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Fig. 1. Schematic diagram of random fuse model electric
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fuse in graphene honeycomb structure.
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Fig. 2. 2 x 2 square lattice current flow diagram.
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SCHTAFFE ARSI SR 45 1) SR A (0 AR R 475 Dy = T
G AT SRR AT
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PO 25 S T T 5 A 5 Rty MRS 2 8 5

Table 1. Roughness index of the global and local
of the burnout surface of two-dimensional diamond,

triangle and graphene honeycomb structures.

A a Qloc
E314 0.752 + 0.008  0.758 + 0.012
= 0.772 + 0.013 0.776 + 0.003
A BRI B 0.911 + 0.005  0.808 + 0.003
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Fig. 5. Relative maximum height distribution of the
fracture surface of random fuse model with graphene

honeycomb structure under different system sizes.
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Fig. 6. Relative minimum height distribution of the fracture
surface of random fuse model with graphene honeycomb

structure under different system sizes.
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Table 2. Parameters of Asym2sig function fitting
when the system size is L = 384, 512, 768.

384 max&min 512 max&min 768 max&min
-0.001 £ 0.012  -0.002 £+ 0.011  -0.001 4 0.010
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0704002 068002 0724002
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“ 065 4 0.07 0.69 + 0.06 0.58 + 0.08
0.13 + 0.02 0.11 4 0.01 0.11 + 0.01
2011+ 001 0.10 4+ 0.01 0.12 + 0.01
0.25 + 0.03 0.27 + 0.03 0.32 + 0.03
“3 028 4 0.02 0.33 + 0.02 0.30 + 0.02
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Fig. 7. Semi-logarithmic  distribution of the relative
maximum height of the fracture surface of random fuse
model with graphene honeycomb structure under different

system sizes.
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Fig. 8. Semi-logarithmic  distribution of the relative
minimum height of the fracture surface of random fuse
model with graphene honeycomb structure under different

system sizes.
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Fig. 9. Relatively maximum (minimum) height distribution

of fracture surface with system size L = 384.
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Fig. 10. Relatively maximum (minimum) height distribution

of fracture surface with system size L = 512.
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Abstract

Graphene and other materials have a typical two-dimensional (2D) honeycomb structure. The random fuse
model is a statistical physics model that is very effective in studying the fracture dynamics of heterogeneous
materials. In order to study the current fusing process and the properties of the fractured surface of 2D
honeycomb structure materials such as graphene, in this paper we attempt to numerically simulate and analyze
the fusing process and melting profile properties of the 2D honeycomb structure random fuse network. The
results indicate that the surface width exhibits a good scaling behavior and has a linear relationship with the
system size, and that the out-of-plane roughness exponent displays a global value of a = 0.911 & 0.005 and a
local value of . = 0.808 +0.003, approximate to those of the materials studied. The global and local
roughness and their difference indicate that the fusing process and the fracture profile exhibit significant scale
properties and have a strange scale. On the other hand, by analyzing the extreme values of the fused surface
with different system sizes, the extreme heights can be collapsed very well, after a lot of trials and analysis, it is
found that the extreme statistical distribution of the height of the fused surface can well satisfy the Asym2sig
type distribution. The extreme height distributions of fracture surfaces can be fitted by Asym2Sig distribution,
rather than the three kinds of usual extreme statistical distributions, i.e. Weibull, Gumbel, and Frechet
distributions. The relative maximal and minimum height distribution of the fused surface at the same substrate
size have a good symmetry.

In the simulation calculation process of this paper, the coefficient matrix is constructed by using the node
analysis method, and the Cholesky decomposition is performed on the coefficient matrix, and then the Sherman-
Morrison-Woodbury algorithm is used to quickly invert the coefficient matrix, which greatly optimizes the
calculation process and calculation. The efficiency makes the numerical simulation calculation and analysis
performed smoothly.

The research in this paper indicates that the random fuse model is a very effective theoretical model in the
numerical analysis of the scaling properties of rough fracture surfaces, and it is also applicable to the current
fusing process of the inhomogeneous material and the scaling surface analysis of the fusing surface. In this
paper, it is found that materials with anisotropic structure can also find their fracture mode by energization,
and the properties of fracture surface can provide reference for the study of mechanical properties of honeycomb
structural materials. It is a very effective statistical physical model, and this will expand the field of
applications of random fuse models.

Keywords: graphene honeycomb structure, random fuse model, roughness, extreme statistics
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