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Abstract: Interface consistency and error convergence are central issues in concurrent multiscale computational methods,
particularly critical for atomistic-to-continuum coupling models. However, existing theoretical studies remain limited and are
mostly confined to one-dimensional settings. This work focuses on the multiresolution molecular mechanics (MMM) approach and
systematically investigates the impact of various energy sampling schemes on interface consistency and error convergence. Two-
dimensional square and triangular lattice models containing both atomistic and coarse-grained regions are constructed under
bilinear element interpolation. The results show that interface secondary sampling schemes can significantly improve consistency
in the interfacial region, with the scheme incorporating all neighboring layers achieving the best performance. Error analysis
reveals that discretization error dominates the total error, and increasing the number of secondary sampling points effectively

reduces the sampling error, particularly under tensile loading conditions. Moreover, both lattice types exhibit consistent error

Wk H Y. 2025-04-07

HEWH: ERARPEHE4S(12272214)

TEH A 2k, WA, AP 318 1%, E-mail: lizi@shu.edu.cn

WEER: BRAL, WL, #a2. . 5% Bl SPLE = ) 928 LS. E-mail: qyang@shu.edu.cn



632 F12% 2] o 46

convergence behavior, demonstrating high generality of the method to different structures. This study highlights the advantages of
energy sampling strategies in improving interface treatment and convergence behavior in MMM, providing theoretical support for

the development of high-accuracy multiscale computational mechanics methods.

Key words: concurrent multiscale method; multiresolution molecular mechanics; interface consistency; convergence analysis;

bilinear finiteelement; energy sampling
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Fig.1 Schematic overview of the MMM method. Bilinear elements (represented by red dots) are employed to illustrate the
domain decomposition and atomic classification in MMM: the domain occupied by black dots represents the atomic
region, while the domainrepresented by finite elements represents the coarse-grained region. RAs and GAs denote
representative atoms and ghost atoms, respectively. PSAs, SSAs, and NSAs represent Primary Sampling Atoms,

Secondary Sampling Atoms, and Non-Sampling Atoms, respectively
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Fig.2 Schematic of different energy sampling schemes for a square lattice coarse-grained by bilinear elements: (a) Full

Sampling (FS): all ghost atoms (GAs) are used as secondary sampling atoms (SSAs, green); (b) Interface Secondary

Sampling Scheme 1 (ISS1): one layer of interface atoms is used as SSAs; (c) Interface Secondary Sampling Scheme 2

(ISS2): two layers of interface atoms are used as SSAs; (d) No Secondary Sampling Scheme (NSS): no SSAs
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Tab.1 Displacement and energy field errors in the tensile example of 2D square lattice using different energy sampling approaches

Sampling approach Displacement error e, Energy error ey
Full-Sampling Scheme (FS) 0.83% 0.88%
Interface Secondary Sampling Scheme 1 (ISS1) 1.25% 1.57%
Interface Secondary Sampling Scheme 2 (ISS2) 1.10% 1.36%
No Secondary Sampling Scheme (NSS) 2.55% 3.68%
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Fig.4 Schematic of different energy sampling schemes for a triangular lattice coarse-grained by bilinear elements: (a) Full
Sampling (FS): all ghost atoms (GAs) are used as secondary sampling atoms (SSAs, green); (b) Interface Secondary
Sampling Scheme 1 (ISS1): one layer of interface atoms is used as SSAs; (c) Interface Secondary Sampling Scheme 2
(ISS2): two layers of interface atoms are used as SSAs; (d) No Secondary Sampling Scheme (NSS): no SSAs
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Tab.2 Displacement and energy field errors in the tensile example of 2D triangular lattice using energy sampling approaches
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Sampling approach Displacement error e, Energy error eg
Full-Sampling Scheme (FS) 1.43% 1.34%
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