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1.2.1.1 RBICES: ([EE LAMMPS T FEIHSE!

import lammps

Imp = lammps.lammps()



| EHEHNSH
Imp.command("units metal")
i Imp.command("atom_style atomic")

Imp.command("boundary p p p")

R0/ Sl
' Imp.command("read_data data.lammps")

H BT
' Imp.command("pair_style lj/cut 10.0")
! Imp.command("pair_coeff * * j.data")

4 TR AR AP
Imp.command("mlmmize 1.0e-6 1.0e-9 1000 10000")

|t HITEN T E R
Imp.command("fix 1 all nve")
Imp.command("run 1000")

1 i R
i Imp.command("dump 1 all custom 1000 dump.lammps id type x y z")
' Imp.command("dump_modify 1 sort id")
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1.2.2.1 =B : {EHA Python B9 FEniCS BB {TEIRTOR

from fenics import *

 # GIEITI
i mesh = UnitCubeMesh(10, 10, 10)

Vi EX R E]
+ V = VectorFunctionSpace(mesh, 'Lagrange', 1)

L #E X IR

i def boundary(x, on_boundary):
return on_boundary

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



u = TrialFunction(V)

v = TestFunction(V)

f = Constant((0, 0, -10))

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

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

file = File("displacement.pvd")
file << u
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1.2.3.1 R BUCES: MHIUREIERIZIERS L

atomic_forces =[1.2, 1.3, 1.4, 1.5, 1.6]
average_force = sum(atomic_forces) / len(atomic_forces)
' macro_elastic_modulus = average_force * le-6

© print(f"Macro Elastic Modulus: {macro_elastic_modulus}")

_______________________________________________________________________________________________________________



1.3 4518

SREQMITEEEDHHBE TR, AENEF TEMARF
FRHETEANTHE., BXE AN ENREN AT, UL EE#H TN £
WIM AL 1 P RE, T35 £ ARV i, A AEMEFREWNITX
FHMFRE. AT EEARN IS, £ RE DA £ R TURH B A
P o T ZATREN

WERE, LRRERFAZEARE, AR T RTFEELFEL

MEFESERE, WO, BEFFIAERE T RSN E T AR R
M o SE B B A

2 ZRESTIESRIE
211 HMRENDZFFE

EEYMBNEETE S, BURENSHTERER, AHECHETT AR/
WA R RN e SR, wFE. T HIRAR, EHU
BMER, B LM TRANEARKS, wF W, REEGTEMK KEK
oW HE B R Al I AR 2 T AR 7 A

2.1.1 AR FIRE

WO, A1 2% AR F R A IR T AT (FEA) SREILE MM RN EH . 1l
o, FRE AR5 A P UL AR /N R HE S A B - A R AT, X A
AR DL AR 7 [ 380 4 T B R A7 Ao B2 AR 9 A, AT VP 4 R B 5 R AR T
.

2.1.1.1 =B EHES: {EF Python F FEniCS TN IARIBIRTTOHT

from dolfin import *

mesh = UnitCubeMesh(16, 16, 16)
'V = VectorFunctionSpace(mesh, 'Lagrange’, 1)

i def boundary(x, on_boundary):
! return on_boundary

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



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

def sigma(u):

return 2.0*mu*epsilon(u) + Imbda*tr(epsilon(u))*Identity(len(u))

i mu = Constant(1.0)
! Imbda = Constant(1.0)

f = Constant((0, 0, -1.0))

u = TrialFunction(V)

v = TestFunction(V)

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

u = Function(V)

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

file = File("displacement.pvd")

i file << u
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2.2.1.1 BiEHEG: = SSHRNGREER

BARGT AR S (MPa) #iEE (GPa)
1 120 15
2 115 14.5
3 125 15.2
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2.3.1.1 =HIEHES: (B python HITHIEMLITE

import numpy as np

E_micro = np.array([10, 12, 14])
+ v_micro = np.array([0.2, 0.25, 0.3])

' E_macro = np.mean(E_micro)
' v_macro = np.mean(v_micro)

print("Z W5 (GPa):", E_macro)
print("Z WA EL:", v_macro)

BAXAMITFEFEN, ERT FHERTEEZAR ENHEMEEE fE
Wik, EEZGFNAYT, HARUTEEEZREZ UM BENFE TR, U
T of A TN L B

i PR REARE, RATUESR 2 RESNMEEDH B REETE T W
EEMAMNA TR, ANEALEREN R ZH IR, BRRERENHK
FRE, ZREAMA-TEBREMMBAMAFTARETRANIE,

6



3 EMMEIRIZS RIEREIR
3.1 1 P FENSIEIEN

aF 3 71 F B (Molecular Dynamics Simulation, MD) & —f#it & 7 i,
FTFENEGHBERFR S FRELHSHAT Y. B RMETEs) HE,

MD WL AT & F B2 S 3E, AT 2 AT ATRHEY T 2E PR L S A R A DA
BoF BBy A A AR

3.1.1RIE

MD EMETHWME R, AETRERUPRE. AEUF, F1
BIHGTHAA—RTF, HEGHEIERARZ. zzihﬁ@%}?%lﬂﬂﬁ
RE| 1A, URAFR, AMZHAR . MD ERE AT Hx L
7, BFATHMEAEE, ATWENEA S STE.

3.1.2 A8

MD LA DLF T8 K £ R O SE g An ) S R, R a T &,
DNA By BB e 4648 . LR 40 e SR By in sl M 5 . 1 3 MD %;‘EM o] LASR & A 0 0t
BETEFHFTHATA, WRE. E pH EBE A,

3.1.2.1 =HHLE

£l LAMMPS # ¢ 24T 5 B89 MD AR 90, VLT & — MK o T 8l -

_______________________________________________________________________________________________________________

' units real

r atom_style molecular

boundary ppp
‘box 010010010

atom_modify map array
' mass 11.00794
' mass 2 15.9994

' group water type 1
| group oxygen type 2



pair_style lj/cut 10.0

| pair_coeff 110.15223.156

| pair_coeff 120.6223.156
pair_coeff 220.11004 1.1055

' bond_style harmonic
i bond_coeff 1450.00.9572

! angle_style harmonic
 angle_coeff 1109.47 1.0

dihedral_style opls
' dihedral_coeff 1 0.0 0.0 0.0 0.0

read_data water.data

' timestep  0.001
' thermo_style custom step temp press
' thermo 100

2 atoms
1 bonds
1 angles
0 dihedrals

11110.00.00.0
12210.95720.00.0
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# Angles
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# ABAQUS script for bone compression simulation

from abaqus import *

from abaqusConstants import *

from caeModules import *

from driverUtils import executeOnCaeStartup

' # Create a model

' model = mdb.Model(name='BoneCompression’')

' # Create a part
! part = model.Part(name='Bone’, dimensionality=THREE_D, type=DEFORMABLE_BODY)

# Define the geometry
part.WirePolyLine(points=((0, 0, 0), (10, 0, 0), (10, 10, 0), (0, 10, 0), (0, O, 0)), mergePoints=True)

# Create a material

material = model.Material(name='BoneMaterial')



material.Elastic(table=((17000, 0.3),))

i part.Section(name='BoneSection', material='"BoneMaterial’, thickness=None)
© part.assignSection(region=part.cells[:], sectionName='BoneSection’)

: assembly = model.rootAssembly
i assembly.Instance(name='Bonelnstance’, part=part, dependent=0N)

: assembly.DisplacementBC(name='BottomFix', createStepName="Initial', region=assembly.sets['Bo !
| ttom'], u1=SET, u2=SET, u3=SET, ur1=SET, ur2=SET, ur3=SET) '

assembly.ConcentratedForce(name='ToplLoad', createStepName='Step-1', region=assembly.sets['T
 op'], cf1=100) |

job = mdb.Job(name='BoneCompressionJob', model="BoneCompression', description=", type=AN
ALYSIS, atTime=None, waitMinutes=0, waitHours=0, queue=None, memory=50, memoryUnits=PE
RCENTAGE, getMemoryFromAnalysis=True, explicitPrecision=SINGLE, nodalOutputPrecision=SING
LE, echoPrint=0OFF, modelPrint=0FF, contactPrint=0FF, historyPrint=OFF) :

! job.submit(consistencyChecking=OFF)

3.2.3 £t

ABAQUS B % 48 fir \ 1 % 1 3L GUI #AT, (407 LB ORI,
o, MRBEFIVREN T XA T
** Material properties for bone
*Material, name=BoneMaterial
*Elastic
| 17000, 0.3
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