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Abstract. The Fast Multipole Method (FMM) is applied for the boundary surface of 3-
D elasticity for the first time. On the mathematical basis of current FMM and Boundary
Element Method (BEM), a spherical harmonic function and some related Fast Multipole
Boundary Element Method (FM-BEM) numerical formulas are constructed for the bound-
ary surface. Fundamental theorems of the FM-BEM are presented and proved. Then a
complete FMM-BEM theoretical system for 3-D elasticity is preliminarily established,
which provides strong mathematical support for further promotion of the FM-BEM in
rolling engineering field and other fields.
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1. Introduction. The so called Fast Multipole Method (FMM)[1] proposed by L. Green-
gard originates from a quantitative description of a multi-body electrostatic field. It is
suitable for the rapid computation of interacting potentials among a large number of par-
ticle sets. Recently, the FMM has been applied in mathematics, mechanics and in other
fields because of the small computation and memory requirement. On the international
scene, the Fast Multipole Boundary Element Method (FM-BEM) [2-4] is the latest devel-

opment mainly using the FMM to rapidly compute the summation term
nP
i=1

1
Ri
in discrete

boundary integral equations and to enlarge the solution scale.
For the study of the FM-BEM, Z. H. Yao’s groups [5-7] in Tsinghua University have

applied the FMM for 2-D and 3-D elasticity Boundary Element Method (BEM) using
Taylor serials expansion and successfully simulated the deformation–stress field of differ-
ent particles for composite materials. G. X. Shen’s groups [8-11] have applied the FMM
for 3-D elasticity, 3-D elasto-plasticity and 3-D contact BEM problems, completing the
large-scale simulation of rolling problems. J. T. Chen and K. H. Chen [12] have applied
the FMM for Double BEM (DBEM) to accelerate the construction of influence matrix and
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