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Abstract of Thesis

Name (THANT ZIN HTUN )

On Absolute-coordinates-based Multi-body Modeling of Rigid-flexible Coupled Dynamics
Title of a Deep-sea ROV and its Tether Management System (TMS)
(RERE ROV (E[REEEARER) 207 —EFHI X7 A (TMS) ORIME-ZHK
RAEGEN ) FOMKI IR IE S ZIRET U o Z12D0T0)
Abstract of Thesis

In this dissertation, an absolute-coordinates-based mixed formulation, in which absolute nodal
coordinate formulation (ANCF) is employed for the modeling of flexible multilayered tethered cables
and the natural-coordinates-based formulation (NCF) is used to describe the kinematics of
underwater rigid-bodies. The governing equations of motion for the underwater vehicles have been
developed by using the NCF. The formulations developed in this research shows that formulation of
different kinematic constraints of the tether connections are simple and very easy to program. By
using this mixed formulation, the contact detection of the flexible beam to rigid surfaces in three-
dimensional problems has been proposed. Within the framework of rigid-flexible multi-body
dynamics, the governing equations of motion of these bodies are assembled as a monolithic system,
and are solved using an implicit integrator. The constraints-violations-elimination technique is also
applied to keep the violations of the constraints under control. The development of each formulation
is verified through the experimental results or numerical benchmark problems. Therefore, this study
provides new insights into the dynamic modeling of the deep-sea ROV systems with higher pair DOF's
by using the alternative approach.

The dissertation is arranged in 9 chapters.

The dissertation starts with an introduction chapter that gives an overview of the whole thesis,
describing the research background, motivation for the research, the literature review and the
major contributions of the research.

Chapter 2 describes the dynamic modeling of a radially-multilayered anisotropic subsea cables
based on the ANCF framework. Analytical determination of dissipation factors is presented and the
efficient formulations of the viscoelastic forces are presented by applying the matrix manipulations.
The hyperelastic forces and its Jacobians are explicitly given through the application of two
parameter Mooney-Rivlin material model in the ANCF framework.

Chapter 3 presents the formulations of the hydrodynamic forces acting on the submerged tether
cable. The forces are directly calculated in the global inertia frame through the use of projection
matrices which are developed by fully-utilizing the ANCF position gradient vectors.

Chapter 4 is about the modeling of underwater vehicle’s kinematics using the natural coordinate
formulation (NCF). All the kinematic properties and added mass matrices have been developed by
using the NCF based on one basic point and three basic vectors. A singularity-free yet efficient
formulation of any externally applied concentrated moment on the vehicle or a solid rigid body has
been presented. At the end of the chapter, the equations of motion that account for the intrinsic rigid-
body geometric constraints as well are given in a form of index-3 DAE (differential algebraic
equations).

In Chapter 5, modeling of a three-dimensional winch is developed using the NCF and a three-
dimensional contact forces are formulated by making the use of Hunt-Crossley contact model.

Chapter 6 addresses the shortcomings and issues associated with the kinetic and kinematic
singularities in the conventional modeling approach and discuss the convenience of modeling tether
connection joints and systematic coordinate reduction method.

Chapter 7 is about the global assembly of the rigid-flexible multi-body system and numerical
results and the validations of the proposed models are presented in chapter 8.

Finally, chapter 9 is the conclusion of this dissertation. The whole contents have been
summarized here with the important features of this dissertation. In addition, the necessary future
works have been pointed out.
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AKX T, FRRZET W — - — 7 VO OE T N ALOFpE L LT ANCF(absolute nodal coordinate formulation)
ZEA L AKFRWAR Ok R OFEE) 25083 25 72 012 B IREHE % JLa & 32 YL (natural coordinate formulation :
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B 3ETIE, KPDOT = —T WIERT HIE N OEXLET> T D, ZOWMEIIIE, ANCF ONLE AR~ 2
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