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1.3 [RFREREREMFERRIR A

BTREAEN, wpFaihs, TUMRFEEEMNH RG] TH
& —M# ] LAMMPS (Large-scale Atomic/Molecular Massively Parallel Simulator)
AT 50 T 3l 71 F AR R 5 (KA

' units metal

' atom_style  atomic
‘read_data  ceramic.data

pair_style lj/cut 10.0
pair_coeff  * * ceramic.pot

boundary ppp
+ box tilt large

' timestep 0.005
' thermo 100

Lrun 100000
fix deform all deform 1y erate 1e-4 remap x
L run 100000

TEXAFFF, RAVEF LAMMPS kA M E AR % A I TR 74T
Ao read_data &4 F T I BUE E A 800 R T ELE 248, pair_style 7 pair_coeff
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+ from dolfin import *

: mesh = UnitSquareMesh(32, 32)



V = VectorFunctionSpace(mesh, 'Lagrange’, 1)

def boundary(x, on_boundary):
return on_boundary

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

def epsilon(u):
return sym(nabla_grad(u))

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

u = TrialFunction(V)

v = TestFunction(V)

f = Constant((0, -1))

mu = Constant(1)

Imbda = Constant(1)

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

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

TR A F b, RATEF FENICS JE 5k 2 1 fusk A IRTH AL,
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1.5 BMRERLEREMHPRIRA

FAREAED, oSN FAFER, TR A TIE R EEARE
BRI A, TEAT TR Python 17 Scipy BATZ MR EANE T HINE:

» import numpy as np
+ from scipy.integrate import odeint

| def model(y, t, E, nu):



#y is the displacement, t is time, E is Young's modulus, nu is Poisson's ratio
stress=E *y /(1-nu**2)
return stress

# Initial conditions
1y0=0

' # Time points

' t = np.linspace(0, 1, 101)

' # Parameters
' E=1e5 # Young's modulus

'nu=0.3 #Poisson’s ratio

# Solve ODE
y = odeint(model, y0, t, args=(E, nu))

# Plot the results

import matplotlib.pyplot as plt
plt.plot(t, y)

plt.xlabel('Time")
plt.ylabel('Displacement’)
plt.show()
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2 ZRESHEG
2.1 1 M5 ZMRERREL

SREAMEMBMRFFHEEERERNAG, LEEEMEMIE
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2.2.2 iB5iBE

BeABRNEETAREZ AL EENIRA, ERUAREHBENLER
ALUEEYHENRENITE, fln, BEtERE—WItEER, wWERER
RTH & (MS-FEM), FIRLERUER + EEF BHNE MO AT, A EE
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2.2.3 7=f5l: {EA Python H{TEZ REEIR

TH=—/MEA Python #4174 REZBHE M THl, BERRNEEEBLH
AR (i T %) RET AR EEE (B) METRFTE (KO,
RAERNEAZ LS HAZURE L HATHR T,

import numpy as np
+ from scipy.integrate import quad
+ from fenics import *

' E =300e9
' KIC = 1e6

! mesh = UnitSquareMesh(3, 8)
V = VectorFunctionSpace(mesh, 'Lagrange’, degree=1)

def boundary(x, on_boundary):

! return on_boundary

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

mu, Imbda = Constant(E/(2*(1 + 0.3))), Constant(E*0.3/((1 + 0.3)*(1 - 2*0.3)))

def epsilon(v):
return sym(nabla_grad(v))

t def sigma(v):
return Imbda*tr(epsilon(v))*Identity(len(v)) + 2.0*mu*epsilon(v)

def energy(v):
! return assemble(0.5*inner(sigma(v), epsilon(v))*dx)



1 R R
def crack_growth(v):
| return energy(v) - quad(lambda x: KIC, 0, 1)[0]

L A
' u = Function(V)
» solve(sigma(u)*dx == Constant((1, 0))*dot(u, TestFunction(V))*ds, u, bc)

L # R R R
» print("Crack Growth Energy: ", crack_growth(u))
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3.1.2.1 7=:61: Monte Carlo t&#lSEBRIR T 9%

import numpy as np
import matplotlib.pyplot as plt

mean_grain_size = 10
' std_dev =2
' num_grains = 1000

' grain_sizes = np.random.lognormal(mean=np.log(mean_grain_size), sigma=std_dev, size=num_gr !
! ains)

plt.hist(grain_sizes, bins=50, density=True)
| plt.xlabel(' G RLR < (HOK))

| plt.ylabel('[# % %)

| plt.title(" G R <) 4 A7)

plt.show()
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3.2.2.1560: EABRRAZETERKRIRIINDEEEF

from fenics import *
import matplotlib.pyplot as plt

mesh = UnitSquareMesh(32, 32)
+ V = FunctionSpace(mesh, 'P', 1)

def boundary(x, on_boundary):
return on_boundary

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

u = TrialFunction(V)

v = TestFunction(V)

f = Constant(-6)

g = Expression('1 + x[0]*x[0] + 2*x[1]*x[1]', degree=2)

a = dot(grad(u), grad(v))*dx
v L= f*v¥dx + g*v¥ds

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

plot(u)
plt.show()
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4.1.2 pIEEEF
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4.1.3 7=6l: tERDEEEF

BRRNE—FaF P ORANEE RS, HAKE =1mm, AHFEEE
=10mm, fEFAfERH LB A7 =100 MPa., FATF LL{E F LT Python 1K
ERGEEABRERT -

import math

isigma=100
ra=1
tW =10

K = sigma * math.sqrt(math.pi * a) * math.sqrt(1 - (a / W))

{ print(f" 52 J) 585 K] T K = {K:.2f} MPa*sqrt(mm)")
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