Bifrost Workshop

Lesson 7

Simulation Part Il
MPM Sand
MPM Snow
MPM Cloth



Material Point Method (MPM)

Material points + Voxel grid
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Material point properties are projected to the grid
points
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The updated motion vectors are interpolated back

to the material points

Motion vectors
are calculated on
the grid points
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Update the properties of material points



MPM Sand




MPM Sand

Simulation Engine

Surface Material




MPM Sand

Source: Sand

D I e e e T T S ———

Simulation Engine

Collider

Surface Material
Solver Settings

Particle display scale: 0.5




MPM Sand Create Colliders

W H

cube_mesh I——F——

= Dimensions

" length

- Source geometry for -
- generating the sand

R # Scatter by "Number" (*BlueNoise")
_* create_mesh_plane  —————

R -
- ; I
points l——L_
: : plane_mesh e .
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widgthﬂl - i geometry
| M density weights
+ Geometry B .
+ Scatter Settings
+ Transform
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Create a-plane-and scatter-points on it-for placing the colliders



MPM Sand Create Colliders

pCylinderShape1

® create_instances

————————————————————————————————————————————————————— -@-———— instances M -—

: ’_Sn:mterby R () - . " # randomize_point_rotation - pcf'ms N :
- 0 * randomize_point_scale _point.! B - instance_geometries |
*# create_mesh_plane . v o A H W - mesh |
= eene out_points [l M mask weights 1
v 1 = out_paints Lpol 3 1
v L [FEETERS Rury o + Selection
o o et ™ reesr | ) . point_orientation [ | . o . ‘ 1
viput I plane_mesh .\. geo_lacations points transform_points1 + Preview Geometry 1
a = Dimensions geometry [is I weights v ! I
e - length | Ml Gensity_weights | M weights di= i
9 . # Randomization out_points !
width # Scatter Settings -+ Randomization " |
\ 4 + Geometry # Culling pami LT ____ 1
. o - - . 3 3 . . weights . ; == )
. . ransionm . . . . . . transform . Ce s of
= i Create instances o
local_point space
______________________________________ the rotors for later
_ . _ i RISt = s _ _ ~use as the colliders
v i
E to the sand
* euler_to_quaternion transform
| scale
. time . o o o o o . T H W quaternion
= quaternion [l |. translation

- : 0. 0.0 ' M culer_radians
seconds. —
i B order
Sicks mul |p|y A4 H
frame i output
frame Iengih - o 5 G . . .
. frame

W Animate the rotors




MPM Sand Create Colliders

8 Source: Sand

* source mpm_sand _
- .
sand_source
= - geometry
| - instances
#* General
. # Particle Settings
# Sand Properties
&+ additional_properties

Simulation Engine

* simulate_mpm
v H
granular_particles -
cloth_mesh - :
shell_mesh [l
fiber_strancs Ml -
diagnostic_geo . .

* collider =+

. H B4 +coliders
. * bake_instanced_geomet 5
pCylindershapet AR g ST i = #influences
: - i : : - +materials
v - geometry : -

: * create instances merged mesnes M B merged meshes W settings

= : = merged strands M| ) T+ General
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- B : merged points M| :  #Common Properties :
@ instances II—:—|I instances # Volume Collider Prop... | y)
~M points i B prefer_preview_geemetry : : © " #Mesh Collider Properti.. I N
B - instance_geometries 1 : bt e
~Hl  mesh : e 1.
| mask_weights | 1
. + Selection 1
S 1= o i : © % Preview Geometry T o
- - Set the animated rotors ,
out_paints [l . Solver Settlngs
\|= poirts as the colliders -
weights Z . . . .
~ =t Turn on the diagnostic view of “simulate_mpm”

v
B local_point_space i

e B | BN o  EEEEELEEEE > to check if the simulation runs correctly before
assigning materials.

+ MPM Solver Globals
+ Point Display

+ Advanced

+ Diagnostic Properties
+ additional_settings
simulation_bounds



MPM Sand Create Colliders

Source: Sand

Simulation Engine




MPM Sand
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Sand falling animation



MPM Sand




MPM Sand

Source: Sand

* source_mpm_sand

dGeoSh
P=CIE0TANG sand_source -

1

|
v H : ﬂ = geometry
mesht —T—————| W " mesh
: + General
| + Particle Settings
: . . . : + Sand Properties
: = +additional J]mperllB
I

Source geometry for
generating the sand

Collider

* collider
v i
collider .—-—
u = geometry
————————————————— —| W meshz
containerShape + General
v + Common Properties
+ Volume Collider Prop...

+ Mesh Collider Properti...

/"

Source geometry for
generating the sand

" * mpm_solver_settings

A4

solver_settings .

+ General

* MPM Solver Globals

+ Point Display

# Advanced

+ Diagnostic Properties
&+ additional_settings
B simulation_bounds

/

Simulation Engine

. simulate_mpm

v H

granular_particles
cloth_mesh [l
shell_mesh |l
fiber_strands .
diagnostic_geo .

+ sources
= colliders # assign_material
collider - 3
#influences |
+ materials Oy B_-
: ] geometry
SHngE B et surface
. surface_material
F D [ | set_displacement
M displacement_material
P B et volume
. volume_material

Surface Material

* standard_surface_mat
—
v i

standard_surface .

W nzme

# Base

+ Specular

#* Transmission
+ Subsurface
+ Coat

# Sheen

# Emission




MPM Sand

e

‘Generate the angle of rotation forthe rake based on the frame number -~ -~ -~ =~ -~ = = : e o N | O e
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 rakeShape - 0 A H vl | |
1
v H o meshi - & =geometry
The | S meshi
movement

of the rake ---
starts at
frame 10

- *Geneml
+ Darticle Settings
. - o eaddiional -

: Cfeéte a :ro:tat:iohaI: mbvérﬁeht
_for the rake to follow.

* euler_to_quaternion v P M weighs
B A : transiorm [l |- transform

gustemion W j~ | scale - M local_point_space
M culer_radizns - W guatemion




MPM Sand

Sand Properties - 1
1
The degree to which the sand preserves its . ! .
. Mass Density 500 . : : ! B Source: Sand
volume vs. its shape. - - Yy R PR BN
0: no volume preservation & highest — D * source_mpm_sand

1
1
1
i - :
1
1
1

resistance against shape change

sandGeoShape _
1: no shape preservation & acts like liquid = T sand source |
: - geometry
mesh1 -———____:_l
| B mesht
i *+ General Simulation Engine
. . qe . 1 + Particle Settings
How much t.he sand resists sliding against ] + Son Propertie i |
itself for a given amount of compression 1 B+ additional_properties LI
1 v H
1
How much the sand tends to stick together 1 R FaiE =2
O' | | d d : cloth_mesh
: completely dry san . i — shell mesh
higher value: sand clumps together more if Loooocopopoonosogogos fiber_strands
v H

diagnostic_geo

Collider 2 +sources
— 8 condition ST B - colliders * assign_material
~—| W true case - M collider - :
v N
: +influences
/-I B false_case H ‘out_geometry m——
collider . + materials H ey
ﬂ = geometry B settings
™ i B set surface
mesl
] B surface_material
output
o p‘ 3 D B et displacement
. eneral .
_ displacement_material
containerShape ¢ EmmE AsEs b : h i
set_volume
v + Volume Collider Prop... - )
B volume_material

# Mesh Collider Properti...

Surface Material ' I

* standard_surface_mat

v H

standard_surface [l
B name

Source: Sand +Base

Friction: 0.1 Cohesion: 0 Friction: 1 Cohesion: 0 -
. . . + Specular

* mpm_solver_settings + Transmission

- T + Subsurface
_ #* Coat
solver_settings |
+ Sheen
+* General :
+ Emission

4 MPM Solver Globals
+ Point Display : . _ _
# Advanced @

+ Diagnostic Properties - : :

) +additional_settings

B simulation_bounds

Friction: 1 Cohesion: 1 Friction: 1 Cohesion: 10



MPM Snow




MPM Snow

Source: Sn

Simulation Engi

Collider

~ Surface Material

Solver Settings




MPM Snow

Source geometry for
generating the snow

Set the ground plane

as the collider

«cloth_mesh
shell_mesh
Collider fiber strands
diagnostic_geo
* collider B +sources
- - . /——ﬂ + colliders
collider . E | ﬂ +influences
ﬂ - + materials
. N geometry . | -
B—L— |W ' meshi Lyl I
+ General

. B +additional properties

* source_mpm_snow

Solver Settings

*

-: v !
Input_by_Path : snow_source [l
- i ! H = geometry
mesh W——————| B " mesn
* General

+ Particle Settings

+ Snow Properties

§ Simulation Engine

* simulate_mpm

v H

granular_particles

+ Common Properties
+ Volume Collider Prop...
+ Mesh Collider Properti...

P

Surface Material

* standard_surface_mat

mpm_solver_settin v 1
v H standard_surface
] solver_settings [l B rame
. *General . . *Base
+ MPM Solver Globals # Specular
+ Point Display # Transmission
% Advanced # Subsurface
+ Diagnostic Properties * Coat
+ additional_settings # Sheen
simulation_bounds + Emission

* assign_material

v H
out_geometry ﬂ——"

geometry

soiciee

surface_material
set_displacement
displacement_material
set_volume

wolume_material



MPM Snow

Source: Snow

Simulation Engine

: Surface Material
Solver Settings




MPM Snow

Source: Snow

Simulation Engine

: Surface Material
Solver Settings

Increasing the stickiness to prevent the snow
from spreading too much on the surface of
the collider




MPM Snow

Hardening controls how fast the firmness changes upon
packing/unpacking. A higher value means that the snow becomes firmer
faster when being packed and becomes looser faster when being
unpacked.




MPM Snow

Simula

n Engine



MPM Snow

Collider

Solver Settings

Simula

Engine
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MPM Snow

pPlaneShapel

feurve:_field

fractal_noise_field

Cohesion range: 0.3 -2

Cohesionrange: 0-1




MPM Snow

Ground plane
Set the monster as another -
collider in addition to the plane Simulation Engine

Surface Materia

Solver Settings




MPM Snow

meshz

Animate_translation

-

[

Source: Snow

* source_mpm_snaw

Simulation Engine

* simulate_mpm

granular_particies
cloth_mesh
snellmesh
fiber_strands
diagnostic_geo
£ #sources

collider .—_-—————ﬂ # colliders

v
Input by Path snow_scurze
v i & - geometny
mesn ———M mesh
# General
+# Particle Settings
= Snow Properties
mass_density
fractal_noise field viscosity
- fourve. fiekd volume._preservation
vibration_spesd
noise_field [ - i i
friction
W magniude e | ] ronesion
: R W e initial_firmness
= by B e hardening
ratio
initial_speed
W trequency_ratio . =
irection
W time
_ inherit_velocity
W time ratio
active
W seea
&+ additional_properties
feurve_field1
fractal_noise_field1 - [ coll
—— ollid
v outfisd W
noise_field l———— W fed * collider
W msgnitude W feurve 5
-
W rum_frequencies
W frequency
o - = - geomeny
W frequency_rstio W mesnt
M - outpoints
W time pPlaneShapel i
W time rtio - EED
B sea # Common Properties

*merge_geometry

v
merged [
M geomemy
850 ® transform_paints
B other_colle:
- H
out_points [l
B points
+
| M weignes
* SRT_to_matrix B wansfom
local,
v W iocalpe

transform [l
| W scale
| W qusternion
——————— B tenshation
* standard_surface_mat1

standard_surface [l

W name

+8ase

+ Specular

#Transmission

# Subsurface

+ Coat

+Sheen

# Emission

# Volume Collider Prop...
+ Mesh Col

fer Properti..

Solver Settings

* mpm_solver_settings

B
solver_settings [l

assign_materiall + o

v E 4 MPM Solver Globals

cut geometry ll———————— *Point Display

geometry + Advanced

set_surface *# Diagnostic Properties
surface_material & +additional settings
sst_displacemant B simuistion_bounds

displacement_material
set volume

wvelume materis|

& #influences
* materials

W settings

Surface Material

* standard_surface_mat
= T

standard_surface [l

W reme

+Base

* Specular

* Transmission
# Subsurface
+Coat
#Sheen

+ Emission

* assign_material

v

out geometry [H——
geometry
set_surface.
surface_material
set_displacement
cisplacement_material
setvolume

volume_material
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MPM Cloth

Source

Constraints

Simulate Engine

Collider

Surface Material

Solver Settings

Basic setup




MPM Cloth Constraints

urce
Constraints
* make_mpm_cloth X —

v f} * constrain_mpm
* create_mesh_plane

—
cloth_source A i
v H = - geometry out.-mpm_source il
plane_mesh .A_‘—|. * plane_mesh + mpm_source

q 5 1
+ Dimensions + General = constraint_geometry
+ Geometry # Cloth Properties sphere_mesh
+ Transform

& +additional_properties - sphere_mesh1
- sphere_mesh2

sphere_mesh3

= General
enable_censtraints. i .
- R -+ @iz Simulate Engine
Source geometry for P

maklng the ClOt.h . . G e - end_frame © *simulate_mpm

+ Constraint Properties v H

* create_mesh_sphere lar_particles .
granular_pai

= 1 dloth.mesh

sphere_mesh shellLmesh [l
+ Dimensions fiber_strands
+Geometry diagnostic geo [l
* Transform ﬂ = sources

* assign_material

. cloth_source

Collider ¥

T+ colliders - i
Create 4 spheres * collider = Oinlluel:u:as . out_ geometry [I——
o f h sphere1 v H + materials geometry
ﬁg:;ﬁ; t]}lgr:]oafs the Cfa e_mesh_sphere ! H colider J— B cettings : selr;surface .
i ix g surface_material
the corners of the B Lo F @ o 4
Dimensions GRS M displacement_material

cloth *+ Geometry +Volume Collider Prop... P W set volume

* Transform M volume_material

+ Mesh Collider Properti...

=

* create_mesh_sphere2

Surface Material

% 3
sphere_mesh
. - 8 * 9
+ Dimensions. |lver Setti ngs standard_surface_mat
+ Geometry 5 v 7
+ Transform “ mpm_solver_settings . standard_surface [l
—
v H B name
solver_settings - :Base :
Spec ular
+ General
+ MPM Salver Globals * Transmission
* create_mesh_sphere3 + Point Display + Subsurface
v i + Advanced * Coat
ST | | + Diagnostic Properties e
Pr—— 2 +additional_settings *EmEEET
+ Geometry W simulation_bounds

1
1
1
1
1
1
-+ Transform 1
1
. ! | 4
1
. . 1 v B
1
1

T e E T



MPM Cloth

its area vs. its shape. v i

Cloth Properties .. ,
1
1
Mass Density 100 : 1
. 1
Viscosity 150 . : . * make_mpm_cloth :
. T SUOEEEEEEEEEEEEEER 1 . 1
The degree to which the cloth preserves -------= | ArcaPreservation 05 I e TERAETE | v ¢ l
LoccooococooooooooooooD o= o ! 1
1

Vibration Speed 20

cloth_source A i
ﬂ = geometry ‘out_mpm_source -
plane mesh l—————L—| W ° plane mesh +mpm_source

* constrain_mpm

0: no area preservation & highest : =
. . + Dimensions + General 2 - constraint.
. 1 constraint_geometry
resistance against shape change Collision MaxSpeed 20 P —— - e B cphere.mesh
1: no shape preservation + Transform .. . 1. & +additionslproperties { W - sphere_mesh
Thickness 0.001 I B sphere_mesh2
e o 0 sireaie
Friction 0 b N i = General
. se e o L . | enable_constraints . .
. : | m Simulate Engine
B useend frame
Direction o o 0 "B endframe © * simulate_mpm
o [ + Constraint Properties v H
* create_mesh_sphere 5
Inherit Velocity 0 : granular_partices
v : cloth_mesh i
sphere_mesh shell_mesh -
+ Dimensions fiber_strands I
+ Geometry diagnostic geo [l
* Transform ﬂ = sources

* create_mesh_sphere1

v :

sphere_mesh [l
+ Dimensions.
+ Geometry
+ Transform

* create_mesh_sphere2

. cloth_source

Collider ¥

28+ colliders
* collider T4 +influences
v H + materials
collider -—" B settings
[ J—
+ General E @ D
+ Common Properties

“+ Volume Collider Prop... P

+ Mesh Collider Properti...

Area preservation =0

N/ B
sphere_mesh

+ Dimensions.

+ Geometry

+ Transform

* créate_mesh_sphere3

W H
sphere_mesh [l |
+ Dimensions.
+ Geometry
-+ Transform

Area preservation =1

Surface Material

* standard_surface_mat

Iver Settings |

“ mpm_solver_settings
—

v :
. standard_surface [l
B name

v H

solver_settings =" + Base
+ General + Specular
+ MPM Solver Globals + Transmission
+ Point Display + Subsurface
+ Advanced + Coat
+ Diagnostic Properties +Sheen

+ Emission

£4 +additional settings
B simulation_bounds

Properties

* assign_material

7 H
out_geometry E]——

geometry

set_surface

surface_material
set_displacement
displacement_material
set_volume
volume_material




MPM Cloth Reference point position

* create_mesh_plane

|

: ‘§2t J:;oim posih'nr‘\

I EEEEEEEER NS

Scale the mesh plane to create
the reference point position.

* create_mesh sphere

Reference point position defines
Blue dots represent the the rest state of the cloth. If the
reference point position cloth at the rest state is larger
than the source plane, the
simulation will generate creases.
If it'is smallerthan the source
plane, the simulation will start
with a stretched cloth.

* create_mesh_spherel

* create_mesh sphere?

* create mesh_sphere3

*Gravity is turned off ---
in this example for
visualization.purpose




Tearing

MPM Cloth

Tearing animation



MPM Cloth Use ColorSet as weights for constraints

Source

pPlaneShape2

Constraints

Set the mesh itself
as a constraint

Change the range of the colorSet values to 0-1. These values will be used as
weights for the constraints

colorSet(A)

Create a color set and use the paint vertex color tool to color the mesh plane

Gravity =-9.8 Gravity = 9.8
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