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def add_ CADmodel(self, file_name, offset, scale,
material,
color=0xFFFFFF,
sample_density=None,
velocity=None):



mesh = tm.load(file_name) # load CAD obj file

mesh.apply_scale(scale) # scaling

mesh.vertices += offset # translational move

is_success = tm.repair.fill_holes(mesh) # hole check and repair

voxelized_mesh = mesh.voxelized (pitch=self.dx/2).fill () # vozelized the obj and fill the
inside using scale of dx/2

voxelized_points_np = voxelized_mesh.points.astype(np.float32) # chage the tpye of

particle point [x, y, z] [m] to np float32
num_new_particles = voxelized_points_np.shape[0] # total particle number

assert self.n_particles[None] + num_new_particles <= self.max_num_particles

self.set_source_velocity(velocity=velocity)  # self.source_velocity[None][i] = [0,0,0] initial
velocity

self._seed_from_ndarray(voxelized_points_np, int(self.n_particles[None]), material, color)

self.n_particles[None] += num_new_particles

@ti.kernel
def _seed_from_ndarray(self,
points: ti.types.ndarray(), # shape (N, dim), dtype=float32
start_idx: t1.132,
material: t1.132,
color: ti.i32 ):
n = points.shape[0]
for j in range(n):
1 = start_idx + j
x = ti.Vector.zero(ti.f32, self.dim)
for k in ti.static(range(self.dim)):
x[k] = pointslj, k]
self.seed_particle(i, x, material, color, self.source_velocity[None], None)
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@ti.kernel
def compute_stress_and_vm(self, F_field: ti.template(),  # pass the Taichi matrix field
mu: ti.f32,
lam: ti.f32,
stress_out: ti.types.ndarray(), # (n,9) float32
vm_out: ti.types.ndarray(), # (n,) float32
n: ti.i32):
foriin range(n):
F =F field[i] # assume F is 3x3 taichi matrix field
] = ti.max( ti.abs(F.determinant()), le-8 ) # avoid negative jitter

B = F @ F.transpose()

I = ti.Matrix([[1.0,0.0,0.0],[0.0,1.0,0.0],[0.0,0.0,1.0]])
tau =mu* (B - 1) + lam * ti.log(]) * I

sigma = tau / J

stress_out[i, 0] = sigma[0,0]
stress_out[i, 1] = sigmal0,1]



stress_out/[i, 2] = sigma[O,Z]
stress_out[i, 3] = sigma[l,O]
stress_out[i, 4] = sigma[l,l]
stress_out[i, 5] = sigma[l,Z]
stress_out[i, 6] = sigma[Z,O]
stress_out[i, 7] = sigma[Z,l]
stress_out/[i, 8] = sigma[Z,Z]

mean = (sigma[0,0] + sigma[l,l] + sigma[Z,Z]) /3.0

SXX = sigma[0,0] - mean

Syy = sigma[l,l] - mean

SzzZ = sigma[Z,Z] - mean

sxy = 0.5 * (sigma[O,l] + sigma[l,O])

sxz=0.5%* (sigma[O,Z] + sigma[Z,O])

syz=10.5* (sigma[l,Z] + sigma[Z,l])

vm_out[i] = ti.sqrt(1.5 * (sxx*sxx + syy*syy + szz*szz + 2.0*(sxy*sxy + sxz*sxz + syz*syz)))

def write_vtuMPMASCII(self, filename, mpm: ti.template()):
n = int( mpm.n_particles[None] )
stress_np = np.zeros((n, 9), dtype=np.float32)
vm_np = np.zeros((n,), dtype=np.float32)

# Taichi -> NumPy

pos = mpm.x.to_numpy() [:n] # (n, 3)
vel = mpm.v.to_numpy() [:n] # (n, 3)
mat = mpm.material.to_numpy()[:n] # (n,)

mu_ = mpm.mu_0
lambda_ = mpm.lambda_0

self.compute_stress_and_vm(mpm.F, mu_, lambda_, stress_np, vm_np, n)

#VTU % vertex cell #{fi>
cells = [("vertex", np.arange(n).reshape(-1, 1))]

point_data = {
"velocity": vel, # [vx, vy, vz]
"material": mat, # scalar
"von_mises": vim_np,
"stress": stress_np,  # (n,9)

}

mesh = meshio.Mesh(
points=pos,
cells=cells,
point_data=point_data

)

mesh.write(filename)

. mlsmpm04.py
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import taichi as ti

import numpy as np

import utils

import os

import glob

from moviepy import ImageSequenceClip



from engine.mpm_solver import MPMSolver # Z ZCLidsolver ZIEUMH L T 5
from VTU import VT Uclass #VIU 7 7 X

write_to_disk = False

# Parameters

SimulationTime = 1.0 # T IalL—va v
dt =0.002 # 0 ITBR R
fileName = "fishbody.obj" #CAD 7 7 A V44

# Try to run on GPU
# ti.init(arch=ti.gpu, device_memory_GB=4.0)

ti.init(arch=ti.cpu) # cpu Tl
mpm = MPMSolver(res=(64, 64, 64), size=5, max_num_particles=2 ** 15, use_ggui=True) # K 74K

# LITH=DC, ZNENMEI2EE L CA7Z, HORM, ANE. RISHMEAE
mpm.add_CADmodel(fileName, offset=[4, 2, 3], scale=[20.0, 20.0, 20.0],
material=MPMSolver.material_snow)

mpm.add_CADmodel(fileName, offset=[4, 5, 4], scale=[20.0, 20.0, 20.0],
material=MPMSolver.material_elastic)

mpm.add_CADmodel(fileName, offset=[4, 8, 5], scale=[20.0, 20.0, 20.0],
material=MPMSolver.material sand)

mpm.set_gravity((0, 0, -9.8))

@ti.kernel
def set_color(ti_color: ti.template(), material_color: ti.types.ndarray(), ti_material: ti.template()):
for I in ti.grouped(ti_material):
material id = ti_material[I]
color_4d = ti.Vector([0.0, 0.0, 0.0, 1.0])
for d in ti.static(range(3)):
color_4d[d] = material color[material id, d]
ti_color[I] = color_4d

res = (1024, 760)

window = ti.ui.Window("Real MPM 3D", res, vsync=True)
canvas = window.get_canvas()

scene = ti.ui.Scene()

camera = ti.ui.make_camera()

camera.position(-4, -12, 12)

camera.lookat(2, 3, 4)

camera.up(0, 0, 1)

camera.fov(40)

particles_radius = 0.03

# ground lines
def draw_ground(scene, L=10.0, N=20):
verts = np.zeros((4*(N+1), 3), dtype=np.float32)
foriin range(N+1):
x=1*L/N
verts[4*1+0] = [x, 0, 0]
verts[4*i+1] = [x, L, 0]
verts[4*i+2] = [0, x, 0]
verts[4*i1+3] = [L, x, 0]
vbo = ti.Vector.field(3, dtype=ti.f32, shape=4*(N+1))
vbo.from_numpy(verts)
scene.lines(vbo, width=1, color=(0.1,0.1,0.1))



def render():
camera.track_user_inputs(window, movement_speed=0.03, hold_key=ti.ui.RMB)
scene.set_camera(camera)

scene.ambient_light((0, 0, 0))

set_color(mpm.color_with_alpha, material_type_colors, mpm.material)
scene.particles(mpm.x, per_vertex_color=mpm.color_with_alpha, radius=particles_radius)

scene.point_light(pos=(0.5, 1.5, 0.5), color=(0.5, 0.5, 0.5))
scene.point_light(pos=(0.5, 1.5, 1.5), color=(0.5, 0.5, 0.5))

draw_ground(scene) # ground z = 0 plane

canvas.scene(scene)

def show_options(): # WA T~y A %fio CTETE 3

global particles_radius

window.GUILbegin("Solver Property", 0.05, 0.1, 0.2, 0.10)
window.GUI.text(f'Current particle number {mpm.n_particles[None]}")
particles_radius = window.GULslider_float("particles radius ", particles_radius, 0, 0.1)
window.GUI.end()

window.GUILbegin("Camera", 0.05, 0.3, 0.3, 0.16)

camera.curr_position[0] = window.GULslider_float("camera pos x", camera.curr_position[0], -10,
10)

camera.curr_position[1] = window.GULslider_float("camera pos y", camera.curr_position[1], -10,
10)

camera.curr_position[2] = window.GULslider_float("camera pos z", camera.curr_position[2], -10,
10)

camera.curr_lookat[0] = window.GULslider float("camera look at x", camera.curr_lookat[0], -10,
10)

camera.curr_lookat[1] = window.GULslider_float("camera look at y", camera.curr_lookat[1], -10,
10)

camera.curr_lookat[2] = window.GULslider_float("camera look at z", camera.curr_lookat[2], -10,
10)

window.GULend()

material_type_colors = np.array([

[0.1, 0.1, 1.0, 0.8],

[236.0 / 255.0, 84.0 / 255.0, 59.0 / 255.0, 1.0],
[1.0, 1.0, 1.0, 1.0],
[

1.0, 1.0, 0.0, 1.0]
]
)
os.makedirs("image", exist_ok=True) # BIRIRGEHT 4 v 27 F VIERK
os.makedirs("VTU", exist_ok=True) #VITURIEHRT 4 77 b VERK

vtu = VTUclass()

while t<SimulationTime:
print(f"time={t:.3f}")



mpm.step (4e-3) #INN, ZIHBFV DA

render()

# show_options()
window.save_image(f"./image/frame{cnt:04}.png")
window.show()

vtu.write_vtuMPMASCII(f"./VTU/SPH{cnt:04}.vtu", mpm )

t+=dt
cnt +=1

# for movie

files = sorted(glob.glob("./image/frame*.png"))

if len(files) > 0:
clip = ImageSequenceClip(files, fps=60)
clip.write_videofile("out.mp4", codec="libx264", audio=False)

(4) =17

taichi % activate L CTEE1T

> source taichi_env/bin/activate

> python3 mlsmpm04.py
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print(dir(mpm))

['C','E', 'F', 'F_bound', 'Jp','__class_ ',' delattr_',' dict_ ' ' dir_',' doc_',' eq ',

" format_ ',' ge ',' getattribute_ ',' getstate_ ',' gt ',' hash_ ','_ init_

' init_ subclass_ ',' le )" 1t "' module ',' ne "' new_ ' reduce ',' reduce ex ',
'"_repr_','_ setattr_','_sizeof ',' str_ "' subclasshook_ ',' weakref ',' data_oriented’,

"_seed_from_ndarray', 'add_CADmodel', 'add_bounding_box', 'add_cube', 'add_ellipsoid’, 'add_mesh’,
'add_ngon', 'add_particles', 'add_sphere_collider', 'add_surface_collider', 'add_texture_2d',
'all_time_max_velocity', 'alpha’, 'block’, 'block_offset’, 'build_pid', 'clear_grid_postprocess’,
"clear_particles', 'color’, 'color_with_alpha’, 'compute_max_grid_velocity', 'compute_max_velocity’,
'copy_dynamic', 'copy_dynamic_nd', 'copy_ranged', 'copy_ranged_nd', 'default_dt', 'dim', 'dx’, 'g2p/,
'g2p2g', 'g2p2g_allowed_cfl', 'gravity', 'grid’, 'grid_bounding_box', 'grid_m’,
'grid_normalization_and_gravity', 'grid_postprocess', 'grid_size', 'grid_v', 'input_grid’, 'inv_dx’,
'lambda_0', last_time_final_particles', 'leaf_block_size', 'material’, 'material_elastic', 'material_sand’,
'material_snow', 'material_stationary', 'material_water', 'materials', 'max_num_particles', 'mu_0',
'n_particles', 'nu', 'num_grids', 'offset’, 'p2¢g', 'p_mass', 'p_rho', 'p_vol', 'padding’, 'particle’, 'particle_info',
'pid’, 'quant’, 'random_point_in_unit_polygon', 'random_point_in_unit_sphere', 'read_restart’,
'recover_from_external_array', 'res', 'sand_projection’, 'seed’, 'seed_ellipsoid’,
'seed_from_external_array', 'seed_from_voxels', 'seed_particle’, 'seed_polygon', 'set_gravity',
'set_source_velocity', 'source_bound', 'source_velocity', 'stencil_range', 'step’, 'support_plasticity’,
'surface_separate’, 'surface_slip', 'surface_sticky', 'surfaces’, 't', "total_substeps', 'unbounded’,
'use_adaptive_dt', 'use_bls', 'use_emitter_id', 'use_g2p2g', 'use_ggui',

v

'v_clamp_g2p2¢g', 'voxelizer', 'voxelizer_super_sample', 'water_density', 'write_particles’,
'write_particles_ply', 'writers',

X

]



