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import numpy as np

from ase import Atoms

from ase.calculators.emt import EMT
from ase.optimize import BFGS

| fibers = Atoms('Cu3', positions=[[0, 0, 0], [0, 0, 1.5], [0, 0, 3]])
| fibers.set_cell([10, 10, 10])
fibers.center()

matrix = Atoms('Al2', positions=[[5, 5, 5], [5, 5, 6.5]])
| matrix.set_cell([10, 10, 10])

» matrix.center()

' composite = fibers + matrix



calc = EMT()
i composite.set_calculator(calc)

dyn = BFGS(composite)
+ dyn.run(fmax=0.05)
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! import numpy as np

! from fenics import *
mesh = UnitSquareMesh(8, 8)

def boundary(x, on_boundary):
| return on_boundary

V = VectorFunctionSpace(mesh, 'P', 1)
' bc = DirichletBC(V, Constant((0, 0)), boundary)

E_fiber = 200e9

E_matrix = 70e9

nu=0.3

mu = E_matrix / (2 * (1 + nu))

Imbda = E_matrix * nu/ ((1 + nu) * (1 -2 * nu))



def sigma(v):
return Imbda*tr(eps(v))*Identity(2) + 2.0*mu*eps(v)

u = TrialFunction(V)

v = TestFunction(V)

f = Constant((0, -10))

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

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

print(u.vector().get_local())
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2.1.3 7=l

from fenics import *

mesh = UnitSquareMesh(8, 8)
i V = VectorFunctionSpace(mesh, 'Lagrange’, 1)

def boundary(x, on_boundary):
return on_boundary
' bc = DirichletBC(V, Constant((0, 0)), boundary)

u = TrialFunction(V)
v = TestFunction(V)

{E=1e3

nu=0.3

' mu = E/(2*(1 + nu))

Imbda = E*nu/((1 + nu)*(1 - 2*nu))

def sigma(u):
return Imbda*tr(eps(u))*Identity(2) + 2*mu*eps(u)

def eps(u):
! return sym(nabla_grad(u))

f = Constant((0, -1))



F = inner(sigma(u), eps(v))*dx - inner(f, v)*ds
solve(F == 0, u, bc)
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2.3.3 =5l

%l LAMMPS #1749 F 5 /] F 3L

NN

' units metal

atom_style  atomic
' read_data atoms.data

pair_style lj/cut 10.0
| pair_coeff 111.01.010.0

boundary ppp

timestep 0.005
' thermo 100

_______________________________________________________________________________________________________________
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+ from fenics import *

from mshr import *

micro_model = MicroModel()

E_micro, nu_micro = micro_model.extract_parameters()
macro_model = MacroModel(E_micro, nu_micro)

bc_macro = macro_model.define_boundary_conditions()

+ f_macro = macro_model.define_external_force()
' F_macro = macro_model.define_variational_problem(bc_macro, f_macro)
' u_macro = macro_model.solve(F_macro)

: plot(u_macro)
interactive()
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L # K2 R R
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import numpy as np
def interface_strength(r, |, tau):
1T 2T 5 TR BT 545 77

r (float): ZFEF17.
I (float): 244/

tau (float): JR B BT L) 5%

float: JRIBLE 457 -

# 77 [8] [ R
A=2*np.pi*r*l|
# K557
F=A*tau

return F

Ly B

L r=0.005 # ZFHEERE, Bl K
11201 # LKA, By K
‘tau=10 # SREITLIHE, H1L: MPa



Lt iR
i F = interface_strength(r, |, tau)
L print(f" A 4E 5 ARSI KRR 4 108 {FENY)
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L % IR BT b
% 1R G M FI A IFE—NETETLER, 1 G IRIC 777257 B B FL 4 JE H s

% GAT A LT
model = createpde();
importGeometry(model,'composite_geometry.stl');

L9 L 1
| E=150e9; % # =, #f/: Pa
‘nu=0.3; % JHHRH

Lo IR

» structuralProperties(model,'YoungsModulus',E,'PoissonsRatio',nu);

9% & RS

applyBoundaryCondition(model,'face',1,'u’,0);
applyBoundaryCondition(model,'face',2,'u’,0);
applyBoundaryCondition(model,'face’,3,'u’,0);
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applyBoundaryCondition(model,'face',4,'u’,0);
applyBoundaryCondition(model,'face',5,'u’,0);
applyBoundaryCondition(model,'face',6,'u’,0);

9 i XTI, AR

'h=0.01; % FLEFEE, Bl K

X0 = 0.05; % FLEH I x ABFF, Bif: K
 y0 = 0.05; % LU0 y kR, Bl K
20 = 0.05; % LB L 2 Aky, Hfr: K

% 1T

cylinder = pdegplot(model,'FacelLabels','on’);
hold on;

cylinder = pdegeom('cylinder',x0,y0,z0,h);
pdegplot(cylinder,'FacelLabels','on’);

 hold off;

9% TR FTHE
model.Geometry = cylinder;

L % KA
» generateMesh(model);
' results = solve(model);

L % AN T A
i pdeplot3D(model,'ColorMapData’,results.VonMisesStress);
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