B-10-01

BIOME B THHER

HETHMERAIE Vol. 30 2025 4 6 F) AFEARTIFR

BEXAY D AEICBITEIEREEA Y 2D
BB E— K2 BVW:-RELFIE

Preconditioning for Iterative Method Using Eigen-modes from a High-resolution Mesh
in S-version Finite Element Analysis

ARHEH ER D 7B = EEY

Naoki Morita, Masato Tani, and Naoto Mitsume

DI (BRI IR E S X7 L 168HFR B (T 305-8573 ZHE-D {IEHRES 1-1-1, E-mail: nmorita@kz.tsukuba.ac.jp)
VIR Y AT MEMTHEMFERE (T 305-8573 ZKWIRE 2 QTR ER 1-1-1)
I (T) NP AZES 27 L 1E8HR B (T 305-8573 HIMEO QKR EE 1-1-1)

The s-version finite element method (SFEM) is an approach in which a coarse global mesh covering the
entire analysis domain is superimposed with a local mesh that finely resolves a region of interest. In this
study, focusing on large-scale structural analysis using the SFEM, we propose a technique to reduce the com-
putational time for solving systems of linear equations by employing eigen-modes obtained from the local
mesh of the SFEM as a preconditioner in iterative methods. Specifically, we utilize deflation precondition-
ing based on eigen-modes, where the eigen-modes are extracted from the coefficient matrix corresponding
to the local mesh in the SFEM. By obtaining the eigen-modes from the local mesh’s coefficient matrix, the
proposed approach can accommodate the movement and update of the local mesh. Furthermore, by intro-
ducing a domain decomposition technique to subdivide the eigenmode-extraction region of the local mesh,
we aim to shorten the computation time required for eigenmode extraction. We evaluate the effectiveness
of the proposed method, in terms of both iteration and computational time, through its application to a
two-dimensional tensile problem in composite materials.
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Algorithm 1 Deflated Preconditioned Conjugate Gradient
Method

1: function DerLATED_PCG(A, b, x, W, M)
2 ro < b - Axo

3 20 < M_lro

4 Po < 2o

5 for (i=1,2,3,...)do

6 wi-1 < PAp;

7 @ — (F_ zii)/(Pl_wic1)
8 X; & Xi_] + @;pi-1

9: Fi < ri) —aiwi-

10: if ([[rill/llroll < €) then
11: exit

12: end if_ |

13: zi—M r

14: Bi « (riz))/(ri_,zi-1)

15: Di < Zi + Bibi-1

16: end for

17: return x; = Qb + P'x;

18: end function
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