooring cables are modeled using a sequence of Morison type elements. An 
irregular sea state, represented by the JONSWAP spectrum is used to subject the spar against an extreme 
environmental loading. Natural time period of the spar is obtained and compared with the results of the referred 
paper. Furthermore, time response of the system for surge and cable tension is also analysed and good agreement is 
observed. Further, the sensitivity of the system is investigated with the help of fully coupled time domain analysis 
by changing the length of mooring lines, the vertical position of fairlead point and also the incident angle of the wave 
spectrum. Considering both shallow water and deep water scenarios, the effect of second order hydrodynamic 
loading on the structure, using full Quadratic Transfer Functions (QTFs), is also taken into account during the 
analysis process. 
 

Keywords: spar; coupled dynamic analysis; time domain analysis; sensitivity study 

1. Introduction 

Deep sea exploration for marine sources of energy, both fossil and renewable, has gain momentum in 
the recent past. Of these different offshore platforms like Floating Production Storage and Offloading 
(FPSO) systems, semisubmersibles, Tension Leg Platforms (TLP), Spar Platforms, most are attached to 
the seabed with the help of flexible mooring cables; either metal links or of polyester material. Among 
them, spar platforms are smaller in size, and the superstructure is supported by the buoyancy of the hollow 
cylindrical substructure and the station position of the floater is maintained by slack catenary cables. The 
metacentric height and the relative distance between the centers of gravity and buoyancy have a direct 
influence on the stiffness of a spar platform in the pitching and rolling direction which in turn maintains 
the pitching and rolling stability of the structure (Koo et al. 2004, Karimirad et al. 2011). Due to large 
mass and relatively small restoring stiffness of spar has very low natural frequency in the horizontal 
degrees of freedom. This is the reason behind the small response of the structure to ocean waves in the 
wave-frequency (WF) range. However, in low-frequency (LF) wave exciting forces, the structure may 
experience large motions known as drift frequency motions. 

The dynamic response of spar platforms subjected to wave excitations is evaluated in terms of degrees 
of freedom of the rigid floater. The damping effect induced by a mooring system plays a major role in 
reducing the slow-drift motions of a moored spar platform. Thus to predict the motions of a moored vessel 
precisely, the coupling effects between a structure and its mooring system should be considered. The 
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Abstract 

A coupled dynamic analysis of a semisubmersible-type FOWT has been carried out in time domain 
under the combined action of irregular wave and turbulent wind represented respectively by JONSWAP 
spectrum and Kaimal spectrum. To account for the turbine-floater motion coupling in a more realistic 
way, the wind turbulence has been incorporated into the calculation of aerodynamic loads. The platform 
model is referred from the DeepCwind project and the turbine considered here is the NREL 5MW 
Baseline. Two physical states of turbine (parked and operating) have been considered to account for the 
aerodynamic effect of turbine-rotation on actual responses of the FOWT. Higher mean offsets in surge 
and pitch responses are obtained under operating condition as compared to the parked rotor condition. 
The mooring line tensions are also observed to be sensitive to the rotation of turbine due to the turbulence 
of wind and show larger fluctuations in operating state. Further, the study has also been carried out by 
considering varying sea states and the responses are obtained with respect to different levels of severity 
of wave loads. In the present study the aerodynamic damping effect becomes more prominent in the case 
of most severe sea state condition and it has been seen that higher structural responses are exhibited under 
the parked condition instead of operating condition.   
 

Keywords: FOWT; semisubmersible; irregular wave; turbulent wind; thrust force;  

1. Introduction 

Wind energy harnessing presents a unique challenge to engineers and researchers worldwide, with a 
huge potential to setback the energy crisis which is arising due to the continuous depletion of fossil fuels. 
Considering the abundant wind availability, this in turn can be used to drive turbines for the generation 
of electricity without any toxic or heat-trapping emissions. In particular offshore wind enables the 
generation of higher power from fewer turbines due to greater wind speeds and causes lesser noise 
pollution than its onshore counterpart. From an economic perspective, primarily saving in cost for 
installation in deeper waters, floating wind turbines are more suitable than fixed type turbines. Thus, in 
recent years, major focus has been directed towards the development of Floating Offshore Wind Turbines 
(FOWTs).                   

The most common approach for design of the floating wind turbines has been to design a support 
platform and adopting a commercially available wind turbine from the fixed offshore market. Tong 
(1998) was the first to conceptualize on application of such floating offshore platforms to the wind 
industry. He investigated the technical and economic aspects of wind farms and also proposed the design 
of a spar-buoy type FOWT called FLOAT. The engineering challenges that need to be overcome for the 
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Abstract. Modeling and analysis of a realistic offshore structure with mooring system is crucial in 
accurately predicting the responses in extreme environmental conditions. With the gradual develop-
ment of computing efficiency and algorithms for solving complex differential equations, practical 
problems can be approached in a more comprehensive manner.  This paper deals with the complex 
modeling of a classical spar platform and mooring cables. The nonlinearity of the system, the interac-
tion between the rigid body and the flexible mooring cables and the response of the structure is inves-
tigated by implementing coupled analysis approach in the Time Domain. The structure is modeled as 
per the data published by Chen et al. (2001). A parametric study is conducted on the system, subjected 
to different mooring cable orientations and the time response is observed and analyzed. 

Keywords: offshore, spar, catenary, coupled dynamic analysis, Ansys 

1. INTRODUCTION 

  The damping effect of mooring lines plays a critical part in reduction of slow drift motions of moored 
semi-submersibles and moored ships. In order to accurately predict the motion of these floating struc-
tures, the coupling effects due to interaction of structure and cable have to be analyzed. Offshore struc-
tures like spar platforms have large mass and comparatively very low restoring stiffness, causing the 
spar to have very small response in the Wave Frequency range. However, in the Low Frequency range, 
the structure may exhibit significant response, due to the low natural frequency of the system. Mooring 
cables are used for station keeping of floating structures for their safe operation. The mooring cables 
add to the hydrostatic stiffness of the spar, lowering the overall natural frequency of the system. The 
interaction of floating platforms and mooring cables has been studied by several scientists over the 
years. Complex analysis techniques developed by Ran and Kim (1997) and Omberg et al. (1998) cal-
culated hydrodynamic coefficients (inertia and drag forces) in the frequency domain. Based on these 
coefficients, wave forces on the structure have been determined using Quadratic Transfer Functions 
and inverse Fast Fourier Transform, in the time domain. Simplification of the nonlinear manner of the 
system has been the primary concern for researchers in the recent years. Various linearization tech-
niques have been developed to tackle the shortcomings of a computer model. Boundary Element Me-
thod (BEM) has been utilized by Kim et al. (2013) to calculate the hydrodynamic coefficients, linear 
spring method to simplify the mooring cables. Similar principle has been followed in the work of Yang 
et al. (2012) where Higher Order Boundary Element Method (HOBEM) is used for hydrodynamic 
loads and Finite Element based rod theory for mooring dynamics. Computer programs capable of per-
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Abstract. The station keeping mooring cables, partially grounded on seabed are important by 
means of restraining all the motions of the floating structure against certain oblique environmental 
loading. In this paper this kind of complex realistic problem has been dynamically analyzed 
through finite element model. A semi-analytical quasi-static formulation for three dimensional par-
tially grounded mooring system problems have already been done by Chai. et.al. 2002.The same 
problem of an FPSO system, stiffened with multi-legged mooring cables, attached with buoy in 
each cable partially grounded on horizontal/ incline sloped seabed has been successfully modeled 
here. Further time domain fully dynamic non-linear numerical simulation has been carried outcon-
sidering an irregular JONSWAP wave spectrum in a short sea-state condition. The simulation has 
been done by using finite element solution software package ANSYS Aqwa 16.2. The structural 
responses (6 DOF) are depicted and results are compared between the horizontal and incline flat 
frictionless seabed conditions in this paper. 
Keywords: FPSO, Catenary mooring, Nonlinear, Seabed interaction, Dynamic, Time response 

1.  INTRODUCTION 

Now a day’s natural hydrocarbon gas and oil extracting project is an emergent growing sector. Storage 
and offloading are the main integral parts. These parts and their supporting equipment of such project 
are basically located in deep-ocean against very hostile environments. This issue is getting more chal-
lenging to study the entire system stability or proper hydrodynamic responses considering all feasible 
inside and outside system components. 

Floating Production Storage and offloading (FPSO) is a significantly large floating main unit of 
such system. From the safemarine operational point of view and to get precise positioning and motion 
control an FPSO is needed to be deployed together with more slender single or multi-legged mooring 
system. These nonlinear catenary mooring cables are followed byfairlead to partially suspended-
partially grounded and then anchored at the end to the seabed. When the buoyancy exceeds the plat-
form weight for any moored stable platform the tension cables provide the net equilibrating vertical 
forces. To hold the structure in desirable location a significant part of the mooring cablelies on the bed. 
Basically the entire system can be divided into three phenomenal integrated components.  

1. Floating structure is excited due to environmental loads (wave, wind and current) interaction. 
2. Mooring cable changes its nonlinear catenary shape due to inherent slope continuity by arbitrarily 

orient seabed (horizontal or incline) interaction.  



LINEAR AND NONLINEAR COUPLED ANALYSIS OF 
MOORED FLOATING STRUCTURE: A STATE-OF-THE 

ART REVIEW 
 
 
 
 

Sudharshan Vimmadi1, Swarnadip Dey1,  Vinayak Ghosh1, Shovan Roy1, Atul K Banik1 
1Department of Civil Engineering, National Institute of Technology Durgapur 

West Bengal, India. 
(sudharshancivil@gmail.com)  

 
 
 
 
Abstract. The advancement in the design and analysis of offshore structures has been slowly taken 
shape over the recent years. The challenges of this field of engineering have been highlighted by vari-
ous researchers. Some form of simplified techniques have been used to simulate the coupling pheno-
menon between the wave and the floating structure, the structure with the mooring cables. These hy-
brid methods have helped overcome the obstacles of modeling a realistic offshore structure, saving 
time and computational resources in the process. This paper summarizes the various effective me-
thods developed by previous researchers and discusses on their merits and demerits. 
Keywords: Coupled dynamics, Floating structure, Mooring cables, Aqwa 

 
1.  INTRODUCTION 

Offshore structures systems are being used for drilling oil and gas from the seabed over the recent 
years. With the dawn of better prospects further in the ocean, the shallow water structures have to be 
upgraded to be able to float and perform efficiently in diverse and extreme environmental conditions. 
Also, with the need of exploration of renewable energy sources, it has been found that setting up wind 
farms in deep sea has increased output and efficiency as compared to near shore or onshore ventures. 
Both of these kinds of projects demand efficient mooring systems to restrain the motion of the offshore 
floating structures.Normally, moored floating platforms are integrated with a number of components 
like mooring lines, risers, etc.  The mooring system adds to the stiffness of the floating structure, in-
creasing the damping effect. This in turn affects the motion of the platform. However, to accurately 
predict the response of the platform, the coupling effects of the rigid floater and the slender mooring 
cables have to be analyzed.The floating platform analysis can be classified into two categories, i.e. 
conventional quasi static analysis and coupled analysis method. Several researchers have worked on 
the quasi static method of analysis (Lee and Flory, 1999; Ma et al., 2000 and Lee and Devlin, 2000) 
where it has been considered that quasi static analysis is an uncoupled analysis of floating platform and 
its mooring components. But with the increment of the sea depth, the quasi static analysis fails to pro-
vide precise evaluation of the interaction effects of the entire system. (Ormberg and Larsen, 1998). In 
the uncoupled analysis, it has been assumed that mooring cables act like mass-less non-linear spring or 
respond statically to vessel motions. It was also observed that the uncoupled analysis may provide the 
larger error in case of FPSO.The need for coupled analysis has been emphasized by Paulling and Web-
ster, 1986. For this method of solution, all the interaction of the system components have been consi-
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