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import lammps

Imp = lammps.lammps()

Imp.file("in.lammps")

Imp.run(1000)

Imp.close()
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from fenics import *
mesh = UnitSquareMesh(8, 8)
V = VectorFunctionSpace(mesh, 'P', 1)
u = TrialFunction(V)
v = TestFunction(V)
a = inner(grad(u), grad(v))*dx
L = inner(Constant((1, 0)), v)*dx
u = Function(V)
solve(a ==L, u)
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2.1.1.1 FRE3 A

L # IIRTCNTIEHT LAMMPS 775 F3) 17 40, R 1 V1 A
import lammps

L4 W41 LAMMPS
 Imp = lammps.lammps()

R E BN
Imp.command("units metal")
Imp.command("atom_style atomic")
Imp.command("boundary p p p")

L # EIRIRK E IR T4 1
Imp.command("read_data carbon_nanotube.data")

Lo R E Y
Imp.command("pair_style lj/cut 10.0")
Imp.command("pair_coeff * * Lennard-Jones.potential")

L (T
i Imp.command("fix 1 all npt temp 300 300 0.1 iso 0 0 100")
+ Imp.command("run 1000")

L # I A
» elastic_modulus = Imp.extract_variable("elastic_modulus", None, 0)
' print(f"Carbon nanotube elastic modulus: {elastic_modulus}")
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! import numpy as np
micro_properties = np.array([100, 120, 110, 115, 105])

macro_property = np.mean(micro_properties)

print(f"Macroscopic elastic modulus: {macro_property}")

EEANPIFF, RAVER T Python B9 NumPy & i+ H MW R E LA AR
W FHE, NTREEZURENEEEE, TN FEHEEE, BEALEE
BN EMe T e FEE SRR T %,

223 ZREBRRTAEE

% R EAR A% (Multi-scale Finite Element Method, MSFEM) & — F 4 4
WA ERRENARTAONAEE SRR A, CREITEZNREWNARITMNEF
TANBARENET, ARG ER ER ST i,
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' from fenics import *

! mesh = UnitSquareMesh(3, 8)
V = FunctionSpace(mesh, "P", 1)

micro_mesh = UnitSquareMesh(32, 32)
micro_V = FunctionSpace(micro_mesh, "P", 1)

u = Function(V)
© u_micro = Function(micro_V)

def boundary(x, on_boundary):



return on_boundary

bc = DirichletBC(V, Constant(0), boundary)
bc_micro = DirichletBC(micro_V, Constant(0), boundary)

f = Constant(1)

v = TestFunction(V)

a = dot(grad(u), grad(v))*dx
L = f*v*dx

solve(a ==L, u, bc)

f_micro = Constant(1)

v_micro = TestFunction(micro_V)

a_micro = dot(grad(u_micro), grad(v_micro))*dx
L_micro = f_micro*v_micro*dx

: solve(a_micro == L_micro, u_micro, bc_micro)
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2.2.5 RiFEFMEL (Particle Image Velocimetry, PIV)
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i import openpiv.tools
import openpiv.pyprocess



import matplotlib.pyplot as plt
import numpy as np

frame_a = plt.imread('microscale_frame_a.jpg')
+ frame_b = plt.imread('microscale_frame_b.jpg')

! U, v, sig2noise = openpiv.pyprocess.extended_search_area_piv(frame_a, frame_b, window_size= !
1 32, overlap=16, dt=0.1, search_area_size=64, sig2noise_method="'peak2peak')
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! import fenics as fe
! import numpy as np

mesh = fe.UnitSquareMesh(64, 64)



X RS
i V = fe.FunctionSpace(mesh, 'P', 1)

YRR
+ def boundary(x, on_boundary):
return on_boundary

bc = fe.DirichletBC(V, fe.Constant(0), boundary)

i 1 BN X
class Defect(fe.SubDomain):
def inside(self, x, on_boundary):
return np.sqrt(x[0]**2 + x[1]**2) < 0.2
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defect = Defect()

sub_domains = fe.MeshFunction("size_t", mesh, 2)
sub_domains.set_all(0)
defect.mark(sub_domains, 1)
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' E1, nul = 1e3, 0.3 # 4G X 1 19 48 14 P2 Rl A L
' E2, nu2 = 1ed, 0.3 # F /KX 119948 14 P2 Rl A L
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u = fe.TrialFunction(V)
v = fe.TestFunction(V)
f = fe.Constant(1)
g = fe.Constant(0)

L XA
E = fe.Expression('x[0] < 0.2 && x[1] < 0.2 ? E1 : E2', E1=E1, E2=E2, degree=1)
nu = fe.Expression('x[0] < 0.2 && x[1] < 0.2 ? nul : nu2', nul=nul, nu2=nu2, degree=1)

F23TT
+ def epsilon(u):
return 0.5*(fe.nabla_grad(u) + fe.nabla_grad(u).T)

def sigma(u):

return fe.Lamé_parameters(nu, E)*epsilon(u)

# E XG5
a = fe.inner(sigma(u), epsilon(v))*fe.dx



L = fe.inner(f, v)*fe.dx(1) + fe.inner(g, v)*fe.ds

u = fe.Function(V)
+ fe.solve(a ==L, u, bc)

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D
from matplotlib import cm

from matplotlib.ticker import LinearLocator

' u_array = u.compute_vertex_values(mesh)

fig, ax = plt.subplots(subplot_kw={"projection": "3d"})

X = np.linspace(0, 1, len(u_array))

Y = np.linspace(0, 1, len(u_array))

X, Y = np.meshgrid(X, Y)

surf = ax.plot_surface(X, Y, u_array.reshape(X.shape), cmap=cm.coolwarm,
: linewidth=0, antialiased=False)

ax.set_xlabel('X %)
i ax.set_ylabel('Y %ill")
ax.set_zlabel('(\7 %)

plt.show()
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f = fe.Constant(100)

a = fe.inner(sigma(u), epsilon(v))*fe.dx
i L = fe.inner(f, v)*fe.dx(1)

u = fe.Function(V)
fe.solve(a ==L, u, bc)

stress = sigma(u)

© stress_array = stress.compute_vertex_values(mesh)

' fig, ax = plt.subplots(subplot_kw={"projection": "3d"})
i surf = ax.plot_surface(X, Y, stress_array.reshape(X.shape), cmap=cm.coolwarm,
linewidth=0, antialiased=False)

ax.set_xlabel('X %)
ax.set_ylabel('Y %')
ax.set_zlabel(')V. /7"

plt.show()
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4.2.2 7R=HCES

from fenics import *

mesh = UnitIntervalMesh(100)
+ V = FunctionSpace(mesh, 'P', 1)

def boundary(x, on_boundary):
return on_boundary
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