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The Second Workshop on Boundary Element Method and Boundary Integral Equation Method
2011/11/5, NCTS (South), NCKU

The Method of Fundamental Solutions
for Exterior Problems

Zi-Cai Li and Tzon-Tzer Lu
Department of Applied Mathematics
National Sun Yat-sen University
Kaohsiung, Taiwan 80424
E-mail: ttlu@math.nsysu.edu.tw

Abstract

Most of reports of the method of fundamental solutions (MFS) deal with bounded simply-
connected domains, while only a few papers involve in exterior problems. In this talk, we solicit
the MFS to seek numerical solutions in unbounded domains. For exterior problems of Laplace's
equations, there exist two kinds of infinity conditions, (1) [u|<C and (2) u=O(In p), which must be
complied with by the suitable chosen fundamental solutions. For u=O(ln p), the traditional
fundamental solutions can be used. However, for |u|<C, new fundamental solutions are explored,
with a brief error analysis. Numerical experiments are carried out to verify the theoretical analysis
made.

The remarkable advantage of the MFS over other methods is the uniform FS: In r = In [PQ),
where P and Q are the solution and the source points, respectively. This leads to a simple
algorithms and programming, which save a great deal of human power and computer work. Hence
the MFS satisfies the engineering requirements by much less computational efforts and little
payment.

We also compare the results from the MFS with those by the method of particular solutions
(MPS). These two methods can be classified into the Trefftz method (TM) using fundamental
solutions (FS) and particular solutions (PS), respectively.

Besides, the crack singularity in unbounded domains is studied as well. A combined TM
using both PS and FS is also employed, called combination of the MFS. The numerical results of
the MPS and combination of the MFS are coincident with each other. The study in this paper may
greatly extend the application of the MFS from bounded simply-connected domains to other
complicated domains.

Keywords: method of fundamental solutions, method of particular solutions, Trefftz method,
Laplace equation, exterior problem, singularity, error analysis
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Weight Reduction and Reinforcement of Lateral Plate
of Rescue Robot

Lih-jier Young
Professor
Applied Statistics, Chung Hua University
Hsin Chu City, Taiwan, 30012, R.O.C.
e-mail:young@chu.edu.tw

ABSTRACT

As described in [1] the weight of one lateral plate of the rescue robot has been reduced 1 kg
of mass (from 3 kg to 2 kg) by cutting off some redundancy regions but won’t lower the strength
that much (allowable stress is reduced from —7.1 MPa to —5.7 MPa) at all. Moreover, the weight
of the rescue robot can be reduced more if we replace the aluminum alloy lateral plate by POM.
However, the strength of the rescue robot will also be reduced under these circumstances. In
addition, because of some defects occur during the manufacturing process failure will happen in the
POM lateral plate and therefore, cause the dangerous situation during rescuing process. The heavy
loading portion of the POM lateral plate will then be replaced by aluminum alloy to avoid this
dangerous situation. The primary purpose of this research is to demonstrate the important of stress
analysis of this dissimilar materials compound lateral plate by using the Boundary Element Method
(BEM). According to [2] the first step in the BEM solution is to divide the homogeneous medium
into two bodies B, (=1, 2) along the center line which we call the interface. The compound
lateral plate will be divided into four bodies B, (¥=L 2, 3and 4) along the center line of the
homogeneous and non-homogeneous medium and will neither heavy as the aluminum one nor easy
to failure as the POM. The lightness and rigid robot will be obtained according to the new design of
this research.

Keywords: Aluminum Alloy, Polyacetal (POM)

[1] Lih-jier Young, "Numerical Application in Weight Reduction of Lateral Plate of Rescue Robot",
Key Engineering Materials, 462-463, pp. 762-767, 2011.

[2] Lih-jier Young and Yeong-pei Tsai, A Boundary Element Application for Mixed Mode Loading
Idealized Sawtooth Fracture Surface;”, Int'l J. of Solids and Structure, 36, pp. 3239-3252, 1999.



B REBEERAEFEF ;TR EHATE
2011511 A5H, BEREBHEARPL(EE), RIIKE

FRAZTFTHEARBCRENAITHERBETR
REF " FRETFRER RAR

oW A BaBERS THIESA
oW A BaBFERE  MRERTIEL A

wE

$iﬂm%ﬁ%ﬁi?%\xmﬁ%§ﬁ%%‘Q%mk%ﬁ%%mﬁﬁ’m%mﬁ
BRBRE=: —BERAEXNPHER IR RO E—: 7 —BAERARB P K
@+w%ﬁ%ﬁu%% F o BILRENHEMETREZBRTHRIUTER AT LT AR - RN
7 RMETT RS HEE 1%@8#&%25&‘1’%%’ BALRE o BT R iBAbAZ R B4 o 38 Bk
FEACAZ R RAF A B 4 AR 9 1F T P A B AR 3R 0 A A S A A R B 0 R SR A9 AR A
W%%ﬁk%Kﬁ%ﬁ@ RARBERAETR  EBFE(VABRFE(TIFES>ETFTYOLA
Bl EAEB BN E L RILRE « AR —F @ BBTE[TBBFE(METFHYEHAE
SEMRAE A R MAFI LR A B G EAMEEH AL o £ EFRET T B I E A 5 2E
7l‘5ﬁf'§iﬁﬁ"1flﬁlﬂikiﬁ £ 7% Dirichlet ¥ A& F 2 B RA & » &4 R E B 7T 45 2] 48 &R 49
MR g Fa I IE R 09 B e B R o 2 IMIRIE L5 T °T 4 % #& K 5089 CHEEF % » B 7T R
RA BRI FRICR BB A o BT REIEE—MER > WL FHEIEE R B AE 6 A 8E A
% ~ CHEEF Fe 8k 4 £ RAA 0 7420k » TR Y EHRBIER AR EIR A - IE - 45 E 69 A7 AT
Fo B Al 09 4 RAF —HFIRET o

Meg= - BALRE ~ Bk~ HBEF ~ RABRIE -



(1]

(2]

[3]

The Second Workshop on Boundary Element Method and Boundary Integral Equation Method
2011/11/5, NCTS (South), NCKU

Analytical derivation and numerical experiments of
degenerate scales for an ellipse in BEM

Jeng-Tzong Chen'?, Ying-Te Lee', Shyh-Rong Kuo' and Yi-Wei Chen’
'Department of Harbor and River Engineering,
National Taiwan Ocean University, Keelung, 20224, Taiwan
“Department of Mechanical and Mechatronic Engineering,

National Taiwan Ocean University, Keelung, 20224, Taiwan

Abstract

Degenerate scale of an ellipse is studied by using the dual boundary element method (BEM),
degenerate kernel and unit logarithmic capacity. Degenerate scale stems from either the
nonuniqueness of logarithmic kernel in the BIE or the conformal radius of unit logarithmic capacity
in the complex variable. Numerical evidence of degenerate scale in BEM is given. Analytical
formula for the degenerate scale can be derived not only from the conformal mapping in
conjunction with unit logarithmic capacity, but also can be derived by using the degenerate kernel.
Eigenvalues and eigenfunctions for the weakly singular integral operator in the elliptical domain are
both derived by using the degenerate kernel. It is found that zero eigenvalue results in the
degenerate scale. Based on the dual BEM, the rank-deficiency (mathematical) mode due to the
degenerate scale is imbedded in the left unitary vector for weakly singular and strongly singular
integral operators. On the other hand, we obtain the common right unitary vector of a rigid body
(physical) mode in the influence matrices of strongly singular and hypersingular operators after
using singular value decomposition. Null fields for the exterior domain and interior nonzero fields
are analytically derived and numerically verified in case of the normal scale while the interior null
field and nonzero exterior field are obtained for the homogeneous Dirichlet problem in case of the
degenerate scale. No failure CHEEF point is confirmed in the nonzero exterior field to overcome
the degenerate-scale problem. To deal with the nonuniqueness-solution problem, the constraint of
boundary flux equilibrium instead of rigid body term, CHEEF and hypersingular BIEM, is added to
promote the rank of influence matrices to be full rank. Both analytical and numerical results agree
well in the demonstrative example of an ellipse.

Keywords: degenerate scale, degenerate kernel, logarithmic capacity, conformal mapping.
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Vibration of a Standing Plate with Internal Crack or
Support

Ling-Huang Yu
Department of Mathematics
National Chung Cheng University

Abstract

Vibration of a standing plate under self-weight is important in the design of walls, panels,
windows, and accelerating mobile structures. It is related to an eigenvalue problem with a 4th order
partial differential equation.

In this talk, a standing rectangular plate with horizontal internal crack or support, having
simply supported vertical edges, free or simply supported top edge, and simply supported or
clamped bottom edge, will be considered. A semi-analytic Levy-integration method and a matching
method will be used to compute the fundamental frequency and the mode shape of the vibration of
the plates. The effect of the crack, the support, the shape of the plate, the weight of the plate, and the
edge conditions on the vibration of the plate will be investigated.
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The Second Workshop on Boundary Element Method and Boundary Integral Equation Method
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3D Thermoelastic BEM analysis for Transversely
Isotropic Bodies

Y.C. Shiah
Dept. of Aerospace and Systems Engineering
Feng Chia University

Abstract

When analyzing 3D generally anisotropic thermoelasticity problem in conjunction with the
material thermal effect, the boundary integral equation will generate a volume integral term. Any
direct numerical integration of the extra volume integral shall require domain discretization that will
destroy the BEM’s notion as a truly boundary solution technique. However, such integral
transformation for 3D anisotropic thermoelasticity has not been accomplished yet in the past
decades. The main difficulty stems from the mathematical complexity of the fundamental solutions
for 3D anisotropic bodies. As the proscenium to further treat 3D generally anisotropic
thermoelasticity, this paper focuses on making the volume-to-surface integral transformation (VIT)
for 3D transversely isotropic bodies. Inputting necessary data according to the fixed form of the
program developed by FORTRAN codes, one may then calculate the elastic field on the boundary.
At last, a few numerical examples are presented to demonstrate the veracity and accuracy by

comparing the results with Ansys.

Keywords: Transversely isotropic thermoelasticity, Boundary element method, Volume-to-surface

integral transformation
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Reproducing Kernel Particle Method for Elliptic
Eigenvalue Problem

H.Y.Hu, Y. H. Wu, J. L. Pan & J. S. Chen

Abstract

The development of meshfree methods can be traced back from two branches, one based on
weak form and other based on strong form. In this work, we use the reproducing kernel particle
method (RKPM) for solving eigenvalue problem under weak form. We concentrate on the
convergence analysis; the basis function of this method is local. So the eigen system is sparse and
band after discrete, similarly as finite element method. However the band width of RKPM is more
widely than finite element method and the convergence of RKPM is better than finite element
method. A result extracted from the analysis is that the convergence about the errors of eigen
functions is related to the degrees and radius of RKPM. The errors of eigenvalues are present square
relations to the errors of eigen functions under one norm. Some numerical experiments provided to
validate the results of error analysis, we found out that the best effect when we chose the degree of
two, p=2. We could chose higher of degree, for example p=3, but its waste much time to compute.
RKPM is more flexible than finite element method, as a whole and it can be viewed as a generalized

finite element method.
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A Monotone Finite Difference Scheme for Elliptic

Interface Problems on Arbitrary Domains

Yiu-Liang Hwang
Department of Applied Mathematics

National University of Tainan

Abstract

We use body-fitting curvilinear coordinates to construct a finite difference scheme for the
elliptic interface problems. The resultant matrix is symmetric and definite, hence can be inverted
efficiently by powerful linear solvers such as PCG and multigrid. Because the scheme is elaborated
to preserve the monotonicity, the global errors are proved to achieve second-order accuracy in the
sup-norm. In addition, the scheme can reconstruct the numerical flux at the interface with a second-
order convergence rate. The jump conditions are automatically captured in the scheme without
extra enforcement. Thus the approximation keeps the discontinuities at the interface without
numerical smearing at all. Extensive numerical experiments are performed to demonstrate and

confirm our theoretical results.
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Stories of a Class of Integro - Differential Equations

Shihchung Chiang
Chung Hua University

Abstract

In this talk, we would like to introduce a class of integro - differential equations. This kind of
equations was originally from describing high speed airfoil motion in an incompressible flow. There
are two parts in this system: one part contains integro - differential Volterra equations, the other part
is a singular integro - differential equations. We will discuss the infinite version, finite version and
their relationship of the singular integro - differential equations. In this kind of equations, we are
able to find the unique exact solutions, and we do it in both ways: analytically and numerically.

In the second part, we will discuss the associated issues with optimal controls: the
performance evaluations, the ideas and the ways to find the optimal controls and states.

In the third part, we would like to propose some open questions for future research.
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The Second Workshop on Boundary Element Method and Boundary Integral Equation Method
2011/11/5, NCTS (South), NCKU

Multiple-precision computing for the Trefftz method

Jia-Zheng Cai
Department of Marine Environmental Engineering

National Kaohsiung Marine University

Abstract

The Trefftz method is a numerical method of exponential convergence. In other word, the
logarithmic error is proportional to the node number of spatial discretization. In this research, the
exponential convergence of Trefftz method is demonstrated by solving Laplace equation in domains
of ellipses and amoeba shapes. In the solution procedure, the ill-conditioning of system matrix of
the Trefftz method can be avoided by using the multiple precision floating-point reliable (MPFR)
library. The results converge faster for the cases of smoother boundary conditions and larger
area/Circumference ratio. In addition, we also found the computation is scalable in the sense that

the required time increases only algebraically.

Keywords: exponential convergence, Trefftz method, multiple precision floating-point reliable

library
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Abstract

In this study, the combination of the Trefftz method and the exponentially convergent scalar
homotopy algorithm (ECSHA) are proposed for solving boundary determination problems
governed by Laplace equation, Helmholtz equation, modified Helmholtz equation and biharmonic
equation. In the boundary determination problem, the spatial position for part of boundary was
unknown in a priori. One kind of boundary conditions is given on this portion of boundary with
unknown spatial position. One the other hand, over-specified boundary conditions are imposed on
the boundary portion with known spatial position. Therefore, the boundary determination problem
is one kind of inverse problems. In order to stably and efficiently solve the boundary determination
problem, we proposed a boundary-type meshless method which is based on the Trefftz method and
the ECSHA. By adopting the Trefftz method, which is meshless and integral-free, the numerical
solutions are expressed by a linear combinations of the T-complete functions of the governing
equation. When the satisfactions of the boundary conditions are imposed on the boundary points, it
will result in a system of nonlinear algebraic equations (NAEs).

In this study, the ECSHA is adopted to efficiently obtain the convergent solution of the
system of NAEs. In ECSHA, the concepts of fictitious time and scalar homotopy function are
introduced to derive the evolutionary equation. Besides, it can be used to solve the over-determined
system or under-determined system. Furthermore, the ECSHA 1is insensitive to initial guess of the
evolutionary process. The efficiency of computation can be greatly improved since the calculation
for inverse of Jacobian matrix can be avoided in comparing with the well-known Newton’s method.

Finally, there are some numerical examples provided to validate the ability and accuracy of



the proposed scheme. Besides, some factors that might influence on the performance of the
proposed meshless scheme will be examined through a series of numerical experiments. The

stability of the proposed scheme can be verified by adding some noise to the boundary conditions.

Keywords: meshless method, Trefftz method, Laplace equation, Helmholtz equation, modified
Helmholtz equation, biharmonic equation, boundary determination problems,

exponentially convergent scalar homotopy algorithm.






